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Key Technologies at ILC:

2A. Yamamoto, 190819a

main linacbunch
compressor

damping
ring

source

pre-accelerator

collimation

final focus

IP

extraction
& dump

KeV

few GeV

few GeV
few GeV

250-500 GeVSRF+SCM Technology 
at ML

Nano-Beam Technology
at DR and BDS

Parameters Value
Beam Energy 125 GeV

Beam Rep. rate 5 Hz

Pulse duration 0.73 ms

Beam size at IR 7.7 nm

ML-SRF, <E>  gradient
Q0

31.5 (35) MV/m (+/-20%)
≥ 1E10 (1.6E10)

# SRF cavity (9-cell) ~ 8,000  x 1.1

# Cryo-M-a. w/o Q-mag  ~ 630

# Cryo-M-b, w Q-mag ~ 315

# RF, Klystron ~ 240

e- Source

e+ Main Liinac

e+ Source

e- Main Linac

Detectors

Damping Ring

Interaction point



ILC-ML-SCM (SCQ)
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SC Quadrupoles and Dipoles for ILC ML
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12.652 m

cavities (8) SC quad package (1)
Type-B module

w/ 8 SRF-cavities and 1 SC-Quad. Magnet

A. Yamamoto, '20-07-30
Q and D Combined functioning required for beam focusing and steering

Q: for focusing beam
D: for steering beam and bendingit along 
the earth surface  with  r = 6,400 km



SC Quadruple (SCQ) Design in the ILC TDR
to be updated
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Beam Position Monitor (BPM) + SC Quadrupole (SCQ)

A. Yamamoto, '20-07-30

Function: 
• Beam focusing and the Orbit Steering 



IL-ML SCQ Design Variations
to be studied

A. Yamamoto, '20-07-30 6

Parameters Separated
(Baseline)

Physical Length in total
Iron-Pole Radius 

0.995 m
0.045 m

Quad(max. at 250 GeV/c): 
Physical Length
Magnetic Length
Gradient (G)
G-Integral (required)
B at pole 
B-max in Coil 

0.66 m
0.621 m
60 T/m

38 T
~ 2.7 T
~ 3.6 T

Dipoles (max. at 250 GeV/c): 
Physical Length
Magnetic Length
B*
B-Integral  (required)*
B-max in Coil

0.335 m
0.29 m
0.34 T

0.1 T•m
---

B-max at Pole
B-max in Coil 

2.8 T
(tbd)

Update: 200717

* See: page 13

Parameters Unit Type - L.E. 
(5~25 GeV)

Type - H.E. 
(25~250 GeV)

Dimensions:
Physical Length
Magnetic Length
Iron-Pole Radius

m
m
m

0.25
0.20
0.045

1.00
0.95
0.045

Quadrupole field: 
Field Gradient (G)
G-Integral (required)
BG at pole

T/m
T
T

19
3.8

~ 0.86

40
38

~ 1.8

Dipole field: 
BD
B-Integral  (required)*

T
T•m

0.05
0.01

0.105
0.10

B-max 
at Pole
in Coil 

T
T

~0.9
< 1.5

~ 1.9
< 3

Q-D separated in TDR w/ some updates Q-D Combined w/ Two types :  in study



An Issue: 
Dark-Current Electrons  generated in SRF Cavities 
accelerated and transported into the next SCQ
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26 SRF-Cavities w/ < 30 > MV/m, in 38 m  

PDC-e- = ~ <0.3> GeV/c 
BSCQ = 0 ~ 2 T =  ~ < 1 > T 
r =  ~ 1 m  

A. Yamamoto, '20-07-30



Dark Current absorption Simulation in 
ILC-ML SCQ (4)

A. Yamamoto, '20-07-30 8

By  Y. Morikawa, 
200721



Superconductors to be compared in Basic Study 

A. Yamamoto, '20-09-08 9

• NbTi (offered by Fermilab)
Courtesy: V. KashikhinCourtesy: H. Tanaka, H. Watanabe

Item Unit NbTi MgB2 Nb3Sn
Critical Temp. @ 0 T and 

0A
K 9.2~9.5 K 

~ 8 K @ 3 T 
39 K 

TBD K @ 3 T 
18.3 K

(> ~ 15 K @ 3 )

Wire dia. (bare) mm 0.5 0.55
# filaments 7242 10

Filament dia. µm 3.7 90 
Twisted pitch mm 25 200
Cu: SC (ratio) 1.5~2  :  1 1 :  1.2

RRR (Cu) 50 ~ 100 88  (RT/10 K), 40 (RT/-
40K)

Critical Current A 204 A 
@ 5 T, 4.2 K

116, 164, 232, 328 A 
@ 5, 4, 3, 2 T,  @ 4.2K

Wire dia. (insulated) mm 0.54 + (0.04~0.10) = ~ 
0.61

0.71

Insulation material Enamel + (Glass-Fiber) T-Glass
Heat Treatment required < 200 C ~ 600 C ≥ ~ 600 C

Relative cost 1 ~ 2 ~5 
Availability Contributed by Fermilab Purchasing required Purchasing required



Possible International Cooperation
• Technical options and remaining issues:

• A set of {SC quadruple (SCQ)} and {BPM+Beam-pipe (BP)}, assembled
• Advantage: the best mechanical alignment that is so important at ILC

• SCQ and BPM+BP, separated
• Necessary effort: accurate and reliable interface design between SCQ and BPM

• Sustainability to beam/SR irradiation and mitigation
• Remaining issue for to find the best solution for magnet protection: collimators/absorbers/etc. 

• Sharing the production:
• Each region to be responsible, including overall CM performance test, 
• One (or two) institution(s) to be responsible for the full production and test, 
• Any others,  

• Some personal comment:   
• The production strategy to be established in the ILC preparation phase, 
• It may be a good plan, in this stage, to develop an industrial prototype to finalize the 

production magnet design, to be optimized in terms of current, quad/dipole combination, 
cooling, etc.  



DAMPING RING
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e- Source

e+ Source

e- Main Linac

Damping Ring

Beam dump

Interaction point

Physics Detectors

e+ Main Liinac

Bunch, consisting of ~1010 e+ / e-

• Creating particles - Sources
• polarized elections/positrons

• High quality beams Damping ring (DR)
• Low emittance beams

• Acceleration Main linac
• superconducting radio frequency (SRF)

• Getting them collided BDS, Final focus
• nano-meter beams

• Go to Beam dump

ILC Accelerator Technology

12

Nano-beam Technology

SRF Technology

Meeting, 2020/6/22



ILC Configurations and Parameters:
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main linacbunch
compressor

damping
ring

source

pre-accelerator

collimation

final focus

IP

extraction
& dump

KeV

few GeV

few GeV
few GeV

250-500 GeVSRF Technology 
at ML

Nano-Beam Technology:
at DR and BDS

Parameters Value

Dimensions:
Overall 
Damping Ring
ML + RTML (in part)
Undulators 
BDS

20.5 km 
3.2 km

~ 2 x (5.5 + 2) km
~1.1 km

2 x 2.25 km 

Beam Energy 125 GeV

Beam Rep. rate 5 Hz

Pulse duration 0.73 ms

Beam sizes at IR 7.7 nm (V)
729 nm (H)

ML-SRF, <E>  gradient
Q0

31.5 (35) MV/m (+/-20%)
≥ 1E10 (1.6E10)

Meeting, 2020/6/22



Status of DR Design and Technology
• ILC DR beam optics/lattice design has been matured with the ILC-TDR-500, and 

no reasons to change for ILC-250; i.e., from e+/e- Source to Main Linac. 

• One update after TDR has been done for the DR main dipoles (weaker and 
longer), to reduce the horizontal emittance for the possible luminosity-upgrade 
option.

• Low emittance beam technology for the ILC-DR has been sufficiently advanced 
with worldwide efforts, particularly for electron storage rings for light sources in 
photon science projects. 

• Nano-beam technology required for the ILC-DR/BDS  has been well 
demonstrated with the ATF/ATF-II  collaboration and the facility hosted at KEK.  

14Meeting, 2020/6/22



ILC Damping Ring (TDR)
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Damping Ring

Meeting, 2020/6/22
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ILC DR Parameters and the 
potential Upgrade 

e+ (Baseline)
e- (Baseline)

e+ (Future
upgrade)

Meeting, 2020/6/22



Contributions expected
for the ILC-DR design and technology

• Beam optics/dynamics:
• Magnets:
– Note: permanent magnet applications much interested  (see Appendix)

• Wigglers, Fast-Kickers, and RF: 
• PS, Control, and Diagnostics: 
– Note: precision alignment/control and stability critically important

• Vacuum: and 
• Others

17Meeting, 2020/6/22



ILC-DR Arc Cells, Magnets, BPMs (in TDR)
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Each cell contains :
1 - 3m (to be longer) dipole, θ = π/75
3 – quadrupoles
4 - sextupoles
3 - corrector magnets

1-horizontal steering
1-vertical steering
1- skew quad

2 beam position monitors

75-cells/arc
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ILC-DR Arc Cell Optics UpdatedOptics of Arc Cell

Original (TDR) New (long bend)

19

See: 
Appendix 2 and 3

Meeting, 2020/6/22



• Wiggler straight
• 2 wigglers/cell
• 30 cells
• 2.1 m wiggler
• 1.5T< Bpeak< 2.2T
• 54 @ 2.16T => τx =13ms (10Hz)
• 54 @ 1.51T => τx = 25ms (5Hz)
• 3 empty cells will accommodate 

6 additional wigglers if required
• H&V dipole corrector and BPM 

adjacent to each quad

ILC-DR Damping Wigglers 
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ILC-DR RF System

Meeting, 2020/6/22 21

CESR, KEK-B
for References

e-: Layer-2

e+: Layer-1

e+ (future)



ILC-DR 
Dipole, Quad., & Sext. Magnet 

Concepts 
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ILC-DR Magnets 
Gap, Ap.
h x w, d

[mm]

L

[mm]

B, G

[T, T/m]

I

[A]

V 

[V]

Qty
for

2-Ring

D60L250
(Corrector) 60x100 250 0.133 9.6 14.8 2 x 304

D60L2940
(Arc) 71x286 2940 0.251 173.3 26.5 2 x 150

Q60L480
(Arc) 60 480 11.8 58.5 -- 2 x 480

Q60L700
(Straight) 60 730 4.11 17.9 -- 2 x 121

QS60L250
(Skew C.) 60 250 2.2 9 -- 2 x 160

SX60L150?
(Corrector) 60 150 -- -- -- 2 x 600

Parameters for the Major MagnetsILC-TDR, Vol. 3, Part II, 6.7.2 (P115) 

ILC magnet specs. xls, (N. Terunuma)

23Meeting, 2020/6/22



ILC-DR Magnet Parameters
Environmental Parameters

Viscosity @ 600F This EXCEL sheet for the "3m" and "2m" bends 28. Mrz 12
Delta Pressure is 180 psig Different columns have different numbers of turns in their coils.

CHOOSE THIS ONECHOOSE THIS ONE
DR with low I DR with med I DR with lower I DR with med I DR

for smaller DR 2011 Sq Conductor Sq Conductor Sq Conductor Sq Conductor another example

0,1875 0,34 0,34 0,255 0,34
0,200 0,370 0,370 0,270 0,370
0,125 0,183 0,183 0,125 0,183

"2m" style

Rago      

Nominal Core H C C C C

English

     

Steel Length cm 294 294 194 194 294
Conductor Cross Section in2

Conductor Weight per Coil lb 61,56 146,72 330,27 188,53 264,74
Conductor Length per Coil ft 738,32 427,58 962,49 946,65 771,52

Quantity      
Total Dipoles 20 4 8 8 8 8

Total Correctors/Trims 20 4 8 8 8 8
Sheppard 0 0 0 0 0

Schultz 0 0 0 0 0
Bobby 8 8 8 8 8

Scaled Estimate                                                                                                          
Rollup Estimate                                                                                

Units
ZDR (Walz) Name
2h cm 6 6 6 6 6
Good Field Region cm
Sagitta   Max cm      
Saggita   Min cm      
Beam Energy Gev      
Sigma M 
Bend Angle   Max mrad
Pole Width cm 11,000 20,000 20,000 20,000 20,000
Integrated Strength Max kG-M 7,524 7,524 6,627 4,418 7,524
Integrated Strength Min kG-M 6,840 6,840 2,920 6,840
B gap  (Max) kG 2,508 2,508 2,209 2,209 2,508
B gap  (Min) kG 2,280 2,280 2,280 1,460 2,280
Effective Length cm 300 300 300 200 300
Amp-Turns AT 5987,4 5987,4 5273,6 5273,6 5987,4
Coil-Turns Turns 36 20 64 64 36

Layers 6 4 8 8 6
turns per layer 6 5 8 8 6

Conductor Each 0.1875  SQ x 0.125 0.34x0.183 0.34x0.183 0.255 SQ x 0.125 0.34x0.183

Conductor Cross Section in2
0,02151 0,08853 0,08853 0,05138 0,08853

Ideal Current              (Max) A 166,32 299,37 82,40 82,40 166,32

Core Efficiency % 98,00% 96,00% 98,60% 98,60% 96,00%

Real Current A 169,71 311,84 83,57 83,57 173,25

MTL in 246,1 256,5 180,5 177,5 257,2
Conductor Length / Coil ft 738,3 427,6 962,5 946,7 771,5
Resistance per ft conductor Ohms 0,00040824 0,00009919 0,00009919 0,00017091 0,00009919
Resistance per Magnet Ohms 0,60282 0,08482 0,19094 0,32358 0,15305

Current Density A/in2
7732,06 3381,56 930,76 1603,73 1878,65

dB/B - 1,00E-04 1,00E-04 1,00E-04 1,00E-04 1,00E-04

Voltage Drop Mag (Max) V 102,30 26,45 15,96 27,04 26,52
Voltage Drop Cabl (Max) V 0,7 2,0 1,4 0,5 2,0
Total Voltage V 102,98 28,46 17,37 27,51 28,53

Power Magnet (Max) W 17362,2 8248,6 1333,5 2259,8 4593,8
Power Cables (Max) W 110,6 752,5 57,0 57,0 232,3
Total Power kW 17,5 9,0 1,4 2,3 4,8

Power Magnet (Min) W
Amps      (Min) A
Voltage Drop Mag  (Min) V

Number of Circuits per Mag EA 20 4 4 8 4

Gpm @ 80dpsig per circuit 0,4094 0,4051 0,2613 0,1407 0,2945
dTemp 0C 8,06 19,34 4,85 7,63 14,82
LCW per quad, gpm 8,188500181 1,620505869 1,045134986 1,125754533 1,17785153

OD Bare

OD Over Insulation

ID Water Passage

ILC DR BENDS

26.06.2012 15:13
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INJ DDIISC.xls

Arc Quad for latest ILC Damping Ring "DTC" 6th Feb 2102
NOT a drop ear coil.
TRYING DIFFERENT SIZED CONDUCTORS

Sq conductor Sq conductor sq conductor solid wire AWG #6
0,1875 0,22 0,255 0,1686
0,200 0,235 0,270 0,169
0,125 0,125 0,125 0

83 turn coil 72 turn coil. 5 layers 72 turn coil 178 turn coil
core of 48cm

Nominal Core cm 41 48 41 47,58
English 2.36Q21.78 2.36Q21.78 2.36Q19.52 2.36Q19.52

ILC Name Q60L410 Q60L480 Q60L410 Q60L496
Steel Length cm 41 48 41 47,58

Conductor Cross Section in2 0,020957 0,03617 0,05138 0,025365
Conductor Weight per Coil lb 28,77 48,56 64,39 84,21
Conductor Length per Coil ft 359,40 351,51 328,11 869,21

Core Size cm 19.2,19.2,12.19 19.2,19.2,12.19 19.2,19.2,12.19 19.2,19.2,12.19
Core Weight Kg 121,03 731,14 121,03 140,46

Quantity     
Style Total 448 0 0 50,2 60

0 0 0 0
Magnet overall length[slot] cm <50 <57 50,2 60

Scaled Estimate
Rollup Estimate

Units
ZDR - - - -
r M 0,03 0,03 0,03 0,03
kGdL      (Max) T 6,6 6,6 6,6 6,6
kGdL      (Min) T 6 6 6 6
Effective Length cm 44,000 51,000 44,000 50,580
Gradient   (Max) T/M 15,000 12,941 15,000 13,049
Bpoletip (Max) kG 4,500 3,882 4,500 3,915
Amp-Turns (ideal) AT 5371,5 4634,2 5371,5 4672,7
Coil-Turns Turns 83 72 72 178

Layers 5 5 6 12
Conductor Each 0.1875DDG 0.220DDG 0.255DDG solid copper AWG #6
Ideal Current              (Max) A 64,7 64,4 74,6 26,3
Core Efficiency % 96,80% 98,10% 96,80% 97,20%
Real Current               (Max) A 66,9 65,6 77,1 27,0

MTL in 51,961 58,585 54,685 58,598
Resistance per ft conductor Ohms 0,00041901 0,00024277 0,00017091 0,00034619
Resistance per Magnet Ohms 0,60236 0,34135 0,22430 1,20365

Current Density A/in2 3088,06 1779,49 1452,00 1034,93

Voltage Drop Mag (Max) V 40,27 22,40 17,29 32,51
Voltage Drop Cabl (Max) V 3,50 3,43 4,03 1,41
Total Voltage V 43,77 25,83 21,32 33,92

Power Magnet (Max) W 2692,4 1469,4 1332,3 877,9
Power Cables (Max) W 287,0 276,4 381,3 46,8
Total Power    (Max) kW 3,0 1,7 1,7 0,9

Number of Circuits per Mag EA 8 8 4 0

Gpm @ 80 dpsig per circuit 0,1633 0,1653 0,1179
dTemp 0C 7,83 4,22 10,73

LCW per quad, GPM 0,65 0,66 0,47 0,00

OD Bare
OD Over Insulation

ID Water Passage

26.06.2012 15:14
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INJ DDIISC.xls

Straight Quad for latest ILC Damping Ring "DTC3" 16th Feb 2012
NOT a drop ear coil. TRAPPED QUAD IN WIGGLER SECTION Diam = 9cm
TRYING DIFFERENT SIZED CONDUCTORS USE THIS DESIGN

Sq conductor Sq conductor sq conductor solid wire AWG #6
0,1875 0,22 0,255 0,1686
0,200 0,235 0,270 0,169
0,125 0,125 0,125 0

83 turn coil 120 turn coil. 8 layers 72 turn coil 178 turn coil
core of 27.20cm

Nominal Core cm 41 27,2 41 47,58
English 2.36Q21.78 2.36Q21.78 2.36Q19.52 2.36Q19.52

ILC Name Q60L410 Q60L480 Q60L410 Q60L496
Steel Length cm 41 27,2 41 47,58

Conductor Cross Section in2 0,020957 0,03617 0,05138 0,025365
Conductor Weight per Coil lb 28,77 64,15 64,39 84,21
Conductor Length per Coil ft 359,40 464,32 328,11 869,21

Core Size cm 19.2,19.2,12.19 19.2,19.2,12.19 19.2,19.2,12.19 19.2,19.2,12.19
Core Weight Kg 121,03 80,29 121,03 140,46

Quantity     
Style Total 448 0 0 50,2 60

0 0 0 0
Magnet overall length[slot] cm <50 <40cm 50,2 60

Scaled Estimate
Rollup Estimate

Units
ZDR - - - -
r M 0,03 0,045 0,03 0,03
kGdL      (Max) T 6,6 3,0354 6,6 6,6
kGdL      (Min) T 6 2,751 6 6
Effective Length cm 44,000 31,700 44,000 50,580
Gradient   (Max) T/M 15,000 9,575 15,000 13,049
Bpoletip (Max) kG 4,500 4,309 4,500 3,915
Amp-Turns (ideal) AT 5371,5 7715,1 5371,5 4672,7
Coil-Turns Turns 83 120 72 178

Layers 5 8 6 12
Conductor Each 0.1875DDG 0.220DDG 0.255DDG solid copper AWG #6
Ideal Current              (Max) A 64,7 64,3 74,6 26,3
Core Efficiency % 96,80% 98,10% 96,80% 97,20%
Real Current               (Max) A 66,9 65,5 77,1 27,0

MTL in 51,961 46,432 54,685 58,598
Resistance per ft conductor Ohms 0,00041901 0,00024277 0,00017091 0,00034619
Resistance per Magnet Ohms 0,60236 0,45090 0,22430 1,20365

Current Density A/in2 3088,06 1777,51 1452,00 1034,93

Voltage Drop Mag (Max) V 40,27 29,55 17,29 32,51
Voltage Drop Cabl (Max) V 3,50 3,43 4,03 1,41
Total Voltage V 43,77 32,98 21,32 33,92

Power Magnet (Max) W 2692,4 1936,7 1332,3 877,9
Power Cables (Max) W 287,0 275,8 381,3 46,8
Total Power    (Max) kW 3,0 2,2 1,7 0,9

Number of Circuits per Mag EA 8 8 4 0

Gpm @ 80 dpsig per circuit 0,1633 0,1422 0,1179
dTemp 0C 7,83 6,47 10,73

LCW per quad, GPM 0,65 0,57 0,47 0,00

OD Bare
OD Over Insulation

ID Water Passage

20.06.2012 14:52

Environmental Parameters

Viscosity @ 600F
Delta Preaaure is 80 psig

New ILC DR sextupoles
SBSYDA/B S60L150 S60L150

Sq Conductor Sq Conductor Sq Conductor
0,255 0,187 0,1029
0,270 0,210 0,108
0,125 0,125 0

watercooled solid wire

Shephard    

Nominal Core
English

Steel Length cm 95,75 15 15
Conductor Cross Section in2 0,05138 0,02151 0,0098
Conductor Weight per Coil lb 44,15 2,35 4,54
Conductor Length per Coil ft 225,00 28,62 121,42

Quantity    
0

Scaled Estimate
Rollup Estimate

Units
   

r M 0,0425 0,03 0,03
Bpole  (Max) kG 8,740 0,617 0,617
Bpole (Min) kG 2,063 0,617 0,617
Effective Length cm 100 17,4 17,4
Amp-Turns / Pole AT 9853,0 491,0 491,0
Coil -Turns / Pole Turns 30 17 100
Pole Width in
Conductor Each 0.255x0.125 0.187 x 0.125 0.1079"sq
Ideal Current              (Max) A 328,4 28,9 4,9
Core Efficiency % 93,0% 88,4% 88,4%
Real Current A 353,2 32,7 5,6
MTL in 90,0 20,2 14,57
Resistence per Ft Ohms 1,7091E-04 4,0824E-04 8,9604E-04
Resistence per Magnet Ohms 2,3072E-01 7,0094E-02 6,5276E-01

Current Density A/in2 6873,4 1518,9 566,8

Voltage Drop Mag (Max) V 81,48 2,29 3,63
Voltage Drop Cabl (Max) V 2,76 0,24 0,04
Total Voltage V 84,24 2,53 3,67

Power Magnet (Max) W 28775,3 74,8 20,1
Power Cables (Max) W 905,7 7,0 0,2
Total Power kW 29,68 0,08 0,02

Power Magnet (Min) W
Amps      (Min) A
Voltage Drop Mag  (Min) V

Have to split each
coil into 3 w. circuits

Number of Circuits per Mag EA 18 3

Gpm @ 80dpsig per circuit 0,2619 0,3031
dTemp 0C 23,20 0,31

OD Over Insulation
ID Water Passage

OD Bare

26.06.2012 15:13
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3m-Dipole  Longer Q, Straight Q, Sextupole

Meeting, 2020/6/22



ILC-DR Magnets:
Field Tolerance and Stability required for 

25

ILC-TDR, Vol. 3, Part II, 6.  

Meeting, 2020/6/22



ILC-DR Vacuum 

Meeting, 2020/6/22 26



Summary
• ML-SCM (SCQ) may be a very appropriate contribution in harmonization 

of Spanish institute and industry cooperation. 

• Damping Ring (DR) may be a very effective  contribution with a common 
technical prospect of the ultra-low emittance beam and ultra-precision 
beam control. 

• ILC-250 accelerator sub-systems focusing on Damping Ring, including, 
beam dynamics, various components for the DR. have been described. 
These are very efficient technical areas to share the common objectives 
and benefits.

• Further potentials will be further investigated and discussed. 
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Heat Absorption in the SCQ
Assumption of Power/Energy Deposition into SCQ
• Dark current / cavity:  ≤ 50 nA
• Power deposition in SCQ : 1.35 W @ 125 GeV   --->  P ≤ 5 W @ 500 

GeV
• E = 1 Joule / 1 ms (with an interval time of 200 ms, or 5Hz) 
• Cold mass (Beam-Pipe + Yoke + Coil)  for energy deposition :  ~ 8 kg  

Temperature rise (DT) due to Energy Deposition, if no-cooling
• DT = (E/M) / c-Cu (assuming Cu@ 5 K) 

= (1J / 8kg) / ~0.1 J/kg/K =  1.3 K / pulse (1 ms),
≤ (5J / 8kg) / ~0.1 J/kg/K <  6.5 K / sec,

Magnet sustainability in ~ 1 sec ( for detection and beam-off):
• MgB2 Coil (Tc ~ 15 K, at 3 T) stay in superconductivity, 
• NbTi Coil (Tc ~ 8 K, at 3 T) require suff. beam absorber & cooling
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Power loss distribution (assumption):
Cyl-V. at r = 0.045m, t = 0.01m, L = 0.3m, 
V = 2p x 0.045 x 0.01 x 0.3 = 0.9 x 10-3 m3

M (Mass assuming Cu) =  V x d (Cu) = 8 kg  

Conduction-cooling along beam-pipe+:
Cyl-pass @ r = 0.04m, t = 0.002m, L = 0.5m, 
kCu = 1,000 W/m•K
S/L  = 2p x 0.04 x 0.002 / 0.5 = 0.0016 [m]
dQ/dT = k x S/L = 103 x 0.0016  = ~ 1.6 W/K

AY, 20072６

Peak Power loss:
dR ~ 10 mm, Lz = 30 cm



Damping Ring
e+ (Baseline)

e- (Baseline)

e+ (Future upgrade)

Main Linac

ILC Accelerator: Images
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