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Irradiation sample

m Aluminum stabilizer sample from the
superconductor by wire electrical
discharge machining in KEK

Keep defects by cold-work
B Size: Immx1mmx70mm
m Voltage taps with 45mm spacing

m 4 wire resistance measurement by
nano-voltmeter

m CERNOX CX-1050-SD close to
sample temperature (also irradiated)

Wire EDM

Irradiation sample
* 5N aluminum + Cu, Mg
with 10 % cold work
* RRR=450
*1.35mQ @RT, 3uQ2 @10K




Ly
\

- -

Rt LR S P & e

1=
E

~ reactor

— —



S M. Yoshida et al, ICMC2011

7 17 20
 MTemperature | T =r
! 15
I e e
c

3
g 4 =
S Measured Resista 10§
Z 3 yvigasure €S1S B.EIICE é
K 5

Dot >
Immximmx45mm(Vsens) 1 : :
ol i,
0 500 1000 1500 2000 2500 3000

m He gas temperature near sample 12K"ased Time min)

m Resistance changes linearly from low dose (No
thershold)
3.1uQ2 =2 5.7uQ
induced p; = 0.056 nQ2.m for 2.3x102° n/m? (>0.1MeV)
As expected (cf. [1]), more due to epithermal neutron?

m In COMET, expected p; < 0.2 nQ.m for 6x102° n/m?

Temperature drift 12K->15K due to CERNOX sensor degradation?



Al-Y, OFHC

m Neutron fluence

2.6x102% n/m2in
1MWx52hrs

m Al-Y1
4.0uQQ>7.3uQ
pl = 0.07 Om

m Al-Y2
3.6uQ2>6.6uQ
pl = 0.07 Om

m OFHC

2.6uQ>3.7uQ
pl =0.03 Om
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OFHC, 5N Al
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Annealing at Room Temperature
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CERNOX degradation?
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3r:m//"40.\2mm
CERNOX sensor S

Cu sle‘gve

m Lakeshore CERNOX
SENsor Wires I+,V+ in

Sputtered zirconium Kapton tube
oxy-nitride thin films s

SS. Courts and P.R. Swinehart, Advances in Cryogenic Engineering, Vol. 45 il T ox-10%0 | [ oxao7d cx-1080 |

m Tested at 101° n/m? for
LHC
a Drift ~ 2mK@1.8K ’
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ft of CERNOX sensor readout

Dr

2011Sep

2011Nov

00:0 0€/6/TT0¢

00:8T 6¢/6/110¢

00:¢T 6¢/6/1T0¢

00:9 62/6/T10¢

00:0 62/6/TT0¢

00-8T 82/6/1T0¢

1 00:¢T 82/6/110¢

1 00:9 82¢/6/110¢

1 00:0 82¢/6/110¢

00:8T L2/6/TT0C

00:¢T Lz/6/TT0C

00:9 L2/6/TT0¢

o o o o
S <] s} s} o o o
© < o S © < =
- - - - [ee] © <
. . . .
I I I
I I I
I I I
I I I
I I I
| | |
| I I
I I I
\\\\\\\\\ I | I
I
i
\\\\\\\\\\\\ I N
|
I
{
|
I
I
I
I
I
I
I
I
I
I
I
I
I
7.
\\\\\\\\ f--= ° 1 T
I I I
I I I
I I I
I I I
I I I
I I I
I I I
— I I I
lva Bl + +
hmn X I I I I
O o X | | I I
= L = | | | |
X 3 X I I I |
O <« O I I | |
I I I I
o I I I I
I I I I
n n 1 n n 1 n n 1 n n 1 n
™ ) o o o ™ ™
=] =] =3 =3 =3 =] =3
T + T T T s +
[iN) L [iN) [iN) [iN) w L
<] o =] =] o <] <]
~ © 0 < « N =
i i - - i - i

00:0 8T/TT/TT0C

1 00:¢T LI/1T/110C

00:0 LT/TT/TT0C

00:¢T 9T/TT/TT0C

1 00:0 9T/TT/TT0C

00:¢T ST/TT/TT0C

00:0 ST/TT/TTOC

00:¢T ¥T/TT/TT0C

CERNOX drift 1.6kQ=>1.4kQ for 2.6x102° n/m?

Irradiation effect? Self heating?
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Summary

m Stabilizer materials were tested by KUR
neutrons

Al-CuMg, Al-Y, OFHC
Recovery of Al-CuMg has been observed
Cycle irradiation effect on Cu will be investigated
m Induced resistance is slightly larger than
expected
epithermal neutron irradiation? < Dr. Iwamoto
gamma ray?
m CERNOX seems to degrade at 102° n/m2 in
temperature range of 10K-20K
Need to check recovery by thermal cycle to RT
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Radiation on CS
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Neutral EAN/E (1 /cr®/1ppp) in HADR Int. Class for NRE= 2 vs log,(E/GeV)

m  Maximum heat deposit
o 10 mW/kg

m  Maximum dose
1 0.07 MGy/10%%p

10 10 ° 10°° 107 u Neutron flux
Neutron flux (n/cm2/proton) 7 1x102 n/m2/102p

-1 fast neutrons 6x102° n/m2/10%'p

Neutrons penetrates thick 45cm tungsten shield
surrounding the target

Neutron fluence for experimental life-time (~1021 p)

(>0.1MeV)

approaches a level of ITER magnets (ITER requirement: 1022 n/m?)
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Problematic components

m Stabilizer
Aluminum alloy
Copper
m  Thermal conductor
Pure aluminum
Copper
Aluminum alloy
m  Thermo sensor
No experience at 102! n/m?
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Figure 3 Error on temperature measurement on some

sensors during irmadiation (Thath=1.8 K)
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Fast-neutron irradiation induces
defects in metal.

Defects could be accumulated at
Low temperature,

and causes degradation of
electrical/thermal conductivity

Problems in
Quench protection, Stability
Cooling



Neutron Flux at

KUR-LTL
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NI activation measurement

m Ni foll (10 mg) was irradiated near aluminum
sample in LTL sample chamber in Nov. 2010

1 MW x 45 hours

m After 131 day cooling down, gamma ray from
Co058 was measured

o reaction rate during neutron
1expoic,ure was calculated to be 1.55E-14 atm-
sec

m Neutron spectrum in LTL sample chamber with
old reactor core setup was measured in 1987 [1]

[1] “Measurement of Neutron Spectrum at Irradiation Facilities of Kyoto
University Reactor, KUR,” K. Kobayashi et al., KURRI Technical Report
287 (1987)



Ni58(n,p)Co58 cross section
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» Average down to 0.1 MeV, although the reaction Ni58(n,p)Co58 is
sensitive to energy range above a few MeV ...
0.108 barns (>0.1MeV)



Neutron fluence

m Fast neutron fluence > 1 MeV
45 [hours] x 1.55E-14 [atm1sec] / 0.194 [barns]
= 45[hours]x7.990x1014[n/m?/s]
=1.3x102° [n/m?]

m Fast neutron fluence > 0.1 MeV
45 [hours] x 1.55E-14 [atm-tsec] / 0.108 [barns]
= 45[hours]x1.435x101°[n/m?/s]
= 2.3x10%° [n/m?]

*assuming reactor neutron spectrum measured in [1]



