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PROJECT/COMMITMENT	TITLE: Geant4	Collaboration	and	Application	Development 


  


	PROPONENT:		F.W.	Jones	 	 	 TRIUMF	CONTACT:		Fred		fwj@triumf.ca	
 


PRINCIPAL	COLLABORATORS:		P.	Gumplinger,	R.	Baartman,	Y.‐N.	Rao	
 


PROJECT	DESCRIPTION:	
(1) To continue TRIUMF’s participation in Geant4 (http://cern.ch/geant4/) as an institutional member and 
through individuals including Frederick Jones, who is a contributing member in the Geant4 Hadronics and 
Visualization working groups, and Peter Gumplinger, who is a contributing member in several groups, 
notably as a specialist in optical photon transport in the Electromagnetic Physics working group.  Further 
contributions in these areas are planned. 
 
(2) To develop and maintain Geant4 applications for TRIUMF experiments and facilities, and to support the 
use of the Geant4 software by researchers at TRIUMF and its partner institutions. 
 
The activities include the following. 
 
TRIUMF applications in Experimental Physics: 
To design and develop Geant4-based simulation frameworks for detector development programs as well as 
specific experiments based at TRIUMF and our partner institutions (e.g. UCN, PIENU, wavePET, T2K/ 
ND280 and ALPHA).  To develop new Geant4 capabilities (e.g. neutron spin tracking for UCN) needed by 
the TRIUMF community (this overlaps with collaboration activities outlined below).  To provide 
consultation and user support to Geant4 users in the TRIUMF community, for technologies developed at 
AAPS, and in general to researchers across Canada. 
To keep users informed about existing and planned capabilities in Geant4, deploy development versions 
where appropriate, and consult about emerging high-level Geant4-based tools (e.g. WCSim and musrSim).  
In general to promote awareness and effective use of what Geant4 provides. 
 
TRIUMF applications in Accelerator Physics:  
To develop comprehensive and accurate simulations of accelerators and beam lines, in a modelled 3D 
geometry, in order to study and quantify beam behaviours in these systems that are not accessible through 
other simulation and beam optics codes.  Particular applications are to TRIUMF’s primary and secondary 
beam lines to better understand and control beam losses, efficiency, and secondary beam production and 
transport.  To collaborate with accelerator and beam line groups at TRIUMF to pursue new Geant4 
applications, by providing expertise in problem definition, software development, and post-processing 
analysis and graphics.  To consult with all Geant4 users on installation and configuration issues. 
 
TRIUMF activities within the Geant4 Collaboration: 
To develop and maintain software modules for the Geant4 toolkit and perform other tasks to satisfy our 
membership obligations in the Geant4 Collaboration.  These will include developments in optical photon 
transport models, hadronics (cross section data and validation) and visualization (3D interactive viewing and 
instrumented navigation), as well as participation in the Steering Board (P.Gumplinger) and other planning 
and support activities. 


Date: 
2012/10/18 


Proposal for TRIUMF Commitment 
(5YP 2015-2020) 







 


	
SCIENTIFIC	JUSTIFICATION: 
 
Geant4 is an essential simulation tool which is broadly applied across a range of experimental programs at 
TRIUMF and at our collaborating institutions.  There are too many to list here, but current examples include 
Atlas, T2K near detector, HYPER-K (proposed), PIENU, TIGRESS, EMMA, TRINAT, Mu+H2, UCN, 
DEAP/CLEAN, and the ALPHA antihydrogen experiment at CERN.  The large number of users and scope 
of applications is a reflection of the success of Geant4 in providing a versatile, extendable, and scalable 
application toolkit to which many physics and computing experts have contributed their knowledge.  Geant4 
is developed, distributed and supported by an active collaboration, with significant resources and expertise 
being devoted to refinement, advancement and diversification of physics models, as well as their validation 
against experimental data. 
 
In the field of Accelerators and Beam Lines, the Geant4 software is unique in its ability to model complex 
3D geometries and to accurately track particles through electromagnetic fields and materials over a wide 
range of distance scales.  For TRIUMF this allows both a much more comprehensive, and yet more detailed, 
picture of beam transport and losses in our facilities.  The range of potential new applications is large, with  
one example being the secondary muon lines where state-of-the art physics models and fully 3D geometry 
and tracking can replace the limited Fortran codes that are currently in use.	
TRIUMF expertise in graphics and visualization allows us to develop advanced visualization techniques 
which are welcomed by the Geant4 collaboration and are well-adapted to the needs of beam simulations, in 
fact with viewing capabilities not commonly found in beam physics codes.  These facilities are crucial to 
developing a correct simulation and to understanding the results, as well as having educational value. 
 
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY: 
 
In addition to the many groups at TRIUMF using Geant4 there are users across Canada, including notably 
the Atlas collaboration, underground physics experimenters at SNOLAB, medical physics researchers at 
Ulaval/CHUQ and McGill, and scientists at AECL.  TRIUMF is known as the “go-to” place in Canada for 
advice and consultation about Geant4, as well as to discuss the simulation needs of new experiments and 
facilities being planned. 
 
TRIUMF membership helps to maintain a strong Canadian presence in the Geant4 Collaboration as well as 
allow us direct access to the experts in many fields that make up the collaboration.  It is by membership that 
we are able to maintain real expertise in how the software works and how to apply it effectively.  The best 
understanding of complex software comes from actually working on it and through communications with 
other team members.  Our membership in the steering board and numerous working groups gives us 
influence on where developments are going and what new initiatives are being pursued. 
 
Canadian researchers receive much from Geant4 and this is our opportunity to “give back” most effectively. 
 
BROADER	IMPACTS:	
 
As a member of Geant4, TRIUMF has made many important contributions to this international collaboration 
for the development of advanced simulations of particle transport and particle interactions in matter, enabled 
by our strengths in particle and nuclear physics, optical physics, detector development, Monte Carlo physics 
models, computing and graphics.  We are well regarded within Geant4 and within its user community, which 
spans high energy and nuclear physics, medical physics, space and underground physics, and a growing 
presence in accelerator physics.   
The open-code and liberal licensing policies of Geant4 provide opportunities for the commercial and non-
profit business sectors, examples being Geant4 Associates (http://www.g4ai.org/) and the G4Beamline 
product from Muons Inc (http://www.muonsinc.com). 







 


 
MAJOR MILESTONES: 


Description Date 


  


  


  


  


  


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF       
  EXTERNAL       
  TOTAL $10K $10K $10K $10K $10K $50K 


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


FTE Accel Div 0.25 0.25 0.25 0.25 0.25 1.25person-yr 
FTE Science Div 0.25 0.25 0.25 0.25 0.25 1.25person-yr 
       
       
       
       
       
       
       
       
       
       


 


EXTERNAL FUNDING INFORMATION:  
 
 
 


ONGOING OPERATIONAL REQUIREMENTS:  
 
 
 


DECOMMISSIONING REQUIREMENT: 
 
 
 
 
 


Accepted:     Date:  
       







 


 
Instructions for 
Proposals for  


TRIUMF Commitment 5YP 2015-2020 
 
Date: Date the form was submitted to TRIUMF. 
 
Title: The title the commitment will be known by. 
 
Proponent: Name of the spokesperson or principle investigator for the proposal. 
 
Local Contact: Name of a person located at TRIUMF who can act as a liaison person between TRIUMF and 
the project if different than the proponent 
 
Principal Collaborators: A list of the principal faculty and professional collaborators (both TRIUMF and 
external). The list should only include collaborators who will devote more than 20% of time to the project or 
who will make a major contribution.  
 
Scientific Justification: What is the scope of the activity? What science questions will be pursued? How is 
this topic activity “ripe” for exploitation? 
 
Relationship to Broader Canadian Research Community: How does the activity fit into the broader 
Canadian university-research program? How does this project draw upon or expand TRIUMF’s core 
capabilities?  How does the activity fit into the international context (is it collaborative or competitive and 
with whom)? 
 
Broader Impacts: In terms of three federal government “advantages,” (people, knowledge, and 
entrepreneurial), what broader impacts would this activity have?  Please be as specific as possible. 
 
Milestones: A list of the major milestones for the project including the delivery date for each major 
deliverable.  The uncertainty in the dates should be indicated. This should also include proposal deadlines 
and external funding agency decision dates. For Project Summary Sheets completed after the Gate 1 Review 
include milestones already reached. 
 
Cash Flow Requirements: The cash flow for the project broken down by year. Please identify the 
uncertainty in the estimates (e.g. ± 10%). 
  From TRIUMF: This should include all cash contributions required from TRIUMF but should not include 
salaries that are captured on the bottom part of the table.  
  External:  The total cash contribution from non-TRIUMF sources. This includes NSERC, CFI and foreign 
contribution.  
  Total: Total cash flow for the commitment. For the last column the total should include funding for all 
years not just those years in the table. 
 
TRIUMF Non-Cash Resources: Indicate the TRIUMF resources required by type and year. For manpower,  
the resource name should be taken from the Skill List and used in the form: Administration.Communications 
for example. In most cases the appropriate unit will be FTE-weeks. If different units are used please indicate. 







 


Where appropriate also include none manpower resources such as beam time. For projects the TOTAL 
should include all years not just those in the table.  
 
External Funds: List the amount of all external funds and their source. Indicate the current status of the 
funding requests: funded, requested, application planned. If the external funds are yet to be awarded 
indicated the expected date of the funding decision. 
 
Operational Requirements: If the project involves building a device or bringing one to TRIUMF, what 
operational requirements will it place on TRIUMF after it is commissioned? For ongoing commitments what 
are the steady state resource requirements.  
 
Decommissioning Requirements: If the project involves building a device or bringing one to TRIUMF 
what are the resources required to decommission the device after its useful lifetime. 
 
 
 








 


 
 
 
 
	
PROJECT/COMMITMENT	TITLE: Infrastructure facility for LIght Detector Development (ILIDD)  


PROPONENT:		F. Retiere	 	 	 TRIUMF	CONTACT:		F. Retiere   	


PRINCIPAL	COLLABORATORS:		H. Tanaka (UBC),  A. Goertzen (U. Manitoba), P-A. Amaudruz, A. 
Konaka, S. Kreitzman, C. Lim (TRIUMF)			


PROJECT	DESCRIPTION:	
A variety of experiments relying on photon detection are expected to be developed in the Canadian 
community between 2015 and 2020. They can be classified in two categories: 1) large area detectors for 
neutrino physics and dark matter searches that require good performance at low cost per unit area and 2) 
applications that transition from using vacuum tube photo-multipliers (PMTs) to using so called silicon 
photo-multipliers (SiPMs) in order to achieve optimum performance. The latter applications include 
spectrometers for SR and NMR, new detectors at ISAC and detectors for Positron Emission Tomography. 
The cost of detectors for muon tomography would also likely be significantly lower using SiPMs rather than 
PMTs.  It is nevertheless important to stress that some applications such as water Cerenkov detectors will 
continue using some form of vacuum tube (or plane) technology because the dark noise rate in silicon photo-
detectors at room temperature remains order of magnitudes larger than the signal. The purpose of ILIDD is 
to help users develop new compelling solutions using state of the art technologies. ILIDD will provide 
equipment, laboratory space and expertise to users. As far as providing equipment and laboratory space, 
ILIDD mode of operation will be similar to the existing detector facility in which it may be integrated. The 
detector facility currently offers equipment and laboratory space that is well suited for developing gas 
detectors but not photo-detectors. The detector facility is expected to remain responsible for design and 
construction of complete solutions, with ILIDD supporting only design and construction of prototypes. 
ILIDD will provide the following resources: 
- Concept development and prototype design. Continued support of the photon transport software within 


GEANT4. Provide support for finite element calculations and design using Solidworks. ILIDD scientists 
are expected to keep abreast with technological developments in the fields of photon transport and 
detection, which are rapidly evolving. 


- Prototype fabrication facility through the scintillator shop (which should be maintained). The part-time 
highly skilled technician, C. Lim, will assist in the development of prototypes and ancillary apparatus. A 
vacuum evaporation system for making thin films and mirrors would be very useful.  


- Test facility. A temperature controlled dark room is required to properly interlock lasers and to avoid 
having to design and build a variety of dark boxes, which also simplifies cabling and cooling. The dark 
room must be temperature controlled because SiPMs in particular are very sensitive to temperature 
variations. The large area PMT test setup initiated by Hirohisa Tanaka is expected to be part of the 
overall facility but it is not large enough to accommodate more users. A new dark room is hence 
required. In order to maximize its use, it should be large enough to accommodate multiple users at the 
same time using appropriate partitioning solutions.  Most of the equipment is expected to be obtained 
from grants.  


- Associated electronics and Data Acquisition (DAQ). The development of photo-detectors goes hand in 
hand with electronics and DAQ. Indeed being smaller and faster than PMTs, SiPMs tend to require 
higher density of electronics channels with more stringent speed requirement. The SiPM control 
electronics developed for T2K is very versatile and should be further expanded. 


	
	


Date: 
September 17, 2012 


Proposal for TRIUMF Commitment 
(5YP 2015-2020) 







 


	
SCIENTIFIC	JUSTIFICATION: 
ILIDD is meant to help physicists in Canada characterize and develop new technologies for photon 
detection. The list of applications relying on photo-detectors that are expected to move forward on the 2020 
time scale includes Hyper-Kamiokande,  EXO, Ultra cold Neutron, detector upgrade at ISAC, SR and 
NMR, and detectors for Positron Emission Tomography (PET). See the individual project proposal for 
details. The large number of projects on the horizon ensures that the ILIDD’s capabilities will be fully used. 
Hence, ILIDD’s first and foremost motivation is to enhance the performance of photo-detector applications 
being developed by TRIUMF. 
In addition, ILIDD scientists are expected to be involved in developing new photo-detectors solutions by 
taking full advantage of recent technological advances. In particular, we expect to be involved in the 
development of next generation SiPMs that are expected to achieve >50% efficiency with very fast response. 
We are also considering investigating optimizing light transport using interference filters and photonic 
crystals. On the longer term, emerging technologies such as carbon nanotubes may worth investigating. 
	
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY: 
Being an infrastructure facility, ILIDD will provide manpower, lab space and equipment to users within the 
Canadian research community. The resources, especially manpower, included in this request would be 
allocated to projects, according to need and availability. A fraction of ILIDD resources is expected to be used 
for investigating emerging technologies and hence may not be directly motivated by any specific project.  
 
While ILIDD’s scope is clear, the mechanisms for allocating resources to projects, defining which equipment 
should be acquired and choosing which emerging technology to investigate are not fully defined yet. The 
collaborators listed in this proposal are expected to be involved in defining ILIDD’s detailed capabilities and 
mode of operation. The collaborators are meant to represent the community (particle physics, nuclear 
physics, condensed matter, medical imaging) and the key scientists, engineers and technicians that are 
expected to contribute to ILIDD. 
 
BROADER	IMPACTS:	
Working on detector R&D is a unique opportunity for students, especially undergraduate and master students 
interested in subatomic physics research. It exposes them to nuts and bolt issues that they may not encounter 
later on during their PhD. Furthermore, because developing detectors require using a wide variety of applied 
tools (e.g. finite element calculation, electronics testing, CAD design software, etc...), it is a very valuable 
experience for students choosing to work in the private sectors.  
The facility is expected to provide users with tools and expertise to develop their applications. The success of 
the facility will rely not only on efficiently pooling resources but also on retaining and disseminating 
knowledge within the community. Students are expected to be an important medium to disseminate such 
knowledge outside the subatomic physics community. It is our hope that the knowledge base generated by 
ILIDD will lead to the development of commercial applications directly driven by users or commercial 
partners. Possible partners with facility in Canada include Excelitas and Zecotec. 
 
 
 
 
 
 







 


 
MAJOR MILESTONES: 


Description Date 


Setup dark room Dec 2015 


Evaporation system Dec 2016 


Hyper-K detector solution decision Mid 2017 


  


  


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF 50,000 25,000 25,000 25,000 25,000 150,000 
  EXTERNAL 100,000 70,000 70,000 100,000 70,000 410,000 
  TOTAL 150,000 95,000 95,000 125,000 95,000 560,000 


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


Technician 20 20 20 20 20 100 
DAQ 5 5 5 5 5 25 
Electronics dev. 5 5 5 5 5 25 
GEANT physicist 10 10 10 10 10 50 
       
       
       
       
       
       
       
       


 


EXTERNAL FUNDING INFORMATION:  
CFI is expected to be the primary source of funding. As discuss earlier the source of funding may be multiple 
grants pooling equipment together.  
 


ONGOING OPERATIONAL REQUIREMENTS:  
C. Lim is currently expected to work on detector development at 20%. This contribution would be included 
in ILIDD. 
 


DECOMMISSIONING REQUIREMENT: 
Expected to remain active after 2020. Minimum decommissioning cost. 
 
 
 
 
 
 
 Accepted:     Date:  


       












 


 
 
 
 
PROJECT/COMMITMENT TITLE: Gamma-Ray Spectroscopy at ISAC 


  


 PROPONENT: C.E. Svensson   TRIUMF CONTACT: A. Garnsworthy/G. Hackman   


 


PRINCIPAL COLLABORATORS: C. Andreoiu (SFU), R.A.E. Austin (St. Mary’s), 
G.C.Ball(TRIUMF), B. Davids (TRIUMF), T.E. Drake (Toronto), P.E. Garrett (Guelph), 
A.Garnsworthy (TRIUMF), G. Hackman (TRIUMF), J.R. Leslie (Queen’s), 
R.Kruecken(TRIUMF/UBC), K. Starosta (SFU), C.E. Svensson (Guelph)   


PROJECT DESCRIPTION: 
This submission identifies the TRIUMF resources required for the ongoing operation of the Gamma-Ray 
Spectroscopy programs at ISAC-I and ISAC-II throughout the 2015-2020 5-Year Plan.  This program 
involves the operation and maintenance of more than $20M of capital equipment funded by NSERC and 
CFI, including: 
1) The $8.1M TIGRESS gamma-ray spectrometer at ISAC-II for which capital funding was received from 
NSERC from 2003-09.  Our projections include TRIUMF technical resources required for the movement of 
the TIGRESS spectrometer between its current stand-alone location and its alternate location in front of the 
EMMA recoil mass analyzer at ISAC-II. 
2) The $8.9M GRIFFIN gamma-ray spectrometer at ISAC-I, for which capital funding was received from 
CFI, TRIUMF, and the University of Guelph in 2011, and which will be completed and fully operational in 
the first months (May 2015) of this 5-Year Plan. 
3) The $2.0M DESCANT neutron detector array, funded by CFI and the Ontario MRI in 2007, which will be 
completed in 2012 and will move between ISAC-II and ISAC-I during this 5-Year period for use in 
conjunction with both TIGRESS and GRIFFIN. 
4) The $312k SPICE internal conversion electron spectrometer, funded by CFI and Ontario MRI in 2011, 
which will be completed and operational with TIGRESS in 2013. 
5) The TIGRESS Integrated Plunger (TIP) and CsI charged-particle detector array, with combined NSERC 
funding of $144k, which will be used in conjunction with TIGRESS at ISAC-II. 
6) The GPS 4 gas-proportional  counter and its associated fast tape transport system and two large-volume 
HPGe -ray detectors for high-precision -decay half-life measurements which, following a change of 
beamline location in the ISAC-I hall, will be recommissioned in early 2013. 
7) A suite of auxiliary detectors systems, including the 4 SCEPTAR  detector array, the PACES Si(Li) 
conversion electron detector array, the DANTE BaF2 and LaBr3 fast-timing -ray detectors, and an in-
vacuum moving tape system, with combined NSERC funding in excess of $300k, that are currently used 
with the 8 Spectrometer at ISAC-I and will continue to be used with GRIFFIN. 
8) The operation of the large-volume TIGRESS and GRIFFIN detectors at other locations in ISAC-I and 
ISAC-II, including, but not limited to, the Doppler-Shift Lifetime facility at ISAC-II and the focal plane of 
the EMMA recoil mass analyzer. 
 
In developing the TRIUMF resource requirements contained herein we note that: 
1) The technical resource requirements in year 1 (2015) are moderately higher than in the subsequent 
“steady-state” operation throughout the remainder of the 5-year period due to the scheduled installation and 
commissioning of a new Bragg detector (funded in the U.K.) for use with TIGRESS, as well as the first 
movement of DESCANT from ISAC-II to ISAC-I for use with GRIFFIN, in 2015. 
 


Date: 
September 17, 2012 


Proposal for TRIUMF Commitment 
(5YP 2015-2020) 







 


 
2) The resources identified here are related only to the ongoing operation of infrastructure that either already 
exists or is fully funded and currently under construction.  The completion of GRIFFIN Phase II, which will 
see the addition of Compton Suppression Shields to GRIFFIN and will require new capital funding, is 
presented in a separate submission. 
3) The gamma-ray spectroscopy programs at ISAC are also obviously dependent on TRIUMF resources for 
the development and delivery of beams (primarily radioactive, but also stable beams from OLIS) to the 
spectrometers.  It is assumed that these general resources for ISAC beam development and delivery are 
presented elsewhere, and this submission focuses only on the TRIUMF resources required for the ongoing 
operation of the spectrometers themselves. 
 
SCIENTIFIC JUSTIFICATION: 
Gamma-ray spectroscopy, in combination with the coincident detection of particles such as internal 
conversion electrons,  particles, neutron, protons,  particle, and heavy ions, provides one of the most 
powerful and versatile techniques to study nuclear structure, nuclear states of astrophysical importance, and 
to perform precision measurements to test fundamental symmetries of the Standard Model and its extensions.  
The gamma-ray spectroscopy programs with low-energy radioactive beams at ISAC-I and accelerated beams 
at ISAC-II thus form a core component of the ISAC research program.  This program is currently supported 
by the state-of-the-art TIGRESS spectrometer and its auxiliary detection systems at ISAC-II, as well as the 
unique low-energy decay spectroscopy facility at ISAC-I that has been developed around the 8 
Spectrometer and its auxiliary detectors.  At the present time, a new high-efficiency gamma-ray spectrometer 
for ISAC-I, GRIFFIN, which will replace the 8 Spectrometer in 2014 and will be fully operational in May 
2015, is under construction.  GRIFFIN will provide 300 times the  coincidence detection efficiency of the 
8 Spectrometer and will revolutionize decay spectroscopy research with the most exotic, and lowest 
intensity, radioactive beams produced at ISAC, ARIEL, and their future target and driver upgrades at 
TRIUMF.   The gamma-ray spectroscopy programs centered around the state-of-the-art TIGRESS and 
GRIFFIN spectrometers, together with their auxiliary detection systems, are thus envisioned to play a central 
role in the scientific exploitation of ISAC and ARIEL throughout the lifetime of these facilities.  This will 
include a broad range of research into the evolution of nuclear structure at the limits of stability, experiments 
targeted at specific states of interest for understanding the pathways, time scales, and energy releases in the 
explosive astrophysical environments responsible for the synthesis of the heavy elements, and precision 
measurements such as the superallowed Fermi  decay studies that currently provide the most precise 
determination of the Vud element of the CKM quark-mixing matrix and limits on scalar currents in the weak 
interaction, as well as a potential search for new CP-violating interactions through precision electric-dipole 
moment measurements on radon isotopes produced at ISAC. 
 
RELATIONSHIP TO BROADER CANADIAN RESEARCH COMMUNITY: 
The gamma-ray spectroscopy facilities, and their associated auxiliary detectors, at ISAC support the research 
programs of faculty from across Canada, as well as many international users of the TRIUMF-ISAC facility.  
The Principal Collaborators of this submission include 12 faculty/staff scientists from 7 institutions across 
Canada. 
 


BROADER IMPACTS: 
The research programs supported by the gamma-ray spectroscopy infrastructure at ISAC provide an 
outstanding training environment for highly qualified personnel at all levels.  A very wide range of advanced 
technology, from highly-segmented semiconductor detectors, scintillation detectors, and gas detectors, to 
vacuum technology and state-of-the-art digital electronics, is involved in this research.  The scale of the 
individual projects, however, remains such that young researchers can contribute to, and gain hands-on 
experience with the operation of all these components, placing them in high demand for permanent positions 
in academia, national research laboratories, and industry. 







 


 
MAJOR MILESTONES: 


Description Date 


GRIFFIN (Phase I)  completed and operational at ISAC-I May 31, 2015 


TIGRESS, GRIFFIN, DESCANT, SPICE, TIP and associated auxiliary detectors  


operating at ISAC-I and ISAC-II throughout the 2015-2020 period.  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE 
(2015)  


TWO 
(2016)  


THREE 
(2017) 


FOUR 
(2018)  


FIVE 
(2019)  


TOTAL 


  TRIUMF       
  EXTERNAL $230,000 $230,000 $230,000 $230,000 $230,000 $1,150,000 
  TOTAL $230,000 $230,000 $230,000 $230,000 $230,000 $1,150,000 


TRIUMF NON-CASH RESOURCES (FTE-weeks) 
                   \YEAR 
RESOURCE\ 


ONE 
(2015)  


TWO 
(2016)  


THREE 
(2017) 


FOUR 
(2018)  


FIVE 
(2019)  


TOTAL 


Admin (Office) 5 5 5 5 5 25
Admin (Procurement) 5 5 5 5 5 25
Design Office 40 20 20 20 20 160
Engineer (Electronics) 2 2 2 2 2 10
Engineer (Mechanical) 15 1 1 1 1 19
IT (Applications) 30 10 10 10 10 70
IT (DAQ Professional) 60 60 60 60 60 300
IT (Systems Admin) 2 2 2 2 2 10
Physics (Beam Dynam) 1 1 1 1 1 5
Physics (Detectors) 15 5 5 5 5 35
Physics (Nuclear BAE) 150 150 150 150 150 750
Technical (Electronics) 20 10 10 10 10 60
Technical (Machinist) 15 10 10 10 10 55
Technical (Mechanical) 70 70 70 70 70 350


 


EXTERNAL FUNDING INFORMATION:  
The $230,000/year of external cash flow indicated above represents the expected CFI IOF funds associated 
with the GRIFFIN project.  These funds will be used to directly support a significant fraction (~50%) of the 
TRIUMF technical personnel (non-BAE) identified in the above table, thereby reducing the effective cost to 
TRIUMF of providing these personnel resources.  It should be noted that the -ray spectroscopy at ISAC 
program is also strongly supported by an NSERC Team Discovery Grant held by a number of the Principal 
Collaborators.  This NSERC Discovery Grant is funded at a level of $1.390M in 2015-16 and $1.412M in 
2016-17, and is expected to be renewed at similar levels throughout the period covered by this 5-Year Plan.  
This NSERC grant provides the cash resources required to maintain the detectors and electronics of the 
gamma-ray spectroscopy facilities at ISAC and also supports a significant number of postdoctoral Research 
Associates who are stationed full-time at TRIUMF and who play a major role in the day-to-day operation 
and maintenance of the spectrometers, significantly reducing the overall requirements for TRIUMF-funded 
technical resources associated with the operation of the gamma-ray spectroscopy at ISAC program. 
ONGOING OPERATIONAL REQUIREMENTS:  
Ongoing operational requirements for the gamma-ray spectroscopy program at ISAC, at levels 
approximately equal to those given above, are expected for the lifetime of the ISAC and ARIEL facilities. 
DECOMMISSIONING REQUIREMENT: 
No extraordinary requirements.  Detectors and electronics are modular and transportable. 
 


Accepted:     Date:   












 


 
 
 
 


	
PROJECT/COMMITMENT	TITLE: High resolution resonance ionisation laser spectroscopy   
 


PROPONENT:		 M. Pearson								TRIUMF	CONTACT:		M.Pearson	 		
 


PRINCIPAL	COLLABORATORS:		F. Buchinger, J. Crawford, B. Cheal, J. Billowes	


PROJECT	DESCRIPTION:	
Upgrade the  collinear laser spectroscopy line to be able to efficiently perform high resolution resonance 
ionisation spectroscopy. This will enable both ion detection as well as decay spectroscopy to be performed 
upon the species that are under study thus enabling immediate and definitive assignment of nuclear states to 
the electronic hyperfine structure observed in fluorescence.  The project will require the upgrading of the 
current polariser beamline to ultra high vacuum  as well as installing an end station on the free end to include 
ion detection as well as the capability to detect emitted alpha and beta particles. 
 
SCIENTIFIC	JUSTIFICATION:	
Collinear laser spectroscopy has long been known to be a powerful method of obtaining information on the 
ground and long lived isomeric states of exotic nuclei.  Recent developments including the incorporation of 
radio frequency ion beam bunching techniques has significantly increased the sensitivity of the traditional 
technique. One step to take this even further, allowing efficient spectroscopy on beams of a few hundred ions 
per second within a cocktail beam of many tens if not hundreds of thousands of ions per second. The multiple 
step approach of neutralising  the beam prior to using high resolution resonance ionisation followed by the 
detection of the resultant ion time correlated to a laser burst effectively reduces the accidental background as 
seen to zero as long as the ionisation due to residual gas collisions within the vacuum system can be ignored. 
This can then be coupled to the observation of the decay of the ion to positively and in general definitively 
match the electronic state observed to a nuclear state.  
 
Utilising this idea will allow for the measurement of ground state nuclear properties out to the far extremes of 
the nuclear chart.  
 
This idea has been shown to work with a broadband laser system at ISOLDE, CERN as well as using narrow 
linewidth lasers at Jyvaskyla, Finland.  
 
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY:	
Can be used not only as a spectroscopy tool in its own right but also as a beam purification system to deliver 
clean beams from a coctail delivered from ISAC to a spectroscopy system located after the polariser beamline.  
This will significantly reduce the backgrounds as seen by whatever detection system is installed allowing 
decay spectroscopy to be carried out on weakly produced ion beams that are unresolvable by means of the 
mass separator systems in place.  
In certain circumstances it is possible to ionise from the single to doubly charged ions allowing for a 
separation via electrostatic optics already installed in the line. This system will also allow for optical pumping 
to be performed on the beam prior to ionisation therefore permitting pure, polarised beams to be delivered. 
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BROADER	IMPACTS:	
 
Further to the physics impacts this system will require the training of many students (both undergraduate and 
postgraduate) as well as postdoctoral research associates.  
 
 
 







 


 
MAJOR MILESTONES: 


Description Date 


Acceptance of the idea 2015 (+/-2years) 


Upgrade of beamline 2016 (one year after above) 


Installation of an end detector system  2016 


Start to use 2016 (+/- 2years) 


  


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF $100,000.00 
(beamline) 


$40,000.00 ALMOST 
ZERO 


~0 ~0 $140,000.00 
(+/- 30%) 


  EXTERNAL $100,000 
(detectors + 
PDF/student) 


$100,000.00    $200,000.00 


  TOTAL       
TRIUMF NON-CASH RESOURCES 


                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


DESIGN OFFICE 1FTE 0.3FTE 0 0 0 1.3FTE 
(20%) 


Workshop 0.5FTE 0.5FTE ~0 ~0 ~0 1FTE 
Detector facility 0.5FTE 0.5FTE 0 0 0 1FTE 
       
       


 


EXTERNAL FUNDING INFORMATION:  
NSERC or similar grant for detectors for the end station as well as personel to develop/ install. Not yet 
applied for. 
 
ONGOING OPERATIONAL REQUIREMENTS:  
After installation and initial commissioning this will be operated by the laser spectroscopy group therefore 
operational costs/ people will come from there. 
 
DECOMMISSIONING REQUIREMENT: 
 
No intention to decommission, if required then beamline may require radioactive disposal due to long lived 
contaminants embedded on the walls. 
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PROJECT/COMMITMENT TITLE:  ATLAS Tier-1 Data Centre


 PROPONENT: Reda Tafirout TRIUMF CONTACT: Reda Tafirout


PRINCIPAL COLLABORATORS:   ATLAS-Canada


PROJECT DESCRIPTION:


As part of the world's most advanced network and computing Grid, TRIUMF is hosting 
Canada's  Tier-1  computing centre for  the  ATLAS experiment  at  the Large Hadron 
Collider  (LHC).  The  Tier-1  centre  is  a  large-scale  data-intensive  facility  that  is 
maintained and operated 24x7 in full compliance with the Worldwide LHC Computing 
Grid (WLCG) Memorandum of Understanding which was signed by TRIUMF in 2006. The 
MoU allows for a maximum integrated downtime of just one week per calendar year, 
therefore carefully planned interruptions for system maintenance, improvements and 
expansions are all crucial aspects. The TRIUMF Tier-1 is a leader in the field by being 
consistently at the top or near the top in terms of availability, reliability, and efficiency 
when compared to other sites in the world. The Tier-1 centre provides the dedicated 
resources  necessary  for  the  storage  of  the  raw and  secondary  datasets,  as  well 
compute nodes for data processing, simulation and physics group activities in a secure 
environment. The Tier-1 centre plays also a central role for the Canadian Tier-2 centres 
located at Compute Canada shared facilities. Today, the Tier-1 centre consists of 7.2 
Petabytes of usable disk storage, 5.5 Petabytes of tape storage, 4830 processor cores 
and  90  servers.  The  personnel  amounts  to  9.5  FTE  including  a  user  support 
component. This capacity needs to be refreshed and expanded in the next 5YP.


In 2006, funds in the amount of $8M in capital and $2.5M in operating have been 
granted to ATLAS-Canada from the CFI  Exceptional  Opportunities Fund.  The Tier-1 
proposal was led by Simon Fraser U. (M. Vetterli / PI) on behalf of a  consortium of 
universities that are part of ATLAS-Canada.  The CFI funding was matched by the BC 
Knowledge Development Fund (BCKDF; $4M), and in-kind contributions from TRIUMF 
and network providers (CANARIE and BCNet), and computing vendors (IBM and Sun 
Microsystems now Oracle) as significant discounts. In early 2011, another CFI proposal 
was submitted to secure $3.3M for the continuing operations through March 2015. 
Beyond that, TRIUMF is expected to take full ownership of the project for both capital 
and operating. Nevertheless, if other CFI opportunities present themselves, an attempt 
will  be made to secure extra funding. For instance, a CFI Leading Edge Fund (LEF) 
application is in the process of being reviewed for a total project cost of $2.5M ($1M 
requested from CFI) to refresh equipment bought in 2007 and 2009. 


SCIENTIFIC JUSTIFICATION:


The ATLAS experiment at the LHC is studying proton-proton and lead-lead collisions at 
very high energy.  The unprecedented energy densities created are allowing us to 
study the structure of matter at a much smaller scale than was previously possible, to 
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extend investigations of the fundamental forces of Nature, to understand the origin of 
matter and to search for physics beyond the Standard Model (SM) of particle physics 
such as supersymmetry, quark substructure, and extra dimensions, to name a few. 
One of the primary goals of the Large Hadron Collider (LHC) is to search for the SM 
Higgs boson. ATLAS is collecting close to 4 Petabytes of raw data per year with similar 
scales  for  various  derived  datasets  and  simulated  datasets  of  several  physics 
processes.  The enormous  amount  of  data  generated  by  ATLAS  is  distributed  and 
analyzed  onto  the  WLCG infrastructure.  The  Tier-1  centre  at  TRIUMF  is  presently 
providing  10% of  the  required  Tier-1  resources  for  the  successful  operation  and 
exploitation of ATLAS. In July of 2012, both ATLAS and CMS experiments announced a 
major and historic discovery: a new particle consistent with a Standard Model Higgs 
boson. This would not have been possible without the WLCG infrastructure and was 
fully acknowledged by many. The next steps are to study and understand as much as 
possible  about  the  properties  of  the  newly  discovered  Higgs-like  particle  and  to 
continue the ongoing extensive searches for physics beyond the SM. The overall ATLAS 
physics program requires a large amount of data and dedicated computing resources 
with fast access at the global scale. The computing resources are critical in extracting 
the science from the experiment.


RELATIONSHIP TO BROADER CANADIAN RESEARCH COMMUNITY:


The  Tier-1  project  is  run  by  a  consortium  of  universities  participating  in  ATLAS: 
University  of  Alberta,  University  of  British  Columbia,  Carleton  University,  McGill 
University,  Université  de  Montréal,  Simon  Fraser  University,  University  of  Toronto, 
University of Victoria, and York University. ATLAS-Canada collaboration consists of 38 
faculty members at nine universities, plus TRIUMF, as well as 35 postdoctoral fellows, 
and 68 graduate students.  This represents about half  of  the experimental  particle 
physics community in Canada. ATLAS has been designated as the highest priority for 
the field in the last three NSERC sponsored long-range plans and in the last two NSERC 
funding Reallocation Exercises and remains a top scientific priority in the current and 
next  TRIUMF five-year  plans.  More  importantly,  Canadians  have priority  access  to 
some of the Tier-1 resources allowing them to be highly competitive within ATLAS and 
be lead contributors to high profile analyses. For instance, the Tier-1 centre played a 
key role during the recent Higgs-like particle discovery where large simulated samples 
were urgently needed.


BROADER IMPACTS:


The ATLAS Tier-1 is a centre of excellence where highly qualified personnel and coop 
students are trained using  best known practices with respect to data centre design, 
applications development and systems administration for mission critical operations. A 
solid  base  of  expertise  has  been  assembled  while  deploying  large-scale  storage 
systems, databases, complex clusters and network topologies and Grid technologies. 
The non-ATLAS Canadian research community is benefiting also and to some extent 
leveraging on the extensive knowledge and expertise from the TRIUMF Tier-1 centre. 
Commercial  entities  have  also  expressed  interest  in  Grid  technology  and  HPC 
knowledge transfer. Excellent synergy and interplay exists with CANARIE, BCNET and 
Compute Canada with a close collaboration with its Tier-2 facilities. The Tier-1 centre is 
a key player on the global scale within WLCG.







MAJOR MILESTONES:
Description Date


Second Tier-1 server room (satellite room) and  Tape library capacity expansion  Q1 FY15


RFP process completed (purchase order) for refresh of 2012 Tier-1 resources + 
expansion.


 Q2 FY16


RFP process completed (purchase order) for Tier-1 expansion and refresh of 2013-
2014 resources purchased with CFI LEF funds 


 Q4 FY18


RESOURCE REQUIRMENTS:
CASH FLOW REQUIREMENTS


                \YEAR
SOURCE  \


ONE TWO THREE FOUR FIVE TOTAL


 TRIUMF  ±10% 1,355,767 2,408,169  451,548 1,887,800  355,097 6,458,381
  EXTERNAL
  TOTAL


TRIUMF NON-CASH RESOURCES
                   \YEAR
RESOURCE\


ONE TWO THREE FOUR FIVE TOTAL


IT / Systems 
Administration 
(Tier-1 personnel)


520 520 520 520 520 2600


Engineering / 
Mechanical


4 4


Technical / 
Mechanical


10 10


Engineering / 
Electrical


3 2 2 7


Technical / 
Electrician


9 4 6 19


Administration / 
Procurement


3 6 6 15


EXTERNAL FUNDING INFORMATION: 


ONGOING OPERATIONAL REQUIREMENTS: 


DECOMMISSIONING REQUIREMENT:












 


 


 


 


 


PROJECT/COMMITMENT TITLE:  ALPHA Antihydrogen Symmetry Tests 


  


 PROPONENT:  Makoto Fujiwara   TRIUMF CONTACT: Art Olin    


 


PRINCIPAL COLLABORATORS:  D. Gill, G. Marshall, J. Lassen, L. Kurchaninov, K. Olchanski (TRIUMF), 
Hardy, Jones, Madison, Momose (UBC), Thompson (Calgary), Hayden (SFU), Menary (York) 


PROJECT DESCRIPTION: ALPHA (Antihydrogen Laser Physics Apparatus) is an international project at 


CERN, whose goal is to perform fundamental symmetry tests on trapped antihydrogen ( H ), the simplest atomic 


form of neutral antimatter. ALPHA has made very substantial progress in the present 5 year period; in 


November 2010, we announced the first stable trapping of H  atoms. In June 2011, we reported H  confinement 


for 1000 seconds, extending the initial trapping times by nearly 4 orders of magnitude. Very recently, in March 


2012, we succeeded in performing the first spectroscopic measurement of antimatter atoms, via a Canadian-led 


effort on microwave (W)-induced hyperfine spectroscopy.   


ALPHA is currently undergoing a major upgrade. The new apparatus (ALPHA-2) will be commissioned in 


2012 and allow optical access to trapped H  for precision laser spectroscopy, as well as improved W 


spectroscopy. ALPHA-Canada is making very significant contributions, including the design and the fabrication 


of the new anti-atom trap cryostat. At the same time, we are working on conceptual design for a new trap to 


measure the gravitational interaction on antimatter, tentatively named ALPHA-g.  


Our primary goals in the period 2015-20 are: (1) full exploitation of the ALPHA-2 apparatus for spectroscopic 


tests of CPT with increasing precision, and (2) the construction of, and the first measurements with a new 


gravity experiment apparatus, which will run in parallel to ALPHA-2. Resource requirements for (1) are at the 


similar level as the present ALPHA operation, while (2) will require engineering support for 


design/construction of the new ALPHA-g trap (comparable to the current ALPHA-2 trap effort), as well as the 


construction of  a new H  annihilation detector (possibly a drift chamber) by the TRIUMF Detector Group. 


ALPHA-g will be a Canadian-led major initiative requiring a CFI funding. Its timescale is currently under 


discussion, but as evidenced at a recent workshop held at TRIUMF, there is strong interest among ALPHA 


members to start the development as soon as possible, because of the competition with newly approved H


gravity experiments at CERN (AEGIS, Gbar), as well as the on-going ATRAP experiment. Because we are in a 


conceptual design stage, the resource and cost requirements below are preliminary, and are based on the 


“science-driven” scenario, assuming timely availability of the necessary resources.      


SCIENTIFIC JUSTIFICATION: Demonstration of stable trapping of H  by ALPHA has opened up new 


exciting opportunities for tests of fundamental symmetries between matter and antimatter. Spectroscopic 


comparisons of H  and H atoms could provide one of the most stringent tests of CPT symmetry. Gravitational 


symmetry between matter and antimatter, assured by the Weak Equivalence Principle (WEP), could be tested 


directly for the first time with antimatter. Both CPT and WEP underpin our fundamental understanding of laws 


of Nature, and hence, any violation would have profound implications.  


The CPT theorem
 
guarantees the invariance in any quantum field theory (QFT) of point-like particles in a flat 


space time, with basic assumptions including Lorentz invariance, locality, unitary and the spin statistics 


connection. These assumptions may not be valid in quantum gravity, string, and/or extra dimensions theories. 


The CPT theorem demands that atomic spectra of H and H  be identical. The optical 1s-2s transition in atomic 


H is currently known to 4x10
-15


, and the ground state hyperfine splitting to the 10
-12


 level. With the ALPHA-2 
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apparatus, we will perform a series of spectroscopy measurements on H  with increasing precision (see figure). 


One figure of merit for the sensitivity to new physics is the absolute energy 


scale, and in this respect, laser and W spectroscopy are complementary.  


Gravity is one of the known four fundamental forces in Nature, but it is 


perhaps least experimentally studied, because of its extreme weakness. 


While there are a number of indirect arguments against gravitational 


asymmetry between matter and antimatter (e.g. from the Eötvös-type 


experiments), no one ever has seen antimatter actually fall in the field of 


gravity. In a recent review, Lykken et al. concluded: “There is no 


compelling evidence or theoretical reason to rule out such a difference at 


the 1% level” 


WEP has been tested in various systems: with free neutrons to 10
-4


, with 


cold atoms to 10
-8


, and with bulk matter to the 10
-13


 level. The ultimate goal for antimatter experiments is to 


match these impressive precisions. Recent long-time confinement of H  has opened the path for an important 


first step. It has now become feasible to observe the effect of gravity on anti-atoms, if, e.g., they are laser-


cooled to few mK and held in a vertical trap. A Lyman-alpha laser for cooling is being developed at UBC, and 


the annihilation detector, to be built by the TRIUMF Detector Group, will be essential for measuring the 


gravitational sagging of H  “gas”. Our initial and urgent goal is to directly observe free fall of antimatter as soon 


as possible, even at order 1 accuracy, while aiming to perform a few % measurement in the longer term.  


Additional motivation for the ALPHA-g apparatus is high precision W spectroscopy on H  via NMR 


(antiproton spin flip) transitions, whose experimental requirements are largely different from those for lasers. 


However, gravity and NMR have more compatible requirements, including the need for laser cooling and 


precise monitoring/control of the magnetic field, and hence ALPHA-g will provide a preferred environment for 


W as well. Furthermore, two trap operation (ALPHA-2 and -g) will allow development/modifications on one 


trap while taking physics data with the other, hence will dramatically increase ALPHA’s science output. 


RELATIONSHIP TO BROADER CANADIAN RESEARCH COMMUNITY: ALPHA is a relatively small 


international project, but one with very high Canadian impact and visibility. ALPHA-Canada, constituting more 


than 1/3 of the Collaboration, plays leading roles in numerous aspects of the project. It has grown to be not only 


the largest, but also the most diverse group in ALPHA. In this process, ALPHA has brought into the TRIUMF 


community, world-class Canadian university researchers, strengthening the TRIUMF user base. In 2009, U. 


Calgary joined the TRIUMF consortium as an Associate Member, with ALPHA being one of its main 


connections with TRIUMF. ALPHA’s W efforts are entirely led by the UBC/SFU/Calgary group. The laser 


team from Calgary/TRIUMF brings in the expertise for pulsed spectroscopy, while the UBC group consists of 


leading experts in frequency comb technology, and ultraviolet laser sources, including the Lyman-alpha source 


for laser cooling. A key feature of ALPHA is the application of subatomic physics techniques  TRIUMF’s core 


expertise  including a particle physics detector and modern analysis techniques (e.g., multivariate analysis). 


These efforts, led by the York/TRIUMF group, have proven essential for the single-atom detection sensitivity 


required to unambiguously detect trapping and quantum transitions of H . Thus, ALPHA-Canada is very well 


positioned to exploit fully the science opportunities in the next 5YP period. It is TRIUMF resources and 


infrastructure that help enable Canadian leadership in this exciting science. 


BROADER IMPACTS: A few examples: ALPHA’s trapping of H  was ranked among top science news of 2010. 


Of our three recent Nature journal papers, Canadian scientists were lead authors of two, including one featured 


on the cover of Nature Physics. ALPHA-Canada researchers and students are recognized by prestigious awards, 


fellowships, and invited lectures. An ALPHA Ph.D. thesis is being published as a book. Public fascination on 


antimatter is helping to promote TRIUMF and Canadian science through national and international media 


appearance (e.g. BBC, CBC, Maclean’s, many major newspapers). International, interdisciplinary, and hands-


on technical experience with ALPHA contributes greatly to training of our students, for careers in both 


academia and industry. 







 


 


MAJOR MILESTONES: 


Description Date 


ALPHA-2 physics 2015-2020 


ALPHA-g conceptual and initial technical design 2013-2014 


ALPHA-g CFI application / decision 2013/2014? 


ALPHA-g complete technical design / start construction 2015 


ALPHG-g complete construction, commissioning, first measurement  2016 


ALPHA-g physics 2017- 


ALPHA-2/g modifications/upgrade? 2018 if CERN/AD shutdown 
 


RESOURCE REQUIRMENTS: 


CASH FLOW REQUIREMENTS 


                \YEAR 


SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF n/a n/a n/a n/a n/a n/a 


  EXTERNAL (int’l)  $1M $0.5M $0.1M $0.1M $0.1M $2M (rough) 


  TOTAL       


TRIUMF NON-CASH RESOURCES in FTE (breakdown available) 


                   \YEAR 


RESOURCE\ 


ONE  


(2015)  


TWO  


(2016)  


THREE 


(2017) 


FOUR 


 (2018) 


FIVE 


(2019)  


TOTAL 


[incl. 2014] 


Mech/cryo engineer 1.0 0.5  0.25 if upgrade  2.25 [0.5 in 2014] 


Mech/cryo tech 0.2 0.2  0.1 if upgrade  0.5 


Electr. engineer (Bishop) 0.12 0.04    0.16 


Electr. firmware tech 0.3 0.1    0.4 


Detector (Henderson) 0.4 0.2  0.2 if upgrade  1.1 [0.3] 


Det. gas system (Openshaw)         0.3 0.1 0.02 0.02 0.02 0.46 


Det. tech. (Vincent, Goyette) 1.5 0.5 0.02 0.02 0.02 2.06 


Det. electr. (Kurchaninov) 0.1 0.09 0.04 0.04 0.04 0.59 [0.24] 


Det. electr. eng. (Constable) 0.4 0.1    0.5 


Det. electr. tech (Sorokin) 0.15 0.05    0.2 


Det. scintillator (Chan) 0.1 0.1  0.1  0.3 


DAQ (Olchanski) 0.12 0.14 0.12 0.12 0.12 0.78 [0.16] 


GEANT support (Gumplinger) 0.04     0.12 [0.08] 


Design office 0.3 0.1    0.4 


Machine shop 1.65 0.5  0.5 if upgrade  2.65 


       
 


EXTERNAL FUNDING INFORMATION:  
ALPHA-g will be a Canadian-led initiative and will require a major CFI through ALPHA-Canada universities (UBC, 


Calgary, SFU, York) of order of a few million dollars. Possible int’l contribution ($2M) is listed as “cash flow” above.  


ONGOING OPERATIONAL REQUIREMENTS:  
Similar to the current ALPHA Operation level, included above. Operation for FY2014 also included in total. Operating 


fund will be provided by NSERC. ALPHA-Canada universities provide substantial infrastructure support.   


DECOMMISSIONING REQUIREMENT: 


n/a 


 


Accepted:     Date:  


       












 


 
 
 
 
	
PROJECT/COMMITMENT	TITLE: Expansion of the Theory Cluster Computer  


PROPONENT:	Petr Navratil 	 	 TRIUMF	CONTACT:		Petr Navratil	 		


PRINCIPAL	COLLABORATORS:		Sonia Bacca, David Morrissey, John Ng, Richard Woloshyn	


PROJECT	DESCRIPTION:	
The Theory Group (TG) at TRIUMF acquired a dedicated High Performance Computing facility, the 
TRIUMF Theory Cluster, in 2009. Two upgrades were made after that: one in 2010 and one in 2011. At 
present, this facility is still of modest size, 24 compute nodes (with 12 cores each) and 64 GB of memory per 
node. The Theory Cluster proved to be indispensable for the nuclear physics staff members and all the 
postdoctoral research associates for developing and debugging new codes and running the less demanding 
jobs for production. The large memory per node and the unlimited wall time access are key features that 
make the Theory Cluster an important tool to advance the research. 
 
The Theory Group proposes to expand the Theory Cluster to 96 compatible nodes with the possibility to 
modernize them. 
 
SCIENTIFIC	JUSTIFICATION:	
One of the primary goals of the TRIUMF Theory Group is to develop an ab initio description of bound and 
scattering properties of nuclei and hadrons. This is achieved via a numerical solution of the quantum many-
body problem, which is a CPU time demanding and memory intensive task. The Theory Group also studies 
physics at the Large Hadron Collider (LHC) where the simulation of particle collisions is needed to compare 
new theoretical predictions with experimental results.  It is essential for efficient and productive theory 
research to have access to a parallel computer such as the Theory Cluster with immediate availability, 
unrestricted wall time and a large memory per node configuration. Overall, the satisfaction of the Theory 
Group members with the Theory Cluster is high, the cluster runs mostly smoothly, and the utilization of the 
cluster is very high. It is maintained and administrated by Kelvin Raywood from the CCN group.  
 
With the expected increase of the Theory Group members on the one hand, and, on the other hand, with the 
increasing computational demand due to advances of our ab initio calculations pushed to heavier masses and 
the expected wealth of new LHC data, it is essential to expand the computing power of the Theory Cluster. 
Even after increasing the size four times as requested, the Theory Cluster will be of modest size by today’s 
standards. With this proposed upgrade of the Theory Cluster, the TG expects to need more help for the 
management and the maintenance of it, but given the size we propose, this should take less than a 0.5 FTE.	
 
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY:	
The TG is on a forefront of Canadian theoretical nuclear and particle physics research with frequent 
publications in the most prestigious physics journals such as Physical Review Letters. The TG is aligned 
with the TRIUMF experimental programs more closely than other Canadian theory groups. A local high-
performance computation capability is essential to maintain the alignment and the leadership position in the 
nuclear and particle theory. As mentioned before the numerical applications developed in the TG are very 
memory intensive and highly parallel, so that a large memory/node and a high speed interconnect are 
indispensable. Top high performance computers, that meet these requirements and are accessible externally 
(e.g. Jaguar etc.), cannot be easily used for code development and debugging, due to CPU time restriction,  
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waiting time for interactive queue, etc. Our experience shows that having a local dedicated compute cluster 
with large memory/node and fast interconnect is beneficial for productivity.  
 
 
BROADER	IMPACTS:	
Nuclear physics has entered an exciting era with advances in ab initio methods for light nuclei and in the 
development of a universal density functional theory for heavy nuclei.  This progress is the fruit of a 
combination of new theoretical ideas and the availability of large-scale computing resources. Testing 
theoretical proposals against LHC data also requires significant computing power.  As such, scientific 
computing is key for the success of the theory program at TRIUMF. Having a local compute cluster of 
modest size is not unusual in a physics lab with a focus on nuclear physics (e.g., GSI) and is necessary to 
maintain, on the theory side, the international leadership position of TRIUMF in nuclear and particle physics. 
 
 
 
 







 


 
MAJOR MILESTONES: 


Description Date 


Expansion by 24 nodes 2016 


Expansion by 24 nodes 2017 


Expansion by 24 nodes 2018 


Modernization of the oldest 24 nodes 2019 


Modernization of the oldest 24 nodes 2020 


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF 100k 100k 100k 50k 50k 400k 
  EXTERNAL       
  TOTAL 100k 100k 100k 50k 50k 400k 


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


Information 
Technology – 
System 
Administration 


0.5 FTE 0.5 FTE 0.5 FTE 0.5 FTE 0.5 FTE 2.5 FTE 


       
       
       
       
       
       
       
       
       
       
       


 


EXTERNAL FUNDING INFORMATION:  
 
 


ONGOING OPERATIONAL REQUIREMENTS:  
Space in a cooled computer room 
 


DECOMMISSIONING REQUIREMENT: 
 
 
 
 
 


Accepted:     Date:  
       












 


 
 
 
 
PROJECT/COMMITMENT	TITLE:  Engineering and Technical Support for the MOLLER Experiment at 
Jefferson Laboratory  


  


	PROPONENT:		 M.	Gericke	 	 TRIUMF	CONTACT:				W.T.H.	van	Oers	
 


PRINCIPAL	COLLABORATORS:	J.	Birchall,	E.	Korkmaz,	J.	Mammei,	R.	Mammei,	J.	Martin,	
M.	Gericke,	S.	Page,	W.T.H.	van	Oers	
 


PROJECT	DESCRIPTION:	
	
The MOLLER collaboration proposes to measure the weak charge of the electron to 2.3%, attempting a 
determination of sin2w with an uncertainty of  0.00026(stat)  0.00013(syst), at very low momentum 
transfer.  At this precision, this measurement represents a search for new physics at the multi-TeV level, 
which is complementary to other measurements and on par in precision and sensitivity with similar searches 
at colliders. The experiment will use 11 GeV polarized electrons, scattered from a high power liquid 
hydrogen target. The weak charge will be extracted from the measured asymmetry in the number of electrons 
that are elastically scattered as a function of the electron polarization. The scattered electrons are steered into 
a set of quartz Cherenkov detectors, using a room-temperature spectrometer. Due to the measurement 
constraints and the high luminosity, the detector signal must be processed by high efficiency, low noise pre-
amplifiers and integrating ADCs. We intend to request support from TRIUMF, for engineering, 
technical, and shop support for the development and construction/procurement of the detector 
electronics as well as detector components (e.g. light guides). The MOLLER focal plane and beam-line 
integrating detectors constitute about 500 channels of electronics, including pre-amplifiers and VME based 
integrating ADCs.  
 
We expect to submit proposals to NSERC for MOLLER support after the experiment reaches CD0/CD1 on 
the DOE side, possibly for the 2014 – 2015 competition, and expect development and construction work to 
extend into the next TRIUMF 5-year plan period. The proposed DOE budget for MOLLER includes 
$307k earmarked for electronics to be built at TRIUMF and we will apply for NSERC equipment 
funds to supplement this. It is envisioned that, together, these two funding sources will cover the costs 
associated with the requested support from TRIUMF.   
	
	
SCIENTIFIC	JUSTIFICATION: 
	
The measurement is sensitive to the interference of the electromagnetic amplitude with new neutral current 
amplitudes as weak as 1.510-3GF from as yet undiscovered high energy dynamics, which corresponds to a 
sensitivity of /g = 7.5 TeV. This would be the most sensitive probe of new flavor and CP-conserving 
neutral current interactions in the leptonic sector until the advent of a linear collider or a neutrino factory. 
Some examples of physics beyond the Standard Model to which our measurement extends sensitivity well 
beyond recent and ongoing low energy measurements include new Z bosons, electron compositeness, 
supersymmetry and doubly charged scalars. Within the Standard Model, weak neutral current amplitudes are  
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functions of the weak mixing angle sin2w. The two most precise independent determinations of sin2w differ 
by 3 standard deviations. While the world average is consistent with other electroweak measurements and 
constraints on the Higgs boson mass, choosing one or the other central value ruins this consistency and 
implies very different new high-energy dynamics. The proposed measurement, which would achieve a 
sensitivity of  (sin2w) = 0.00029, is the only method available in the next decade to directly address this 
issue at the same level of precision and interpretability. 
 
	
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY: 
 
The proposed research falls under the category of fundamental symmetries at the intensity frontier. This area 
of subatomic physics (SAP) research is prominently featured in the current Canadian SAP long range plan 
(LRP) and forms one of the cornerstones of the TRIUMF experimental program. The Jefferson Laboratory 
parity program itself is represented in the LRP as an important contribution to the overall Canadian research 
effort abroad. In the context of searches for physics beyond the Standard Model, the proposed experiment is 
perfectly in line with other current efforts in Canada and those outside of Canada that are supported by 
Canadian funding agencies, including many experiments at TRIUMF. Aside from mounting important SAP 
experiments on site, TRIUMF also has an excellent track record in supporting efforts at laboratories abroad, 
to which Canadian researchers make a significant contribution. Such efforts include those at CERN (most 
prominently ATLAS and ALPHA), in Japan (T2K), and in the US (BaBar and most recently Q-Weak). The 
proposed effort draws upon TRIUMF expertise in the development of particle detectors, the associated 
electronics, and spectrometer design. To date, the parity-violating electron scattering program at Jefferson 
Laboratory has been very successful. This was in no small part the result of the significant support the 
Canadian collaborators received from TRIUMF over the years. The recently completed Q-Weak experiment, 
for example, profited greatly from TRIUMF engineering and technical support in the development and 
construction of the spectrometer and detector electronics. As a result, it is internationally recognized that 
much of the credit for turning this high profile experiment into a success goes to the Canadian contributions 
made by our group and TRIUMF. At the intensity frontier, the PVES program at Jefferson Laboratory plays 
a very high profile role in the search for physics beyond the Standard Model; specifically the Q-Weak 
experiment and the proposed MOLLER experiment. Therefore, the scientific contributions TRIUMF has 
made to this program, and could make in the future, are in no way less significant than the contributions it 
has made to other searches for new physics, such as those at the LHC or in-house. Note that, since 2003, the 
Canadian team received funding for Q-Weak  in excess of 2.4M for operations and 0.7M for instrumentation 
and that our requests for MOLLER will likely be at the same level or above. 
 
BROADER	IMPACTS:	
 
The proposed experiment and the contributions the Canadian group proposes to make constitute excellent 
training ground for young scientists; for both students and post-doctoral research associates. As usual, in 
SAP projects of this type, the training combines many aspects of computational, theoretical, and hardware 
techniques. Such broad training is not often found in other programs. Based on the likely length and scale of 
the effort, we intend to recruit many students over the years and we have an excellent track record in doing 
so. For example, in the past 5 years alone, M. Gericke has recruited and supervised 5 graduate students and 3 
post-doctoral research associates and there have been many more supervised by the other members of the 
team.  Also, as mentioned above, the proposed research will contribute in a significant way to the knowledge 
base in subatomic physics. 
 
 
 







 


 
MAJOR MILESTONES: 


Description Date 


MOLLER CD0/CD1 on the DOE side (physicist level of simulation and design) 2013/2014 


Engineering level design and prototype development / testing 2015 


Pre-amplifier and VME intergrating ADC design completed 2016 


Procurement / assembly of final Pre-amplifier and VME intergrating ADC modules 2016 


Installation at Jefferson Laboratory 2017 


Run I 2017 


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF 0 0 0 0 0 0 
  EXTERNAL To be deter. To be deter. To be deter. 0 0 0 
  TOTAL To be deter. To be deter. To be deter. 0 0 0 


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


       
Engineering 15 FTE-w  10 FTE-w 5 FTE-w - - - 
Technical/shop 5 FTE-w 20 FTE-w 5 FTE-w - - - 
       
       
       
       
       
       
       
       
       


 


EXTERNAL FUNDING INFORMATION:  
 
NSERC request envisioned, at ~750k over a number of years, starting in 2014/2015. 
DOE budget for MOLLER includes $307k earmarked for ADCs and Pre-amps from TRIUMF (proposed) 


ONGOING OPERATIONAL REQUIREMENTS:  
 
 
None 


DECOMMISSIONING REQUIREMENT: 
 
None 
 
 


Accepted:     Date:  
       








 


 
 
 
 
	
PROJECT/COMMITMENT	TITLE: TITAN & ion trap operation and R&D   


	PROPONENT:		 Jens Dilling	 	 	 TRIUMF	CONTACT:			 	Jens Dilling	


PRINCIPAL	COLLABORATORS:		Corina Andreiou (SFU), Gerald Gwinner (UM), Ryan Ringle (MSU), 
David Lunney (Orsay), Dieter Frekers (Muenster)	


PROJECT	DESCRIPTION:	
Ion traps provide excellent experimental conditions for on-line experiments. The principle of ion traps can be 
applied to both, the preparation of the sample, as well as the storage and final experimental stage. Currently, 
there is one major ion trap facility at ISAC: TITAN. It consists of four principle components: a linear Paul 
trap (RFQ) for cooling and bunching the radioactive beam from ISAC. From there the beam can be further 
delivered as a bunched ion beam towards the subsequent ion traps or be reversely extracted for collinear laser 
spectroscopy. The next ion trap component is an electron beam ion trap (EBIT) which is used as a rapid 
charge breeder or (without the electron beam and charge breeding) as a storage ion trap for decay 
spectroscopy. After charge breeding the ions are delivered to a cooler Penning trap, where short-lived 
radioactive isotopes are sympathetically cooled using electrons and/ or protons. The next step is a Penning 
trap where precision mass measurements can be carried out. 
The system is operational (the cooler Penning trap is currently being commissioned) and has a proven track 
record of being the fastest mass measurement system in the world (hence provides access to the shortest 
lived isotopes at an ISOL-type facility) and is able to reach very high precision. The decay spectroscopy 
experiments in the EBIT are set-up, and first on-line measurements have been carried out and have been 
published. 
There are plans to extend the capabilities, to add a Multi-Reflection-Time-of-flight isobar separator system in 
between RFQ and EBIT, which will significantly enhance the reach of very n-rich isotopes, as well as 
provide clean samples for the decay spectroscopy. 
Moreover, we plan to build a new ion trap system after the EMMA recoil separator, coupled to a gas-filled 
stopping cell (similar to what is used at SHIPTRAP, GSI, and at NSCL for LEBIT, as well as at ANL and 
the CPT system). The technology exists and could be coupled to EMMA to provide excess to very n-rich 
isotopes, which would be uniquely produced from n-rich secondary beams from ISAC and transfer reactions, 
to go even further n-rich (plus being independent of target chemistry and ionisation issues). 
 
The project is two-fold: 1.) further developments to enhance the performance of TITAN, 
2.) development and set-up of a ion trap system behind EMMA (EMMA-trap) including a stopper cell.  
	
SCIENTIFIC	JUSTIFICATION: 
The atomic mass provides unique access to the nuclear many body system, as all effective interactions are reflected in 
its value. Moreover, precise and accurate masses are needed for tests of symmetry concepts, for neutrino physics, as 
well as for nuclear astrophysics, and nucleo-synthesis. Recent developments show the evolution of the classical magic 
numbers, and detailed theoretical and experimental studies are required to shed light on these phenomena as well as 
provide explanations. 
 
TITAN is a well established ion trap system, and benefits from the large production yields from ISAC as 
well as from its sensitivity and ability to reach high charge states to boost the reachable precision. The 
unrivalled precision and accuracy for light n-rich (halo and island of inversion), as well as medium heavy 
isotopes (Rb & Sr for r-process path) is currently only limited by unwanted species, that can not be straight-
forwardly be dealt with within the existing system. For this we are preparing a new multi-reflection time of  
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flight isobar separator (R~100.000) to provide clean samples to the ion traps (masses and decay 
spectroscopy). The technology has been around for some time, and has recently been adopted for on-line 
work (ISOLTRAP and Oak Ridge). We plan to add this system in between the RFQ and the EBIT for 
maximal impact on the science program.   
In the second half of the upcoming five year plan, and after EMMA is fully operational we plan to add an ion 
trap system behind a stopper cell at EMMA. Transfer reactions of very n-rich beam will provide unique 
access to otherwise not accessible isotopes, and moreover, could make them accessible even if they would 
not come out of an ISOL-type target or ion source. The science motivation is nuclear structure of n-rich 
isotopes (for which we have a strong track record as well as theory connections), and the r-process path, 
which, in particular once ARIEL is operational, will become accessible with EMMA-trap. The trap system 
will consist of a gas-filled stopper cell, an extraction and guide RFQ, and a Penning trap system. The 
Penning trap could be for spectroscopy (beta and gamma spectroscopy) as well as for mass measurements. 
More detailed studies are needed. 
	
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY: 
The unique access of clean samples in a trap system will open up new research possibilities, including mass 
measurements, decay spectroscopy, and laser spectroscopy of highly charged ions. The Canadian researchers 
that are interested are coming from the decay spectroscopy group (also involved at TRIUMF), the nuclear 
astrophysics group, and CKM community. 
The EMMA-trap facility will have significant impact, as it opens a new avenue for spectroscopy (decay, 
mass, and laser) to address a broad field of nuclear physics, primarily for nuclear structure and astrophysics. 
The details will still have to be planned out, and various options are under discussion. 
	
BROADER	IMPACTS:	
The TITAN facility and the EMMA-trap facility will have its strongest impact in the HQP sector, with 
excellent opportunities to prepare undergraduate, graduate-students as well as post-graduate fellows for a 
career in the academic, scientific, or technical business sector. TITAN has an outstanding track record in 
terms of scholarships and awards for graduate students; from the last 8 graduate students 6 has scholarships, 
including a Vanier scholarship. The students went on to positions at Harvard (in combination with the E. 
Schroedinger fellowship), Stanford, Michigan State University, and as COE of a engineering company, to 
name a few. 







 


 
MAJOR MILESTONES: 


Description Date 


1.)TITAN upgrades and improvements: Multi-Tof installation and operation 2015 


2.)Conceptual design of EMMA trap & TITAN measurements with Multi TOF 2015 


3.)design of EMMA trap 2016 


4.) manufacturing of EMMA trap system 2017 


5.) set-up and commissioning of EMMA trap  2018 


6.) EMMA trap operation and first experiments 2019 


7.) extensions to EMMA trap for additional spectroscopy 2019 
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF 20k 20k 20k 50k 50k 160k 
  EXTERNAL 150k 100k 100k 500k 300k 1.15M 
  TOTAL       


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


Design 0 0.2 FTE 1 FTE 0.1 FTE 0 1.3 FTE 
Electrical 0.2 FTE 0.2 0 0.5 0.1 1 FTE 
Control 0.2 0 0 0.3 0.1 0.6 FTE 
Vacuum 0.2 0 0 0.2  0.5 FTE 
Machine shop 0.1 0. 0 0.3 0.3 0.7 FTE 
Electronic 0.1 0.1 0.1 0.1 0.1 0.5 FTE 
DAQ 0.1 0 0 0.1 0.1 0.3 FTE 
Beam optics 0.1 0.1 0 0 0 0.2 FTE 
       
       
       
       


 


EXTERNAL FUNDING INFORMATION:  
 
NSERC (TITAN) ~ 400k/year, NSERC (TITAN-ec) ~ 200k/year   for EMMA trap we will ask CFI 
 


ONGOING OPERATIONAL REQUIREMENTS:  
1-2 FTE research scientists, 1 technician,  
 
 


DECOMMISSIONING REQUIREMENT: 
 
 
 
 
 
 
 
 Accepted:     Date:  


       












 


 
 
 
 


	
PROJECT/COMMITMENT	TITLE: Radio frequency   buncher for laser spectroscopy 
  


	PROPONENT:		 	 M.	Pearson	 TRIUMF	CONTACT:			 	M.	Pearson	


PRINCIPAL	COLLABORATORS:			
 


PROJECT	DESCRIPTION:	
Include within the design and implementation of an linear, radio frequency  buncher within the ARIEL 
facility the possibility of over lapping laser quality radiation with the trapped ions.  
 
If implemented from the outset this will only require the addition of several optical ports in specific parts of 
the beamline. Therefore no additional manpower or resources above those already requested for the 
implementation of the RFQ. 
 
This will require that the RFQ is located in a position that can be access whilst proton or electron beams are 
incident upon the ARIEL targets. Ideally access would be possible at all times whilst beam is running. 
 
SCIENTIFIC	JUSTIFICATION:	
Collinear laser spectroscopy when coupled to radio frequency bunchers has been shown to be a very 
powerful method with which to extract ground state nuclear properties. Whilst stored within a linear paul 
trap the ions have too great a velocity spread to allow for high precision spectroscopy to be performed, 
however, this storage time does permit optical preparation of the electronic states prior to extraction. 
 
State preparation is common place within atomic physics as, in general, the electronic population does not 
naturally lie in the state of interest or nor normally is spread across states. Whilst not often applied to laser 
spectroscopy for nuclear physics research it would allow for electronic populations to be moved from more 
abundantly populated lower states to high lying metastable levels. In certain circumstances, especially true in 
the rare earth region of the periodic table, electronic ground state tend to be of high spin and therefore have 
very little wavefunction overlap with the nucleus. However, higher lying states, often over 1eV above the 
ground state, can have lifetimes of the order of tens of milliseconds or greater and very low spins, hence 
large nuclear wavefunction overlap.  Preparing the ions whilst they are being bunched within an RFQ can 
increase signal strengths from these higher lying states by many orders of magnitude. One such element that 
has been proposed and accepted by TRIUMF's EEC is for the light Lanthanum isotopes. Here there is a 
prediction of tri-axiality in the nuclear ground state. Whilst laser spectroscopy cannot confirm or deny the 
triaxial state it is possible to measure and compare the nuclear ground state moments with those predicted 
from this model. The most suited transition is from a state situated 1.3eV above the ground state that has 
been experimentally found to be naturally populated approximately 0.01% of the time. Optical pumping can 
increase this to several tens of percent without and affect on the beam properties.  
 
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY:	
This would be used throughout the laser spectroscopy programme being carried out at TRIUMF and in 
certain circumstances could be used to clean beams by performing resonance ionisation within the cooler 
from the singly to doubly charged state. A fast electrostatic kicker placed downstream would then 
discriminate the two charge states by time of flight.  
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BROADER	IMPACTS:	
 
 
 
 
 







 


 
MAJOR MILESTONES: 


Description Date 


Milestones are the same as for the implementation of the cooler  


  


  


  


  


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF $10,000.00 0 0 0 0 $10,000.00 
  EXTERNAL       
  TOTAL       


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


       
       
       
       
       
       
       
       
       
       
       
       


 


EXTERNAL FUNDING INFORMATION:  
Operationally the laser systems will be covered by the Laser Spectroscopy NSERC grant.  
 
 
ONGOING OPERATIONAL REQUIREMENTS:  
ongoing support for the laser spectroscopy laboratory in ISAC I. 
The TRIUMF funding would be for optical fibres to transport the required light to the location of the buncher. 
Once installed very little upgrading/ new equipment for upgrading is reuqired. 
 
 
DECOMMISSIONING REQUIREMENT: 
As per the RFQ the only additional equipment for decommissioning will be a couple of optical windows and 
several hundred meters of optical fibre. 
 
 
 
 
 


Accepted:     Date:  
       












 


 
 
 
 
PROJECT/COMMITMENT	  TITLE: Nuclear Astrophysics at ISAC: DRAGON and TUDA 


 


	  PROPONENT:	  	  C.	  Ruiz,	  L.	  Buchmann	   	   	   	   TRIUMF	  CONTACT:	  C.	  Ruiz	  	  	   	  	  


 


PRINCIPAL	  COLLABORATORS:	  	  L.	  Buchmann,	  B.	  Davids,	  D.	  Hutcheon,	  C.	  Ruiz	  (TRIUMF);	  
J.M.	  D’Auria	  (SFU);	  A.	  Chen	  (McMaster);	  R.E.	  Azuma	  (Toronto);	  A.	  Hussein	  (UNBC);	  U.	  
Greife,	  U.	  Hager	  (Colorado	  School	  of	  Mines);	  A.M.	  Laird,	  B.	  Fulton	  (University	  of	  York);	  G.	  
Lotay,	  T.	  Davinson,	  A.	  Murphy,	  M.	  Aliotta	  (University	  of	  Edinburgh),	  A.	  Parikh	  (UPC	  
Barcelona)	  


 


PROJECT	  DESCRIPTION:	  
	  
The TRIUMF Nuclear Astrophysics Program consists of a wide variety of experiments aimed at determining 
important thermonuclear reaction rates for a variety of astrophysical scenarios, such as main-sequence stars, 
classical novae, core-collapse supernovae or type I X-ray bursts. Mainly, this is done through the use of 2 
core facilities: the DRAGON facility and the TUDA facility. Currently these facilities receive operating 
funds for their scientific programs from NSERC, and a set of TRIUMF operating resources for their ongoing 
maintenance and operation within the laboratory. These ongoing needs will continue into the next 5-year 
plan, with the addition of some specific upgrades design to expand the abilities of the facilities, such as the 
expansion of the angular acceptance of DRAGON, and a new lanthanum-bromide array for DRAGON. 
Ongoing commitments and upgrades will be discussed separately.	  
	  


Ongoing	  Commitments	  


DRAGON	  
The DRAGON Recoil Spectrometer at the ISAC Facility remains the world’s most advanced facility for 
making direct measurements of the cross sections of radiative capture reactions using radioactive ion beams. 
These reactions are the most common type of fusion reaction in stars, and are of critical importance in 
quiescent and exotic stellar scenarios, such as main sequence and red giant stars, classical novae, supernovae, 
and type I X-ray bursts. The combination of ISAC’s high-intensity radioactive beams, low-energy 
accelerator, and the DRAGON instrument, is unique; no other facility can successfully perform the difficult 
measurements enabled by DRAGON’s access to these beams and its versatility and capabilities in sensitivity 
and background rejection. Since its inception, the DRAGON program has directly measured many of the 
reactions of importance for nuclear processes in novae and supernovae, that affect the astronomical 
observables, which are currently targets of interest for gamma-ray astronomy. DRAGON has already directly 
measured two of these proton-capture reactions for the first time using radioactive beams: 21Na+p  22Mg+γ 
and 23Mg+p  24Al+γ. DRAGON has also measured for the first time the 26gAl+p  27Si+γ reaction in 
inverse kinematics using the most intense accelerated 26gAl beam in the world, and also more recently the 
first ever measurement of radiative capture on a nuclear isomer, namely 26mAl+p  27Si+γ.    
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With a series of new ion sources having recently been commissioned at TRIUMF, as well as some near-
future developments such as the laser ion source RFQ up ahead, the ability to produce the most intense short-
lived radioactive beams at astrophysical energies will been greatly enhanced. Over the years ahead we  
 
anticipate delivery of a wider variety of radioactive and stable beams enabling many direct measurements 
that were hitherto impossible. These will allow the continuation of our program in making measurements of 
reactions affecting nucleosynthesis in hydrogen and helium-burning scenarios, such as novae, core-collapse 
supernovae and type 1 X-ray bursts.  
 
DRAGON operates its scientific program via an NSERC Subatomic Physics Project grant, on the order of 
$200,000 per annum. In addition, TRIUMF resources of around $15,000 per annum are required. Projected 
resource requirements for regular operation in the 5 year plan period 2015-2020 are:  


• Design Office:  1.5 FTE-week/year (minor upgrade items) 
• Controls:   2 FTE-week/year (regular controls maintenance issues) 
• Machine shop:  2 FTE-week/year (minor items) 
• DAQ Group:   2 FTE-week/year (regular DAQ maintenance issues) 
• ISAC Technician 3 FTE-week/year 


Major upgrades to the DRAGON facility are considered elsewhere in this document.   


TUDA	  
TUDA (TRIUMF-UK Detector Array) is a general-purpose charged-particle scattering array based on a large 
number of high-resolution analogue electronic channels, allowing the instrumentation of a variety of highly 
segmented, large solid-angle silicon detectors.  
 
The TUDA facility has been used in conjunction with gas and solid targets to perform direct reaction studies, 
indirect charged-particle reaction spectroscopy studies, and elastic scattering studies, for important 
astrophysical nuclear reactions. This is done both at ISAC I energies and at ISAC II energies, and the facility 
has been designed to be able to switch between the two beam lines with a minimum of effort.  
 
The TUDA facility is operated mainly by the local collaborating scientists (Buchmann, Davids and Ruiz), 
along with the external collaborating groups from the UK (Universities of Edinburgh and York). As such, 
TUDA does not require as many TRIUMF resources as DRAGON for its maintenance and operation, but a 
modest budget of $4,000 per annum is requested, as well as 2 FTE-week/year of an ISAC technician, in 
order to move the facility between ISAC I and II, and to perform routine maintenance of vacuum equipment 
and power supplies. In addition, 0.8 FTE-weeks of Controls work is requested per year.  


Future	  Upgrade	  Commitments	  	  


Upgrade	  of	  the	  acceptance	  of	  DRAGON	  
Despite being the recoil separator with the highest beam suppression anywhere in the world, DRAGON 
suffers from a smaller angular acceptance than some recoil separators, making measurements of some 
important astrophysical reactions difficult due to the drop in efficiency at low energies and the need for 
complex simulations to recover the cross-sections. An increase in the solid angle acceptance by a factor of 2 
would permit the measurement of some reactions without transmission losses, and allow the facility to push 
to very low energies in others, exploiting the capability of the Supernanogan ion source to deliver very high 
intensity stable beams and thus make small cross-sections measurable at DRAGON.  
 
Increasing the acceptance of DRAGON would be a major disruption to the ongoing program, in that 
elements of the separator would need to be disassembled and replaced. However, it is deemed feasible on a 
2-year timescale. Firstly, ion optical studies would need to be performed to determine the correct size and  







 


 
type of new quadrupole replacements for the very upstream and downstream parts of the separator. New gas 
target pumping calculations would need to be done by an appropriately qualified physicist in order to 
determine what modifications are required to the windowless gas target pumping system. Finite element 
calculations of gas flow would be needed. This would be followed by a period of design, for replacement  
 
pumping stages, increase of beam-pipe bores and stand positioning. The application for an NSERC 
equipment grant on the order of $250,000 would follow, once the relevant parameters were determined. With 
award of this grant, equipment could be purchased and work could began on the modification, staring with 
the ion-optics and pumping stages. During this time the following resources would be required from 
TRIUMF: 


• Gas target physicist:   13 FTE-weeks   
• Beam Optics Physicist: 13 FTE-weeks  
• Designer:    20 FTE-weeks  
• ISAC technician:  20 FTE-weeks  
• Machinist:    13 FTE-weeks 
• Controls   2 FTE-weeks 


Upgrade	  of	  DRAGON	  gamma-array	  
The BGO detector array is at the heart of DRAGON’s success. With its extremely high detection efficiency 
for reaction gamma rays (40-80%), it allows efficient background rejection for reactions with small cross 
sections, giving DRAGON its superior total beam suppression factor, and enabling further background 
rejection through measurement of the separator time-of-flight. The BGO array has been operating 
successfully for 12 years now, but it is beginning to show signs of deterioration. In recent years new 
scintillation materials and other detection media have become available that mimic the high efficiency of 
BGO but with superior energy resolution and timing properties. One such material is lanthanum-bromide 
(LaBr3). We propose to apply for funds from NSERC in the next few years for a test detector then a full 
array of DRAGON-spec LaBr3 detectors. Such a grant would be on the order of $200,000. However, this 
will require a small amount of TRIUMF resources to be put into action in 2015, namely: 


• Designer:   4 FTE-weeks  
• ISAC Technician:  4 FTE-weeks 
• Machine Shop:  1 FTE-weeks 


$5,000 material costs, in order to design and build the support structure for the new array.	  
	  
SCIENTIFIC	  JUSTIFICATION: 
The	  study	  of	  nuclear	  astrophysical	  reactions	  using	  direct	  and	  indirect	  methods	  using	  radioactive	  
beams	  is	  considered	  one	  of	  the	  cutting	  edge	  topics	  in	  experimental	  physics	  today.	  The	  question	  of	  the	  
origin	  of	  the	  chemical	  elements	  is	  considered	  one	  of	  the	  largest	  scientific	  questions	  of	  our	  time,	  and	  the	  
field	  of	  study	  to	  understand	  exotic	  stellar	  environments,	  and	  their	  role	  in	  the	  evolution	  of	  the	  universe	  
and	  their	  prospective	  uses	  for	  diagnostics	  in	  cosmology,	  remains	  current	  and	  urgent.	  	  
The	  combination	  of	  low-‐energy	  radioactive	  beams	  at	  TRIUMF	  and	  the	  DRAGON	  facility	  is	  unique	  in	  the	  
world,	  making	  TRIUMF	  the	  only	  place	  where	  some	  of	  the	  important	  nuclear	  reactions	  can	  be	  studied.	  
	  
RELATIONSHIP	  TO	  BROADER	  CANADIAN	  RESEARCH	  COMMUNITY: 
With a large and diverse astronomy, astrophysics and experimental nuclear physics community, Canada is a 
hotbed of activity in the field of nuclear astrophysics, with strong connections to JINA in the USA, and 
European organizations such as EuroGENESIS. Close ties between the astrophysics group at the University 
of Victoria and the TRIUMF nuclear astrophysics group present the prospect of future collaborative work in 
the area of astrophysical modeling and reaction rate sensitivity studies, intimately connected to the 
experiments at TRIUMF, making Canada be in one of the strongest positions in the world for a laboratory  
 







 


 
able to do both the experiments and the simulation required to best exploit the beams and facilities to make 
advances in the field.  
BROADER	  IMPACTS:	  
Advances in the field of nuclear astrophysics; origin of the chemical elements; link to gamma-ray astronomy 
missions; link to cutting edge of astrophysical modeling field.  







 


 
MAJOR MILESTONES: 


Description Date 


Equipment grant for LaBr3 array – installation of array 2015 


Ion optical, gas and vacuum studies for DRAGON upgrade 2015-2016 


Equipment grant for DRAGON upgrade 2016 


Installation and Commissioning of DRAGON upgrade 2016-2017 


  


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF 24,000 19,000 19,000 19,000 19,000 100,000 
  EXTERNAL 400,000 450,000 200,000 200,000 200,000 1,450,000 
  TOTAL 424,000 469,000 219,000 219,000 219,000 1,550,000 


TRIUMF NON-CASH RESOURCES (FTE-weeks) 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


Nuclear Physicist 63 63  63  63  63  315 
Gas Target 
Physicist 


13     13 


Beam Optics 
Physicist 


13     13 


Designer 25.5 1.5 1.5 1.5 1.5 31.5 
Machinist 16 2 2 2 2 24 
DAQ 2 2 2 2 2 10 
ISAC Tech. 9 25 5 5 5 49 
Controls 2.8 4.8 2.8 2.8 2.8 16 
       
       
       
       


 


EXTERNAL FUNDING INFORMATION:  
DRAGON Operating grant, NSERC (expected ~$200,000/year). DRAGON Equipment grant 1, NSERC 
($250,000). DRAGON Equipment grant 2 ($200,000). 
 
 
ONGOING OPERATIONAL REQUIREMENTS:  
DRAGON and TUDA maintenance (power supplies, cooling, controls, gas, vacuum, DAQ).  
 
 
DECOMMISSIONING REQUIREMENT: 
 
 
 
 
 







 


Accepted:     Date:  
       












 


 
 
 
 
	
PROJECT/COMMITMENT	TITLE: Canadian participation in a future e+e- linear collider  


	PROPONENT:	Dean Karlen	 	 	 	 TRIUMF	CONTACT:  Dean Karlen 		


PRINCIPAL	COLLABORATORS:		Alain Bellerive, Madhu Dixit, Francois Corriveau	


PROJECT	DESCRIPTION:	
For more than a decade, Canadian researchers have participated in the worldwide effort to understand the 
physics potential and to demonstrate the feasibility of an e+e- linear collider as the next major facility in 
experimental particle physics. Present Canadian detector efforts have focused on precision tracking systems 
based on a time projection chamber with micropattern gas detectors and calorimeter systems with 
unprecedented granularity to achieve exceptional jet energy resolution. Superconducting accelerator 
technology developed for the International Linear Collider (ILC) is being built in Canada and deployed at 
TRIUMF in the ARIEL elinac. 
 
The ILC Steering Committee has directed the Global Design Effort, led by Barry Barish, to complete the ILC 
Technical Design Report by June 2013. An advanced draft is to be complete in late 2012, and will undergo 
significant review prior to submitting the final report to ICFA at the 2013 Lepton Photon conference. The 
design for a higher energy linear collider, known as CLIC, continues to progress, primarily at CERN. The 
two detector system designs approved for inclusion in the ILC TDR are also used to understand the 
capabilities of CLIC. 
 
Governments around the world will decide if a linear collider project goes forward. As such, it is impossible 
to predict the timeline. Should the project go ahead during the period 2015-2020, it is proposed that 
TRIUMF participate, as Canada’s national particle physics laboratory, thus allowing Canadian physicists to 
take part in the exciting science and technology program that this entails. 
 
SCIENTIFIC	JUSTIFICATION:	
The scientific justification for an e+e- linear collider has been documented in numerous documents: 
 


 A comprehensive report was written for the ILC reference design report in 2007 and is available here: 
  http://ilcdoc.linearcollider.org/record/6321/files/ILC_RDR_Volume_2-Physics_at_the_ILC.pdf?version=4 
 


 A summary of the physics and detector studies was prepared in late 2011 and is available here: 
  http://ilcdoc.linearcollider.org/record/35024/files/ilc_detector_report_2011_lores.pdf 
 
Highlights of the physics program include detailed investigation of the Higgs, the top quark, and possibly 
new particles, including new stable neutral particles that may be responsible for the so-called dark matter. 
 
With the strong evidence for a Higgs-like particle announced by the LHC experiments, the rich program of 
precision Higgs studies at a linear collider is confirmed.  
	
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY: 
Participation in a future linear collider has been highlighted as a priority in the last three long range plans of 
the Canadian subatomic physics community (since 2001). Researchers at several Canadian Universities have 
contributed to both theoretical and technical advancements, including Victoria, British Columbia, Carleton,  
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Montreal, and McGill. Should the project be approved, it is expected that a large number of Canadian 
researchers will participate, following up on the tremendous success of the LEP physics program. 
 
The linear collider appeared as an important future project in the 2010-2015 TRIUMF five year plan. 
 
TRIUMF resources would be called upon for accelerator and detector design and construction. The 2010-
2015 TRIUMF 5YP proposed that the TRIUMF resources required after project approval would be roughly 5 
mechanical engineers, 2.5 mechanical technicians, 2.5 electrical technicians, 4 designers, and 2 accelerator 
physicists. 
 
BROADER	IMPACTS:	
Canadian participation in a future linear collider could provide significant economic impact, as Canadian industry is 
developing the necessary experience with superconducting cavity technology through the ARIEL elinac project. 
 
This project would represent a major scientific undertaking, and participation by Canada would be essential to 
maintain Canada’s reputation for excellence in fundamental research.







 


 
MAJOR MILESTONES: 


Description Date 


LC project approval Unknown – assumed in  


 year 3 for illustration below 


  


  


  


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF       
  EXTERNAL       
  TOTAL       


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


Engineering       
- Mechanical   2 FTE 3 FTE 5 FTE  


       
Physics       
- Accelerator   1 FTE 2 FTE 2 FTE  


       
Technical       
- Mechanical   1 FTE 2 FTE 2.5 FTE  
- Electrical   1 FTE 2 FTE 2.5 FTE  
- Designer   1 FTE 3 FTE 4 FTE  


       
       


 


EXTERNAL FUNDING INFORMATION:  
 
Existing NSERC grants support detector R&D. Funding for design/construction phase unknown. 
 


ONGOING OPERATIONAL REQUIREMENTS:  
 
 
 


DECOMMISSIONING REQUIREMENT: 
 
 
 
 
 
 
 
 Accepted:     Date:  


       












 


 
 
 
 


 
SuperB Computing Facility 


 
  


	  PROPONENT:	  	   Randall Sobie 	   	   TRIUMF	  CONTACT:	  	  	   Chris Hearty  
 


PRINCIPAL	  COLLABORATORS:	  	  	  	  


R.Kowalewski, T.Mattison, J.McKenna, S.Robertson, M.Roney, P.Taras, A.Warburton  
 


PROJECT	  DESCRIPTION:	  
SuperB	  is	  a	  new	  project	  at	  the	  Cabibbo	  Laboratory	  in	  Italy	  and	  is	  designed	  to	  measure	  the	  properties	  
of	  particles	  produced	  in	  electron-‐positron	  collisions	  starting	  2018.	  	  	  The	  facility	  will operate at a centre-
of-mass energy just above the threshold for producing b-quarks. SuperB will produce 100 times the data of 
existing B-Factories designed to probe the flavor sector of subatomic physics through precision 
measurements and searches for rare processes. These measurements will give SuperB sensitivity to new 
physics at energy scales far beyond the center-of-mass energy of the collider. 
	  
SuperB	  is	  an	  international	  effort	  involving	  accelerator	  and	  particle	  physicists	  from	  Canada,	  
France,	  Italy,	  Norway,	  Poland,	  Russia,	  Spain,	  U.K.,	  and	  the	  U.S.	  	  	  The	  project	  is	  classified	  as	  the	  highest	  
priority	  project	  in	  the	  National	  Research	  Plan	  of	  Italy.	  	  	  The	  Canadian	  SuperB	  collaboration	  involves	  
researchers	  from	  Victoria,	  UBC,	  Montreal,	  and	  McGill.	  M.Roney	  (Victoria)	  is	  the	  Principle	  Investigator	  
of	  the	  Canadian	  group.	  
	  
The	  Canadian	  SuperB	  group	  plans	  to	  build	  a	  near-‐real-‐time	  computing	  facility	  with	  similar	  
functionality	  to	  the	  TRIUMF	  ATLAS	  Tier	  1	  centre.	  	  	  	  	  	  The	  SuperB	  Centre	  will	  connect	  to	  the	  Cabibbo	  
Laboratory	  where	  it	  will	  receive	  some	  fraction	  of	  the	  raw	  data	  within	  a	  few	  hours	  of	  it	  being	  recorded.	  	  	  
The	  Centre	  will	  be	  able	  to	  reprocess	  it	  into	  sets	  for	  data	  analysis.	  	  	  The	  Centre	  will	  also	  be	  used	  for	  
analysis	  and	  simulation	  production.	  
	  
The	  aim	  is	  to	  have	  the	  SuperB	  Centre	  operational	  1-‐2	  years	  prior	  to	  first	  beam	  in	  2018.	  	  An	  application	  
for	  the	  funds	  for	  the	  Centre	  would	  be	  submitted	  to	  CFI	  in	  the	  next	  competition.	  	  The	  type	  of	  facility	  is	  a	  
dedicated,	  real-‐time	  centre	  and	  is	  not	  a	  type	  of	  facility	  operated	  by	  Compute	  Canada.	  	  	  The	  award	  will	  
include	  the	  costs	  of	  the	  hardware,	  manpower	  to	  commission	  and	  operational	  costs	  such	  as	  power.	  	  	  
The	  CFI	  IOF	  funds	  will	  be	  used	  to	  provide	  manpower	  to	  operate	  the	  facility	  for	  a	  five-‐year	  period.	  
	  
SCIENTIFIC	  JUSTIFICATION:	  
	  
SuperB	  will	  record	  an	  unprecedented	  numbers	  of	  B-‐mesons,	  charm	  particles,	  and	  tau	  leptons.	  This	  will	  
enable	  us	  to	  search	  for	  processes	  that	  are	  forbidden	  by	  the	  Standard	  Model,	  but	  predicted	  to	  exist	  in	  
theories	  beyond	  the	  Standard	  Model.	  This	  data	  sample	  also	  permits	  us	  to	  make	  measurements	  with	  
unprecedented	  precision.	  By	  comparing	  these	  results	  with	  predictions	  of	  the	  Standard	  Model	  and	  
theories	  beyond	  the	  Standard	  Model,	  we	  are	  able	  to search for new physics.	  
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RELATIONSHIP	  TO	  BROADER	  CANADIAN	  RESEARCH	  COMMUNITY: 
 
The accelerator-based program of IPP consists of the frontier-energy physics studying proton-proton 
collisions with ATLAS at the LHC, neutrinos physics with T2K and precision physics using electron-
positron collisions using BaBar.    In this decade, both T2K and BaBar are undergoing a transformation to 
the next-generation experiments while ATLAS will study p-p collisions at even higher energies. SuperB is 
highlighted as a potential future high priority project in the Canadian Long Range Plan for subatomic 
physics. 
 
TRIUMF already operates an ATLAS Tier 1 facility and a smaller T2K computing facility.  The proposed 
facility would be similar in scope and scale to the ATLAS Tier 1, providing near-real time access to 
computing resources.  Additional computing resources for simulation and data analysis will be requested 
from Compute Canada.   Currently Compute Canada resources at McGill and UVIC are used for SuperB 
Monte Carlo simulation. 
 
All these projects are evolving to a common distributed infrastructure known as the World-wide LHC 
Computing Grid (WLCG).  SuperB also uses the WLCG framework for managing and controlling 
analysis/simulation jobs around the world.   It would be cost-effective and logical to form a common 
approach for managing such computing resources. We have met with representatives of T2K and ATLAS, 
and both groups were open to further discussion. 
 
The Canadian SuperB team has significant expertise in establishing computing facilities and contributing the 
development of the core software of the projects.  The proponent of this proposal is the Director of 
HEPNET/Canada, which is responsible for national and international networks for the Canadian subatomic 
physics community.   UVIC operated a simulation and analysis centre for BaBar on behalf of the BaBar-
Canada group and currently operates one of the Canadian ATLAS Tier 2 sites.   The UVIC group has 
established the first distributed ATLAS Tier 2 site using cloud computing technologies that is running in 
excess of 500 simultaneous simulation jobs. 
 
We recognize that TRIUMF may have a challenge providing the space and power required for such a 
facility.  The hardware could be situated at UVIC or another location.  This would follow the distributed 
model being adopted at CERN where a second Tier 0 facility is being constructed in Eastern Europe. 
 
 
BROADER	  IMPACTS:	  
 
We have a demonstrated track record in collaborating with industry, and training highly qualified personnel 
in areas of distributed computing, storage, and networks.   We have received outside direct and in-kind 
funding from CANARIE, BCNET, Google, Amazon, IBM, Ciena, Brocade and DELL.   We have trained 
over 30 undergraduate coop students in leading-edge computing technologies.  Many of our students and 
staff have taken position in the computing industry in Canada and the US. 
 







 


 
MAJOR MILESTONES: 


Description Date 


Finalize SuperB computing model 2013 


CFI application 2014 


Prototype system 2015-2017 


Commission new SuperB Centre 2016-2017 


First beam in SuperB 2018 


Ongoing operation 2017-2030 
  


 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF 0 0 0 0 0 0 
  EXTERNAL 100K 100K 1-2 M 1-2 M 0.25-0.50 M 2.5-5.0 M 
  TOTAL 100K 100K 1-2 M 1-2 M 0.25-0.50 M 2.5-5.0 M 


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


HW space   X X X  
Manpower space ? ? ? ? ?  
Power/cooling   X X X  
Networks   X X X  
       
       
       
       
       
       
       
       


 


EXTERNAL FUNDING INFORMATION:  
CFI application for hardware, commissioning manpower and operational costs 
NSERC application for application-support personnel 
 
ONGOING OPERATIONAL REQUIREMENTS:  
CFI IOF funds for operational manpower.   At the end of the lifetime of the hardware, another CFI 
application will be submitted and this will include ongoing operational support. 
 
DECOMMISSIONING REQUIREMENT: 
Hardware will be disposed of following industrial standards.  
 
 
 


Accepted:     Date:  
       












 


 
 
 
 
	
PROJECT/COMMITMENT	TITLE: ATLAS Calorimetry Upgrades  


	PROPONENT:		 	Rob McPHERSON	 				 TRIUMF	CONTACT:			Rob McPHERSON	


PRINCIPAL	COLLABORATORS:		ATLAS‐Canada	


PROJECT	DESCRIPTION:	
The ATLAS end-cap and forward calorimeters use liquid argon as the active detector element. The 
Canadian-built Hadronic End-Caps (HEC), including the HEC front-end electronics, and Forward 
Calorimeters (FCal) are inside common cryostats and a common liquid argon volume with the 
Electromagnetic End-Caps (EMEC) and share electronics crates.  
 
This commitment proposal covers two specific projects – an upgrade of the HEC/FCal mother board for the 
LAr Trigger Digitizer and Driver Board (LTDDB) to be installed during the 2018 “Phase 1” shutdown of the 
LHC, and an upgrade of the FCals themselves, scheduled for the 2022-23 “Phase 2” shutdown. These are 
combined in a single “ATLAS Calorimetry” commitment because requirements, especially for Phase 2, still 
being evaluated, exact nature of Canadian (and TRIUMF) contributions must evolve to meet requirements.  
 
The scope of HEC and FCal trigger electronics upgrades for phase 1 will be finalized over the coming six 
months. The minimum upgrade will be a new HEC front-end-crate baseplane to allow for the endcap signal 
density to be increased. ATLAS-Canada is proposing to design, build and test new HEC and FCal baseplanes 
as well as the new LTDDB if needed. The new baseplane will probably use a new type of connector, much 
more compact than currently used standard sockets, requiring detailed simulation and R&D over the next 
year to assess issues both of cross-talk and radiation hardness. The new electronics would be installed in 
2018, so this 5YP would include the final design and production periods, including manufacturing and 
acceptance tests. 
 
Plans for FCal upgrades depend on whether it is considered feasible to open the common cryostat volume, 
given that this would be an exceptionally difficult procedure which would have to be performed inside the 
ATLAS cavern, now that the cryostat has been activated by several years of service. If the cryostat is opened, 
the FCal could be replaced by a new one with thinner gaps for the LAr. If it is not, then a “miniFCal” could 
be inserted in front of the existing cryostat as an active shield. The initial design study for the MiniFCal 
looked at the use of diamond detectors in a standard copper parallel plate calorimeter. This study 
demonstrated that there are significant problems with this option in terms of signal reduction after 
irradiation, diamond sensor costs and sensor supply. For this reason the group is investigating two 
alternatives, one using High Pressure (up to 10 bar) Xenon and the other using Liquid Argon. The liquid 
Argon option probably requires more material, which could limit overall response and will be investigated 
via an Engineering study involving both Canada and CERN. The HP Xenon option requires basic R&D to 
determine gas properties. This R&D will be complete before the next 5YP, and one or other of the options is 
expected to proceed as a construction project in Canada. TRIUMF would be a natural place to construct 
either a mini-FCal or a new FCal, and while either of these is a relatively small detector, space, design office, 
machine shop time and engineering / project management support would be required. Constructing a full 
FCal would require hiring temporary unskilled labour for assembly. Canada might be asked to help design 
the tooling for this delicate operation, which would require two or three FTE of someone like Roy Langstaff. 
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SCIENTIFIC	JUSTIFICATION: 
The ATLAS experiment at the LHC studies proton-proton collisions at very high energy. The unprecedented 
energy densities created allow us to study the structure of matter at a much smaller scale than was previously 
possible, to extend investigations of the fundamental forces of Nature, to understand the origin of matter and 
to search beyond the Standard Model (SM) of particle physics for phenomena such as supersymmetry, quark 
substructure, and extra dimensions. One of the primary goals of the Large Hadron Collider (LHC) was to 
find and study the SM Higgs boson. In July of 2012, both the ATLAS and CMS experiments announced a 
major and historic discovery: a new particle consistent with a Standard Model Higgs boson. The next steps 
are to confirm the identity of the new particle and understand as much as possible about its properties, and to 
build on this discovery to continue the ongoing extensive searches for physics beyond the SM. 
 
As the LHC luminosity increases beyond its design rate of 1034 cm-2s-1, the rates for most triggers involving 
the calorimeters will increase linearly; however the total Level-1 trigger rate is limited by the input capacity 
of the Level-2 system. Maintaining our current electron and photon trigger performance (and thus our 
efficiency for detecting W and Z bosons, among other important signals) with higher instantaneous 
luminosities and pileup will be challenging. Studies indicate that our full online calorimeter readout 
granularity is sufficient for selecting isolated electrons in all parts of ATLAS, but the granularity available to 
the Level-1 trigger is insufficient. It will also be necessary to use more information from the hadronic 
calorimeters in the trigger to suppress jet backgrounds. We plan to upgrade our Liquid Argon Calorimeter 
electronics to allow the full detector granularity to be used in the Level-1 trigger, greatly reducing the load at 
Level-2 and allowing single-lepton trigger thresholds to be maintained below 30 GeV. 
 
One of the key features of the ATLAS Calorimeter system is that it is a hermetic system providing coverage 
out to a pseudorapidity of 4.5. This characteristic results in excellent missing ET resolution and good 
measurements of forward jets which are an important ingredient in the study of physics channels such as 
vector boson fusion production of the Higgs Bosons. Coverage at high pseudorapidity is provided by the 
Forward Calorimeters (FCal). The Canadian groups were significant contributors to the construction of the 
FCals. The FCal detectors were designed to operate up to the design luminosity of the LHC but will face 
challenges at HL-LHC due to ion build-up, voltage sag on HV protection resistors and even potentially 
boiling of the liquid argon. One solution to these problems is to build and install new FCals. The Canadian 
groups have been exploring a less invasive option which is the installation of a new calorimeter (MiniFCal) 
in front of the existing FCals. The MiniFCals would lower the ionization and heat load on the existing 
detectors so that their continued function could be assured, and would contain active readout elements so the 
electromagnetic showers would not be lost. 
	
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY: 
Liquid argon calorimeters were the primary detector construction projects of the Canadian ATLAS 
community, and all but two of the ten Canadian ATLAS institutes sit on the LAr Institute Board. It is vitally 
important to fulfill our implicit commitments to these detectors and make sure that they continue their 
excellent performance into the future. Our engagement in this activity reflects strongly on our reputation for 
commitment to excellence. 
 
BROADER	IMPACTS:	
The R&D on very dense electronics has many possible applications in the world outside particle physics.  
 
The technologies considered for forward calorimeter upgrades typically also have applications in medical 
imaging detectors. 
 







 


 
MAJOR MILESTONES: 


Description Date 


RTI funding for HP Xe miniFCal R&D and electronics 2013-4-1 


Letter of Intent for Phase 2 Upgrades submitted to LHCC March 2013 


Approval of LAr electronics as ATLAS Upgrade Project February 2013 


Phase 1 LAr Upgrades Technical Design Report Spring / summer 2014 


Decision on Phase 2 FCal upgrades Not known yet 


Installation of LAr electronics during Long Shutdown 2018 


Final assembly and surface commissioning of FCal / miniFCal Around 2021 
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE (fy15) TWO (fy16) THREE(fy17) FOUR (fy18) FIVE (fy19) TOTAL 


  TRIUMF       
  EXTERNAL * * * * * 0.5M-9M$ 
  TOTAL      0.5M-9M$ 


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


Det. Elx. Grp Ldr 26 26 26 26 26 182 
LTDDB:       
Design engineer 26     46 
Technician (tests)  26 26   52 
FCal:       
Design engineer  10 26 26 26 88 
Small clean room   10 52 52 114 
Det.Grp. support   5 10 10 25 
       
       
       
       


 


EXTERNAL FUNDING INFORMATION: Applying for RTI funding to cover initial tooling and 
prototyping. If infrastructure modifications are needed, this would be the optimal time to make them (well 
before next 5YP). Production costs would need to be covered by external funding (CFI). Designing and 
building tooling for insertion is a large part of the project. Uncertainty on project cost is large: miniFCal 
Xenon and LAr options would be <500kCHF (detector only);  FCal replacement ~9MCHF. *Funding profile 
is not known but would peak toward the end of the next 5YP. 
ONGOING OPERATIONAL REQUIREMENTS: TRIUMF would not be directly involved in detector 
operation, with the exception of TRIUMF BAEs, students and post-docs in the course of their normal 
research activities. 


DECOMMISSIONING REQUIREMENT: Detectors will be shipped to CERN and installed in ATLAS. 
Decommissioning ATLAS components is a responsibility accepted by CERN; however technical expertise 
from TRIUMF staff who built and installed ATLAS systems is invaluable for making decommissioning a 
success, and some time is likely to be requested of them to support logistics planning, tooling design, etc. 
Decommissioning is not foreseen for at least 15 or 20 years. 
 
 
 


Accepted:     Date:  
       












 


 
 
 
 
	
PROJECT/COMMITMENT	TITLE:  Beamline and  instruments  for studies of implantation,  backscattering , 
diffusion and channeling   of 8Li   


	PROPONENT:	R. Kiefl and G. Morris	 	 	 TRIUMF	CONTACT:	 G. Morris	 		


PRINCIPAL	COLLABORATORS:				K. Chow, S. Dunsiger,  P. Levy, P. Gumplinger,  W.A. MacFarlane, 
M. Pearson, J. Sugiyama,  U. Wahl	


PROJECT	DESCRIPTION:	
The project consists of building a short UHV beamline and chamber with instrument to measure the stopping 
distribution, backscattering,  diffusion,   and channeling of 8Li implanted into crystals and other solid media.  
A 45 degree electrostatic bender would be inserted after the Na cell of the polarizer in ISAC in order to 
divert the charged 8Li down a new beamline.  This must be done is a way which does not affect the 
neutralized 8Li beam required for betaNMR and fast collinear laser spectroscopy experiments.  A second 45 
degree bend would bring the beam parallel the existing polarized beam.   A short (2m) UHV beamline with 
differential pumping would guide the beam to a new sample chamber, located just south of the He cell of the 
polarizer.   The new chamber would  have multiple capabilities.  It should allow samples to be loaded 
through a load lock onto a sample holder,   which is rotatable and temperature controlled over a wide range 
20-800K, suitable for diffusion studies.  In addition the sample holder can be HV biased from +- 30 kV  in 
order to vary the energy of implantation in the range  0-60 keV.  The sample is viewed by a bank of position 
sensitive   Si detectors which measure the energy distribution of alpha particles from 8Li decay as a function 
of angle with respect to the sample orientation.  A  Geant4 simulation will be developed to reconstruct the 
stopping distribution from the Intensity(energy, angle)  data sets.  It will also be possible measure how the 
distribution evolves   as function of time after a beam pulse and thereby determine the diffusion constant for 
8Li in an arbitrary thin film   or crystal.   The instrument will also allow measurements of backscattered 
8Li off a surface by looking at delayed coincidences with short pulses of 8Li delivered to the sample.  
The entire setup will be designed to run parasitically to beta-NMR and thus will  increase  the 
scientific output with no  (additional)  beamtime requirements. 
	
SCIENTIFIC	JUSTIFICATION: 
The principle probe used in the beta NMR program at ISAC  (and soon at ARIEL)  is 8Li which decays into 
8Be and immediately into  two  energetic  alphas.  The 8Li beam is polarized and subsequently implanted 
into the material of interest.  The main science justification is to probe electronic and magnetic properties of 
thin films and interfaces and a function of depth and to simulate the behaviour of Li in materials.  The results 
depend critically on calculations of the stopping distribution in the energy regions   1-30 keV determined 
using the TRIM code.  However this code is not very reliable at low energies and does not take into account 
channeling or blocking of the 8Li entering the crystalline samples.  Furthermore at low energies a significant 
fraction the beam is backscattered off the surface and gives rise to an energy dependent background signal. 
Therefore it is critical for the next stage of beta-NMR that we have a method to reliably measure the stopping 
distribution and backscattered fraction   in the same samples run with beta-NMR.  The proposed new 
instrument is designed for this purpose.  
 
Secondly the 8Li adopts specific crystalline sites that affects the spectra directly through the hyperfine 
interaction with conduction electrons, the nuclear dipole interaction with neighboring nuclear spins, and the 
quadrupole interaction from the local electric field gradient.   Emission channeling is a powerful way to 
measure site locations of a  
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radioactive atom in a crystal as a function of temperature and thus would provide important complementary 
information to beta-NMR. 
 
Lastly,  and perhaps most importantly, the new instrument will allow direct measurements of the diffusion 
constant of  8Li in thin films, crystals and  multilayers.  Diffusion of Li is critical to the operation Li 
batteries. The new instrument will allow direct measurements of Li diffusion in any thin film or crystal as a 
function of temperature.  This would complement the beta NMR measurements which are being done on 
battery electrode materials.  We anticipate these instruments will generate interest from the companies   
which are developing Li batteries.			
	
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY: 
 
 
 
 
BROADER	IMPACTS:	
 
 
 
 
 







 


 
MAJOR MILESTONES: 


Description Date 


Commision new beamline 2017 


Commission instrument 2019 


  


  


  


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF 125K 125K 125K 125K   
  EXTERNAL 125K 125K 125K 125K   
  TOTAL 250K 250K 250K 250K   


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


       
       
       
       
       
       
       
       
       
       
       
       


 


EXTERNAL FUNDING INFORMATION:  
 
 
 


ONGOING OPERATIONAL REQUIREMENTS:  
 
 
 


DECOMMISSIONING REQUIREMENT: 
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PROJECT/COMMITMENT	TITLE:  TRIUMF Neutral Atom Trap (TRINAT)  
 


	PROPONENT:	J.A. Behr	 	 	 TRIUMF	CONTACT:		J.A. Behr	 	


PRINCIPAL	COLLABORATORS:		J. A. Behr, M.R. Pearson, TRIUMF;  D. Melconian, TAMU; G. 
Gwinner, U. Manitoba;  D. Ashery, Tel Aviv	


 
PROJECT	DESCRIPTION:	
TRIUMF's neutral atom trap for beta decay (TRINAT) has measured beta-recoil coincidences to deduce the 
most accurate beta-neutrino correlation. EEC and NSERC-approved plans include improving that 
measurement,  and also carrying out a full program of spin-polarized beta decay correlation measurements 
complementary to the decay of the neutron, utilizing in-situ atomic probes of the polarization of the decaying 
nuclei with part per thousand accuracy. Experimental accuracy at part per thousand is needed to provide 
meaningful constraints on particle physics models [e.g. Profumo PRD  75 (2007) 075017].  Further plans 
would include a time-reversal violation measurement in a decay correlation, and beta-delayed neutron 
emission measurements of utility for astrophysics and reactor science.  
 
SCIENTIFIC	JUSTIFICATION:	
Spin-polarized experiments 2012-2014 
We have published a measurement of the neutrino asymmetry Bnu in 37K decay at 3% accuracy [Melconian 
PL B649 370 (2007)]. The goals of our spin correlation program (TRIUMF experiment S1188) include a 
simultaneous measurement of beta singles asymmetry Abeta and recoil singles asymmetry Arecoil at part 
per thousand sensitivity, and eventually Bnu at 0.3%.  E.g., from the detailed dependence of Arecoil on 
recoil momentum, a statistical sensitivity to 4-fermi tensor interactions Ct+Ct' of 0.002 can be reached in one 
week of counting. Other physics, including semileptonic right-handed V+A currents and 2nd-class currents, 
can be simultaneously constrained by the other observables. This program would provide similar but 
complementary sensitivity to the new physics probed by the community's measurement of neutron beta-
decay [Bhattacharya PRD 85 (2012) 054512].  
 
Beta-nu correlation in pure Fermi decay 2014-2016. 
We also would improve our best limits on general scalar interactions coupling to the first generation of 
particles by measuring the beta-nu correlation in the pure Fermi decay of 38mK [Gorelov PRL 94 (2005)  
142501].  The complete angular acceptance for recoils we have developed will minimize key systematic 
errors in our upgraded experiment, with a goal of reaching 0.1% accuracy in angular correlation parameter a 
and Fierz interference term b.  We determine systematic errors for this experiment from statistics-limited 
kinematic observables that are independent of the angular correlation (see TRIUMF S1070 proposal). The 
results would constrain all possible chiralities and time-reversal properties of possible 4-fermi scalar 
interactions, complementary to the superallowed Ft value measurements of normal-chirality scalars and to 
indirect constraints on scalar interactions from the pi-> e nu/mu nu  branching ration [Campbell NPB 709 
419 (2005)] 
 
Time-reversal violation 2016 +     
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Using our demonstrated abilities to polarize nuclei by optical pumping and measure beta and recoil 
momenta, we have a conceptual design for a detection trap geometry to efficiently measure the time and 


parity-reversal violating correlation D I . v_beta X v_nu of the lepton momenta and the nuclear spin.  Since 
this correlation flips sign with time, it is zero if time-reversal is a good symmetry (with correction from 
`final state' effects of 2.0e-4 Precoil/Q predicted by electroweak and isospin symmetry from the small non-
Dirac nuclear electromagnetic moments). Optical pumping light for polarization perpendicular to beta 
direction allows for a more compact geometry with 20% beta efficiency, so we could achieve 2e-4 statistical 
error/week. The best measurement in the decay of the neutron was recently published by emiT [Mumm PRL 
107 102301 (2011)], a null result reaching 2.1e-4 sensitivity. A recent general effective field theory 
calculation [Ng and Tulin, Phys. Rev. D 85 033001 (2012)] concludes that all phenomenological terms 
producing nonzero D will also produce a nonzero neutron EDM, though not vice versa.  A measurement of 
D can then help constrain contributions to EDM's if it can be done to better than 1e-4 accuracy, which would 
clearly require the increased total amounts of beamtime made possible by ARIEL. 
 
Beta-delayed neutron branches and neutron energies, 2015+ 
A new technique has been pioneered by an ion trap at CARIBU at Argonne National Lab (See N. Scielzo 
talk http://www.ne.anl.gov/capabilities/nd/AFC-Apr11/program.shtml). Their elegant idea is that the 
recoiling nucleus momentum is greatly increased by the neutron emission, so the neutron momentum can be 
deduced from the recoil momentum without detecting the neutron, allowing more accurate measurements of 
the decay branch and the neutron energy spectrum.  These are of use for many beta-delayed neutron emitters 
as a neutron source for times and places of the r-process at relatively low temperatures when 
photodisintegration  no longer produces neutrons [see e.g. cold r-process work S. Wanajo, Astrophysical 
Journal, 666:L77  (2007)]. Knowledge of beta-delayed neutrons is needed for Generation IV reactors.  An 
atom trap has some complementarity to an ion trap, in particular smaller perturbing fields enabling better 
momentum resolution and hence lower and higher neutron momentum thresholds. Some cases 92-96Rb 
could be done now, but cases of interest complementary to the CARIBU isotopes would become possible 
with the ARIEL photofission production. Rb and Cs isotopes could be done with the present TRINAT 
apparatus and lasers; if there were enough interest, Kr, Xe, Sr and Ba isotopes can be trapped with large 
changes in the collection trap and  lasers.    
**This would require from TRIUMF delivery of ARIEL beams to TRINAT, which would be possible during 
cyclotron maintenance times with the addition of two 3-way bender boxes, one at TRINAT level and the 
other at ISAC-I level.  
 
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY:	Physics	
complementarity	to	superallowed	beta‐decay	Ft	values	and	offshore	(possibly	future	at	
TRIUMF	UCN)	work	in	neutron	beta	decay	correlations	pointed	out	above.		
BROADER IMPACTS: HQP. Possibly reactor science. 
 


Illustration 1: compact efficient conceptual design for D 
coefficient 







 


MAJOR MILESTONES: 
Description Date 


37K S1188 Spin correlations Abeta, Arecoil, Bnu  2012-2014 


38mK S1075 Beta-nu correlation  2014-2016 


37K D time-reversal correlation test 2016-2018 


Beta-delayed neutron emission with ARIEL isotopes 2015-2018 


  


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF $20K $5K $5K $5K $5K $40K 
  EXTERNAL $120K+  $120K+ $120K+ $120K+ $120K+ $600K+ 
  TOTAL       


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


Two 3-way 
benders, on ISAC-
I floor and at 
TRINAT level  


      


Phys: Exp: 
Detectors 


2 FTEW Similar...     


Tech:Machinist 4 FTEW Similar...     
Tech:Elect:Design 2 FTEW Similar...     
IT:DAQ 3 FTEW Similar...     
       


 


EXTERNAL FUNDING INFORMATION:  
present NSERC TRINAT project grant $120K/year assumed. Students, support, and equipment from TAMU 
and Tel Aviv are NOT quantified here. A serious rebuilding of the front-end collection for Kr,Xe, and/or Sr, 
Ba would cost about $300K in capital. 
 
ONGOING OPERATIONAL REQUIREMENTS:  
$5K/year for TRINAT operation. Continued DAQ support. Continued detector facility support for electronics. 
Continued machine shop support. Possible SiPMT readout of scintillators for linearity, gain stability, and B-
field insensitivity.  
 
DECOMMISSIONING REQUIREMENT: 
None, all isotopes short-lived. 
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PROJECT/COMMITMENT	TITLE: Fundamental symmetry studies with laser-trapped francium atoms 


	PROPONENT:		 Gerald Gwinner	 	 TRIUMF	CONTACT:			  John Behr	


PRINCIPAL	COLLABORATORS:		L. Orozco (U. Maryland), E. Gomez (San Luis Potosi), S. Aubin 
(William & Mary), G. Gwinner (Manitoba), J. Behr and M. Pearson (TRIUMF)	


PROJECT	DESCRIPTION:	
Physics with laser-cooled and trapped francium, in particular tests of fundamental symmetries, is one of the 
primary motivations for the actinide target program ISAC. Three experimental programs have been awarded 
shifts by the EEC: E1010 Hyperfine Anomaly Measurements in Neutron Deficient Francium Isotopes, S1065 
Weak Nucleon-Nucleon Interactions by Parity Non-Conservation Measurements in Francium, and S1218 
Towards an Optical Parity Violation Experiment in Francium: Spectroscopy of the 7s-8s Transition.  
The francium project has a dedicated beamline at ISAC I, ending in an electromagnetically shielded, 
environmentally controlled room, the francium trapping facility (FTF), housing several high-end laser 
systems. In September 2012, we successfully commissioned the facility by laser-trapping francium isotopes 
209, 207, and 221 with good efficiency and reliability. This allows us to go ahead with the physics program 
in November 2012, at first measuring hyperfine anomalies in a series of isotopes to study the distribution of 
nuclear magnetism inside these nuclei. The project is operated by the international FrPNC collaboration that 
has extensive expertise in atomic physics, quantum optics, radioactive beams, nuclear physics, and 
fundamental symmetries tests. 
	
SCIENTIFIC	JUSTIFICATION: 
Francium, the heaviest alkali atom (Z = 87), possesses a unique combination of structural simplicity due to 
its single valence s-electron and a great sensitivity to effects such as atomic parity non-conservation (APNC) 
and possible permanent electric dipole moments due to its high nuclear charge. The attractiveness of Fr for 
APNC experiments has been discussed since the early 1990s in the context of searches for ‘new’ physics 
beyond the Standard Model (SM). APNC arises from the parity-violating exchange of Z-bosons between 
electrons and the quarks in the nucleus, leading to a mixing of atomic levels of opposite parity. As a result, 
otherwise forbidden electric dipole transitions can be excited between states of the same parity, and parity-
violating electron quark couplings can be extracted.  APNC scales with the nuclear charge roughly as Z2 N, 
favoring experiments in heavy atoms, but a successful extraction of the weak interaction physics from the 
measured atomic quantity also requires a detailed understanding of the atomic wavefunctions. The atomic 
theory of Fr can be understood at a level similar to that of Cs (Z = 55) where the best measurement so far has 
been done, yet the APNC effect is almost 20 times larger.  
Even in the LHC era, low energy experiments have an important role to play in the search for physics 
beyond the SM. For example, when new states are discovered at the LHC, it will be  
 
important to know their couplings to the first generation of particles. Electrons and muons can be 
distinguished in the LHC detectors, but up/down quark jets cannot be separated from jets of other 
generations. APNC and other low-energy experiments are in a unique position to assist with this question. 
Recently, in an effort to explain the deviation observed in the anomalous magnetic moment of the muon, 
Marciano et al. have postulated a light (10-500 MeV), "dark" Z-boson, to which APNC possesses extremely 
high sensitivity, that couples weakly to the electromagnetic current and mixes with the SM Z boson 
[Davoudiasl et al., PRL 109, 031802 (2012)]. It should also be noted that different low-energy experiments 
such as APNC, Møller, and Qweak, have very different sensitivities to various extensions of the SM. 
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The plan of S1065 is to measure anapole moments  in francium isotopes, a consequence of parity-violating 
nucleon-nucleon interactions inside the nucleus. Data  on this phenomenon is extremely sparse, and we 
intend to use a new method relying on precision microwave spectroscopy. 
	
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY: 
There are strong connections to the Canadian research community both in terms of the facility/experimental 
techniques as well as in terms of the physics. One of the Canadian members is based at Manitoba, as well as 
a graduate student. Through adjunct status, the TRIUMF members are planning to supervise a UBC grad 
student. A co-op student will join the team in early 2013. We have tight relations with TRINAT and the 
collinear spectroscopy group, with graduate students and collaborators from UBC and McGill. From a 
physics point of view, there is strong overlap with the electron scattering group at Manitoba/UNBC, which 
investigates parity violation with very different techniques, yet similar goals. Canadian universities are also 
well represented in terms of theory, e.g. S. Godfrey at Carleton and P. Blunden at Manitoba, who actively 
work on APNC related topics, also A. Czarnecki at Alberta. The francium effort fits very well into the core 
program of TRIUMF/ISAC - carrying out cutting edge work at the forefront of radioactive beam science - 
and makes use of a core capability, the actinide target that can deliver very large quantities of isotope-
separated, clean beams of francium. TRIUMF is a unique place world-wide for this work. 
From an international point of view, there are groups working on francium trapping, at Legnaro, Italy and in 
Sendai, Japan. Among them, the TRIUMF project is currently most advanced. In terms of parity violation 
measurements, there are several groups world-wide that try to carry out next-generation APNC 
measurements, both in stable and unstable atoms, such as Yb at Berkeley, Ba+ in Seattle, and Ra+ in 
Groningen. Anapole measurements in molecules are in preparation at Yale and in Groningen. At this point, 
the community is more collaborative than competitive, freely exchanging information and ideas. 
 
BROADER	IMPACTS:	
In terms of people and knowledge, project like the francium effort have a big impact, in the sense that they 
provide some of the highest quality scientific training for students and postdocs, in fields that also have a 
serious economic impact. The HQP gets extensive exposure to high-end laser equipment and state-of-the-art 
electro-optics and microwave/RF technology as used in the communications industry. The trapping apparatus 
requires ultra-high vacuum conditions at the 10-10 mbar level. The relatively small size of the collaboration 
requires that all HQP become familiar with all these aspects of the project, leading to very broad training in 
fields associated with the high-tech economy. 







 


 
MAJOR MILESTONES: 


Description Date 


Commissioning of the francium trapping facility Sep 2012 


Begin of the physics program (hyperfine anomalies) Nov 2012 


Installation and commissioning of the "science" trap chamber summer 2013 


Begin of micowave anapole and optical 7s-8s spectroscopy experiments fall 2013 


NSERC Fr project grant renewal 2015 


First anapole microwave measurement results 2014-2015 


First 7s-8s spectroscopy results 2014-2016 
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF 10k 10k 10k 10k 10k ca 100k 
  EXTERNAL 350k 350k 350k 350k 350k ca. 2000k 
  TOTAL 360k 360k 360k 360k 360k 2100k 


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


Tech-Elec-Design 4 FTEW 4 FTEW 4 FTEW 4 FTEW 4 FTEW  
Tech-Elec-Assembly 2 FTEW 2 FTEW 2 FTEW 2 FTEW 2 FTEW  
Te-Ma-Manual machining 2 FTEW 2 FTEW 2 FTEW 2 FTEW 2 FTEW  
Te-Mech-Design 2 FTEW 2 FTEW 2 FTEW 2 FTEW 2 FTEW  
       
       
       
       
       
       
       
       


 


EXTERNAL FUNDING INFORMATION: Currently, operating support is via NSERC ($145k/a until 2015) and 
NSF ($139k/a until 2012, renewal in progress). DOE equipment grant for 2010-2014 (total around $800k), NSERC 
RTI $147k, 2012. Expect modest increase of operating funds in next funding period, occasional RTI. 
ONGOING OPERATIONAL REQUIREMENTS: By 2015, the  infrastructure for the Fr experiments will 
have been essentially established. At this point, progress will be made in the laser/microwave/electronics 
setups which will not require much support from TRIUMF. Occasional machine shop and electronics shop 
work is anticipated, also HVAC maintenance. 
DECOMMISSIONING REQUIREMENT: No particular decommissioning needs; the 
optics/electronics/microwave equipment will be retrieved by the owners.  The contaminated beamline section 
is small and can be dealt with in a standard way. The electromagnetically shielded room is a permanent, 
high-quality, structure that could be used for other purposes in the future. 
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PROJECT/COMMITMENT	TITLE:  CMMS Technical and base support Infrastructure  


	PROPONENT:			Syd Kreitzman 	 	 TRIUMF	CONTACT:		Syd Kreitzman	 		


PRINCIPAL	COLLABORATORS:		Jess Brewer, Kim Chow, Kashayar Ghandi, Rob Kiefl, Graeme Luke, 
Andrew McFarlane, Paul Percival, CMMS Group Scientists, Jeff Sonier, Tomo Uemura  (alphabetical)	


PROJECT	DESCRIPTION:		
The overall project consists of three related initiatives which are required to develop, maintain and support 
the long term viability of the CMMS program at TRIUMF.   


 
i) Deploying new MuSR spectrometers to provide the state of the art experimental capabilities. 
ii) Insuring that the deteriorated critical aspects of target station/secondary channel infrastructure, 


without which muon production and transport cannot exist, is addressed/replaced in a timely fashion 
to sustain the long term viability of this program.   


iii) Supporting the manpower requirements for the increase usage of  b-N/QMR and the evolution toward 
a facility which can support a broad range of non-expert users on its new beamlines. Planning for the 
potential attenuation of current CMMS facility staff salary funding from the promised, but as yet 
unknown, MRS replacement program. Ameliorating the debilitating facility user fee is also a priority. 


 
i) Spectrometers: 


a. 9T, 10ppm Magnet & Spectrometer -$275K; 
b. Axial Dilution Refrigerator for above - $750K; 
c. 3T Magnet for M20 + Spectrometers for M9A & M20 - $550K; 
d. Ultra LT High Pressure Cell Spectrometer for VSU Dilution Refrigerator on M9B. -$75K. 
 


ii) Long Term Sustainability of beam delivery to the CMMS-MuSR beamlines:  
a. T2 Environment; 


i. Addressing T2’s misalignment and the connectivity in its secondary channels 
ii. Replacement Q1s for M20 and M9, while enabling more clearance for i.- $175K;  


b. The M9B Solenoid; Persistent mode replacement - $1,350K; 
c. Selected Power Supply Replacement for M15 and M9B - $350K; 
d. Replacement of M15 permanent Q1/Q2 - $50K. 
 


iii) Enhanced Experimental Support Manpower and Operational funding:   
a. b-NM/QR support with the advent of an eLinac driven 8Li source; ½ FTE Scientist, ½ FTE Tech. 
b. Scientific support for non-expert and casual users on new beam lines; ½ FTE Scientist, and 


M20 IOF support; ½ FTE Technician.  
c. Contingency plans and funding is required if the NSERC replacement funds for the defunct MRS 


program (which supports 3+3 scientists+ CMMS technicians) does not fully materialize.  
d. CFI IOF + TRIUMF funding to eliminate common fund assessment (i.e. user) fees. $100K/yr     


     Capital Cost: $3,575,000;    CMMS Manpower Increment: 1 FTE scientist + 1FTE tech.;      
     Operational Costs: $100,00/yr;   TRIUMF DO, MS, Engineer, Technical: 5½ man years.   
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SCIENTIFIC	JUSTIFICATION:	
	


The areas of research supported by the CMMS facility are broad and diverse. The listing below is indicative 
of the scope of research typically carried out in the TRIUMF CMMS facility. 
 
i) Superconductivity, with specific emphasis on HTC.  MuSR is a major research tool due to its sensitivity 


to the correlation length, penetration depth and symmetry of the superconducting electrons. 
ii) Automotive batteries; Hydrogen storage and thermal stability for fuel cells, Li kinetics (b-NMR)  
iii) Interfaces and probes of Nanomaterials (b-NM/QR); Variable penetration depth of polarized low energy 


8Li provides sensitive nuclear magnetic resonance studies of near surface interfacial phenomena.  
iv) Materials (Polymer) Design; Muons probe bonding of metal-organic complexes.    
v) Semiconductors and Spintronics; Muons acts as a heavy isotope of H and is a sensitive probe and 


instigator of hydrogen-like induced localized charge and magnetic states, which MuSR can easily detect. 
vi) Muoniated Free Radicals: Green Chemistry, GenIV Reactor Research; Muons can be injected into very 


hostile/reactive environments, where its presence as Muonium allows detailed reaction rate studies.     
vii) Fundamental Chemical Reactions; Reaction rates of simple MuxH or μ-He molecules or atoms leads to 


the capability to sensitively test the detailed aspects of chemical kinetics wrt current theories.  
viii) Magnetism; The muon is an exquisite probe of local B(t) due to its large moment and 100% polarization.  
ix) Quantum Phase Transitions; Sensitive probe of local magnetic fluctuations as T→0 in degenerate 


systems.  
 


JUSTIFICATION	FOR	THE	PROPOSED	TECHNICAL	INFRASTRUCTURE:	
	


The primary justification of this proposal is to promote the necessary actions that will allow TRIUMF’s 
CMMS facility the means to continue to deliver world class experimental capabilities to its user community. 
The three broad categories of requirements (not necessarily in priority sequence) all cooperate in the 
evolution of the overall process.  To wit, the muon beam lines must be consistently available, the 
experimental capabilities must be competitive, and finally, the user support must be adequate.   
 
The T2 environment:  Over the past several years TRIUMF and CFI/BCKDS have invested close to 
$10,000,000 in capital and human resources into the new M20 and M9A MuSR beamlines. To utilize these 
beamlines effectively, the T2 environment must be made reliable. Instability problems have plagued the T2 
monument/secondary channel connections for over a decade, and TRIUMF has literally “stuck its head in the 
concrete block sand box” for that time. A long term solution needs to be implemented. Given that M20 and 
M9 are now solely dedicated to MuSR, the redesign & replacement of the somewhat impaired Q1/Q2 pairs 
(M20Q1 leaks, requiring repair and an M9Q1 ground fault) in both beamlines should enable more space to 
allow for robust “flexible” joints to be installed, even if the ideal solution of stabilizing/replacing the 
crumbling blocks is not fully possible.  
 
Beam time on M9B (which remains a unique MuSR beamline in the world due its capability to spin rotate a 
high momentum muon beam) will continue to be significantly lost due to the frequent and fatal (for the 
current solenoid) power failures that plague TRIUMF.  Its replacement with a persistent coil device will fully 
alleviate this problem.  The new solenoid can be charged via the CMMS/UCN liquefier and will obviate the 
need for the current “monster” compressor and its associated energy costs. 
    
Selected M5 and M9B power supplies (20 and >30 years old respectively) are now significantly unreliable, 
irreparable and should be replaced.  Also, the deterioration in the M15 rate over the last decade, due to 
radiation damage and subsequent field degradation in its permanent Q1, calls for its replacement.  
 
The spectrometer “phase space” advantages (7T @ 1.5K or 5T @ 15mK) which the TRIUMF CMMS has 
uniquely enjoyed will be surpassed in 2013 by new beamline/spectrometer developments at the PSI muon 
facility. However, the new M20 and M9 beamlines are both kicked (for “Muons on Request”) and fully spin 







 


 
 
rotated. Since no PSI beamline has both,  TRIUMF can regain “MuSR experimental spectrometer 
supremacy” simply by matching the 9T magnet and low temperature (axial DR) capabilities that will come 
online at PSI.  The remaining spectrometer upgrades (i.e. VSU DR pressure cells) will give the T2 sourced 
beamlines an arsenal of flexible MuSr experimental capabilities that will unique solely to the TRIUMF. 
 
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY:	 
The CMMS is, unlike the more common dedicated facilities at TRIUMF, a user facility and as such provides 
spectrometers and facilitates beam (muons and 8Li) utilization to a broad variety of worldwide condensed 
matter and physical chemistry research groups. Approximately 40% of these groups are Canadian based.  
The enumeration below lists the Canadian groups which are active users of the facility. The groups flagged 
with a * have historically had research programs critically dependent on the TRIUMF CMMS facilities.   
	


	
BROADER	IMPACTS:	The broad impact may be gauged by the spokespersons of approved and/or active 
experiments from 2006 – 2012:	
 
A. Aczel USA S.R. Julian USA G. Morris TRIUMF 
J. Akimitsu  Japan R. Kadono Japan Y. Mozharivskyj Canada 
J. Arai Japan H. Kageyama Japan K. Ninomiya Japan 
A. Bianchi Canada R.F. Kiefl Canada H. Ohato Japan 
L. Bouchard USA P.J.C. King UK K. Ohishi Japan 
J.H. Brewer  Canada H-H. Klauss Germany O.Ofer Israel 
J. Chakhalian USA A. Koda Japan P.W. Percival Canada 
K.H. Chow Canada K.M. Kojima Japan A. Romanenko USA 
J. Clyburne Canada R. Laxdal TRIUMF H. Saadaoui Switzerland 
S. Dunsiger Germany D.B. Leznoff Canada Z. Salman Switzerland 
J.A. Forrest Canada R.L. Lichti USA K. Satoh Japan 
D.G. Fleming Canada G. Luke Canada A.T. Savici USA 
M. Fluss USA W.A. MacFarlane Canada J.E. Sonier Canada 
K. Ghandi Canada D.E. MacLaughlin USA K. Shimomura Japan 
J.M. Gil Portugal A. Maniv Israel L. Shu China 
T. Goko Columbia T. Maniv Israel V.G. Storchak Russia 
A. Grasselino TRIUMF J.L. Manson USA J. Sugiyama Japan/Toyota 
J.E. Greedan Canada A. Mar Canada Y.J. Uemura USA 
R.H. Heffner USA I. McKenzie Canada R.C. Vilao Portugal 
W. Higemoto Japan T. Mibe Japan R. West USA 
T. Imai Canada M. Mihara Japan C.R. Wiebe Canada 
K. Ishida Japan E. Morenzoni Switzerland S. Zhao USA 
T. Ito Japan   X.G. Zheng Japan 
 
16%  local (B.C.),   20% Canada (AB,ON,NB,NS),    18% U.S.A.,    32% Japan,    14% Europe


A. Bianchi Physics,    U. Montreal R.F. Kiefl* Physics, UBC 


J.H. Brewer *  Physics,    UBC D. Leznoff Physics, SFU 


K.H. Chow* Physics,     Alberta G.M. Luke* Physics, McMaster 


J.A. Clyburne  Chemistry,  St. Mary’s W.A. MacFarlane* Chemistry, UBC 


D.G. Fleming* Chemistry,  UBC A. Mar  Chemistry, Alberta 


J.A. Forrest Physics, Waterloo Y. Mozharivskyj Physics, McMaster 


K. Ghandi* Chemistry,  Mount Allison P.W. Percival* Chemistry, SFU 


J.E. Greedan Chemistry,  McMaster J.E. Sonier* Physics, SFU 


M. Greven Physics, Manitoba C.R. Wiebe Chemistry, U. Winnipeg 
T. Imai  Physics,      McMaster   


 







 


 
MAJOR MILESTONES: 


Description Date 


Investigate T2 stability issues Long shutdown 2013 


Design of new T2 Q1s, T2 stability enhancements,  and flexible connections to Q1s Prior to 2014 


CFI application for all capital upgrades, including Spectrometers, Q1/Q2s, M9B 
solenoid and manpower requirements.  


Fall of 2014 


Assuming successful funding: Review designs and order major spectrometer 
components, M9B solenoid and Q1s. Submit T2 connectivity flanges/beam to shop. 


Spring 2015 


Take delivery of  Spectrometer Magnet, DR and  begin assembling Spectrometers Early 2016 


Take delivery of Q1s and assemble Q1/Q2 skids Summer 2016 


Install major T2 upgrades and new M9B solenoid , complete the project Jan-Jun 2017 
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE       
2015 


TWO      
2016 


THREE  
2017 


FOUR    
2018 


FIVE     
2019 


TOTAL 


  TRIUMF 50,000 50,000 50,000 50,000 50,000 250,000
  EXTERNAL 1,000,000 1,275,000 1,350,000 50,000 50,000 3,725.000
  TOTAL 1,050,00 1,325,00 1,400,000 100,000 100,000 3,975,000


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


(in man months)       
       
Design Office 5 3     
Engineer 4 4 3    
Machine Shop 6 5     
Contract Managemt 3 3 3    
Scintillator Shop 4      
Remote Handling   9    
Technicians    4    
Riggers   3    
       
 22 15 22   59 


 


EXTERNAL FUNDING INFORMATION:   
CFI 40% , BCKDF 40% 
 


ONGOING OPERATIONAL REQUIREMENTS:  
$100K/yr CMMS Operating funds and MRO : 50% TRIUMF, 50% CFI IOF 
 


DECOMMISSIONING REQUIREMENT: 
Current M20 and M9 Q1/Q2 will have to be stored in bunker.  Current M9B solenoid sold?   
 
 
 
 
 
 
 


Accepted:     Date:  
       












 


 
 
 
 


	
PROJECT/COMMITMENT	TITLE: P138  Laser Spectroscopy  


	PROPONENT:		 M.R. Pearson	 	 TRIUMF	CONTACT:			 	M.R. Pearson	


PRINCIPAL	COLLABORATORS:		J. Crawford, F. Buchinger, B. Cheal	
 
PROJECT	DESCRIPTION:				
The laser spectroscopy group studies ground state properties of short-live, exotic nuclei using several 
techniques that all exploit the hyperfine interaction. Where yields allow collinear laser spectroscopy is the 
method of choice, overlapping a fast ion beam with a narrow line-width laser in order to resonantly excite 
electronic transitions. Over recent years this technique has been greatly enhanced by utilising linear Paul 
traps to bunch the ion beam. The use of a bunched beam along with suitable data-aquisition systems reduces 
the background signals by upto four orders of magnitude whilst keeping the original signal strength. 


In addition to using the hyperfine interaction to probe the nucleus it is also used in order to manipulate it. By 
optically pumping within the collinear geometry it is possible to polarise the atomic electrons, and therefore 
the nucleus. Transporting this polarised beam to suitable spectrometers allows for extreamly high precision 
Nuclear Magnetic Resonance (NMR) and Nuclear Quadrupole Resonance (NQR) measurements to be made 
by utilising the angular distribution of emitted particles from the relevant decays.  


In order for future development of techniques as well as fully characterising the capabilities of the system a 
source a clean, stable beams of both the alkali and alkali-earth elements is required. 


SCIENTIFIC	JUSTIFICATION:	
There are few properties of nuclei more fundamental to them than their ground state spins, moments and 
radii. Without a clear understanding of these basic properties of the atomic nucleus the ability to predict or 
model the nuclear landscape away from stability is significantly compromised. Collinear laser spectroscopy 
has long been regarded as a powerful tool in order to answer these problems. It is one of the few methods 
than can, in general, assign a definite spin as well as ground state moments and in all but the lightest of 
nuclei changes in the RMS charge radius. In general all of these nuclear properties come from the same 
measurement allowing broad surveys along long chains of the nuclear chart to be performed. This often 
gives a very clear picture of the evolution of the nuclear structure from single particle to collective the 
further away from stability that is probed.  


RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY:	
By its very nature this research crosses many boundaries. Not only are atomic techniques predominantly 
used in order to extract nuclear properties but the detection techniques also cross into other areas. For 
example,  the NMR/NQR work is carried out in collaboration with material science groups across Canada.   
Not only do the techniques cross boundaries but the results are also used across many areas of physics. A 
recent measurement of the charge radius of Rb-74 was carried out in order to assist in reducing the 
uncertainties on theoretical corrections to CKM matrix calculations carried out by I. Towner.  Whereas 
measurements of the spins, moments and, charge and magnetism radii of Francium isotopes is being used by 
the Francium PNC collaboration both practically to assist in the trapping of more exotic Francium atoms but 
also to refine and cross reference theoretical predictions needed for the future extraction of PNC effects, 
anapole moments and other high order state mixings. 
 
Work is also being carried out at the request and in collaboration with other groups. Measurements of the 
spins and moments of the heavy Rubidium isotopes was instigated at the request of the 8pi collaboration. 
The accurate knowledge of the ground state spins of the heavy Rubidium isotopes will greatly assist in the 
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work that has been carried out looking at the decay of these isotopes to study the low lying nuclear levels 
within the daughter nuclei. 
 
This work is carried out in collaboration with other groups around the world using similar techniques. The 
high power primary driver makes many nuclei at the extremes of the nuclear chart accessible here where 
they are not at other facilities. The use of the ISOL method at TRIUMF it complementary to the IGISOL 
method employed at Jyvaskyla, there the chemical insensitivity of the ion source lends itself to refractory 
elements that are at best difficult to extract using the ISOL technique. 
	
BRORDER	IMPACTS:	
The main impact is in the training of Highly Qualified Personnel (HQP). The work is not only very much 
“hands on” but also requires almost everyone to have a working knowledge of the entire system from ion 
beam optics and  laser systems  through to data analysis. In general there are at least 2 postgraduate students 
and one postdoctoral reseacher on the project as well as a couple of undergraduates per year. 
 
 
 







 


 
MAJOR MILESTONES: 


Description Date 


First use of the new laser laboratory September 2012 (Done) 


Completion of the lab. November 2012 


  


  


  


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF $15,000.00 $15,000.00 $15,000.00 $15,000.00 $15,000.00 $75,000.00 
  EXTERNAL $200,000.00 $200,000.00 $200,000.00 $200,000.00 $200,000.00 $1,000,000.00
  TOTAL      $1,075,000.00 


+/- 15% 
TRIUMF NON-CASH RESOURCES 


                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


DAQ 0.2FTE 0.2FTE 0.2FTE 0.2FTE 0.2FTE 1FTE 
Workshop 0.2FTE 0.2FTE 0.2FTE 0.2FTE 0.2FTE 1FTE 
Design office 0.2FTE 0.2FTE 0.2FTE 0.2FTE 0.2FTE 1FTE 
B.A.E. 1FTE 1FTE 1FTE 1FTE 1FTE 5FTE 
       
       
       
       
       
       
       
       


 


EXTERNAL FUNDING INFORMATION:  
Main external funding is from NSERC. Currently the grant is approximately $140,000/year. External funding 
for students has also been provided by foreign funding agencies (UK and Jordan).  
 
 
ONGOING OPERATIONAL REQUIREMENTS:  
Ongoing support for the polariser beamline, TITAN's RFQ and the upkeep of the laser spectroscopy laser 
laboratory. Upkeep and gradual upgrading of the data aquisition system.  
 
 
DECOMMISSIONING REQUIREMENT: 
If required all laser equipment will be reallocated to the universities that it either originally came from or 
those sharing the grant that paid for it. All other equipment is the responsibility of other groups (ISAC for the 
beamline, TITAN for the RFQ, Material science for the NMR/NQR spectrometers). 
 
 Accepted:     Date:  


       












 


 
 
 
 
	
PROJECT/COMMITMENT	TITLE: DEAP  


	PROPONENT:		F. Retiere	 	 	 TRIUMF	CONTACT:		F. Retiere		 		


PRINCIPAL	COLLABORATORS:		D. Grant, A. Hallin (U. Alberta), K. Graham (Carleton), M. Boulay, A. 
McDonald, T. Noble, W. Rau (Queens), F. Duncan, C. Jillings (SNOLAB)	


PROJECT	DESCRIPTION:	
DEAP is a Dark matter search Experiment based on liquid Argon Pulse shaping discrimination. It is located 
at SNOLAB. It is scheduled to start operation in 2013. The construction and commissioning of the 
experiment will be completed before 2015.  It will operate for a yet unknown number of years, but certainly 
until 2017. It is likely to go through 2 phases: normal argon, with 1000 Bq of radioactive 39Ar isotope per 
tonne of normal argon and then depleted argon with about a factor of 100 less 39Ar.  
TRIUMF is responsible for DEAP readout electronics. Support from the electronics development group and 
data acquisition group will be required throughout the life time of the experiment. Furthermore, when 
switching to depleted argon the trigger condition will have to be updated. This will be mostly addressed by 
physicists but may also involve engineers. In general, the trigger was designed to be very flexible. Trigger 
optimization is expected to be one of the main tasks that DEAP group at TRIUMF will tackle. In addition, 
we will ensure accurate simulation of the electronics and we will be directly involved in the dark matter 
search analysis. 
	
SCIENTIFIC	JUSTIFICATION: 
DEAP is a competitive dark matter search experiment. Its sensitivity is expected to be better than the LUX 
experiment currently running. It should be the most sensitive spin-independent dark matter search 
experiment until the XENON-100 comes online. If dark matter was to be discovered by DEAP, it would be a 
very significant achievement for the Canadian research community.  
	
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY: 
DEAP is a collaboration between 6 Canadian institutions, University of Alberta, Carleton University, Queens 
University, Laurentian University, TRIUMF and SNOLAB and 3 British institutions.  
 
BROADER	IMPACTS:	
TRIUMF contribution to DEAP electronics is already finding other applications. The mother board of DEAP 
Digitizer and Trigger Module will be used for GRIFFIN. It is foreseen to be used in multiple applications at 
TRIUMF. The DEAP trigger architecture with 2 trigger levels in firmware and then software is likely to 
prove popular in other applications because it is highly customizable. Maintaining the DEAP electronics 
through the life of the experiment will enable TRIUMF to gain useful expertise in long term operation of 
such a system. Several graduate students are expected to work within the DEAP group at TRIUMF. In 
addition, undergraduate students will also be involved in the data analysis and electronics operation.  
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MAJOR MILESTONES: 


Description Date 


First dark matter search paper (normal argon) 2015 


Depleted argon fill 2016 


Second dark matter search paper with depleted argon 2017 


  


  


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF       
  EXTERNAL 100,000 100,000 100,000 100,000 100,000 500,000 
  TOTAL       


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


Electronics dev. 3 5    8 
DAQ 3 5 3 2 2 15 
       
       
       
       
       
       
       
       
       
       


 


EXTERNAL FUNDING INFORMATION:  
The external funds are expected to be obtained from NSERC. The amount only includes the fraction of the 
grant going to TRIUMF (about 15% of the total). 
 


ONGOING OPERATIONAL REQUIREMENTS:  
TRIUMF will be responsible for maintaining DEAP electronics. The system is being designed to allow most 
operations to be performed from Vancouver. 
 


DECOMMISSIONING REQUIREMENT: 
None. The equipment will remain at SNOLAB. 
 
 
 
 
 
 
 Accepted:     Date:  


       












 


 
 
 
 
PROJECT/COMMITMENT TITLE:  Searches for New Physics at the Intensity Frontier 


  


 PROPONENT:   Douglas Bryman      TRIUMF CONTACT:    Toshio Numao  
 


PRINCIPAL COLLABORATORS:  D. Bryman, M. Hasinoff, and A. Hussein, L. Kurchaninov, 
T. Numao; R. Tschirhart et al. (Fermilab); M. Aoki, Y. Kuno et al. (Osaka U.), many other 
international collaborators 


PROJECT DESCRIPTION: 
We propose to participate in one new flavor physics experiment among three possibilities under 


active development: ORKA ( K      at Fermilab),  DeeMe or COMET (  Conversione   at JPARC), 
listed in priority order. All three have scientific approval at their respective labs and are attempting to 
arrange funding. 
   ORKA will use the Fermilab Main Injector to produce a 600-MeV/c separated K  beam provided to 
an upgraded detector assembly similar in concept to BNL E949.  Pions arising  from the decays 
K    will be tracked in a uniform 1.25T  magnetic field (CDF solenoid) and identified using  the 


e    decay sequence and measurements of their range, momentum, and energy. The Canadian group 
proposes to construct the ORKA central tracking chamber based on the TRIUMF/E949 “Ultra-Thin 
Chamber”. It will have four thin spiral cathode-strip foils supported by differential pressure located between 
three super-layers of axial drift cells. This is a relatively small scale device with outer radius of 50 cm, length 
75 cm and approximately 1000 sense wires and 1000 cathode strips.  The principal physicists, engineer, and 
technologist who participated in  the BNL UCT project are currently at TRIUMF. 


DeeMe, aiming for sensitivity 1410 employs a new method for observing  Conversione  in 
which an intense pulsed source of negative muons is produced in a specially designed production target. This 
project is comparable in scale to the TRIUMF PIENU experiment and may be completed in about 4 years. 
The conversion electrons are to be observed using a new beam line at the 3 GeV JPARC synchrotron which 
will contain a kicker magnet and an electron spectrometer. We would propose to construct the wire chamber 
system for the spectrometer consisting of four chambers each with three planes of proportional drift cells. 
The system would be similar to those chambers constructed at TRIUMF for the PIENU experiment and 
would have  comparable in numbers of wires and channels to the UTC describe above.  


COMET is based on the Loboshev proposal to use a high field solenoidal collector of low energy 
muons in the neighborhood of the pion production target to produce an intense source for 


 Conversione  aiming for a sensitivity of 1610 . This is an ambitious project of the $125M class which 
will take more than a decade to realize. For this project we would expect to participate in the construction of 
the straw tube tracker or the electromagnetic calorimeter. 
 
SCIENTIFIC JUSTIFICATION: 


Despite the recent momentous discovery of the Higgs boson at the LHC many aspects of particle 
physics remain to be explored. Flavor physics studies in the era of the LHC continue to be  effective for 
searching for physics beyond the Standard Model (SM). If non-SM discoveries are made at the LHC, then 
precision, high sensitivity flavor physics experiments will be important  for sorting out the flavor- and CP-
violating couplings of the new particles. If new physics is not found at the LHC, then such  experiments are  
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needed to access higher mass scales (up to 1000 TeV) through virtual effects.  A short list of 


“superstar” flavor experiments would include B decays ( /mixing, , ( )s s d s sB B B X    ), K decays 


( 0 0, LK K      ), lepton flavor violating decays ( ,   Conversion, e ( others) e e        ), 


EDM measurements (  n, atoms ) and muon g-2. These special measurements can all be cleanly interpreted as 
indications of new physics by their very observation as for the LFV decays or through observed deviations 
from solid SM predictions as in  and B K    decays and the interplay of such measurements will 
be necessary to establish the underlying theory. Here we propose to concentrate efforts on either the 
“golden” K     decay or  Conversione  .  


The ultra-rare decay K     provides an excellent opportunity to test a firm SM prediction and to 
search for new physics. This highly suppressed decay has been calculated to an unusual degree of precision 
in the SM and the techniques for measuring it have been firmly established, opening the door for discovery. 
The measured branching ratio is  1.15 10


1.05( ) 1.73 10ExBr K x    
  based on seven events from BNL E787/E949 


experiments. The predicted SM branching ratio is   11( ) 7.81 0.72 0.62 10ThBr K x       where the 


first uncertainty arises from the CKM matrix and the second is a combination of other theory uncertainties. 
Thus, a deviation as small as 30% of the measured decay rate from the SM prediction (expected to reduce to 
5%)  could be detected with 5  significance by the proposed ORKA experiment which will have  
measurement accuracy of <5% with  sensitivity to obtain 1000 events at the SM level; this level is 100 x the 
sensitivity of the BNL experiments and 10 x the proposed level of NA62 at CERN. K     decay  is 
sensitive to most  non-SM models of interest such as minimum flavor violation, Littlest Higgs with T parity, 
Randall-Sundrum with custodial protection, and those postulating 4-generations .  


 Conversione  , the reaction  of a muon converting to an electron in the field of a nucleus, occurs 
coherently resulting in a mono-energetic electron near the muon rest energy. This distinctive signature has 
experimental advantages including the near-absence of background from accidentals (which are severe in the 
case of e  ) and the extreme suppression of background electrons from muon decay in orbit. Current 


limits on  Conversione  are at the 1210  level ( 13( ) 7 10B Au eAu x    from PSI (2006) and 
12( ) 4.6 10B Ti eTi x   from TRIUMF (1987)) whereas the proposed experiments at JPARC (DeeMe and 


COMET) and Fermilab (mu2e) aim for 100-10000 times higher sensitivity.  These experiments will be the 
most sensitive LFV searches with potential mass scale reach for new physics of 3-10 beyond present results. 
Most theories of new physics naturally incorporate Charged LVF interactions. 
 
RELATIONSHIP TO BROADER CANADIAN RESEARCH COMMUNITY:  
The flavor physics experiments discussed here complement other major activities of the community by 
searching for new  physics at high mass scales using the most incisive indirect methods. CLFV interactions 
have a close relationship with neutrino oscillations, EDM, and double beta decay studies. 
 
BROADER IMPACTS: 
The proposed experiments represent opportunities for Canadian leadership in prominent international science 
endeavors. Forefront, modest scale flavor physics experiments are prime training grounds for graduate 
students, undergraduates (e.g. seniors honors thesis),  and other HQP who get unusually broad  and intimate 
exposure to state-of-the-art instrumentation and innovative  techniques enabling them to contribute 
effectively to future projects ranging  from colliders to industry. The experimental projects make use of and 
help expand facilities and capabilities for producing state-of-the-art detector instrumentation which has long 
been a feature of leading TRIUMF projects. The TRIUMF rare decay group has a history of pursuing 
applications of particle physics technology for solving practical problems such as in medical and geophysical 
imaging; this type of activity  has the potential to make particle physics research more relevant to the broader 
society.  
 







 


 
MAJOR MILESTONES: 


Description Date 


Project Decision  2013-14 


Funding Proposal  2014 


Detector Construction 2017 


First Data 2018 


Initial Results  2020 


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF       
  EXTERNAL 100K 450K 300K 75K   
  TOTAL 100K 450K 300K 75K   


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


Physicists 1 1.5 1 1   
Engineer 0.5 0.5 0.5    
Technologist 0.25 1 1 0.25   
       
       
       
       
       
       
       
       
       


 


EXTERNAL FUNDING INFORMATION:  
The capital requirements would be sought from the CFI and/or from international collaboration sources. 
Funding for TRIUMF technical personnel would be included in the grant requests.  
 


ONGOING OPERATIONAL REQUIREMENTS:  
Operational expenses for the instruments (e.g. gases, maintenance items, etc.) and for the physics group 
(students, post-docs) would be sought from NSERC. 
 


DECOMMISSIONING REQUIREMENT: 
Minimal 
 
 
 


Accepted:     Date:  
       












 


 


 


 


 


PROJECT/COMMITMENT TITLE: T2K and future long-baseline neutrino experiments 


  


PROPONENT:   Scott Oser  TRIUMF CONTACT:    Akira Konaka 


PRINCIPAL COLLABORATORS:  D. Karlen (UVic); H. Tanaka, C. Hearty (UBC); F. Retière, R. 


Helmer, S. Yen, A. Miller, J.-M. Poutissou, R. Poutissou (TRIUMF); T. Mathie, R. Tacik, M. Barbi 


(Regina); B. Jamieson (Winnipeg); S. Bhadra (York); J. Martin (Toronto); + international partners in Japan, 


the US, UK, France, Switzerland, Spain, Poland, Italy, Germany, Russia. 


PROJECT DESCRIPTION: The T2K experiment is an ongoing long-baseline neutrino experiment 
designed to study oscillation of a ~0.7GeV  beam across a 295 km baseline. Its primary physics goal 
is to measure the rate of →e oscillation.  This oscillation is sensitive to the neutrino mixing angle  
and the Dirac CP phase CP.  TRIUMF has made among the largest contributions of any international 
partner to the T2K experiment. These include time projection chambers and fine-grained scintillator 
detectors for T2K’s near detector, an optical transition radiation monitor and remote handling systems 
for the neutrino beamline, and computing, DAQ, and slow controls support.  TRIUMF hosts the CFI-
funded T2K Tier 1 data centre for the Western hemisphere. T2K will operate for an undetermined 
length of time (at least until 2018) and probably will be operational through 2020.   


A next-generation experiment called Hyper-Kamiokande is planned to search for differences in the e 


appearance probability for neutrinos vs. antineutrinos, which is a distinctive signature of CP violation 
in the leptonic sector. Hyper-K will require the construction of a huge water Cherenkov detector with a 
fiducial volume of ~0.5Mtonne in order to collect sufficient statistics to establish neutrino CP violation.  
The Hyper-K proto-collaboration is forming presently with Canadian involvement, and a formal 
proposal to the Japanese funding agencies is expected before 2015.  It is one of the two highest-ranked 
projects for particle physics in Japan. We anticipate approval and start of construction in the 2015-
2020 period.  


We request continued support from TRIUMF for its previous T2K contributions (detector facility, DAQ, 
computing/website support).  These include maintenance for TRIUMF-built detectors and beam 
hardware, support for the T2K websites hosted at TRIUMF, and DAQ/slow controls support.  We also 
request R&D support for Hyper-K work in the first part of the 2015-2020 period (especially detector 
facility, GEANT4 simulation, computing, DAQ), anticipating that this will evolve into a Canadian 
hardware contribution to calibration systems and photosensors during the construction phase.  The 
hiring of one or more TRIUMF staff scientists (essentially replacing recent retirements, and possibly 
done through joint positions with IPMU) would allow TRIUMF to maintain leadership in long-baseline 
neutrinos through the next 5-year plan. We also request increased computing support for the T2K Tier 
1 data centre and for T2K grid computing.  This would include support for the Tier 1 data centre 
hardware and dCache software, as well as network support and scientific computing (operating 
system upgrade/installation & tools like ROOT and GEANT). 


 
SCIENTIFIC JUSTIFICATION: The structure of the PMNS neutrino mixing matrix has only recently 
been determined. The value of the mixing angle was for a long time uncertain until initial results 
from T2K in 2011 suggested that it was relatively large, an indication that was confirmed at high 
significance by reactor neutrino experiments in early 2012.  T2K has recently reported a >3 signal for 
e appearance, demonstrating the viability of using this channel to search for CP violation by  
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neutrinos.  CP violation by neutrinos would be the first indication of a new source of CP violation 
beyond the Standard Model CKM matrix, and can be related to the cosmological matter-antimatter 
asymmetry in a leptogenesis model.  T2K will also provide the world’s most precise measurement of 
the neutrino mixing parameters m223 and .  Current measurementsof are consistent with 45°,  
suggesting a symmetry in the PMNS matrix, making precision measurements of any deviation from 45° 
particularly important. The very large far detector required to achieve sufficient statistics for CP-
violation studies naturally will yield an order of magnitude improvement in the proton decay lifetime. 
Proton decay is one of very few experimental probes of GUT-scale physics, and the ability to study it 
with the same detector that is needed for CP violation measurements is a fortuitous efficiency. 
 
RELATIONSHIP TO BROADER CANADIAN RESEARCH COMMUNITY:  T2K-Canada, at ~40 members, 


is the largest neutrino experiment in the Canadian subatomic physics community, with participation at seven 


universities. The Canadian group is among the largest international partners in the T2K experiment, and has 


established a worldwide profile for Canada and for TRIUMF in the long-baseline neutrino community. The 


physics questions addressed by T2K complement those addressed by SNOLAB experiments, and there is 


increasing overlap between T2K and SNOLAB researchers, particularly in R&D for future experiments such 


as Hyper-K and next-generation SNOLAB experiments. 


 


Since the start of T2K, TRIUMF has been a focal point of activity, and the local TRIUMF/UBC group is 


among the largest in the collaboration. TRIUMF has hosted several T2K workshops and meetings, as well as 


visiting T2K scientists on sabbatical, and hopes to continue this in the next 5 years. T2K has particularly 


showcased the abilities of TRIUMF’s detector facility, remote handling, and DAQ groups.  Continued 


TRIUMF involvement in Hyper-K will not only allow the lab to maintain a leadership role in long-baseline 


neutrinos, but also may yield R&D synergies with other efforts in Canada with interests in large-area 


photosensor development, such as IceCube/PINGU, EXO, or DEAP. 


 


T2K is currently leading the world in measurements of e appearance in long-baseline experiments.  The 


NOA experiment, using the NuMI beam at Fermilab, will turn on in 2013, and is the most direct competitor 


for T2K itself.  NOA is expected to confirm the e  appearance results from T2K, and its longer baseline 


and higher beam energy may allow it to determine the sign of the neutrino mass hierarchy. However the 


NOA technology does not scale to the megaton size needed for CP violation studies, and the future US 


long-baseline neutrino programme is heavily invested in the LBNE proposal, which would build a new 


beamline and a detector near Homestake, SD.  The LBNE project has been severely descoped due to 


budgetary pressures in the US, and it is reasonable to expect that Hyper-K, if approved, will more quickly 


reach good sensitivity to CP violation in the neutrino sector. 


 


BROADER IMPACTS: T2K maintains a vigorous HQP effort, with many graduate and coop students 


resident at TRIUMF forming a critical mass for analysis, making TRIUMF the most attractive place in the 


collaboration to work on T2K analysis. TRIUMF’s contributions to the experiment have featured novel 


technologies such as pixelated avalanche photodiode sensors, large-volume time projection chambers with 


micropatterned readout, and optical transition radiation beam monitors, that are now finding many new 


applications. The anticipated R&D programme for Hyper-K will focus on large-area photosensor 


development and calibration systems that will allow TRIUMF to develop in-house expertise in next-


generation technologies for future projects. The success of this effort depends upon replacement of retiring 


T2K group members (with 3 TRIUMF staff scientists on T2K having retired in 2012). 







 


 


MAJOR MILESTONES: 


Description Date 


Installation of TRIUMF-built T2K near detector components Fall 2009 


Start of T2K data-taking Spring 2010 


First oscillation results from T2K (2.5 indication of e appearance) June 2011 


Updated oscillation results from T2K (3.2 indication of e appearance) June 2012 


J-PARC LINAC energy upgrade (beam intensity upgrade) 2
nd


 half of 2013 


Completion of approved T2K running at JPARC (approved for 5x10
7
 s x 750kW) ~2018-2020 


 


RESOURCE REQUIRMENTS: 


CASH FLOW REQUIREMENTS 


                \YEAR 


SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF 0 0 0 0 0 0 


  EXTERNAL $1.8M $1.8M $1.8M $3.3M $3.3M $12M 


  TOTAL $1.8M $1.8M $1.8M $3.3M $3.3M $12M 


TRIUMF NON-CASH RESOURCES 


                   \YEAR 


RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


Physics / Particle (staff physicists) 180  180 180 180 


 


180 Unknown 


Physics / Detector 15 15 15 15 15 Unknown 


IT / DAQ 10 10 10 10 10 Unknown 


IT / sysadmin 6 6 6 6 6 Unknown 


Physics / Experimental / Grid computing 8 8 8 8 8 40 


Engineering/Electronics 3 3 3 3 3 Unknown 


HK: Physics/Detector 15 20 50 100 100 285 


HK: Engineering/Mechanical 0 20 30 30 20 100 


HK: Technical/Mechanical Designer 0 10 20 40 40 110 


HK: Mechanical/CNC machining 0 0 20 60 60 140 


HK: IT / DAQ  programming 0 10 10 20 30 70 


HK: IT/DAQ/simulation 15 15 10 5 5 50 
 


EXTERNAL FUNDING INFORMATION: Existing funding from NSERC at $1.7M/year. We assume a 


~$3M capital contribution for Hyper-K construction in the last two years of the 5-year plan, to be funded by 


either CFI or NSERC.  


ONGOING OPERATIONAL REQUIREMENTS: Listed in the above table, these include ongoing analysis 


and management activities by staff physicists, support from the detector facility to maintain T2K near 


detector components, support from the DAQ group to maintain certain slow controls and DAQ systems, 


electronics repair assistance by electronics engineers, and help with scientific computing, our storage array, 


and grid computing tools/infrastructure. New resource requests for Hyper-K listed separately.  Totals for 


years predating TRIUMF’s current accounting system are not available and listed as “unknown”. 


DECOMMISSIONING REQUIREMENT: Past TRIUMF hardware contributions to T2K were donated to 


KEK, which thereby assumed the decommissioning liability. We do not anticipate any decommissioning 


activities in this 5-year period, and we anticipate that any hardware contributions to Hyper-K will similarly 


be donated to a Japanese host laboratory and will not result in decommissioning requirements. 


 


Accepted:     Date:  


       












 


 
 
 
 
PROJECT/COMMITMENT	  TITLE: EMMA 


  


	  PROPONENT:	  	   	   	   	   TRIUMF	  CONTACT:	  	  	   	  	  
Barry Davids     same 


PRINCIPAL	  COLLABORATORS:	  	  	  


C.	  Andreoiu	  (SFU),	  R.A.E.	  Austin	  (St.	  Mary’s),	  G.C.Ball	  (TRIUMF),	  P.E.	  Garrett	  (Guelph),	  A.	  Garnsworthy	  
(TRIUMF),	  G.	  Hackman	  (TRIUMF),	  R.	  Krücken(TRIUMF/UBC),	  K.	  Starosta	  (SFU),	  C.E.	  Svensson	  (Guelph)	  


PROJECT	  DESCRIPTION:	  
	  
The	  EMMA	  recoil	  spectrometer	  is	  expected	  to	  be	  operational	  during	  the	  entire	  2015-‐2020	  
period.	  It	  will	  therefore	  have	  operational	  requirements	  as	  well	  as	  small	  upgrade	  needs.	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
SCIENTIFIC	  JUSTIFICATION: 
	  
The	  project	  involves	  operating	  and	  carrying	  out	  incremental	  upgrades	  to	  the	  EMMA	  recoil	  
mass	  spectrometer	  for	  the	  study	  of	  nuclear	  structure	  and	  astrophysics.	  
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RELATIONSHIP	  TO	  BROADER	  CANADIAN	  RESEARCH	  COMMUNITY: 
 
EMMA will be a workhorse of the ISAC-II experimental program, anticipated to be used in ~1/2 of 
TIGRESS experiments as well as in a standalone mode. At least half of the nuclear physicists across Canada 
involved in accelerated radioactive beam physics are expected to be users. Naturally, international users will 
also be expected. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
BROADER	  IMPACTS:	  
 
 
The spectrometer will enhance our basic scientific knowledge of nuclei and their role in astrophysics as well as 
contribute to the training highly qualified personnel. 
 
 







 


 
MAJOR MILESTONES: 


Description Date 


As the spectrometer is expected to be operational throughout the period and no 
major upgrades are contemplated in this commitment, no major milestones are 
specified 


 


  


  


  


  


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF 15k 15k 16k 16k 17k 79k 
  EXTERNAL 130k 133k 135k 138k 141k 677k 
  TOTAL 145k 148k 151k 154k 158k 756k 


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


Design Office 2 2 2 2 2 10 
Technical 
(Electronics) 


2 2 2 2 2 10 


Technical 
(Machinist) 


2 2 2 2 2 10 


IT (DAQ 
Professional) 


2 2 2 2 2 10 


Technical 
(Mechanical) 


3 3 3 3 3 15 


Physics 
(Detectors) 


1 1 1 1 1 5 


Physics (Nuclear) 33 33 33 33 33 165 
 


EXTERNAL FUNDING INFORMATION:  
 
The NSERC EMMA Project Grant is funded through 2015, peaking at ~$120k per annum. 
 
ONGOING OPERATIONAL REQUIREMENTS:  
 
Maintenance and minor upgrades of DAQ, power supplies, electronics, controls, vacuum pumps and 
detectors 
 
DECOMMISSIONING REQUIREMENT: 
 
N/A 
 
 
 







 


Accepted:     Date:  
       












PROJECT/COMMITMENT TITLE: Compton Suppression Shields for GRIFFIN


 PROPONENT: Adam Garnsworthy    TRIUMF CONTACT: Adam Garnsworthy  


PRINCIPAL COLLABORATORS: Fabrice Retiere, Greg Hackman, Barry Davids, Gordon Ball 
TRIUMF; Reiner Kruecken UBC/TRIUMF; Carl Svensson, Paul Garrett Univ. Guelph; Corina 
Andreoiu, Kris Starosta SFU; Roby Austin, St. Mary's Univ; Tom Drake Univ. Toronto; Hamish 
Leslie Queen's Univ.


PROJECT DESCRIPTION:
The Gamma-Ray Infrastructure For Fundamental Investigations of Nuclei (GRIFFIN) spectrometer has 
been funded through the Canada Foundation for Innovation (CFI), TRIUMF and the University of 
Guelph.  This  funding  which  totals  $8.7M  over  4  years  includes  16  large-volume  High-Purity 
Germanium (HPGe) Clover detectors, a custom-designed and high-performance digital data acquisition 
system  and  all  mechanical  infrastructure  to  couple  these  detectors  to  the  ISAC-I  beamline.  The 
mechanical  structure is  based on the TIGRESS array which includes 16 full  Compton-suppression 
shields for the HPGe. However the present funding received does not include any scintillation detectors 
for Compton-suppression of the HPGe clover detectors.


This project involves seeking addition funding for the suppression shield detectors.  The shields in 
TIGRESS used the standard Photomultipler Tubes (PMTs) to detect scintillation light produced in the 
crystal when ionizing radiation is incident on it. New technologies can now be considered and it is 
proposed to use arrays Multi-Pixel Photon Counters (MPPC) (Sometimes known as Silicon Photo-
multipliers (SiPMs)) for this purpose. This eliminates the need for High-Voltage to be provided to the 
detector  (required  to  operate  the  PMTs)  and  so  reduces  additional  project  costs.  The  Compton 
suppression shield detectors using MPPC read-out will be constructed by our collaboration rather than 
purchased as a complete package from a manufacturer of radiation detectors. This significantly reduces 
total project cost.


-BGO scintillator crystals will be purchased already shaped and polished from an Ontario Company 
who have already proven to be capable of producing a prototype.
-Basic mechanical drawings exist already but full engineering drawings suitable for use in manufacture 
would need to be generated.
-Fabrication of detector housings could be done in either the TRIUMF Machine shop or scintillator 
shop, or in a Member university machine shop; Guelph, SFU, Toronto
-Mechanical assembly can be done by undergraduate, graduate students or Post-Doctoral Fellows under 
the supervision of a Technician
-Preamplifiers could be off-the-shelf or designed and built in-house. This will be defined as part of the 
R&D work.


SCIENTIFIC JUSTIFICATION:


GRIFFIN HPGe clover-type gamma-ray detector will surround an implantation location where the low-
energy radioactive beam from ISAC will be stopped. Gamma-rays emitted from excited nuclear states 
populated in the beta decay of radioactive nuclei will be detected by the HPGe detectors. In some cases  
gamma rays can scatter out of the HPGe volume without depositing their full energy do not provide 
useful  information,  and simply increase  the background in the  HPGe gamma-ray spectrum. These 
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Compton scattered gamma rays will be detected in high-efficiency scintillator detectors surrounding the 
HPGe detectors. Signals from these suppression shields will veto the unwanted coincident signals from 
the  corresponding  HPGe detectors,  thereby greatly improving the signal-to-background ratio  in the 
gamma-ray  spectrum  and  the  overall  sensitivity  of  the  GRIFFIN  spectrometer.  The  Compton 
suppression  shields  that  have  been  designed  for  TIGRESS and  GRIFFIN are  comprised  of  three 
subsystems, i) a bismuth germanate (BGO) side shield that forms a square annulus surrounding the 
sides of the HPGe clover detector, ii) a BGO back catcher consisting of two units that surround the 
cold finger at the back of the HPGe crystals, and iii) a front shield system comprised of four individual 
BGO plates that can be inserted or withdrawn to change between the maximum efficiency and the 
optimal peak-to-background configurations of GRIFFIN. Each GRIFFIN suppression shield contains 20 
optically isolated scintillator segments, each will read out by an array of MPPCs, in order to provide 
crystal-specific Compton suppression for the HPGe detectors.


In  addition  there  are  8  locations  in  the  GRIFFIN support  structure  which will  house Lanthanum 
Bromide (LaBr3) which are a very fast scintillator used for determining the lifetime of excited nuclear 
states. These 8 detectors will also be surrounded by a BGO Compton-suppression shield. These shields 
will  dramatically  increase  the  signal-to-background  observed  in  these  LaBr3 detectors  which  will 
increase the sensitivity and reach of fast-timing data for excited nuclear states. The lifetime of excited 
states, along with the branching ratio of that decay pathway, provides a determination of the transitional  
matrix  element.  Transitional  matrix  elements  and  systematics  of  them  are  a  sensitive  probe  of 
theoretical  models  of  nuclear  structure,  and are  especially  important  in the  determination of  shell 
structure in exotic nuclei and the evolution from spherical to deformed systems.


RELATIONSHIP TO BROADER CANADIAN RESEARCH COMMUNITY:


The  addition  of  Compton-suppression  shields  to  the  GRIFFIN  spectrometer,  as  was  originally 
envisioned,  will  significantly  increase  the  overall  sensitivity  of  the  device.  This  will  increase  the 
capability to observe very weak components in the radioactive beam delivered to the device or to 
observe very weak decay branches in the decay of a parent nucleus. This increase in sensitivity will 
benefit all users of the facility which includes more than 10 faculty from 7 Canadian institutions and 
all their associated Post-doctoral research fellows, Graduate students and undergraduate students.


BROADER IMPACTS:


This project presents the opportunity for the training of highly qualified personnel in several areas. In  
the construction of the detectors the mechanical assembly of the detectors themselves will be performed  
by post-doctoral  research fellows,  graduate  or  undergraduate  students.  Students  and post-docs  will 
develop  a  knowledge  of  radiation  detection  using  scintillation  crystals  and  MPPCs  as  well  as 
electronics design, construction and testing. There is a significant overlap between this project and 
medical imaging technologies for which these students would have a good training.







MAJOR MILESTONES:
Description Date


Pre-Project R&D phase to determine suitability of MPPC for BGO Aug 2013


Funding secured and project start May 2014


Design of mechanical housing, MPPC grids and preamplifiers, completed Oct 2014


All Cables and electronics modules completed April 2015


First 5 sets of Shields completed April 2015


Second 5 sets of Shields completed April 2016


All 16 sets of Shields completed April 2017


RESOURCE REQUIRMENTS:
CASH FLOW REQUIREMENTS


                \YEAR
SOURCE  \


ONE (FY14) TWO (FY15) THREE 
(FY16)


FOUR FIVE TOTAL


  TRIUMF 0 0 0 0
  EXTERNAL $400k $400k $400k $1.2M
  TOTAL $400k $400k $400k $1.2M


TRIUMF NON-CASH RESOURCES
                   \YEAR
RESOURCE\


ONE (FY14) TWO (FY15) THREE 
(FY16)


FOUR FIVE TOTAL


Mechanical 
Designer


6wks


Electronics Shop 
(Cables)


0.5wks


Electronics Shop 
(MPPC Grids)


6 wks 1wks 1wks


Electronics Shop 
(LV Modules)


4 wks


Machine Shop
(If TRIUMF)


12wks 10wks 10wks


Technician 8wks 3wks 3wks
BAE 4wks 2wks 2wks


EXTERNAL FUNDING INFORMATION: 
Based on successful R&D work during 2012/2013 an application would be submitted in Fall 2013 for a 
NSERC RTI grant.


ONGOING OPERATIONAL REQUIREMENTS: 
There will be no operational support from TRIUMF directly for the suppression shields of GRIFFIN. 
Technical support will be provided as part of the on-going support for all Gamma-Ray Spectroscopy at ISAC  
activities associated with the GRIFFIN and TIGRESS spectrometers.


DECOMMISSIONING REQUIREMENT:
Detectors are small and portable, minimal decommissioning effort required.












 


 
 
 
 
	
PROJECT/COMMITMENT	TITLE: Building in-house solid state physics and chemistry research groups 
at TRIUMF  


	PROPONENT:	Yasutomo J. Uemura (Columbia University)	TRIUMF	CONTACT:		Rob Kiefl 
(UBC/TRIUMF)	


PRINCIPAL	COLLABORATORS:			Jess Brewer (UBC)  Robert F. Kiefl (UBC), Andrew MacFarlane 
(UBC), Graeme M. Luke (McMaster), Paul Percival (Simon Fraser), Jeff Sonier (Simon Fraser) ,  Khashayar 
Ghandi (Mount Allison),  Kim Chow (Alberta)	


PROJECT	DESCRIPTION:	
Since the mid 1980’s TRIUMF has become a world’s leading facility for muon spin rotation and relaxation 
(MuSR) studies on solid state physics and chemistry.  Although TRIUMF’s proton beam current is lower 
than that of PSI, quality and quantity of scientific product from MuSR researches at TRIUMF have been at 
least comparable to or possibly even better than those from PSI if integrated over recent 25 years.  
Especially, in the study of high-Tc cuprate and other unconventional superconductors, several results from 
TRIUMF, such as the system and temperature dependences of the superfluid density, became well-known 
landmarks frequently quoted by other solid state researchers working on correlated electron systems.  More 
than 10 papers have been published in Nature, Science, and Nature group journals based on MuSR results 
from TRIUMF.  Both in the usage of delivered beam and in quality and quantity of scientific output, MuSR 
activity has now become a very prominent part of the entire research effort at TRIUMF.  Development of 
beta-NMR activities at ISAC has provided additional new capabilities in surface / thin film studies and 
further strengthened the solid state physics and chemistry researches at TRIUMF.  
 
Despite these remarkable achievements, thanks to strong University-based visiting groups and excellent 
support staff at the CMMS led by Syd Kreitzman, there is a major element missing in TRIUMF’s MuSR 
program.  In every successful accelerator or reactor facilities, there exist strong in-house research teams 
which guarantee high-quality research accomplishments of the relevant scientific subjects.  This is true for 
both particle / nuclear physics and solid state physics / chemistry.  For example, TRIUMF has a strong 
particle physics research team led by Doug Bryman and other eminent particle physicists.  ILL has many 
excellent solid state physicists among their staff, and the success of neutron program at BNL was directly 
related to existence of a strong in-house group led by Shirane and Tranquada.  PSI’s MuSR program also has 
several superb scientists among their permanent staff, including Luetkens, Khasanov, Amato, Morenzoni, in 
addition to many post-doc researchers.   The strong in-house group guarantees: 1) steady production of high-
quality and elaborate researches; 2) accessibility of less-experienced outside users to experiments; and 3) 
possibility of developing novel facilities such as Low Energy Muon beamline and spectrometers.  
 
In view of these, we would like to urge TRIUMF to employ at least three permanent research scientists to 
build up strong in-house condensed-matter physics and chemistry research groups.  Thanks to 25 years of 
successful operation of MuSR program at TRIUMF, many excellent and well-experienced young scientists 
have been trained both as technical experts of MuSR and as leading researcher of their given scientific 
subject.   
Many of them have accumulated further experiences in neutron scattering, NMR or materials productions, 
and now are ready to lead strong research groups at leading national laboratories or universities.  With 
employment of a few of them, TRIUMF will certainly keep the leading role in MuSR researches for next 10 
years.  This feature is really crucial for TRIUMF to be competitive against PSI, ISIS and JPARC MuSR 
facilities which have much stronger infrastructures in researches compared to current situation at TRIUMF. 
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SCIENTIFIC	JUSTIFICATION: 
Modern Condensed Matter Physics studies have made a phenomenal progress in recent 30 years due to (a) 
discoveries of novel materials, such as, high-Tc cuprates and other unconventional superconductors, 
graphene, carbon nano-tube, and doped magnetic semiconductors; and (b) progress of state-of-art 
experimental techniques using accelerator-based particle probes (neutron, x-ray, ARPES and muon) and 
scanning imaging probes (STM, TEM).  In studies of magnetism, MuSR has been established as a strong 
probe sensitive to magnetic order and dynamics of uniform or random spin systems even with a very small 
moment size, which provides information about volume of magnetically ordered regions complementary to 
neutron scattering.  In studies of superconductivity, MuSR is the most reliable method in determination of 
the absolute value of the superfluid density.  These features have led MuSR to make decisive and unique 
contributions in studies of superconducting properties and magnetic phase diagrams of many unconventional 
superconductors.   
 
With recent discoveries of Fe-based superconductors, topological insulators and superconductors, novel 
doped ferromagnetic semiconductors, geometrically frustrated magnets and Skyrmion spin systems, MuSR is 
expected to provide crucial information on these system and will be in the forefront of condensed matter 
physics studies in the next decade.  Low energy MuSR and beta NMR will enable additional capabilities in 
depth-sensitive studies of thin films, low dimensional systems and surfaces, which cannot be done by 
neutron scattering or NMR due to the limitation in sample volumes.  Advances in molecular designs in 
modern chemistry will enrich subjects of chemistry studies by MuSR.  Thus, availability of strong MuSR 
facilities would benefit not only immediate users and MuSR practitioners but also much wider community of 
general solid state physicists and chemists. 
	
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY:	
Thanks largely to successful operation of TRIUMF, Canada has a unique strength in MuSR studies with 
strong research groups existing in UBC, Simon Fraser, Alberta, McMaster and Mount Allison.  These groups 
also have close collaborators in other  
 
Canadian universities and institutions, such as Toronto, Sherbrooke, McGill, Chalk River and 
Saskachewan/Manitoba.  This is a very unique situation by far exceeding strength in any other countries.  
MuSR can be called as “Canada’s national research tool”.  Strengthening TRIUMF will allow Canadian 
researchers to make further dominant and decisive contributions in condensed matter physics and chemistry.  







 


	
BROADER	IMPACTS:		
For recent 30 years, TRIUMF has also supported involvements of research teams from the US (Columbia, 
Reverside, Texas Tech, LANL) and Japan (Tokyo, Osaka, KEK, JAEA, JPARC).  Finishing PhD studies 
with TRIUMF results, several young researchers recently obtained faculty and research positions in UC 
Urbana Champaign, SUNY, Villanova and ORNL.  Based on collaborations of researchers from Columbia, 
McMaster and TRIUMF, the US NSF has funded several major grants on international collaborations in 
Materials World Network (MWN) and Partnership for International Research and Education (PIRE) 
programs, which have supported visits of scientists and students from the US, UK, Japan, China, Brazil, and 
Argentina to TRIUMF.  These foreign researchers will be hugely benefitted by further development of 
MuSR infrastructures at TRIUMF.   
	
FACILITIES	AND	SCIENCE:			
Support on the CMMS facilities is an important element for maintaining and strengthening infrastructures for 
MuSR at TRIUMF.  The present document can be viewed also as providing arguments for supporting a 
separately-filed CMMS 5 yr proposal.  We are filing this document separately to request investment on 
scientific activities by creating TRIUMF in-house research group.  Proper combination of supports on  
facilities, technical staff and leading scientists will make optimal results in building up strong MuSR 
activites at TRIUMF in the future.  
	
BUDGET	AND	PERSPECTIVES		
Since this document is written for advocating a concept of having in-house MuSR research activities, we will 
not specify detailed budget scheme or plans on how to fund the positions.  Currently, a very limited research 
of Iain Mackenzie on Chemistry, allowed by a partial SFU funding, is the only existing in-house research 
activity at TRIUMF.  We believe that it is imperative to start at least one condensed matter physics research 
group in 2014 or 2015.   Then, ideally the group may be expanded by hiring of two additional permanent 
researchers in following years.  
	
		
 
 
 


Accepted:     Date:  
       












 


 
 
 
 
	
PROJECT/COMMITMENT	TITLE:  Maintaining the capabilities of the TRIUMF Detector Group   


	PROPONENT:	C.A. Miller		 TRIUMF	CONTACT:			  C.A. Miller	


PRINCIPAL	COLLABORATORS:		Clients of the TRIUMF Detector Group	


PROJECT	DESCRIPTION:	
The TRIUMF Detector Group has a long history of collaborating with researchers at Canadian universities in 
the design and construction of various state-of-the-art detector systems as Canadian contributions to 
experiments both at TRIUMF and at foreign laboratories.   About 6 years ago, this capability was augmented 
by the new machine tools, infrastructure and talent assembled for the CFI-funded Laboratory for Advanced 
Detector Development (LADD).  Furthermore, LADD  brought expertise and tools for the design and 
construction of the electronic signal processing systems that are vital for the acquisition of large volumes of 
data from modern detectors.  This major upgrade was instrumental for the following highly productive 
period, which saw the very successful design and construction of large detector systems for T2K, and more 
recently several new detectors for experiments and facilities for ISAC.  Besides serving the TRIUMF 
scientific community, the Group also provides services for other TRIUMF divisions such as machining of 
special materials, and some technical manpower to help other on-site projects in urgent need. 
 
Based on plans for future experiments presented at the recent TRIUMF Science Division Retreat, and no 
doubt summarized in the other submissions to the present PPAC, the heavy demands experienced by the 
Detector Group over the last few years can be expected to continue or intensify.  The facilities and 
equipment now available to the Group for mechanical construction appear to be adequate to cope with the 
anticipated demands.   However, much of the electronic test equipment that predates LADD is now obsolete 
or unreliable, and should be replaced.  In the electronic development laboratory, this includes several 20-30 
year-old fast pulse generators at $16k each, and one high-frequency oscilloscope for about $60k.  Several 
small portable scopes  for setting up and debugging experiments would add about $70k.  Also, the 
temperature-controlled oven is near end-of-life, no longer providing reduced temperatures, and needs 
replacement for about $50k.  Furthermore, the MHESA area for testing and prototyping detectors requires 
some new NIM bins and modules for about $40k.  In sum, the scale here is well beyond the modest amount 
normally included in the annual budget for maintenance of the Group’s equipment.  
 
The personnel complement of the group has reached a critical situation, and requires attention.  Some of the 
Group’s extensive knowledge and experience specific to the design of detectors and their special 
infrastructure  will be lost over the next few years as key people retire.  Their replacement will be essential to 
maintain present capabilities, and some bridging  of those positions is needed for transfer of the skills and 
knowledge.   Succession planning is in place to address this process, although funding for bridging depends 
at present on opportune timing of relevant CFI funding for client projects.  Nevertheless, in the area of 
design, only maintaining the present complement will not be adequate to respond to future needs in a 
timely manner.  The Group has managed to avoid delaying present projects only through a 
combination of special circumstances together with an efficiency and intensity of effort combined with 
long work-days by one designer that cannot be expected to be replaced.  Hence we propose that, 
beyond replacement of retirements, the Detector Group be augmented by an additional designer 
position.  Experience has shown that the ideal type of person for such a position is a background in 
experimental physics together with strong technical aptitudes.  Possible candidates have been 
identified in the TRIUMF community. 
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SCIENTIFIC	JUSTIFICATION: 
Most of the experimental program at TRIUMF, and also much of the work done abroad by Canadian 
researchers in subatomic physics depends on the TRIUMF Detector Group for special specific design 
capabilities and construction skill and equipment. 
	
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY: 
See above. 
 
BROADER	IMPACTS:	
The Detector Group is a repository of relevant expertise and technical manpower that contributes to the 
evaluation and realization of medical and industrial applications of particle detector technologies.  Current 
examples include diagnostic medical scanners and exploration for underground minerals. 
 
 
 







 


 
MAJOR MILESTONES: 


Description Date 


  


  


  


  


  


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF $70k $80k $60k $50k $40k $300k 
  EXTERNAL       
  TOTAL      $300k 


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


       
       
       
       
       
       
       
       
       
       
       
       


 


EXTERNAL FUNDING INFORMATION:  
 
 
 


ONGOING OPERATIONAL REQUIREMENTS:  
 
 
 


DECOMMISSIONING REQUIREMENT: 
 
 
 
 
 
 
 
 Accepted:     Date:  


       












 


 
 
 
 
	
PROJECT/COMMITMENT	TITLE:  nEXO – A Search for Neutrino-less Double Beta Decay in Xenon  


PROPONENT:		 David Sinclair		 	 TRIUMF	CONTACT:		David Sinclair 	


PRINCIPAL	COLLABORATORS:		16 institutions including Carleton and Laurentian universities in 
Canada, 8 US Universities, SLAC, ITEP in Russia, IHEP in China, universities in Germany, South Korea, 
and Switzerland. The PI is G. Gratta, Stanford University. The Canadian PI is D. Sinclair. We very much 
hope that TRIUMF will become an institutional member of this project.	


PROJECT	DESCRIPTION:	
It is proposed to construct at SNOlab, a detector whose sensitive material is 5 tonnes of liquid xenon 
enriched to >80% in Xe-136 to search for neutrino-less double beta decay. The xenon is contained in a 
cryostat which itself is shielded by 4 meters of water from gamma and neutron backgrounds from the rock. It 
would be located in the Cryopit at a depth of 2 km at SNOlab. All materials of the detector must be made 
exceptionally clean to control possible backgrounds. The detector design will be based on the very successful 
EXO-200 detector but even lower backgrounds are required. The scientific objective is to achieve a 
discovery potential for neutrino-less double beta decay with sensitivity to neutrino masses down to the 
‘inverted hierarchy’.  
 
If approved, this experiment will be one of the largest at SNOLAB and will require the largest international 
investment. Triumf has been participating in the EXO-200 project through the scientific efforts of D. Sinclair 
and the engineering support of V. Strickland. It will be important to have Canada’s National Laboratory 
involved in this international effort and there are many synergies between the needs of the experiment and 
scientific interests, and technical expertise at TRIUMF. The use of the nucleus as a laboratory for basic 
science has always been a strong theme of the TRIUMF program and the search for double beta decay is 
clearly a leading issue in this field. Areas of TRIUMF participation could include mechanical engineering 
(perhaps centred at Carleton where TRIUMF, SNOLAB, and NSERC engineers form a strong engineering 
collaboration), sensitive light detection (perhaps in collaboration with the ILIDD facility), detector 
simulation, trapping and laser tagging of barium ion, and continued scientific leadership. The level of 
activity proposed here is judged to be the minimum viable. It is hoped that additional TRIUMF scientists will 
find the science compelling and join the project.  
 
The collaboration plans to complete a full proposal for funding in about 2-3 years at which time the US 
funding agencies are planning a selection process for a major experiment in this field. It is expected that 
capital funds will come from several countries including Canada to enable this project to go forward and 
efforts to secure such support are just beginning.  The bulk of the effort is required after the current round of 
SNOLAB experiments are in the operating phase. 
	
SCIENTIFIC	JUSTIFICATION:	
The search for neutrino-less double beta decay is one of the most urgent tasks in experimental particle 
physics. We know from SNO, KamLand and Super-Kamiokande that neutrinos have mass but we do not 
know how to encompass this within the Standard Model. We know that the masses are very small compared 
with other elementary particles but we do not know how small. Detection of neutrino-less double beta decay 
would represent a major advance in this field. It would show that neutrinos are Majorana particles (the only 
such fermions) and it would show that lepton number is not conserved. Both of these properties could 
contribute to an understanding of why the universe is made of matter and not equal parts matter and anti- 
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matter. In the longer term, it may be possible to search for evidence of non-zero phases in the neutrino 
mixing matrix which are only accessible through double beta decay.  
 
The EXO group has made two significant contributions to this field in the past year. First, the standard model 
process of two neutrino double beta decay in xenon was observed for the first time. With a measured half life 
of  2.11 x 1021 years, this is the slowest decay mode ever directly detected. A second run produced a new 
limit for neutrino-less double beta decay that challenged, for the first time, a prior claim of observation. 
Testing this claim has been the objective for several experiments. These measurements establish the state of 
the art in the world and demonstrated the exquisite detection capabilities of xenon. 
 
Xenon is an attractive medium in which to search for this decay because it can be made extremely pure, it 
has no long lived radioactive isotopes, it can be made into detectors and it offers the prospect of essentially 
eliminating the background through the ability to tag events with the identification of the barium daughter. 
Xenon is also the least expensive isotope to produce for double beta decay studies. This is significant as the 
major cost of the project will be the cost of the isotope.  
 
The possible values for neutrino masses and for the mass parameter entering the double beta decay process 
are constrained by the SNO, KamLand and Super-Kamiokande measurements. The target for the current 
experiment is the so called inverted hierarchy or masses down to about 15 meV. It is expected on the basis of 
the performance of the EXO-200 detector that this level can be reached without the need for barium tagging. 
If this experiment does not find the double beta decay then a bigger detector with barium tagging is seen as 
the only way to proceed to the normal hierarchy.	
	
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY:	
This experiment would be a major component of the SNOLAB physics program . There are obvious links to 
other projects using xenon as a detection medium. The laser physics required for the barium identification 
provides linkages to the atomic physics and trapping community. 
 
BROADER	IMPACTS:	
Training of HQP is a central component of this project. To date one PhD and 4 MSc degrees have been 
awarded in Canada on the work. Three further degrees are in progress. Several undergraduate summer 
students are taken on each year to participate in aspects of the experiment. It is expected that these numbers 
will grow as the project expands and moves to Canada. Public outreach will continue to form an important 
part of the program. Several public lectures have been given on the science recently including one at 
TRIUMF. The SNOLAB staff will be engaged in preparing material suitable for schools on the experiment. 
 







 


 
MAJOR MILESTONES: 


Description Date 


Submission of full Proposal 2015 


Funding approval  2016 


Final Design 2016 


Construction Complete 2019 


First Physics 2020 


Final Data Taking 2029 


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF 30,000 30,000 30,000 30,000 30,000 150,000 
  EXTERNAL 600,000 600,000 600,000 600,000 600,000 3,000,000 
  TOTAL       


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


Canadian PI 26 26 26 26 26 130 
Physicist light det.   13 13 13 10 10 59 
Geant Physicist 10 10 10 10 10 50 
Technician 20 20 20 20 20 100 
Engineer 26 26 26 26 26 130 
       
       


 


EXTERNAL FUNDING INFORMATION:  
Current NSERC project grant is $400/a. We anticipate growth as the project expands. Capital cost for the 
project will include funds for xenon (perhaps $50M) and a few tens of millions for construction. As we have 
not completed a pre-conceptual design it is not possible to provide an estimate except to judge from similar 
projects of this scale. 
 


ONGOING OPERATIONAL REQUIREMENTS:  
The TRIUMF cost will depend on the number of scientists involved. It is expected that most costs will be 
covered by NSERC operating awards. 
 


DECOMMISSIONING REQUIREMENT: 
 
 
 
 
 
 
 
 


Accepted:     Date:  
       












 


 
 
 
 
	
PROJECT/COMMITMENT	TITLE: Thin Gap Chambers for ATLAS Muon Spectrometer Upgrades  


	PROPONENT:		 Gerald OAKHAM	 	 	 TRIUMF	CONTACT:		Isabel TRIGGER	 	


PRINCIPAL	COLLABORATORS:		Alain Bellerive, Anadi Canepa, Francois Corriveau, Thomas Koffas, 
Robert McPherson, Roger Moore, Gerald Oakham, Steve Robertson, Bernd Stelzer, Oliver Stelzer-Chilton, 
Isabel Trigger, Brigitte Vachon, Andreas Warburton	


PROJECT	DESCRIPTION:		
The ATLAS muon spectrometer was designed more than 15 years ago, before the idea of upgrading LHC 
luminosities above 1034 cm-2s-1 was considered. In order to take full advantage of an upgraded High-
Luminosity LHC (HL-LHC) the “small” wheels of the muon spectrometer (the end-cap stations closest to the 
interaction point) must be replaced, so performance at high luminosity and background hit rates will match 
current performance, and the current trigger thresholds can be maintained. The new small wheels (NSW) will 
be added to the Level-1 trigger logic. They will perform real-time segment reconstruction at every bunch 
crossing and provide track positions and angular resolution better than 1 mrad to allow the Small Wheel to 
be used in the Level-1 trigger (the current resolution of ~3 mrad is not sufficient). The NSW will be used 
throughout ATLAS Phases 1 and 2 (up to 3000 /fb). They will comprise MicroMegas chambers for precision 
tracking sandwiched between Thin Gap Chambers for triggering; however, both technologies are capable of 
fast triggering and precision tracking, so the system is robust against failure of individual elements. 
 
ATLAS-Canada will provide Thin Gap Chambers (sTGC) for the NSW; each chamber being a quadruplet of 
individual gas gaps with copper pads on one side for fast trigger readout, copper strips on the other side for 
precision readout, and anode wires in the gap with readout for the second coordinate. The current proposal is 
to build all of the two larger types of quadruplet chambers in Canada. This amounts to about 1/3 of the 
project built in Canada: 256 gas gaps plus spares built over 18 months (one per working day). The final 
product would be assembled at Carleton as 64 quadruplet (4-gap) chambers, and tested for efficiency in a 
cosmic ray testing facility at McGill prior to shipping to CERN. Assembly into phi sectors would be done at 
CERN after re-testing. The work to be done at TRIUMF would be primarily the carbon coating of the 
cathode planes, as well as some cathode plane assembly. For this we require a suitably ventilated room for 
carbon spraying and temperature/humidity-controlled drying, and a semi-clean area with suitably equipped 
granite tables for the other cathode plane work. This will need to be set up well before the period covered by 
the 2015-20 Five-Year Plan. 
 
The NSW is well on the way to becoming a formal ATLAS Upgrade project for the Phase-1 upgrades to be 
installed during the long shutdown of 2018; however, it is likely that some trigger chambers of the “Big” 
wheels (those nearest to the beam pipe) will also need to be replaced with higher-resolution sTGC as part of 
the Phase-2 LHC shutdown of 2022-23. Producing these additional chambers would require only minor 
modifications to the setup for NSW cathode planes. It would imply that our needs for space would continue 
into 2017-19, and would require additional capital funds from NSERC or CFI. The Phase-2 Letter of Intent 
will be written in 2013, and decisions about technology choices, as well as agreements with institutes for 
providing components, would be made two or three years later. A Canadian commitment to Big Wheel 
upgrades would be contingent on successful progress on the NSW project. 
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SCIENTIFIC	JUSTIFICATION: 
The ATLAS experiment at the LHC studies proton-proton collisions at very high energy. The unprecedented 
energy densities created allow us to study the structure of matter at a much smaller scale than was previously 
possible, to extend investigations of the fundamental forces of Nature, to understand the origin of matter and 
to search beyond the Standard Model (SM) of particle physics for phenomena such as supersymmetry, quark 
substructure, and extra dimensions. One of the primary goals of the Large Hadron Collider (LHC) is finding 
and studying the SM Higgs boson. In July of 2012, both the ATLAS and CMS experiments announced a 
major and historic discovery: a new particle consistent with the Standard Model Higgs boson. The next steps 
are to confirm the identity of the new particle and understand as much as possible about its properties, and to 
build on this discovery to continue the ongoing extensive searches for physics beyond the SM. 
 
The air-core toroids of the ATLAS muon spectrometer were designed to ensure good (per mille at pT=300 
GeV) measurement of muon transverse momentum into the forward regions of the detector; however, the 
existing forward muon triggers use only detectors in the middle station (of three) of each end-cap. Because 
of the background of charged particles coming from activated shielding, this will cause an unacceptable rate 
of false triggers as ATLAS begins to take data above its design luminosity of 1034 cm-2s-1.  The monitored 
drift tubes which are the sensitive elements in the current precision muon tracking detectors  will also suffer 
from too-high occupancy above the design luminosity. These effects can be mitigated if pointing track 
segments from the Small Wheels are incorporated into the Level-1 trigger, allowing triggers not genuinely 
coming from the IP to be excluded. The NSW is designed for both triggering and high-rate precision 
measurements and will allow ATLAS to maintain the current trigger thresholds for muon transverse 
momentum in the face of much higher rates and occupancies, thus permitting the current physics program to 
continue, but with much greater event counts. Without the NSW, studies of single-lepton-triggered processes 
(such as WZ and WW where one W decays to a single charged lepton and the other boson decays 
hadronically) would be hurt by prescaling, reducing the effective amount of data available for several 
precision measurements and searches for new particles. 
	
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY: 
ATLAS is the flagship experiment for high-energy physics in Canada. It has been designated as the highest 
priority for the field in the last three NSERC-sponsored long-range plans and in the last two NSERC funding 
Reallocation Exercises and remains a top scientific priority in the current and next TRIUMF five-year 
plans.The NSW project is a collective initiative by at least six of the ten ATLAS-Canada institutes 
(University of Alberta, Carleton University, McGill University, Simon Fraser University, TRIUMF and the 
University of Victoria), and represents a large fraction of the ATLAS-Canada investigators. The proposed 
participation in the NSW project is a significant contribution to the detector upgrade; ongoing participation 
in detector development is required to maintain Canadian access to ATLAS data. The NSW project profits 
from TRIUMF Detector Group expertise building tracking chambers. It will give students, post-docs and 
technical personnel experience in detector research (prototype construction and design) and large-scale 
production with specialized methodologies (quality assurance and testing).  
 
BROADER	IMPACT:	
Thin gap chambers are a very economical way to cover large areas with high-precision tracking and fast 
triggering. They have been or are used in several high-energy physics experiments and are being considered 
for applications outside the field. It would be useful to be able to produce such chambers in Canada. The 
resistive coating technique has applications in a number of related chamber technologies, and is not limited 
to thin gap chamber production. 
 
 
 
 
 







 


 
MAJOR MILESTONES: 


Description Date 


ATLAS Initial Design Review 2012-8-30 


RTI funding: start commissioning construction area 2013-4-1 


Module-0 construction 2014-4-1 


CFI funding begins to flow (date unknown so far) 2014 


Production chamber construction and delivery to CERN 2015-01-01 to 2016-06-30 


NSW must be fully integrated and surface-commissioned by 2018-4-1 


Phase 2 upgrades decision for Big Wheel trigger chambers 2014-2015 
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE (fy15) TWO (fy16) THREE(fy17) FOUR (fy18) FIVE (fy19) TOTAL 


  TRIUMF       
  EXTERNAL 250,000$ 100,000$ 100,000/0 250,000/0 250,000/0 4M$/2.5M$ 
  TOTAL 250,000$ 100,000$ 100,000/0 250,000/0 250,000/0 4M$/2.5M$ 


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


lead designer (VS) 25 20 25/0 20/0 20/0 162/97 
project manager 
(RL) 


10 10 10/0 10/0 10/0 70/40 


lead tech (PB)      25 
assistant tech      25 
MHESA Rm#01 52 12 10/0 52/0 52/0 282/168 
Part of HEC Clean Room 52 12 10/0 52/0 52/0 282/168 
granite table 52 12 10/0 52/0 52/0 282/168 
Renovations to 
MHESA Ventilation 


     TBA 


Design Office 2  4/0   14/10 
Machine Shop 4  8/0   22/14 


 


EXTERNAL FUNDING INFORMATION: Applying for RTI funding to cover initial tooling and 
prototyping. If infrastructure modifications are needed, this would be the optimal time to make them (well 
before next 5YP). Applying for CFI (assuming there is a competition in 2014) to cover production of ~280 
gas gaps. RTI-3 requests can cover tech support personnel for up to 2 years; CFI can also support technical 
personnel. Requirements beyond 2016 depend on whether the Big Wheel trigger chambers are upgraded and 
Canada participates in this upgrade, so (a/b) notation covers scenarios with or without BW upgrades. 
Uncertainties are about 30% for 2015-16, much larger for 2017-19. 
ONGOING OPERATIONAL REQUIREMENTS: TRIUMF would not be directly involved in detector 
operation, with the exception of TRIUMF BAEs and grant-funded personnel as normal research activities. 
DECOMMISSIONING REQUIREMENT: Chambers will be shipped to CERN and integrated with 
micromegas to form wheels. Decommissioning ATLAS components is a responsibility accepted by CERN; 
however technical expertise from TRIUMF staff who built and installed ATLAS systems is invaluable for 
making decommissioning a success, and some time is likely to be requested of them to support logistics 
planning, tooling design, etc. Decommissioning is not foreseen for at least 15 or 20 years. 
 
 
 Accepted:     Date:  


       












 


 
 
 
 
	
PROJECT/COMMITMENT	TITLE: Theory Group Expansion  


PROPONENT:		 Petr Navratil	 	 	 TRIUMF	CONTACT:			 Petr Navratil		


PRINCIPAL	COLLABORATORS:		Sonia Bacca, David Morrissey, John Ng, Richard Woloshyn	


PROJECT	DESCRIPTION:	
The Theory Group (TG) at TRIUMF was formed in 1975 and currently has five staff members and seven 
postdoctoral research associates. The TG is engaged in research in two core areas: nuclear physics and 
particle physics. The research is focused on nuclear structure and reactions from first principles, nuclear 
astrophysics, baryon and meson masses and excited hadronic states, elementary particles at colliders, 
neutrino masses and mixing and particle cosmology. The TG is aligned with TRIUMF main experimental 
programs, the ISAC facility and the ATLAS group. 
 
The recommendation of the 2002 NRC External Review was to increase the size of the Theory Group to nine 
members. In the 2010-2015 Five-Year Plan, a growth of the TG to ten permanent members was discussed 
and justified. To fulfill partially the 2010-2015 Five-Year Plan concerning the growth of the TG, a new 
nuclear theory staff member should be hired as soon as the fiscal situation permits.  
 
The goal for 2015-2020 is to have the Theory Group expand to 10 Research Scientists with increased 
coverage in the core areas, Nuclear and Particle Physics, and a moderate diversification into a third area, for 
example, astrophysics. 
	
SCIENTIFIC	JUSTIFICATION: 
Having in mind the TRIUMF expansion by building the ARIEL facility that will, among other scientific 
goals, shed light on the r-process and other major physics issues relevant to astrophysics, the new discoveries 
at the LHC, its upgrade together with the ATLAS upgrade, the intensive neutrino research pursued, e.g., by 
the T2K collaboration, and starting of the UCN program, we propose an expansion of the TG by four new 
staff members. The new staff members will strengthen the TG in the core areas of nuclear and particle 
physics and cover new areas, such as astrophysics. Optimally, we envision that the new members will have 
partly overlapping interests with the current staff, but, also, they will pursue research in areas not currently 
covered. Depending on availability of suitable candidates, these areas may include astrophysics and/or 
neutrino physics with the focus on synergy between nuclear and particle physics.   
	
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY: 
The TG is on a forefront of Canadian theoretical nuclear and particle physics research with frequent 
publications in the most prestigious physics journals such as Physical Review Letters. Still, the current size 
of five is substantially smaller than major university groups in particle and nuclear theory. The TG is aligned 
with the TRIUMF experimental programs more closely than other Canadian theory groups. This alignment 
should be maintained as the TRIUMF experimental program expands but at the same time the theory 
program needs additional flexibility and diversity to strengthen connection with the Canadian university 
community. 
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BROADER	IMPACTS:	
Nuclear physics has entered an exciting era with advances in effective field theory, ab initio methods for 
nuclear structure and reactions, the effort to develop a universal density functional based on microscopic 
nuclear interactions and the application of large-scale computing resources. These theoretical advances are 
accompanied by construction and operation of radioactive beam facilities such as the ISAC and ARIEL at 
TRIUMF that provide and will provide wealth of new nuclear data. 
 
Particle physics now entered the most exciting era in decades by the discovery of the Higgs boson at the 
LHC. TRIUMF ATLAS group is directly involved in this and other discoveries. The next five to ten years 
will provide breakthroughs in our understanding of fundamental physics. 
 
The TRIUMF Theory Group is actively involved in these exciting new developments. The TG is 
internationally recognized, with many international collaborators and visitors. It is engaged in organizing 
international workshops locally and abroad. It is crucial to maintain and grow the TRIUMF Theory Group to 
augment on the theory side the world’s leadership position of TRIUMF in experimental nuclear and particle 
physics. 
 







 


 
MAJOR MILESTONES: 


Description Date 


Hiring of a new TG staff member 2016 


Hiring of a new TG staff member 2017 


Hiring of a new TG staff member 2018 


Hiring of a new TG staff member 2019 


  


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF 10k 20k 30k 40k 40k 140k 
  EXTERNAL       
  TOTAL 10k 20k 30k 40k 40k 140k 


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


Research Scientist 
FTE 


1 2 3 4 4 14 


       
       
       
       
       
       
       
       
       
       
       


 


EXTERNAL FUNDING INFORMATION:  
Newly hired Research Scientists are expected to receive NSERC funding and bring additional resources to 
TRIUMF in this way. 
 


ONGOING OPERATIONAL REQUIREMENTS:  
Additional office space will be needed: 6 offices   
 
 


DECOMMISSIONING REQUIREMENT: 
 
 
 
 
 
 Accepted:     Date:  


       












PROJECT/COMMITMENT TITLE: Data Acquisition/SiPM readout for SuperCDMS-SNOLAB


PROPONENT: S. Oser/H. A. Tanaka TRIUMF CONTACT: Pierre Amaudruz


PRINCIPAL COLLABORATORS: P. di Stefano, W. Rau (Queen’s University); D. Bauer, J. Hall, L. Hsu,
B. Loer (FNAL).


Other institutions: California Institute of Technology, Massachussetts Institute of Technology, Santa Clara
University, SLAC, Southern Methodist University, Stanford University, Syracuse University, Texas A&M
University, U. Autónoma de Madrid, UC Berkeley, UC Santa Barbara, UC Denver, University of
Evansville, University of Florida, University of Minnesota


PROJECT DESCRIPTION:


SuperCDMS-SNOLAB is a proposed direct dark matter detection experiment that uses superconducting
transition edge sensors and charge-collecting electrodes coupled to germanium crystals. These detect
phonons and ionization resulting from nuclear recoils produced by the interaction of a dark matter particle in
the crystal. Over the past decade, several generations of CDMS technology have provided increasing, often
world-leading, sensitivity to potential dark matter signals. SuperCDMS-SNOLAB is the latest in this
progression and will improve upon the previous generation in several ways. First, an improved charge
collection (“iZIP”) scheme will significantly enhance discrimination of “surface” background, where beta
rays from contamination on the surface of the detector result in incomplete charge collection, mimicking the
WIMP-nuclear recoil signal. Second, larger detectors will allow up to 200 kg of detector mass to be
deployed, compared to the 10 kg currently used. The larger detectors will also have larger signal/background
rates due to a smaller surface/volume ratio. Finally, the experiment will be situated at SNOLAB, where the
6000 meter water-equivalent overburden will reduce cosmogenic background by about two orders of
magnitude compared to the current site in the Soudan mine in Minnesota.
Canadian groups will be responsible for the cryogenic infrastructure and shielding at SNOLAB. The
collaboration has recently expressed interest in transitioning to a MIDAS-based data acquisition system
The project described here is the development and maintenance of a MIDAS-based data acquisition system
for the experiment that will allow a common and scalable platform to be used by the main experiment at
SNOLAB and various test setups. The collaboration is also exploring the development of an active neutron
veto using SiPM readout. Based on our experience from the T2K Fine Grained Detector, TRIUMF is in a
strong position to contribute expertise to the readout and operation of such devices. Decisions on both items
are pending in the collaboration and are expected within 2013.


SCIENTIFIC JUSTIFICATION:
Numerous astrophysical and cosmological observations indicate that nearly a quarter of the energy content of
the universe is in the form of a non-luminous matter that cannot be explained by known particles. This so-
called “dark matter” problem is one of the most pressing issues in physics today. The most compelling
explanation consistent with the observations is that the dark matter is composed of a heretofore unidentified
weakly interacting massive particle (WIMP) produced in the Big Bang. At the same time, many favoured
extensions of the Standard Model of Particle Physics, such as Supersymmetry, naturally furnish particles
which can serve as WIMPs. The direct detection of primordial WIMPs, whatever their nature, would solve
this puzzle.
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CDMS, which detects WIMPs via phonon and ionization signals produced by WIMP-nucleus interactions in
germanium crystals, has been at the forefront of this field for many years. CDMS II results from 2009 set the
most stringent limits on WIMP-nucleon cross sections (7 × 10-44 cm2 for a 70 GeV/c2 WIMP) at the time. It
has also weighed in on a few purported claims of evidence for direct dark matter detection, in particular low-
mass signals reported by DAMA, CoGeNT and CRESST, rejecting most of the allowed region of WIMP
mass and cross section inferred from these claims.
In the meanwhile, R&D effort has led to a new detector configuration (“iZIP”) where interlaced electrodes
on both sides of the detector provide a large improvement in discrimination against surface contamination,
as well as larger detectors that provide more detector mass (hence sensitivity) and further reduce the impact
of surface contamination. Fifteen new “SuperCDMS” detectors with a total mass of ~10 kg are currently
deployed in the Soudan mine in Minnesota. The proposed next phase, “SuperCDMS-SNOLAB” will scale
the mass to 200 kg using larger detectors with the aim of achieving sensitivity to WIMP-nucleon cross
sections of ~10-46 cm2, comparable to projected sensitivities from other methods such as those using liquid
argon and xenon, and covering a large fraction of the WIMP masses and cross sections predicted by
extensions to the Standard Model.


RELATIONSHIP TO BROADER CANADIAN RESEARCH COMMUNITY:
Through SNOLAB, Canada has made an enormous investment in underground science which has resulted in
a world class facility to conduct experiments that require shielding from backgrounds induced by cosmic
rays. Direct dark matter detection searches such as SuperCDMS, along with neutrinoless double beta decay
experiments, are the most important component of this scientific program, and thus SNOLAB is striving to
foster a leading program in dark matter experiments. To this end, DEAP, COUPP, Picasso and SuperCDMS
have been approved for or are already in operation in SNOLAB.
The Canadian SuperCDMS group has been involved in detector R&D, background studies, data analysis, the
development of the SuperCDMS infrastructure, and now with the participation of UBC, brings experience in
MIDAS-based data acquisition and SiPM readout gained from T2K and ND280. With currently ten
members, Canadian collaborators now comprise approximately10% of the collaboration and will play a
leading role in deploying the experiment at SNOLAB.
In relation to the other proposed dark matter searches at SNOLAB, SuperCDMS brings a proven technology
that is known to be scalable with additional detectors, whereas DEAP and COUPP are still demonstrating
their scalability to ~tonne scale detectors, the former making one leap from a kg-scale prototype to 1 tonne,
the latter now transitioning from a 4 kg detector to a 60 kg detector. PICASSO is likewise in an R&D phase
that may significantly change their approach to achieving tonne-scale mass.
MIDAS has established itself as a standard platform for particle physics data acquisition systems. With
extensive experience with MIDAS-based systems on many scales (ISAC experiments, T2K ND280, etc.)
TRIUMF expertise is well-matched towards helping the UBC SuperCDMS group in developing a MIDAS-
based solution for SuperCDMS-SNOLAB. Likewise, with the experience of developing and building the
MPPC readout electronics for the T2K Fine Grained Detectors, TRIUMF is in a strong position to help
develop a solution for an active neutron veto system using SiPM technology.


BROADER IMPACTS:
We anticipate that the projects described here (MIDAS-based data acquisition and SiPM readout) will offer
many opportunities for the training of highly qualified personnel at all levels (undergraduate, co-operative,
graduate, postdoctoral) in computing and detector design, construction and operations.
Starting with the first large scale application of MPPCs in T2K, SiPM technology has become a generic
cheaper and smaller alternative to photomultipliers in many applications both inside and outside of particle
physics. The application of SiPMs in the neutron veto offers yet another opportunity to explore SiPM
applications in particle physics which may spur additional applications.







MAJOR MILESTONES:
Description Date


Demonstration of MIDAS-based DAQ with single board Winter 2012


Demonstration of full MIDAS-DAQ and decision Spring 2013


Design and construction of active neutron veto prototype and decision on SiPMT Spring 2013


CFI funding decision for SuperCDMS-SNOLAB infrastructure. Fall 2012


US funding decisions Winter 2013


RESOURCE REQUIRMENTS:
CASH FLOW REQUIREMENTS


\YEAR
SOURCE \


ONE TWO THREE FOUR FIVE TOTAL


TRIUMF 0 0 0 0 0 0
EXTERNAL $0.2M $0.2M $0.2M $0.2M $0.2M $1M
TOTAL $0.2M $0.2M $0.2M $0.2M $0.2M $1M


TRIUMF NON-CASH RESOURCES
\YEAR


RESOURCE\
ONE TWO THREE FOUR FIVE TOTAL


IT/DAQ 20 20 20 20 20 100


EXTERNAL FUNDING INFORMATION:
The SuperCDMS effort in Canada is currently supported by an NSERC SAP operating grant of $120k/year.
A renewal which reflects the expansion of the group to include UBC is being submitted this year. A CFI-
LEF request for $4.2 million for cryogenic and shielding infrastructure at SNOLAB was recently submitted,
with a funding decision expected in Fall 2012. The total anticipated cost for SuperCDMS-SNOLAB is
approximately $29 million. The remaining $25 million is expected from the US DOE and NSF with a
funding decision expected at the end of 2013, with the project phase extending from 2014-2016.


ONGOING OPERATIONAL REQUIREMENTS:
Assuming successful funding, SuperCDMS-SNOLAB operations are expected to start by 2015 and last for
three to four years. The MIDAS-based DAQ will be maintained primarily by the collaboration, but support
will be needed to handle more difficult issues and upgrades.


DECOMMISSIONING REQUIREMENT:
No significant decommissioning requirements are expected for the MIDAS-based DAQ.


Accepted: Date:












 


 
 
 
 
	
PROJECT/COMMITMENT	TITLE: TRIUMF/Computing Essential Infrastructure  


PROPONENT:	Steven McDonald	 	 TRIUMF	CONTACT:			 Steven McDonald		


PRINCIPAL	COLLABORATORS:		TRIUMF Computing CCN, MIS, DAQ	


PROJECT	DESCRIPTION:	
It is critical to maintain essential infrastructure. Aging infrastructure while it may continue to function and 
provide service, inevitably becomes more expensive in the long-term to maintain and repair. For TRIUMF to 
be the most effective with it resources (time & manpower) it is important that basic infrastructure services 
are kept current, relevant and maintainable.  
 
With this consideration the following should be considered as priorities for basic infrastructure upgrades in 
the TRIUMF 2015-20 fiscal plan 
 


1. Communications System: The present telephone communication system is approximately 
20yrs old. Feature upgrades have occurred over the years, but the basic infrastructure and 
technology has not changed. An overhaul of the system will be required in the next 5YP. 
Without a comprehensive review it is not possible to determine if it is viable to continue to 
upgrade the existing equipment or whether a full replacement is more economical. Either path 
is likely to be costly. A ballpark estimate is $500k.  
 


2. Wireless network: the present wireless network throughout TRIUMF is based on 2002 
technology. By 2015 the existing wireless infrastructure at TRIUMF will be 15 years old. The 
demand and expectation for wireless connectivity from staff for mobile technologies has 
increased significantly. A complete review and deployment of a new mobile wireless network 
at TRIUMF is required. Estimated cost $70k 


 
3. 10Gigabit Ethernet expansion. In 2012 TRIUMF will deploy a new 10Giagbit network core. 


The number of 10GbE ports purchased in the 2011/12 RFP was conservative for budgetary 
reasons. By 2015 it is anticipate additional 10GbE ports will be required to meet the demands 
for network bandwidth. Estimated cost $75k. Furthermore, 100GbE may be required to 
support the demands of the LHC ATLAS upgrade. The newly purchased network equipment 
will support 100GbE, however no pricing is available at the time of this submission.    


 
4. Secondary IT Datacenter for High Availability of Services: Computing and networking 


services have grown from something used by a few for specific functions to everyone for 
every aspect of their work at TRIUMF. Many of these services are essential to the operation 
of TRIUMF. The smallest outage of a critical service has significant impact. To mitigate these 
occurrences a plan has been underway to build a highly redundant, scalable and reliable 
computing environment through virtualization and redundant systems. For this to be effective 
a small secondary server room located in another building is imperative. Room 25a in the 
Main Office building has sufficed for this purpose until now.  


 
However, it lacks proper cooling and space. The proposal is to use the new upstairs telecom 
room and some portion of the librarian’s office to construct a small server room for highly 
critical IT services. This should be co-ordinated with the request to review the  
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telecommunications equipment, which would be located in the same room. The estimated 
cost to renovate the Telecom room to service as a secondary datacenter is $60-100k. 
  


5. MIS resourcing. How can computing be more effective at TRIUMF in 2015-2020? 
Historically the MIS computing group provided IT services for the administrative 
requirements of TRIUMF’s Finance, Supply Chain Management and Human Resource 
groups, approximately 20 people. As computing has evolved at TRIUMF the demands on the 
group have grown to include application support in other areas across the entire site. Web 
Services, Work Request System, and Scientific Administration Applications for beam 
requests and scheduling and Conference registrations are examples.  Demand for computing 
support has exceeded the capacity of the computing groups. This has created a number of 
undesirable consequences. Insufficient resourcing to adequately support and maintaining 
existing critical services. Secondly, staff not proficient in computing spend unnecessary 
amounts of time on computing related tasks, that otherwise are not their primary 
responsibility. Computing is ubiquitous across the laboratory. When resources are limited, it 
is desirable to place those resources in positions that will have the greatest benefit.  This is 
the justification for the request to add a fourth member to the MIS Computing group.  
 


6. Computing resourcing in general  
a. If additional expertise or services is expected to be provided as a result of requests 


from other TRIUMF groups, additional FTE resourcing should be reviewed. 
b. If additional hardware is requested to be located in the datacenter additional electrical 


and cooling capacity will be required. The cost will be dependant on the request. 
 


7. Collaborating Software Services: Email & Calendaring. Email has become a critical service. 
For many Calendaring has become equally importance. Currently they are not well integrated 
at TRIUMF and not all staff have access to the Google Enterprise Calendar service. The 
demand for email and calendaring support on mobile devices such as smart phones and tablets 
is anticipated to rise significantly by 2015. If this is a service TRIUMF considers important 
enough to improve and support then an investment will be required. TRIUMF Computing 
does not have the resources to build and support such a modern system. The estimated cost 
to out-source an email/calendaring service for staff-only is approximately $50k/year. 	
	


SCIENTIFIC	JUSTIFICATION:		
TRIUMF information and Technology Infrastructure is a site wide necessity for all scientific and 
administrative staff.	
	
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY: 
N/A 
 
BROADER	IMPACTS:	
If aging infrastructure is not renewed periodically it inevitably becomes more expensive in the long-term to 
maintain and repair. For TRIUMF to be the most effective with it resources (time & manpower) it is 
important that basic infrastructure that provides critical services are kept current, relevant and maintainable.  







 


 
MAJOR MILESTONES: 


Description Date 


  


  


  


  


  


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF       
  EXTERNAL       
  TOTAL       


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


       
       
       
       
       
       
       
       
       
       
       
       


 


EXTERNAL FUNDING INFORMATION: N/A 
N/A 
 
 


ONGOING OPERATIONAL REQUIREMENTS:  
 
This is critical infrastructure TRIUMF staff and research personnel rely upon to perform the daily scientific 
and administrative operations the laboratory. 
 


DECOMMISSIONING REQUIREMENT: N/A 
 
N/A 
 
 
 
 
 












 
 
 
 


	
PROJECT/COMMITMENT	TITLE:  Ultracold Neutrons (UCN) 
 
PROPONENT:		J.W. Martin, Y. Masuda 	 	 TRIUMF	CONTACT:		A. Konaka 
 
PRINCIPAL	COLLABORATORS:		Y. Masuda, T. Adachi, S. Jeong, S. Kawasaki, H. Takahashi, K. Tanaka, 
Y. Watanabe (KEK), K. Asahi (TIT), K. Hatanaka, R. Matsumiya, I. Tanihata (RCNP Osaka), K. Matsuta, M. 
Mihara (Osaka), J.W. Martin, C. Bidinosti, B. Jamieson, R. Mammei (Winnipeg), J. Birchall, W.R. Falk, M. 
Gericke, J. Mammei, S.A. Page (Manitoba), T. Momose (UBC), L. Lee, W.T.H. van Oers (Manitoba/TRIUMF), 
L. Buchmann, A. Konaka, A. Miller (TRIUMF), E. Korkmaz (UNBC), M. Barnes (CERN), R. Golub, E. 
Korobkina (NCSU). 
 
PROJECT	DESCRIPTION: 
The aim of the project is to create the world's highest density ultracold neutron (UCN) source, and use it to 
conduct the best measurement of the neutron electric dipole moment (nEDM).  The project leverages expertise 
from Japanese collaborators who constructed a world competitive UCN source at RCNP Osaka at 1 µA beam 
current.  A prototype nEDM apparatus has also been operated at the source, and has produced key R&D 
milestones relevant to the experiment.  The project is supported by CFI and TRIUMF in Canada, and by JSPS, 
KEK, and RCNP Osaka in Japan.  An MOU for the project detailing completion of construction phase through 
2016 has been signed by TRIUMF, Winnipeg, KEK, and RCNP, with terms of validity to 2020 providing 
experimental priority for the nEDM experiment.  Experiments and a user facility beyond the nEDM experiment 
are also envisioned at TRIUMF. 
 The UCN source and prototype nEDM experiment are presently being completed and tested at RCNP 
Osaka.  The source and experiment will be operated at RCNP Osaka until late 2014, and then moved to 
TRIUMF in 2015 for installation.  Meanwhile the Canadian group will be constructing the new beamline and 
spallation target, and developing key elements of the nEDM experiment.  Operations at TRIUMF and 
experiments on the nEDM will commence in 2016. 
 In 2015-2020 we propose to complete the UCN facility and the helium liquefier facility for full current, 
operate and maintain the UCN facility, complete the nEDM experiment, and upgrade the facility enabling 
higher UCN density and greater flexibility.  In 2015-16, we will complete the initial UCN facility, and thereby 
the CFI NIF project.  Personnel requirements are specified in the MOU, and are available detailed form in 
Microsoft Project.  They relate primarily to engineering, design, and technicians for beamline, shielding, target, 
remote handling, and services.  A first liquefier to support CMMS is planned to be in place by 2015; we require 
support in the next 5YP to bring it to full capacity for UCN ($100k in 2015), and to upgrade with a second 
liquefier for full intensity operation of the UCN source ($1M in 2016).  We also require support for acquisition 
of helium-3 for the UCN source itself ($150k in 2015).  Ongoing operations, maintenance, and technical 
support will be provided by CFI IOF.  We require support for the nEDM experiment in the form of lab space for 
development and testing of magnetometers, magnetic shielding, and high voltage systems, and DAQ support. 
 In upgrades to the UCN facility we consider beamline magnet power supply upgrades ($200k in 2017), 
an additional UCN port for detector and UCN guide testing ($100k in 2017), radiation shielding for higher 
intensity operation ($500k in 2018).  We anticipate writing a CFI grant to support an upgrade of the cold 
moderator of the UCN source to liquid D2, resulting in a projected factor five increase in UCN density ($1.5M 
in 2018).  We anticipate upgrading the nEDM experiment's magnetic shielding in order to reach the ultimate 
experimental sensitivity to 1x10-28 e-cm, in either a CFI or NSERC request ($2M in 2017).  We require stable 
operation of BL1A, for which significant repairs to the M11 and T2 target would be required; we therefore 
support such proposals which we anticipate are covered elsewhere. 
 
SCIENTIFIC	JUSTIFICATION: 
New sources of CP violation are believed to be required to explain the observed predominance of matter over 
antimatter, the baryon asymmetry, of our universe.  Extensions to the standard model predict such new sources, 
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together with values for the nEDM within the reach of our experiment.  So this effort will play a major role in 
testing such extensions and their possible role in explaining this fundamental problem in cosmology.  The 
TRIUMF project aims to measure the nEDM to the 10-27 e-cm level by 2017.  The experiment has the potential 
to deliver measurements to the 10-28 e-cm level in 2018-2020.  This is more than two orders of magnitude better 
than the present best experimental upper bound, which is 2.9x10-26 e-cm. 
 Experiments on the neutron lifetime, gravitational levels, beta decay, nnbar oscillations, and neutron-ion 
interactions have been discussed as possible future experiments.  In the next five-year plan, we could begin to 
develop plans for other experiments after the successful completion of the nEDM experiment. 
 
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY: 
The project represents a new research thrust in subatomic physics in Canada:  fundamental physics with UCN.  
It will represent a new core capability for the TRIUMF facility with its own user base.  The project has 
complementary research goals to fundamental symmetries experiments at ISAC, and e.g. PiENu and ALPHA. 
 The project is strongly supported in the Canadian research community.  The UCN source is supported 
by a CFI NIF to U. Winnipeg in 2009.  Manitoba industry involvement is matched by a smaller grant from the 
Manitoba Research and Innovation Fund.  Other Canadian matching is in-kind support from TRIUMF. 
 The project has been supported by NSERC for research towards the nEDM experiment through both 
project grants and RTI's.  The project is also supported by additional CFI grants for R&D infrastructure at the 
universities.  The most recent example of this, the Polarized Xe Lab for Fundamental Physics at U. Winnipeg, is 
now under completion and will serve as a test-bed for Xe comagnetometry for the nEDM experiment.  A new 
CFI NIF request from UBC (Momose) is pending at this time, where a portion of the request would support a 
high-power XUV laser to be used as either a pump or probe laser for the Xe comagnetometer, and another new 
CFI LOF request from Winnipeg (Jamieson) for detector fabrication and testing infrastructure is also pending.  
Furthermore, the project proponent in Canada (J.W. Martin) was recently promoted to a CRC (Tier 1) position.  
Two new grant-eligible members joined the team this year (R. Mammei and J. Mammei), and a new staff 
member at TRIUMF, dedicated to the project, will be appointed in fall 2012.  Additional requests for joint 
faculty positions with universities would aim to attract more of the excellent talent seen in recent competitions, 
making an even stronger connection with the university community. 
 The project has a number of competitors worldwide.  Neutron EDM projects are presently running at 
PSI, and ILL, and are planned at ILL, SNS, Munich FRM-II, PNPI, and J-PARC.  Our project is competitive 
with these experiments in both the experimental goals and timescales.  Comparing to the PSI experiment, our 
strategy is similar in that we pursue a traditional room-temperature nEDM experiment.  However, it is unique in 
that we pursue a Xe-129 comagnetometer as opposed to Hg-199.  The measurement cell size is kept small to 
minimize systematic effects, better making use of increased UCN densities, and to ease the problem of magnetic 
shielding and homogeneity.  Our UCN source uses He-II in the UCN production volume, allowing a lower 
intensity beam to accumulate UCN with lower instantaneous heat load (PSI uses solid D2, necessitating a short 
pulse followed by a long beam off period – in all the average beam power is comparable).  Our strategy is also 
similar to PSI in that we are building from proven technologies, many of which we are prototyping already in 
Japan or in bench tests in Canada. 
 
BROADER	IMPACTS:	
The project is supported by CFI, which also evaluates benefits to Canada, often described by Canada’s S&T 
priorities (“advantages”).  The project supports the people advantage by:  attracting world-class researchers 
from abroad to Canada through usership, and development of a skilled work force through training in basic 
research.  Trainees have already completed projects in:  beamline design, target thermal design, neutron 
physics, neutron and radiation detectors, cryogenics, low-field NMR, laser physics, data-acquisition systems, 
and computer simulation.  More projects of these kinds are expected; the project trained eight undergraduates 
this year, and supports three grad students and five postdocs/RA’s.  The project supports a knowledge 
advantage through a strong relationship to technology used in medical MRI's, cryogenics, laser technology, and 
quantum computation, and several listed collaborators work in these fields.  Relating to the entrepreneurial 
advantage, we are partnered with Acsion Industries (Pinawa, MB) who support the project with an in-kind 
contribution, and who conduct simulations of heat deposition, neutron transport, and radiation shielding and 
dose calculations related to personnel safety.  This collaboration has already spawned other industrial 







collaborations between Acsion Industries and U. Winnipeg.  We are also interested in the development of 
diamond-like carbon coatings in collaboration with TRIUMF's Advanced Applied Physics Solutions. 







 


 
MAJOR MILESTONES: 


Description Date 


Completion of UCN facility construction, first commissioning 2015-2016 


Operation of nEDM experiment 2016-2017 


Installation and commissioning of additional liquefier 2016 


Upgrades for long-term operation, increased UCN density, additional experiments 2017-2020 


Completion of next phase of nEDM experiment 2017-2020 


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF $0.25M $1.0M $0.3M $0.5M  $2.05M 
  EXTERNAL   $2.0M $1.5M  $3.5M+below 
  TOTAL       


TRIUMF NON-CASH RESOURCES 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


Eng/Design/Tech       
(fac. completion) 6 FTE yr 3 FTE yr    9 FTE yr 
Eng/Design/Tech       
(upgrades)   3 FTE yr 3 FTE yr 3 FTE yr 9 FTE yr 
DAQ support 0.25 FTE yr 0.25 FTE yr 0.25 FTE yr 0.25 FTE yr 0.25 FTE yr 1.25 FTE yr 
Beamline tech. 1 FTE yr 0.25 FTE yr 0.25 FTE yr 0.25 FTE yr 0.25 FTE yr 2 FTE yr 
       
       
Science div. not estimated      
       
Beam time  5 months 8 months 8 months 8 months 30 months 
Lab space 500 s.f. 500 s.f. 500 s.f. 500 s.f. 500 s.f. Lab per year


 


EXTERNAL FUNDING INFORMATION: 
Not included in table:  Remaining CFI NIF (secured), CFI IOF $1.3M (secured), NSERC anticipated 
$500k/yr, CRC anticipated $100k/yr.  Included in table:  CFI or NSERC magnetic shielding $2.0M, CFI cold 
moderator upgrade to LD2 $1.5M. 
ONGOING OPERATIONAL REQUIREMENTS:  
Technical support for cryogenics and other operation, maintenance, and repairs, to be covered by CFI IOF. 
 
 


DECOMMISSIONING REQUIREMENT: 
None in this time period.  The facility will be operational beyond 2020.  Beyond the facility lifetime, the 
decommissioning requirement would be similar to that of decommissioning the TNF. 
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PROJECT/COMMITMENT	  TITLE: V.A.S.T – Versatile Advanced Spallation Target 


  


	  PROPONENT:	  	  A.A.	  Chen	  (McMaster)	   TRIUMF	  CONTACT:	  P.Bricault,	  L.	  Buchmann,	  
B.	  Davids,	  D.A.	  Hutcheon,	  and	  C.	  Ruiz	  
 


PRINCIPAL	  COLLABORATORS:	  	  	  
On-site: L. Buchmann, B. Davids, D.A. Hutcheon, C. Ruiz 


Off-site: A.M. Laird, B. Fulton, T. Davinson, A. Murphy, P. Woods, M. Aliotta, U. Hager, U Greife  


PROJECT	  DESCRIPTION:	  
	  
The	  project	  aims	  to	  provide	  novel	  methods	  for	  the	  production	  of	  high	  intensity	  medium-‐to-‐
long	  lived	  radioactive	  beams,	  primarily	  for	  the	  astrophysics	  program.	  It	  would	  develop	  
production	  targets	  deviating	  from	  the	  standard	  solid,	  high-‐temperature,	  'steady-‐state'	  ISOL	  
target	  approach	  currently	  employed	  at	  ISAC.	  	  This	  project	  will	  employ	  spallation	  on	  targets	  
containing	  lithium	  salts	  or	  other	  suitable	  materials	  with	  higher	  vapour	  pressures,	  to	  induce	  
spallation	  on	  light	  nuclei	  such	  as	  fluorine	  or	  	  	  chlorine,	  producing	  compounds	  that	  can	  diffuse	  
out	  of	  the	  graphite	  container	  with	  high	  efficiency.	  The	  goal	  is	  to	  provide	  high-‐intensity	  beams	  
such	  as	  15O,	  30P	  and	  44Ti	  that	  have	  not	  been	  produced	  from	  standard	  ISAC	  production	  targets.	  
We	  use	  these	  beams	  as	  the	  main	  examples,	  but	  others	  such	  as	  11C,	  13N	  and	  14O	  would	  also	  
benefit	  from	  these	  approaches.	  
	  
One	  class	  of	  such	  targets	  would	  interpose	  a	  thin	  graphite	  window	  between	  the	  production	  
target	  and	  the	  ion	  source,	  as	  was	  done	  in	  a	  15O	  production	  target	  at	  Louvain-‐la-‐Neuve.	  	  That	  
target	  consisted	  of	  LiF	  in	  a	  matrix	  of	  graphite,	  the	  product	  nuclei	  forming	  CO	  that	  diffused	  
through	  the	  graphite	  window.	  	  Other	  salts	  such	  as	  LiCl	  might	  provide	  access	  to	  higher-‐mass	  
nuclei.	  As	  an	  alternative,	  for	  products	  that	  would	  not	  readily	  diffuse	  through	  a	  graphite	  
window,	  it	  would	  be	  possible	  to	  run	  a	  target	  in	  hot	  and	  cold	  cycles.	  	  A	  hot	  production	  cycle	  at	  
substantial	  vapour	  pressure	  of	  the	  target	  material	  would	  be	  followed	  by	  a	  low-‐temperature	  
phase	  in	  which	  a	  volatile	  product	  would	  be	  allowed	  out	  of	  the	  target	  cell	  and	  into	  the	  ion	  
source.	  	  A	  third	  class	  of	  target	  would	  have	  a	  high-‐pressure	  helium	  gas	  jet,	  'salted'	  with	  nano-‐
scale	  carrier	  material	  to	  transport	  product	  atoms	  at	  high	  speed	  through	  a	  capillary	  to	  the	  ion	  
source	  inlet,	  where	  another	  helium	  jet	  deflects	  the	  majority	  of	  the	  transport	  gas	  allowing	  the	  
un-‐deflected	  carrier	  material	  and	  the	  adsorbed	  atoms	  of	  interest	  to	  enter	  the	  ion	  source.	  
	  
Three	  stages	  of	  R&D	  may	  occur.	  	  First,	  offline	  target	  heating	  and	  gas	  diffusion	  tests	  would	  use	  a	  
test	  box	  to	  generate	  the	  required	  vacuum	  and	  temperature	  conditions.	  	  Second,	  tests	  with	  
nano-‐Amp	  proton	  beam	  could	  investigate	  the	  efficiency	  of	  formation	  and	  diffusion	  of	  volatile	  
product	  nuclei.	  	  Most	  of	  the	  beams	  of	  interest	  decay	  by	  positron	  emission,	  enabling	  the	  
movement	  of	  product	  nuclei	  to	  be	  observed	  by	  PET,	  without	  need	  	  
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for	  an	  ion	  source.	  	  Third,	  tests	  with	  a	  prototype	  production	  target	  and	  an	  ion	  source	  would	  
ramp	  up	  to	  full	  beam	  intensity.	  This	  requires	  a	  facility	  to	  be	  installed	  in	  a	  suitable	  proton	  
beam-‐line,	  for	  example	  near	  the	  planned	  BL4N	  beam	  dump.	  	  
	  
The	  project	  is	  envisaged	  to	  start	  with	  the	  hiring	  or	  acquiring	  from	  existing	  personnel,	  of	  4	  
scientists	  and	  one	  engineer,	  and	  a	  technician	  to	  initiate	  the	  R&D,	  as	  well	  as	  the	  addition	  of	  lab	  
space	  and	  equipment	  to	  prepare	  and	  test	  targets.	  
	  
SCIENTIFIC	  JUSTIFICATION: 
	  
Experiments	  involving	  15O,	  30P,	  and	  44Ti	  have	  been	  endorsed	  by	  the	  EEC	  as	  priorities	  for	  the	  
astrophysics	  program.	  The	  15O(α,γ)19Ne	  reaction	  remains	  one	  of	  the	  most	  important	  reactions	  
in	  nuclear	  astrophysics	  due	  to	  its	  role	  as	  the	  ‘ignition	  reaction’	  in	  Type	  I	  X-‐ray	  bursts.	  The	  
critical	  value	  of	  the	  strength	  of	  the	  Ecm=505	  keV	  resonance	  in	  this	  reaction	  has	  escaped	  direct	  
measurement	  for	  over	  20	  years	  since	  it	  was	  first	  identified	  as	  being	  the	  parameter	  of	  critical	  
importance.	  Although	  indirect	  methods	  have	  enabled	  attempts	  to	  pin	  down	  this	  strength,	  a	  
direct	  measurement	  is	  highly	  desired	  by	  the	  nuclear	  astrophysics	  community	  and	  you	  will	  see	  
this	  reaction	  used	  as	  a	  motivation	  for	  newly	  proposed	  RIB	  facilities.	  We	  believe	  however	  that	  
ISAC	  has	  the	  best	  chance	  of	  measuring	  this	  reaction.	  
	  
The	  30P(p,γ)31S	  reaction	  is	  a	  critical	  reaction	  in	  determining	  silicon	  isotopic	  ratios	  in	  nova	  
ejecta.	  Such	  ratios	  need	  to	  be	  known	  in	  order	  to	  identify	  whether	  inclusions	  in	  meteoric	  pre-‐
solar	  grains	  are	  of	  nova	  origin,	  a	  question	  which	  is	  of	  high	  relevance	  in	  nuclear	  astrophysics	  
today.	  If	  uniquely	  identified	  as	  being	  of	  nova	  origin,	  these	  grains	  can	  be	  used	  as	  diagnostics	  for	  
nova	  models	  and	  answer	  a	  host	  of	  questions	  about	  their	  dynamics	  and	  evolution.	  
	  


44Ti(p,γ)	  and	  44Ti(α,p)	  are	  the	  two	  proposed	  reactions	  at	  TRIUMF	  that	  require	  44Ti	  beams.	  
There	  is	  considerable	  interest	  in	  the	  world	  community	  in	  these	  reactions,	  since	  they	  destroy	  
44Ti	  in	  high	  temperature	  environments	  such	  as	  core-‐collapse	  supernovae	  (CCSN).	  This	  is	  
important	  due	  to	  the	  observation	  of	  44Ti	  in	  the	  CCSN	  remnant	  Cas	  A,	  with	  a	  determination	  of	  
44Ti	  yields	  in	  SN	  1987A	  in	  progress.	  Many	  groups	  around	  the	  world	  have	  initiated	  plans	  to	  
attempt	  extraction	  of	  44Ti	  from	  beam	  dumps	  at	  laboratories	  such	  as	  PSI.	  However,	  these	  
samples	  are	  small,	  certainly	  not	  enough	  to	  perform	  decisive	  measurements	  to	  tie	  down	  the	  
reaction	  rates.	  Thus	  we	  propose	  also	  to	  target	  development	  of	  this	  isotope	  either	  online	  or	  
parasitically	  in	  order	  to	  make	  the	  measurements.	  DRAGON	  is	  uniquely	  positioned	  in	  the	  world	  
for	  making	  the	  44Ti(p,γ)	  measurement.	  	  
	  
In	  summary	  all	  these	  beams	  are	  highly	  sought	  after	  at	  RIB	  facilities	  internationally	  in	  order	  to	  
measure	  these	  critical	  rates.	  The	  reason	  they	  have	  not	  been	  done	  is	  that	  it	  is	  nearly	  impossible	  
to	  provide	  beams	  of	  sufficient	  intensity,	  even	  at	  ISOL	  facilities	  using	  current	  techniques,	  in	  
order	  to	  perform	  the	  measurements.	  New	  beam	  production	  methods	  are	  required	  that	  use	  
cutting	  edge	  technology	  and	  methodology.	  	  
	  	  
	  
	  
	  







 


	  
RELATIONSHIP	  TO	  BROADER	  CANADIAN	  RESEARCH	  COMMUNITY: 
 
As	  previously	  mentioned,	  the	  reactions	  we	  have	  chosen	  as	  examples	  are	  highly	  sought	  after	  
measurement	  targets	  for	  the	  world	  nuclear	  astrophysics	  community.	  The	  thermonuclear	  
reaction	  rate	  of	  15O(α,γ)19Ne	  in	  particular	  is	  often	  cited	  as	  one	  of	  the	  most	  important	  quantities	  
in	  nuclear	  astrophysics	  due	  to	  its	  apparently	  strong	  influence	  on	  the	  behaviour	  of	  Type	  I	  X-‐ray	  
bursts,	  and	  has	  been	  a	  sought	  after	  quantity	  for	  over	  20	  years,	  since	  the	  advent	  of	  radioactive	  
beam	  physics,	  and	  indeed	  was	  one	  of	  the	  first	  targets	  for	  measurement	  at	  Louvain-‐la-‐Neuve.	  
The	  Canadian	  nuclear	  astrophysics	  research	  community	  consists	  of	  scientists	  based	  at	  TRIUMF	  
and	  Canadian	  universities	  who	  perform	  these	  experiments	  in	  order	  to	  provide	  astrophysical	  
modellers	  with	  input	  data	  in	  order	  to	  properly	  explore	  the	  relationship	  between	  astrophysical	  
models	  and	  stellar	  observations.	  With	  the	  McGill	  group	  in	  Canada	  performing	  the	  relevant	  
observations	  and	  modelling,	  the	  impact	  of	  these	  experiments	  is	  further	  reaching	  than	  just	  the	  
experimental	  side.	  In	  addition,	  the	  recent	  close	  collaboration	  between	  TRIUMF	  and	  UVic/JINA	  
using	  the	  MESA/NuGrid	  codes	  to	  evaluate	  the	  impacts	  of	  particular	  nuclear	  reactions	  will	  place	  
TRIUMF	  in	  a	  strong	  position	  to	  tie	  together	  the	  experiment,	  observation,	  and	  models	  based	  on	  
any	  experimental	  data	  obtained	  as	  a	  result	  of	  these	  beams	  being	  produced.	   
 
BROADER	  IMPACTS:	  
 
The	  beams	  we	  propose	  to	  produce	  will	  enable	  experiments	  to	  be	  performed	  that	  the	  global	  
nuclear	  astrophysics	  community	  has	  desired	  for	  a	  long	  time.	  Having	  experimental	  values	  for	  
these	  reaction	  rates	  that	  do	  not	  rely	  on	  combinations	  of	  multiple	  indirect	  measurements	  will	  
provide	  thermonuclear	  reaction	  rates	  with	  relatively	  small	  uncertainties.	  These	  rates	  will	  be	  
used	  to	  constrain	  a	  variety	  of	  explosive	  stellar	  models,	  such	  as	  for	  Type	  I	  X-‐ray	  bursts,	  classical	  
novae	  or	  recurrent	  novae,	  and	  core-‐collapse	  supernovae.	  The	  constraints	  imposed	  on	  these	  
models	  will	  allow	  the	  deep	  interpretation	  of	  astronomical	  observations	  of	  these	  stellar	  objects	  
at	  a	  variety	  of	  wavelengths	  or	  through	  other	  means.	  In	  short,	  these	  data	  will	  enable	  substantial	  
steps	  in	  the	  understanding	  of	  these	  objects	  to	  be	  taken.	  
	  
A	  large	  international	  nuclear	  astrophysics	  community	  exists	  that	  performs	  experiments	  in	  an	  
attempt	  to	  extract	  these	  rates,	  most	  of	  which	  remain	  out	  of	  reach	  for	  direct	  measurement.	  The	  
combination	  of	  DRAGON	  and	  the	  ISAC	  low	  energy	  accelerator	  at	  a	  RIB	  facility	  is	  unique,	  and	  as	  
such,	  TRIUMF	  remains	  the	  best	  hope	  in	  the	  world	  of	  ever	  making	  direct	  measurements	  of	  
these	  rates.	  For	  this	  reason	  cutting-‐edge	  development	  is	  required	  that	  steps	  away	  from	  the	  
restrictive	  approach	  of	  the	  current	  steady-‐state	  ISAC	  targets.	  	  
	  
The	  success	  of	  this	  project	  will	  not	  only	  provide	  these	  important	  experimental	  results,	  but	  will	  
represent	  a	  major	  achievement	  in	  the	  field	  of	  radioactive	  beam	  development	  beyond	  the	  
approaches	  that	  ISAC	  has	  been	  using	  for	  the	  last	  decade.	  	  	  	  	  	  	  	  
 
 







 


 
MAJOR MILESTONES: 


Description Date 


Conceptual designs for VAST target modules; design of test setup 2013 


Construction of first test setup 2014 


Detailed design of target modules and beam transport system 2015 


Begin construction of BL4N beam-dump and target modules 2016 


Beam to ISAC and experiments 2017 


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF 150,000 150,000 150,000 10,000 10,000 470,000 
  EXTERNAL 25,000 25,000 25,000 25,000 25,000 125,000 
  TOTAL 175,000 175,000 175,000 35,000 35,000 595,000 


TRIUMF NON-CASH RESOURCES (FTE-Weeks) 
                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


Physicist (Nuclear BAE) 20 20 20 20 20 100 
Engineer (Mechanical) 30 30 30 1 1 92 
Technician (Mechanical) 20 20 30 30 30 130 
Mechanical Designer 20 20 20 1 1 62 
       
       
       
       
       
       
       
       


 


EXTERNAL FUNDING INFORMATION:  
 
Partial NSERC support will be sought.  
 
ONGOING OPERATIONAL REQUIREMENTS:  
It is estimated that once operational VAST will have an annual cash flow requirement of $10,000. 
 
 
DECOMMISSIONING REQUIREMENT: 
 
Standard ISAC target requirements would apply. 
 
 
 


Accepted:     Date:  
       












 


 
 
 
 
	
PROJECT/COMMITMENT	TITLE: IRIS: ISAC charged particle reaction spectroscopy station 


  


	PROPONENT:	Rituparna Kanungo		 	 TRIUMF	CONTACT:		Greg Hackman	


PRINCIPAL	COLLABORATORS:	Greg Hackman, Reiner Kruecken, Barry Davids, Chris Ruiz, Alan 
Chen, Corina Andreoiu, Roby Austin + foreign collaborators 


*(only NSERC eligible collaborators from Canada are mentioned) 


PROJECT	DESCRIPTION:	
The IRIS project is a newly commissioned experimental facility for charged particle reaction spectroscopy at 
ISACII. It was funded by the CFI New Initiatives Fund competition in 2009, moved into budget finalization 
with CFI in fall of 2010 and completed in 2012.   
 
The project is an international collaboration having partnership with Japan. IRIS pioneers in successfully 
developing a thin solid hydrogen target for low-energy nuclear reactions of rare isotopes. The use of the solid 
hydrogen target is important to enhance the reaction yield for experiments with the most neutron-rich (or 
proton-rich) isotopes that have a very low beam intensity. The commissioning experiment, was done using 
stable beam of 18O but only using beam intensity of ~ few thousand per second. It is expected that we will be 
able to perform experiments beam intensities down to ~ 100/sec. This will greatly enhance our scope to 
study nuclei that were difficult to reach for reaction spectroscopy thereby pushing the limit of our knowledge 
on their unknown properties. 
 
Yet another innovative aspect, of IRIS is the development of a low-pressure transmission ionization chamber 
for identifying the atomic number of the incoming beam. This is important for beams of heavy nuclei, that 
are likely to have isobaric contaminants. 
 
The reaction products are detected and identified using annular arrays of segmented silicon detectors and 
CsI(Tl) scintillators.  
 
The successful implementation of the facility in summer 2012 has now opened the possibility to perform 
challenging reaction experiments. We expect from now onwards IRIS will step into a vigorous experimental 
program.  
	
SCIENTIFIC	JUSTIFICATION:	
The main scientific program of IRIS is the quest to unveil the unknown characteristics of the nuclei with 
large neutron to proton asymmetry. This addresses the fundamental question on what aspects of the nuclear 
interaction leads to a change in our known knowledge beyond the limited handful of stable isotopes. These 
isotopes are exhibiting marked deviation in our traditional knowledge of the nucleus. One of the strikingly 
new features is the existence of a thick skin of neutrons on the surface or in extreme cases formation of a thin 
halo. The experimental determination of the unexpected characteristics of these isotopes and the related 
reaction probabilities eventually should allow us to understand natures secret on synthesizing the vast 
majority of the heavy elements on earth and in the universe.  
	
	


Date: 
October 2, 2012 
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IRIS will address these questions using direct nuclear reactions. The nucleon transfer reactions that have 
been traditionally known to be highly efficient ways to probe the internal structure of the nuclei will be a 
major program at IRIS. To find both bound and unbound excited states in these nuclei, inelastic scattering 
will be used. One of the objectives is to find the existence of soft dipole resonant states if any in the neutron-
rich nuclei. Such resonances are predicted to occur due to an oscillation of the neutron-rich surface against 
the more compact core nucleus. The two-neutron transfer reactions will be used as a probe to understand 
correlation and pairing between nucleons in the surface of neutron-rich nuclei. 
	
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY: 
The scientific program is strongly aligned to the priorities on studies of rare isotopes that have been outlined 
in the Subatomic Physics Long Range Plan.   
 
BROADER	IMPACTS:	
The project has a strong component for training of highly qualified personnel at various levels. 
 
 
 







 


 
MAJOR MILESTONES: 


Description Date 


Continuing IRIS Operations 2015-2020 


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


  \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF 3000 3100 3500 4000 5000 18600 
  EXTERNAL       
  TOTAL       


TRIUMF NON-CASH RESOURCES (Weeks or FTE-Weeks) 
   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


Admin:OA:Visitors 0.2 0.2 0.2 0.2 0.2 1 
IT:DAQ:Programming 4 4 4 4 4 15 
IT:SysAdmin:Linus 1 1 1 1 1 5 
Phsx:Exp:Det 6 6 6 6 6 25 
Phsx:Exp:Nuc 28 28 28 28 28 140 
Tech:Mech:Cryo 1 1 1 1 1 5 
Tech:Mech:Det 2 2 2 2 2 10 
Tech:Mech:Vacuum 2 2 2 2 2 10 
Tech:Mech:Align 2 2 2 2 2 10 
Tech:Mech:Assembly 20 20 20 20 20 100 
Tech:Mech:Gas 4 4 4 4 4 20 


Tech:Mech:CNC 0.2 0.2 0.2 0.2 0.2 1 
Tech:Mech:Manual 0.1 0.1 0.1 0.1 0.1 0.5 
Tech:MechDes:Mech 0.2 0.2 0.2 0.2 0.2 1 
Tech:Plant:CraneOp 0.5 0.5 0.5 0.5 0.5 2.5 
ISAC Stable Beam 4 4 4 4 4 20 
ISAC RIB 6 6 6 6 6 30 


 


EXTERNAL FUNDING INFORMATION:  
Scientific operations (post-doctoral fellows, travel, target supplies, Si detector replacements, equipment 
repair and replacement) will be funded by the IRIS NSERC project grant. University faculty. 
 


ONGOING OPERATIONAL REQUIREMENTS:  
TRIUMF funding request is for nominal items not NSERC eligible, e.g. electrical upgrades, parts and 
supplies for infrastructure components, etc. 
DECOMMISSIONING REQUIREMENT: 
No decommissioning requirements beyond those covered by the TRIUMF operating license. 
 
 
 
 
 
 
 
 Accepted:     Date:  
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PROJECT/COMMITMENT TITLE:      SuperB  Beam Polarisation  
  


 PROPONENT:   J. Michael Roney    TRIUMF CONTACT:  Christopher Hearty    


 


PRINCIPAL COLLABORATORS:  C. Hearty, R.Kowalewski, T.Mattison, J.McKenna, J-P Martin, 
S.Robertson, J.M. Roney, R. Sobie, P.Taras, A.Warburton  
 


PROJECT DESCRIPTION: 
SuperB is a new major international high energy physics facility located in Italy designed to measure 


the properties of particles produced in electron-positron collisions.  The collision energies are selected to be 
just above the threshold for producing particles containing a b-quark with an option to also operate at lower 
energies just above the threshold for producing particles containing the c-quark. This facility, which will 
have first beams for physics in 2018, will be the highest luminosity electron-positron collider ever built. As 
such, SuperB will produce 100 times the data of existing facilities designed to probe the “flavour sector" of 
subatomic physics through precision measurements and searches for rare processes. It will also have the 
unique feature of using a polarised electron beam, which enables it to probe with unprecedented precision 
fundamental processes that depend on chirality.  


The electron beam polarization requires a polarized gun, spin rotators and a Compton polarimeter.  
The Canadian SuperB group proposes that TRIUMF support SuperB by taking a lead role in one component 
of the beam polarization project. This will require recruiting a TRIUMF Research Scientist with the interest 
and expertise to lead the gun, rotator or polarimeter effort. At this time we leave open which of the three 
specific projects to pursue in order to maintain the flexibility required to accommodate TRIUMF’s other 
constraints and the potential candidate pool.  A future CFI application to support this activity can be 
anticipated. Other TRIUMF resources needed for the project will depend on which option is considered. 


With its ultra-high luminosity, polarised beam, and the ability to run at both the b-quark and c-quark 
thresholds, SuperB is a unique and versatile facility and no other machine with all of these capabilities is 
planned.  SuperB is sensitive to energy scales exceeding those of the LHC via the presence of new quantum 
effects revealed in precision measurements or rare decays of b-quarks, c-quarks, or tau leptons. Observation 
of such effects would indirectly imply the existence of massive new particles in yet-to-be-discovered 
fundamental processes. The physics community has recognized that flavour factories are needed in order to 
reach the next level: two other B physics experiments are either taking data (LHCb, which exploits the large 
particle production rate in proton-proton collisions) or under construction (SuperKEKB/Belle-II). SuperB is 
able to access a much broader physics program than LHCb because of differences in the production 
mechanisms between proton-proton and electron-positron machines. SuperKEKB/Belle-II, the other ultra-
high luminosity electron-positron collider at the b-quark threshold energies, is being built in Japan; but it has 
a lower design luminosity than SuperB, and unlike SuperB cannot have polarised beams, nor is it designed 
with the flexibility of operating at the c-quark threshold 


SuperB is an international effort involving accelerator and particle physicists from Canada, 
France, Italy, Norway, Poland, Russia, Spain, U.K., and the U.S.   The project is classified as the highest 
priority project in the National Research Plan of Italy(http://www.miur.it/Documenti/ricerca/pnr_2011_2013/ 
PNR_2011-2013_23_MAR_2011_web.pdf). The Canadian SuperB collaboration involves researchers from 
Victoria, UBC, Montreal, and McGill. It is currently supported by an NSERC project grant and has 
submitted a CFI grant proposal to support the construction of the SuperB drift chamber. 
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SCIENTIFIC JUSTIFICATION: SuperB will record an unprecedented number of B mesons, charm 
particles, and tau leptons. This will enable us to search for processes that are forbidden by the Standard 
Model, but predicted to exist in theories beyond the Standard Model. This data sample also permits us to 
make measurements with unprecedented precision. By comparing these results with predictions of the 
Standard Model and theories beyond the Standard Model, we are able to search for new physics.  


In addition to the extensive physics program enabled by the high luminosity at the SuperB centre-of-
mass energies, the polarisation of the electron beam enables SuperB to measure the weak neutral current 
vector coupling, gV, constants of the b-quark, c-quark and muon at significantly higher precision than any 
previous experiment. The precision of the measurements of the vector coupling to the tau and electron will 
be comparable to that attained at SLC and LEP. Within the framework of the Standard Model these 
measurements of gV can be used to determine the weak mixing angle, θW, through the relation: gV(f) = T3(f) - 
2Q(f) sin2θW, where T3(f) is the 3rd component of weak isospin of fermion f, Q(f) is its electric charge in 
units of electron charge. For each identified final-state fermion-pair in the process e+e-→ f fbar,  SuperB 
determines gV(f) by measuring the left-right asymmetry, ALR(f) = (σL - σL)/(σL + σL)  =  (s GF) / (√2 π α Q(f)) 
⋅gA(e)⋅gV(f)⋅<Pol>, where gA(e) = T3(e)=-0.5 is the neutral current axial coupling of the electron, GF is the 
Fermi coupling constant, s is the square of the centre-of-mass energy, α is the fine structure constant, and 
<Pol>=0.5{(NeR-NeL)/(NeR+NeL) RH-beam- (NeR-NeL)/(NeR+NeL) LH-beam}, is the average beam polarisation. 
 These asymmetries arise from γ-Z interference and although the Standard Model asymmetries are small 
(~3×10-4 for the leptons, (~3×10-3) for charm and ~1.3% for the b-quarks), the unprecedented precision is 
possible because of the high luminosity of SuperB together with a 70% beam polarisation measured to 
±0.5%. To achieve the required precision all detector-related systematic errors are made to cancel by flipping 
the polarisation from R to L in a random, but known, pattern through a run. <Pol> is to be measured with 
both a Compton polarimeter, which has an uncertainty at the interaction point of <1% and by measuring the 
forward-backward polarisation asymmetry of the tau-pairs using the kinemetic distributions of the decay 
products of the tau. The latter can be used to determine a time-integrated <Pol> to 0.5% in a manner entirely 
independent of the Compton polarimeter, which will provide bunch-by-bunch polarization measurements. 
 SuperB will measure sin2θW at a centre-of-mass energy of 10.58GeV which will be of higher precision 
than those made by the QWEAK experiment and the proposed Möller scattering experiment at Jefferson 
Lab. In addition, the measurements will be carried out with five fundamental fermions: electron, muon, tau, 
c-quark and b-quark and at an energy intermediate between those experiments and the Z-pole.  The 
universality of the neutral current vector couplings will thus be probed with unprecedented precision. 
 The 3σ discrepancy (Physics Reports V427, No.5-6) between the LEP measurements of the right-
handed b-quark couplings to the Z and the Standard Model will be experimentally probed with higher 
precision at SuperB. Also, measurements with the projected precision will enable SuperB to probe parity 
violation induced by the exchange of new bosons. Candidates for such particles could be at TeV-scale or at 
lower energies with small couplings. The measurements will be sensitive to windows on new physics for 
which the LHC is not sensitive. Moreover, measurements at SuperB will have a unique possibility to probe 
parity violation in the lepton sector mediated by light and very weakly coupled particles often referred to as 
‘dark forces’. Recently, such forces have been considered as a possible connecting link between SuperB and 
dark matter. The enhancement of parity violation in the muon sector has been an automatic consequence of 
some models that aim at explaining the unexpected result for the recent Lamb shift measurement in muonic 
hydrogen. The left-right asymmetry of the e+e-→ µ+µ- in such models is expected to be enhanced at low-to-
intermediate energies, and the SuperB facility may provide a conclusive test of such models, as well as 
impose new constraints on parity-violating dark sector. 
 The polarised electron beam opens other physics opportunities as it will enable SuperB to search for 
CP violation in the tau sector, measure the tau electric dipole moment and the g-2 of the tau with precision 
by allowing measurements of the polarization of a single tau, rather than measurements of correlations 
between two tau leptons produced in the same event. The polarization also will significantly improve the 
sensitivity of searches for lepton flavour violation in tau decays at SuperB, given a specific LFV interaction, 
and better determine the features of the LFV interaction, once they are found. 







 


 
 
RELATIONSHIP TO BROADER CANADIAN RESEARCH COMMUNITY: 
 
The accelerator-based program of IPP consists of the frontier-energy physics studying proton-proton 
collisions with ATLAS at the LHC, neutrinos physics with T2K and precision physics using electron-
positron collisions using BaBar.    In this decade, both T2K and BaBar are undergoing a transformation to 
the next-generation experiments while ATLAS will study p-p collisions at even higher energies.  These three 
projects, ATLAS, T2K and SuperB are high priority accelerator-based projects of the Canadian Long Range 
Plan for subatomic physics and by the end of this decade will provide complementary windows on new 
physics.  
 
A TRIUMF Research Scientist making these contributions to the SuperB project will have an extremely high 
impact and visibility on the overall project and will enhance TRIUMF’s international reputation as it enters 
into a collaboration with the world’s first high energy physics laboratory to be built in a generation. 
 
BROADER IMPACTS: 
The challenge of building and commissioning an advanced instrument and the excitement of 
addressing today's big scientific questions will attract the best students and postdoctoral fellows. The 
training of these highly qualified personnel (HQP), as well as technicians and engineers, in designing, 
building, commissioning and using SuperB  will benefit the Canadian economy. These individuals will 
take their acquired skill and knowledge from the associated technologies as well as their overall 
problem‐solving skills into Canadian industry. Students and postdocs working within large high 
energy physics collaborations develop skills needed to work effectively in an international team. Such 
skills include a high level of effective communication, as they are called on regularly to present their 
work to the rest of the members of the collaboration. Based on our record of training HQP on previous 
experiments with large international collaborations we expect to provide research training to 
approximately three dozen Canadian graduate students and 18 postdoctoral fellows with 
SuperB. SuperB will also be used in the training of three dozen undergraduate students, either through 
final‐year projects within the programs of the four universities or as co‐op and summer studentships 
for people from universities across Canada. HQP previously trained by this team have careers broadly 
distributed through the Canadian economy: medical physics, software and data‐mining, the financial 
sector, innovation commercialization, and various other technology related industries, as well as in 
research institutes and academia. 
 
The construction phase of SuperB will engage local industry in a project requiring innovative technical 
solutions. The team will involve Canadian industry in the costing of the hardware project and it's 
expected that much of the funding will be directly fed back into the Canadian economy. But a greater 
medium term economic impact comes from the transfer to industry via HQP of the technical expertise 
acquired in the development of the front‐end electronics, robotics, and gas and high voltage systems. 
Technical innovations arising from this work can be commercialized via AAPS Inc. 
 







 


 
MAJOR MILESTONES: 


Description Date 


Start of SuperB civil construction 2013 


Beneficial occupancy of detector hall 2016 


First collisions  2018  


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF       
  EXTERNAL       
  TOTAL      To be 


determined 
TRIUMF NON-CASH RESOURCES 


                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


Research Scientist 1 FTE 1 FTE 1 FTE 1FTE 1 FTE  
other      To be 


determined 
TRIUMF RESOURCES:   
If the Compton polarimeter is selected, the project will require resources from the Science Division’s 
Detector Facilities. 
If the polarised electron gun or spin rotators are selected, the project will require resources from the 
Accelerator Division.  
The profile of the project resource requirements are still to be determined. 
EXTERNAL FUNDING INFORMATION:  
CFI application for hardware, commissioning manpower and operational costs for contributions to the 
polarisation system and polarimeter. 
The SuperB NSERC project grant will be expanded to support this effort.   
 
 
 
ONGOING OPERATIONAL REQUIREMENTS:  
CFI IOF funds for operational manpower and maintenance.   
 Travel to the Cabibbo Lab for operational support and maintenance will be requested in the NSERC project 
grant 
 
DECOMMISSIONING REQUIREMENT: 
Canadian funded equipment will remain the property of the institution providing the equipment. 
Conventional practice has been to have decommissioning costs borne by the host lab (Cabibbo Lab in this 
case) if the equipment is not recovered by the owner. This will have to be incorporated into the MOU. 
 
 
 


Accepted:     Date:  
       












 


 
 
 
 


	
PROJECT/COMMITMENT	TITLE:  Francium (electron) EDM  


 PROPONENT: H. Gould, LBL  TRIUMF	CONTACT:  J. Behr, M. Pearson   


PRINCIPAL	COLLABORATORS:	 B. Feinberg, C. Munger	
 
PROJECT	DESCRIPTION:	 
Electron EDM measured with laser-cooled francium atoms optically prepared,  
tossed up and down in an atomic fountain about 1 meter high, and probed.  
The LBL group has published a proof-in-principle experiment in Cs  [Amini et al. PRA 75 063416 
2007]. The francium atom has enhanced sensitivity to an electron EDM compared to Cs by 7.7x, while in 
this particular experimental method the very large hyperfine interactions in certain 209,211,213Fr  [Dzuba 
PRA 82 062513 (2010) Table I]  suppress key systematics by an additional factor of 25. This motivated their 
LOI. 
 
SCIENTIFIC	JUSTIFICATION:	
Justification and Impact of ThC Target on S-1324: Electron EDM Experiment using Francium 
 
An electron electric dipole moment (EDM) experiment using a fountain of laser-cooled francium-
211 atoms has been proposed in S1324-LOI and endorsed with high priority by the Experimental 
Evaluation Committee. The goal of this experiment is to discover or rule out an electron EDM as 
small as 1.3x10^-50 C-m - a factor of 100 below the present limit. Discovering an electron EDM 
proves that there is a new source of CP violation, proves that there is new TeV-scale physics, and 
provides compelling motivation to construct a new large collider. And if particles heavier than the 
Higgs are discovered at the Large Hadron Collider, EDM experiments will be needed to inform us 
of their behavior under CP symmetry. 
 
Observing no EDM after lowering the upper limit by two orders of magnitude will impose more 
stringent constraints on Standard Model extensions such as Supersymmetry (SUSY). It is already 
becoming difficult to have SUSY and not have EDMs, especially when constraints from the electron 
EDM limit are combined with constraints from the neutron EDM and diamagnetic atom EDM 
limits. Present electron EDM limits are about a factor of 100 below some SUSY calculations (see 
Illustration 1) that use super-partner masses of 100 GeV and CP-violating phases of unity and are 
not in complete agreement with models that use super-partner masses of one-TeV. 
 
A proton beam intensity of 10 uA on a uranium carbide (UC) target of present thickness is expected 
to result in 5x10^8 211Fr ions/s. However based upon the difference in 211Fr yield at ISOLDE 
between a UC and a Thorium Carbide (ThC) target, an increase to over 2x10^9.   211Fr ions/s 
should be possible at TRIUMF by substituting, for the present UC target, a ThC target  of the same 
thickness. 
 
The increase in beam intensity directly translates into an improved limit for the electron EDM. 
Illustraion 2 shows how the EDM limit could be lowered by a factor of 2. Alternatively, the original 
result could be achieved using 1/4 of the counting time.  


Date: 
September 15, 2012 


Proposal for TRIUMF Commitment 
(5YP 2015-2020)







 


 
 


 
 
RELATIONSHIP	TO	BROADER	CANADIAN	RESEARCH	COMMUNITY:	
Electron EDM is complementary to nucleon and to nuclear EDM's.   
TRIUMF's UCN project shared a workshop on mu-metal shielding with this group in August 2012, and the 
LBL progress is very instructive. 
There is synergy in laser trapping and cooling techniques with TRINAT and with FrPNC, and in atomic spin 
manipulation techniques with TRINAT. Some laser resources can be shared with TRINAT.  
 
 
BROADER	IMPACTS:		
HQP.  (Source of baryon asymmetry is pretty broad, but that's not what you want.) 
 
 
 
 
 
 
 
 
 
 
 
 


Illustration 1: Supersymmetry prediction (with 
$\mathcal{CP}$-violating phases of order one 
and superpartner masses of 100 GeV) and 
Standard Model prediction  for the electron 
EDM, compared with successive best 
experimental upper bounds (black circles) and 
with a factor of one hundred reduction in the 
experimental limit (horizontal black line) from 
the proposed experiment. 


Illustration 2: Improvement in the electron EDM 
upper limit based upon counting for 300 hours at 
TRIUMF using a beam produced from a UC target 
and a ThC target. The results are shown as a function 
of efficiency in capturing the atoms into the atom trap 
that forms the fountain 







 


 
MAJOR MILESTONES: 


Description Date 


Null tests with rubidium atoms in LBL 2012 - 2015 


LEBT UHV beamline at TRIUMF and experiment infrastructure 2015 


ThC target development at TRIUMF  2015 


Experiment at TRIUMF commences  2016 


  


  


  
 


RESOURCE REQUIRMENTS: 
CASH FLOW REQUIREMENTS 


                \YEAR 
SOURCE  \ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


  TRIUMF       
  EXTERNAL To be 


determined 
     


  TOTAL       
TRIUMF NON-CASH RESOURCES 


                   \YEAR 
RESOURCE\ 


ONE  TWO  THREE FOUR  FIVE  TOTAL 


LEBT 
BEAMLINE 


$150K      


Electrical  $25K      
Plumbing  $5K      
Thorium Carbide 
target, 4x yield 


unknown      


       
       
       
       
       
       
       
       


 


EXTERNAL FUNDING INFORMATION:  
To be determined. 
 
 
ONGOING OPERATIONAL REQUIREMENTS:  
it's  a new project 
 
 
DECOMMISSIONING REQUIREMENT: 
Essentially none. There would be 5 microCuries of 207Bi (beta-gamma, no alpha) from 211Fr, or 500 Bq of 
102-year 209Po from 209Fr decay, per 10 days of running.   
 


Accepted:     Date:  
       









