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Preparations began in April 2010:

» upgrades of target hall filtration system and various safety systems
* CNSC licence amendment

» Target fabrication and characterization

 UCx target run at 2 pA

MAJOR MILESTONES: UCx target (10 uA / 5000 uAh)

Description Date

Determine upgrades required for 10 uA Operation Safety/RPG, Mech. Services, 15/05/2011
Targets/lon Sources

Completion of Safety Analysis Report (SAR) for 10uA Safety/RPG 19/08/2011

Operation

Completion of Safety Committee Review of SAR Safety/RPG 29/08/2011

Submission of SAR to CNSC in support of licensing Safety/RPG 02/09/2011

amendment for 10 uA Operation and request for first LOuA run

in Dec 2011

Complete response to CNSC on SAR for 10 uA operation Safety/RPG 01/10/2011

Target material production complete Targets/lon Sources 01/10/2011

Complete upgrades including target hall filter system Safety/RPG, Mech. Services, 15/10/2011
Controls, Targets/lon Sources

Preparations for Radiation safety monitoring complete RPG, Vacuum, Controls 15/10/2011

(vacuum bypasses, gas sampling)

Completion of target assembly, testing and conditioning Targets/lon Sources 01/11/2011

Target ready for hot cell Targets/lon Sources 08/11/2011

License amendment for 10uA operation approved Safety/RPG 15/11/2011

Begin UCx run at 10 pA Targets/lon Sources, Operations, | 01/12/2011
Science Div.

North Hot Cell completion Targets/lon Sources 01/04/2012
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D TRIUMF Carbothermal reduction

1500 — - 50x10™
max. Temperature 1740(50) °C — 40
— 30
: UO, +4C — UC, + 2COy,
g
500 —
_V — 20
_ UO2 carbonization reaction
start date: 2010/05/27 13:52
. end date 2010/06/18 13:52 10
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RTRIUMF UCx Target Discs

o UCx slurry is poured on graphite foil

» Stacks of stamped-out target disks are
loaded into the tantalum target container
and sintered in-situ

UCx cast #1 on
on graphite foil (0.130mm thickness)

* raw UCx oxidizes on air and
decomposes in water

 sintered UCx: no significant oxidation
on air or decomposition in water
observed
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RTRIUMF UC,: Charcterizaion

o e target material
properties:
290 « density,
. thickness, grain
e size, porosity
E o e thermal
ol conductivity
- e | e Impurities,
ool o | e o carbon content
o IR

CU RATIO
High Temp. Sci. 1 (1969) 342
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"“’ v UCx after carbonization
o procedure

Sintered UCx
on target disc)
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X TRIUMF
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UCX-IS air vs UO2
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hAJFile: UCx air.raw - Start: 5.000 ° - End: 70.000 ° - Step: 0.040 ° - Step time: 3.2 s - Anode: Cu - WL1: 15406 - WIL2: 1.54439 - kA2 Ratio: 0.5 - Generator kV: 40 KV - Generator mA: 40 mA

.\ File: UO2-C air.raw - Start: 5.000 ° - End: 70.000 ° - Step: 0.040 ° - Step time: 2.4 s - Anode: Cu - WL1: 1.5406 - WL2: 1.54439 - kA2 Ratio: 0.5 - Generator KV: 40 KV - Generator mA: 40 mA
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[#]01-075-2078 (C) - Graphite - C - WL: 1.5406 - Rhombo.R.axes - 2 3.63500 - b 3.63500 - ¢ 3.63500 - alpha 39.490 - beta 39.490 - gamma 39.490 - Primitive - R-3m (166) - 2 - 17.4850 - Ilc PDF 2.3 - F10
[©]00-025-0992 () - Tungsten Uranium Carbide - WUC2 - WL: 1.5406 - Orthorhormbic -  5.62850 - b 3.25070 - ¢ 10.96000 - alpha 90.000 - beta 90.000 - gamma 90.000 - Primitive - Phma (62) - ;1 - r053



Ge

U solution (190g/) | L-edge densitometry for

N

uranium was developed at the
Institute for Trans-Uranium

—

}// -

Elements (ITU, Karlsruhe) as

Counts
=
Q,

d\/ Zr metal foil

support to international nuclear
safeguards authorities (IAEA,

Euratom).

10

15 20 25 30

Energy (keV)

ZrC target foil thickness measurements:

March 2012;

Application to UCx target foils at TRIUMF

mg/cm? | Uncertainty (10)
Z2rC-1 71.898 0.45 %
ZrC-2 62.568 0.28 %
Z2rC-3 52.942 0.21 %
ZrC-4 66.32 0.44 %
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R TRIUMF ISAC Yield Station

* tape station

* y-spectroscopy (HPGe)

* 3-decay (4 plastic scintillators)
* a-spectroscopy (PIN diodes)

* event-by-event data acquistion
« fully remote controlled

05/03/2012 9



[ MIDAS / ROOT (C++, Linux)

/.
Backend: Data Analysis / Storage

t dat initialization, start, stop )
srenmaa ' l MIDAS (C++, Linux)

Frontend: VME — Data Acquisition / Control

Peak-sensing ADC M CS DI O i
Motion Control
(Caen V1780) (S1S3820) (PPG32)
HPGe Scintillator Beam TEGIs St
a-Detectors 1-2 1-4 On/Off Feedtroughs

Beam Current, Target Heater Current,

EPICS Mass, etc.
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R TRIUMF

NEREIEI IS

——S-T
1.E+09 —A— FLUKA
—<¢— MCNPX
—O— UCx #1 1.9 uUA
1.E+08 —Or-UCx#2 1.9 uA
/ —e— UCx #3 9.8 UA gamma
—— UCx #3 9.8 UA beta
1.E+07 ‘

1.E+06

© Py ~
. O
1.E+04 / —KSN
\
\
\
1.E+02
1.E+01 \

L 4

Yield (/s)

1.E+00

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38

Na Mass

March 5, 2012 12



X TRIUMF
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Al Yields

Aluminium
Al IP 48278.37

Al =532 nm

A = 309.361 nm
Ay = 7.4x107

A =309.373 nm
A, = 1.2x107
A =308.305 nm
A, = 6.3x107
112.061 cmt?
0cmt
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R TRIUMF K Yields
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R TRIUMF CERAEIS
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R TRIUMF Rb Yields
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X TRIUMF

Sr Yields

March 5, 2012
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R TRIUMF Y Yields
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2 TRIUMF At Yields
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Fr Yields
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R TRIUMF Ra Yields
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R TRIUMF Ac Yields
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D TRIUMF Mg Yields
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R TRIUMF Neutron-rich Mg and descendants

a 0.46
i e on, o 0.12
<0.0005 an, p 0.002
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RTRIUMF Mg half-life

/home/pkunz/data/ITW-TM1-UCx03-SIS/Mg35_11.mid.gz (Ch 4)

Events
I

Mg : Ty, = 14(3) ms

35Al, 34Al
T1, =52(10) ms
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R TRIUMF 34Mg half-life

fhome/pkunz/data/ITW-TM1-UCx03-S1S/Mg34_10.mid.gz (Ch 4)

34Mg : Ty, =47(1) ms

| 34Al, 33AI
Ty =21(2) ms

4
+t
I I | I I I
(- ] [ I T R B £ I I N Ll |

0 0.1 0.2 0.3 0.4 0.5 0.6
Time [s]
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Events

10*

10°

10?

/home/pkunz/data/ITW-TM1-UCx03-SIS/Mg33_05.mid.gz (Ch 4)
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3Mg : Ty, = 95.5(3) ms

33Al, 32Al :
Ty, =37.4(6) ms

Ty

6 1.2
[s]
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33Mg y-lines

= Energy [keV] Net Counts rel. Intensity
g 32Al 690.46 127
= 32A| 2762.41 498
32Si 1941.69 547
32Si 3042.17 141
33Al 594.93 476.5
33Al 1046.48 433
33Al 1618.11 1959.5 1.000
33Al 1647.31 530.5 0.274
33Al 1837.45 515 0.287
33Al 2097.36 959 0.587
33Al 2365.52 430 0.286
2400 2000, 33Al 2691.98 87 0.063
nergy B 334 2893.4 169 0.130
33Al 3707.34 149.5 0.137
| ROI001 [1614.3,1620.4] keV - [1154,1158] binsx | 33Al 4729.81 709 0.775
. 33Al 4621 Esc 4109.62 68
< 33A1 4730 Esc 4218.95 332
@ 33P 415.34 1651.5
33P 1431.3 1239
33P 1642.51 121
33pP 1847.29 7659
33P 2538.05 5215
33P 2615.02 3115
Half-life < 100 ms 222.99 1259 0.187
Half-life < 100 ms 43451 145 0.031
: Half-life < 100 ms 1193.93 2495 0.103
Ve | Half-life < 100 ms 1789.93 149.5 0.082
pu E " Half-life < 100 ms 1890.7 61.5 0.035
) T T s .t Half-life < 100 ms 2634.3 63 0.045
o o1 oz o3 o4 o5 o6 o7 o8 #{P‘“‘ ‘ Half-life < 100 ms 2645.46 73 0.053
e Is!  yait-ife < 100 ms 2769.78 69 0.051
Half-life < 100 ms 2784.43 208 0.155
Half-life < 100 ms 3187.13 141 0.116
33M g: Tl /2 = 92(4) ms Half-life < 100 ms 3600.03 79 0.071
Half-life < 100 ms 4590.89 125 0.134
Half-life < 100 ms 4621.21 2355 0.253
Half-life < 100 ms 4827.82 105 0.117
Half-life < 100 ms 5340.45 98 0.117
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D TRIUMF 34|\/|g V-l IIES

Energy [keV] Net Counts rel. Intensity
33P 1846.61 169.5
34P 428.44 291
34P 1177.78 209.5
34P 1607.37 54
34S 2126.43 65
T1/2 < 60 ms 363.36 348.5 0.688
T1/2 < 60 ms 413.79 83.5 0.178
Cebal T1/2 < 60 ms 423.66 95 0.205
% W M M WM W I P T1/2 <60 ms 440.37 194.5 0.430
T1/2 < 60 ms 974.45 119.5 0.440
ROI029 [3319.7,3327.0] keV - [2306,2310] binsx | T1/2 <60 ms 1051.47 995 0.386
% i T1/2 <60 ms 1192.61 97 0.410
i ]L T1/2 < 60 ms 2812.81 24 0.184
1 ﬁ T1/2 < 60 ms 3323.95 1155 1.000
C 148.12 164.5
| 185.24 194
! o ( 238.64 156
| o \% 295.05 66
: ¢ o ( ). 351.36 136
- \ 510.14 2119
U e ff\\ 569.59 65.5
0 005 01 015 02 025 03 035 0.4 Hi:& \ 5828 835
p C) 910.22 95
T 12 = 49(7) ms , \ o 1076.11 484
) 1119.21 46
\ 1763.46 68.5
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TRIUMF Mg half-lives (Summary)

m/q Isotope  T,,[ms] Exp.  T,,[ms]Lit'.
29 Mg 1168 (2) 1300 1Karlsruher Nuklidkarte
30 0\g 327 (1) 335
OA 3340 (50) 3600 2Nucl. Phys. A734 (2004) 369
31 31Mg 280 (1) 230
31Al 666 (4) 644
32 32Mg 82.2 (4) 120, 86(5)?
3231 33, 644 (fixed) 33, 644
33 BMg 95.5 (3) 90.5
33,327 37.4 (6) 41.7, 33
34 34Mg 47 (1) 20 f%(
34,33 21 (1) 56.3, 41.7 ¢ f\?).\
35 Mg 14 (3) 70 c \\
33401 52(10) 38.6, 56.3 ﬁ\\

~{ |
‘ J
/“)\ (
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R TRIUMF Post-irradiation RIB

Yields approx. *>Ra 10%/s
2 weeks after end of run 224R 107/s

22 A¢ 107/s
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