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Objectives

For LHC luminosity upgrade, Irfu/SACM and the Cryogenic Science
Center of KEK have started a collaboration on :

o High-field superconductor and cable beyond 15 T,
o Nb3Al conductor with Ta matrix in progress

o Model coil to evaluate cable performance at 15 T,
o A sub-scale race-track coil and magnet design in progress

0 Heat transfer through electrical insulation in LHe

o Cooperative work for heat transfer through insulation in superfluid
helium and supercritical helium
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The 2nd Saclay-KEK cooperation program workshop on
superconducting magnets and cryogenics for accelerator frontier
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CERN-LHC IR Quad. Inner Triplet Being
Commissioned

G =215T/m,
Aperture =70 mm (Radius = 35 mm)
Higher Order Multipoles < 1 unit (104)

Beam Heating: 5~ 10 W/m
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IRQ Upgrade required for luminosity Upgrade

Parameters LHC start--> Upgrade

Field gradient 215T/m -->250T/m

Coail inner radius 35mm  -->50mm

Yoke outer radius 235 mm ‘
M agnetic length 6.37 m

Peak field in coil 8.63T ->~15T
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A Global Cooperation Network

France: CEA-Saclay
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Objectives

0 High-field superconductor and cable beyond 15 T,
o Nb3Al conductor with Ta matrix in progress

B. Baudouy CEA Saclay - Workshop FJPPL'08 - May 15 2008 8



4000

B N N I
1.0k i - -0 - - NbTi(4.2K) 1
_ 3500 ¢ - -¥ - - NBTi(1.9K) ]
- —&— (NbTa)3Sn(PIT) | 1
[ 3000 ) —&— Nb3Sn(RRP) .
- - 4 \ \ —O— NB3AIRHQT) | 1
I _ 2900 ¢ v " —e— Nb3AI(RHQT) [
N - e Y .
gel o IS r . C :
ge E 2000 . L \
:'L:I | i ; 3 : \\ \ K XK :
G ) J x F \ -
- S/ e #1 ME282 Vo4 S 1500 . y N ]
P s #2ME282 g i Y Ti\x R
| o (40% deformed) ¥ i " \j N .
- iy ® #3CucladME365 > 1000 ¢ i k TN E ]
v #4 Ag-internal ME378 . | N v Y \D ]
0.8F + #5 Ta matrix 500 F ° M \\ ]
i ‘,"‘I,a’ <« (Nb,Ta,Ti),Sn bronze wire ' - AN \\ ]
| ;’J » VAC Nb_Sn bronze wire i 0 - 1 1 1 n 1 1 1 1 1 ]
L J.’I 1 1 L L 1 | [ | I 1
04 -03 -02 -01 00 01 02 0 2 4 6 8 10 12 14 16 18 20 22 24 26
intrinsic strain (%)
B(T)

Supercond. Sci. Technol. 18 (2003) p. 284.

by N. Banno et al.
o Stable against mechanical strain, and potential for "React and Wind"

High Jc in high magnetic fieldat > 15 T

O

B. Baudouy CEA Saclay - Workshop FJPPL'08 - May 15 2008



Strand/Cable R&D

o Strand

o Highest Jc: 1021 A/mm?2 @ 15 T
o Develop the continuous Cu electro-plating apparatus
o Cable
o Succeed the trial fabrication
= Rutherford cable

— Small racetrack magnet (@Fermi Lab)
® Peak Field: 9.3 T@ 21.8 kA, 3.95 K

Nb,Al

=t ™
New strands & cable -> In progress Central oo -33W

dumm

KEK: All Tantalum matrix/barrier
NIMS: Tantalum barrier

Inter
fila.

Niobium matrix g 059305 e Barrier
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Objectives

o Model coil to evaluate cable performance at 15 T,
o A sub-scale race-track coil and magnet design in progress
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2D Magnetic Design

0 Cable parameters
* Strand Dia. : Imm
®* Curatio: 0.75
* non-CuJc=2873.8

Nb35Sn Coils

Nb3Al Coils

15 turns A/Mm2 @15 T
2 Iayer ®* Cable insulation(]
0.25mm

*Double pancak
* No. of Strands : 27

Nb3Al Coil
15 turns
-2 layer
-Common coil

Yoke radius
>200 mm
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Objectives

0 Heat transfer through electrical insulation in LHe

o Cooperative work for heat transfer through insulation in superfluid
helium and supercritical helium

B. Baudouy CEA Saclay - Workshop FJPPL'08 - May 15 2008 13



v . \ ,II\I,IIIII
0 "Wet" magnets with “heat exchanger” AN NN

o Large internal losses and smaller stored energy

o Single phase coolant in contact with conductor

o Cooling Source: Internal tube flow heat exchanger
1 Heat transfer between the conductor and the /" .\
cooling source determines the temperature margin %

0 Electrical insulation constitutes the largest

| 7
thermal barrier §§/

0 LHC Electrical Insulation : All-polyimid '
010 mW/cm3 or 0.4 W/m (cable)
o AT<0.3 K with permeable insulation or AT~4 K with monolithic insulation
o He II + Conduction T Lo,
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@ Heat transfer in accelerator magnets (2/2)

saclay

"Beam losses” of LHC upgrade with Nb;Sn Magnets /

I
/]
o 50 to 80 mW/cm3 or 2 to 3 W/m (cable) — AT~ K with pollefnude insulation
o Dry insulation for Nb;Sn Magnets | /

I

/ I

/ I

/ |

- Development of “innovative” ceramic msula‘rlon / |
o Thermal treatment (insulation+Nb;Sn, easier and Iess costly construction)

o Fiberglass + ceramic precursor (CEA patent) I

/
o Higher heat transfer rate, larger He volume in the msuIaTlon (Cp) and heat

exchange surface increase (matrix par’rucupg’hon) |

Ceramic Classic (Pc}Iyamrd) | Full impregnation
Pore size d~100 pym (peak) 10 to IOQ’mn I -
Porosity € 45 to 29 % ~1% -
Conductivity 4,10 . W/ Km mkl,m% 10 S WKmB 2K - K 210" Wikm
= 7 |

300 — —

L x “+
250 A s

- Ty (MK)

Courtesy of F. Rondeaux (CEA)
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o Characterization of the thermal performance of the magnet insulation
o “real cable" geometry (CuNi cable) electrical insulation tapes
o Real electrical insulation
o Mechanical constraints (compression)
o Heat transfer configuration (Joule heating)

CuNi strand wires

thermometer

Stycast
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Tests of Polyimide insulation at Saclay in He TI
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Tests of polyimide insulation at KEK in He T and HeS

0 Tests done by S. PIETROWICZ from WUT and N. KIMURA (KEK)
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0 Glass-fibre epoxy insulation
o Developed by RAL

I nsul ati on Devel opnent for the Next European D pol
S. Canfer et al., Mr20, Phil adel phia, USA, 2007

0 Determination of A and Ry
o To be published
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o One wrapping with 50% overlap

o Heat treatment of 100 h at 660 °C
510 MPa compression only |

05 conductors heated

o With N. Kimura @ Saclay

Courtesy of F. Rondeaux (CEA)
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Tests on the innovative insulation at Saclay

0 Very small AT, at least one order of magnitude
smaller than for the LHC insulation tests
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Cooperation program summary

o High Field magnet development is being carried out for interaction
region magnets toward the LHC luminosity upgrade,

o Nb3Sn quadrupole R&D in progress at Saclay , and NbsAl conductor
development in progress at KEK, with aiming at realizing ~ 15 T or
higher field magnets

o Innovative electrical insulation to be tested at KEK in supercritical
helium

o A new stack model to be constructed with Glass-fibre epoxy
insulation and tested at KEK and Saclay

o 34 Workshop to be organized at KEK in 2009
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