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 “Beam losses” of LHC upgrade with Nb3Sn/magnets

— 50 to 80 mW/cm? or 2 to 3 W/m (cable) — AT~ /K’with polyimide

insulation /

/

— Dry insulation for Nb;Sn Magnets ! ,/
/

- Development of “innovative” ceramic insulation

— Thermal treatment (insulation+Nb,Sn, e,aS|er and less costly
construction) /

— Fiberglass + ceramic precursor (CEA patent)

— Higher heat transfer rate, larger H/e volume in the insulation (Cp) and
heat exchange surface increase, (matrix participation)

Courtesy of F. Rondeaux (CEA)
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@ The Stack Experiment : A Common tool

0 Characterization of the thermal performance of the insulation
o Central cable instrumented with bare ship sensor
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0 Samples tested in He Il saturated and pressurized
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The changes of temperature in conductor IIT
for different heat load and frequencies (SHe) (3.75 bar)

1 6 977410 Wim
|

......... 78.31.*1_0._V\I/m.ﬁ._._._._._._.._._._._._.i._._._._._ a
R K L 7 /2SS N W S teter o

o
N
I
I
{
I
|

. A, -~
- I .}' A R (S -
B The temperature rise ///Z/ /f;’;lf/ "N t=50 sec
nh'l- ’
é =10 sec
I( steady heatload =z —

o
- ~—
=

heat load

~
~~~~~
----------

I
I
I
I Maximum u nit
I
l
|
I
I

Temperature difference (K)

- 1943 *10°Wim
001 E expected value of beam & 3912 *IO'ZYWI" |
B lossin J-PARC & 587.7 *10"W/m
i m- 783.7 *10°Wim
- . P 10W/point beam loss | 59774107 Win
0001 ' b L ! (20kJ/m3/puIse) I Lol 1 [ N
0.01 0.1 1 10 100 1000

Localized heat load (kJ/m’/pulse)

It is confirm that temp. diff. by the pulse heat loads asymptotic to steady heat load.
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Q) REBITE DERBIRS

0 Construction of a thermal conductivity measurements rig at KEK
0 The material will be measured from 1.8 Kto 77 K

0 Porous insulation constructed at SACM/Irfu
0 Cyanate Ester resin being developed for the Nb,Al coil impregnation in KEK

0 Both materials have good radiation resistance

Porous insulation Sample
(Made by F. Rondeaux (CEA))

(Nobuhire, (HAURA ZHEFR EH RS E 22-- 00/July/2010)



Q AR T—V

“LHCOILZ /T4 7P vTTL— kDD SHBBInEWA R

BLEIROBINEHKCET DERMFR (Fa18F~RE. FJPPL)

“He 1P DIRZHIEIRR DRIAR N FHILZEIE DI
(FRT4F~IRTE. FRKFEKRFE )

1. BEAE (EELIC)) . FRV4FE~FERI16FE
'FEHEREAIKSS DS ICHWNDEBIREIND D A0 BRIREDERER &
CEVMEEMNR DA
2. BfE (BE#&(B)) . F18FE~F20FE
"AEDEBEDERENY DA TERSNDRULMEMEEMNRDERA &
Z DI
2’ Z0HAR]. FR21FE (ERERARE CTEZMEFEL)
3. BfE (BEL(B)) . FR22FE~FK24FE
'UNEHTEHSHNCSNDERENY D LADFERRFBEDEEE
EEVEERN R DEREA

(Nobuhiro KIMURA EHEREZEMERES- 06/July/2010) 1 3



oJfR{t:EZAVVEHe | DF#ERMmZED

® Strongly subcooled (stable)

B \Weakly subcooled (corrugated tube)
1 Weakly subcooled (unstable pattern)
® Noisy (generation and collapse)
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: R&D of Low vibration cooling system

* We are jointed g-2/EDM solenoid group, and co-operated
R&D to develop low vibration cooling system.
« A few money are founded from Cryogenics Science Center

for R&D.

In one year:
* build prototype of cooling system

« study how to reduce vibration in
thermo siphon cooling system

* Yamaoka-san join R&D group,

and will design a suspension
flame for cold head for R&D.
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Stack Experiment using Saclay stack model under SHe
(An experiment result on Helium thermodynamics effect)

The heat load on superconducting magnet induced
by beam loss is a major subject to be solved
for stable operation such as J-PARC neutrino beam line.

Acceptable beam loss in view of shielding and maintenance
has to be investigated

Calculate heat load for a 10 W/point beam loss
in the cable by MARS CODE

v

Measurements of temperature rise of
the cable with a mock up model under various
pressures of SHe and saturated Helium.
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(E) The Stack Experiment : A Common tool

0 Characterization of the thermal performance of the insulation
o “real cable” geometry (CuNi cable)
o Real electrical insulation
o Mechanical constraints (compression)
o Heat transfer configuration (Joule heating)

(Nobuhiro KIMURA EHEREZEMERES- 06/July/2010)
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When heat load in coil was induced to 20 kJ/m3/pulse,
Instantaneous temp. rise in the cable = 0.22 K

v

These results were consistent with previous experiment™

0.5

Temperature rise (K)
o o o
N W B
T

o
a

20 kJ/m3/pulse for a 50GeV-10W loss
Instantaneous temp. rise = 0.25 K

*Ref.: Y. Iwamoto, N. Kimura, et al:;
"Quench Stability against Beam-loss in
Superconducting Magnets at the 50
Gev Proton Beam Line for the J-PARC
Neutrino Experiment”,

s 10 15 20 25 30 35 40 TEEFE Trans. on APP/ Supercond. 14

Localized heat load (kJ/ms/puIse)

Temp. rise is proportional
to heat load.
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@&))  The Stack Experiment : A Common tool

0 Characterization of the thermal performance of the magnet insulation

o “real cable” geometry (CuNi cable) e
Cull| sirand wires

o Real electrical insulation

o Mechanical constraints (compression)

o Heat transfer configuration (Joule heating)
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