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TIGRESS Integrated Plunger (TIP)

TIP delivers a new experimental program at TRIUMF using accelerated radioactive

and stable beams from ISAC-II and variety of reaction mechanisms for

electromagnetic transition studies of nuclei far from stability.

TIP offers unmatched flexibility for nuclear structure studies via Recoil Distance

Method (RDM) and Doppler Shift Attenuation Method (DSAM) lifetime

measurements or Coulomb excitation (Coulex) studies with the ability to couple to a

variety of experimental devices such as TIGRESS, EMMA, and DESCANT.

For DSAM and Coulex experiments with TIP, an alternate target system and a suite

of charged particle detectors have been developed, including a silicon S3 detector

and a silicon PIN diode or CsI forward wall. A brief discussion of the present TIP

experimental program using these devices follows.
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The Nuclear Physics Landscape

NSCL ISF Whitepaper



Philip J. Voss

ISAC Science Forum

Transition Rates as a Probe of Nuclear Structure

NSCL ISF Whitepaper

Changes in nuclear structure

for medium-mass N=Z exotic

nuclei can be probed by a

measurement of the reduced

quadrupole transition strength,

B(E2), of the 2+→0+ transition.

The Sn isotopic chain presents

an ideal testing ground for

studies of the evolution of

collectivity as a function of

isospin.
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Reduced Collectivity in Light Stable Sn Isotopes

A. Jungclaus et al., Phys. Lett. B, 685 110-114 (2011).

New reported B(E2) values in stable even-even tin isotopes (red) present

a clear discrepancy with previous measurements and significant revisions

to data normalized by these results (black squares).
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TIP will be used to address the experimental discrepancies in 112-118Sn using sub-

barrier Coulex for an excitation probability measurement and DSAM lifetime study.

These complimentary experimental approaches require charged particle detection.

� For proper kinematic reconstruction and event-by-event Doppler

correction to obtain the Coulex cross section and thus the B(E2) value.

� To separate contaminant Coulomb excitation within the heavy DSAM

stopping material via light target recoil detection in coincidence with

gamma rays.

As a first step, a dedicated DSAM lifetime measurement of the 2+→0+ transition in
36Ar following Coulomb excitation was performed in conjunction with the TIP

integration in-beam test.

Reduced Collectivity in Light Stable Sn Isotopes
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Doppler Shift Attenuation Method
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Adapted from Kris Starosta
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The TIGRESS Integrated Plunger
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Recent Milestones

Late September: The completed TIP vessel is delivered to TRIUMF for vacuum

leak checking and integration tests with the TIGRESS beam line.

October - early November: The interior components- such as the target wheel

setup, collimator, and detector mounts- are installed and TIP is mounted and

aligned to the TIGRESS beam line.

September-early November: A silicon PIN diode forward wall consisting of 44

close-packed elements is fully assembled, installed, and tested.

Mid November: All elements are successfully tested in-beam with a particle-

gamma coincidence DSAM measurement of 36Ar.
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TIP Vacuum Integrity Tests

Achieved vacuum below 2x10-6 Torr without

the assistance of upstream turbo pumps.
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TIP Assembly and Alignment

Better than 1mm alignment

between the beam axis and

beam-intercepting components

was achieved with eight

upstream adjustment screws

Internal components such as

the target wheel assembly,

detector support structures,

cables, and feedthroughs were

assembled and aligned by

Robert Henderson.
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TIP Silicon PIN Diode Array

The silicon PIN diode array, consisting

of 44 individual silicon PIN diode

packages assembled and tested at SFU,

was cabled and installed at TRIUMF.
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36Ar DSAM Lifetime Measurement

The November 2011 portion of Exp. S1232 was scheduled as the first in-beam

test of TIP. As a first step towards the 112-118Sn transition rate campaign, this

proof-of-integration test was run in conjunction with a dedicated DSAM

lifetime measurement of the 2+→0+ transition in 36Ar.

From a previous 35Cl(p,γ) lifetime measurement [1] and two intermediate

energy Coulex experiments [2,3], the expected lifetime of the first E2

transition in 36Ar is roughly 450(50) fs.

A stable 36Ar beam from OLIS was delivered to a carbon/gold DSAM at 63

MeV and > 1010 pps. Particle-gamma coincidences were measured with

TIGRESS and the TIP silicon PIN diode array.

[1] J.P. Thibaud et al., C.R.Acad.Sci., Ser.B, 270 115 (1970).

[2] P.D. Cottle et al., PRC 60 031301(R) (1999).

[3] B.V. Pritychenko et al., Phys. Lett. B 461 322 (1999).
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Experiment S1232 Preliminary Spectra

135°

45°

1970 keV transition from the first

2+ excited state to the 0+ ground

state in 36Ar. Note the narrow

transitions around 1450 keV

corresponding to decays at rest.
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Experiment S1232 Preliminary Spectra

Raw silicon PIN diode signals

corresponding to 12C target

recoils from the Coulomb

excitation of 36Ar.
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Coulex with Custom Silicon Annular Detector

Discrepancies in B(E2) measurements of

stable 112-118Sn will be addressed via

Coulomb excitation and DSAM lifetime

measurements using the TIP S3 detector.
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CsI(Tl) for Charged-Particle Tagging

40Ca(36Ar, 2α)68Se

Target and degrader mounts designed to

minimize absorption of charged particles.
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Summary

The integration of TIP with existing vacuum, beam optics, and electronics

systems has been successfully demonstrated in beam.

Simultaneously, lineshape data of the first E2 transition in 36Ar has been

collected in coincidence with light target recoil detection on the silicon PIN

diode array.

This proof-of-integration measurement paves the way for TIP DSAM and

Coulex B(E2) measurements of light stable tin isotopes with a custom silicon

S3 detector.

Present work is focused on testing various CsI detector configurations as part

of Exp. S1232 excitation function measurement 40Ca(36Ar,2α)68Se.
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TIP Facility’s First In-Beam Test

The preliminary goal of the November 2011 Exp. 1232 was to demonstrate the successful

coupling of the TIP facility to TIGRESS and the SEBT3A beam line optics system. With the

addition of the silicon PIN diode array, the first dedicated electromagnetic transition rate

measurement with an 36Ar beam was performed.


