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Summary of CR-021, submitted by Benno List : 
focusing on ILC-91 ML AC-Power Estimates Updated
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Boundary condition in CR-021, for Main Linac (ML) RF power

• The ML RF power is calculated from the RF power transferred to the beam, plus the 

power needed to fill the cavities, divided by the wall plug to beam efficiency of 43%. 

For the TDR, the ML RF power amounts to 52.1MW (32% of the total 163.8MW).

• The operation at reduced gradient leads to operation of klystrons at lower than 

nominal power, which leads to a reduction in efficiency. 

• For ML operation for with gradients alternating between positron production and 

collision modes, the external Q of the couplers is set to the matched value at high 

gradient (Qext =  5.5E6), leading to a mismatch at lower gradient. This increases the 

fill time in collision mode for the electron beam from 259 (171) ns for the positron 

beam to 329 (217) ns for the electron beam at 1312 (2625) bunches.

• For an electron driven source, both, electron and positron MLs will operate at 

matched Q. 

ML Cryo power

• The ML cryogenic power is calculated in the same way as in ILC-CR-0018 (w 

same efficiency in smaller cooling power operation → needs to be studied more)

ML Conventional systems power

• The power consumption of conventional systems (heating and ventilation etc) is 

calculated in the same way as in the TDR.

24.8

See

P9.

91.8

→

→
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CR-21 Power Estimate for Z-pole Operation

➢History
✓CR-18 Updated power estimate for ILC250 in 

May 2019

✓CR-19 Luminosity for operation at the Z-pole in 
Jan.2020

• 3.7+3.7Hz 

✓CR-21 Power estimate for Z-pole operation

• Original request in June 2020 by Benno

• Revised request in Jan. 2022 by Benno

• Based on the configuration defined by CR-18 and 19
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RF-Related Issues
➢Complication comes from the additional electron beam to create 

positron

a. Positron beam for collision (45.6GeV)

b. Electron beam for collision (45.6GeV)

c. Electron beam for positron creation (128GeV)

➢CR-19 adopted

✓ Low gradient (8.76 MV/m) for (a) and (b)

• The scheme with full gradient (31.5 MV/m) followed by RF-empty cavities is impossible 
(fast detuning, quadrupole)

✓ 3.7+3.7Hz for electron main linac

• Then, the electron ML RF power consumption (nearly) is the same as in ECM=250GeV case

✓Matched QL for (a) and (c), but unmatched for (b)

• Cannot change QL at 3.7Hz

➢This configuration is adopted in the revised change request

✓ Revised request also includes the e-Driven positron source

➢ I basically agree to this updated request 
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RF-Related Parameters

(a) e+ (b) e- (c) e- (a) e+ (b) e- (c) e- e+ e-

for coll. for coll. for e+ for coll. for coll. for e+

Rep. rate Hz 3.7 3.7 3.7 3.7 3.7 3.7 5 5

Gradient MV/m 8.76 8.76 31.5 8.76 8.76 31.5 8.76 8.76

Acceleration in ML GeV 30.6 30.6 113 30.6 30.6 113 30.6 30.6

matched QL `106
1.52 1.52 5.46 1.01 1.01 3.61 1.52 1.52

chosen QL `106
1.52 5.46 5.46 1.01 3.61 3.61 1.52 1.52

beam pulse length ms

fill time ms 0.259 0.329 0.93 0.171 0.217 0.614 0.259 0.259

RF pulse length ms 0.986 1.056 1.657 1.132 1.178 1.575 0.986 0.986

(klystron efficiency) % 48 53 67 48 53 67 67 67

AC power for ML RF MW 1.89 2.03 9.30 3.06 3.18 13.37 2.38 2.38

AC power for ML RF sum MW

1312 bunches 2625 bunches e-driven

13.22 19.61 4.76

0.727 0.961 0.727
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RF-Related Parameters (continued)

➢Caveats

✓ It is very hard to talk about percent-level accuracy. For 
example,

✓Klystron efficiency is significantly lower than 67% used for 
250GeV case. It is estimated to be ~53% (or ~48% for e+ 
beam) but almost out of the range of Fig.3.31 (klystron 
efficiency as a function of the voltage) in TDR.  (By the way 
the modulator efficiency in CR-19 was wrong. Corrected by 
Benno.)

✓Off-crest angle is 5 degrees in 31.5MV/m case, but it must be 
much larger in 8.8MV/m case (over 10 degrees)

➢The updated CR is reasonable within this accuracy
✓Minor but obvious correction due to 3GeV overhead for 

positron production is included in this change review.
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Other new inputs

➢ Case of the e-driven positron source

✓Positron source power for 1312 bunches = 24.8 MW
(by T. Omori, Jan.17, 2022). The number 14.0 MW in the updated CR 
is to be replaced.
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How to evaluate the
ML Cryogenics AC Power for ILC-91

• References for cryogenics AC power estimate 

• ILC500 (TDR) in 2013

• ILC-250 (Higgs): CR-18 in 2019

• ILC-91 (Z-pole): CR-19 in 2020, and CR-21 in 2020-2022

• Process for estimating the cryogenics power for ILC250 and ILC91

• Static load:  kept constant 

• Dynamic load: scaled  (next page) as functions of Gradient (G),  Q0-value, RF pulse-duration, 
Linac length (L) etc.,

• RF load (go to beam), 

• Cryogenics loads

• Input coupler load  

• HOM-coupler, HOM-absorber/beam-pipe, HOM-cavity/2K-structure, 

• CLs for SC magnet (missing, although being relatively small)   

11CR-021 Review Report2022/4/19



ILC ML,  Average Heat Loads / CM 
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ILC500 (TDR) Cryogenics Operation Power 
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Total / ML

10 x 3.24 

= 32.4 MW
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ILC-500, -250, -91 AC-Plug Powers in Comparison (before Linac L. Fraction Corrections) 
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From: :LC-TDR-AC-CR021-ay220418.xlsx. 250 GeV 1st stage-ay 
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ILC-500, -250, -91 AC-Plug Powers in Comparison (before Linac L. Fraction Corrections) 
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From: :LC-TDR-AC-CR021-ay220418.xlsx. 250 GeV 1st stage-ay 

Problem:

L-total

Should be 

0.47

 Artificially x ½
To compensate 
the problem
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Some Corrections/Updates
suggested

• The Linac Length Factor may be re-defined.
• Reference:  
• Total ML length for both e+ and e- at ILC500 normalized to be 1
• Each e+ and e- Linac Length at ILC 500 becomes → 0.5
• Each e+ and e- Linac Length at ILC 250 becomes → 0.5 x 0.47 = 0.235

• It is appropriate for further evaluation to be much simple with 
minimum confusions. 

• The final result for the AC power may be kept same/similar. 
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ILC-500, -250, -91 AC-Plug Powers in Comparison (after Linac Length Corrections) 
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AY-220418

From: :LC-TDR-AC-CR021-ay220418.xlsx. 250 GeV 1st stage  (ay220418) 
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SCQ current lead thermal load evaluation (1/2)
TDR-III-2, Table 3.9. Average heat load [W]/CM in a ML-unit (3-

CM) for the baseline parameter in Table 3.1.     
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0.56 0.94 8.26

2K 5-8K 40-80K ToTal Fraction

T. Efficiency  702.98 197.94 16.45

<SCM>//CM W 0.56 0.94 8.26

SCM AC-Power/ CM kW 0.394 0.186 0.136 0.716 0.054

Cryo-Total/CM W 11.11 15.87 133.04

Total AC-Power/CM kW 7.810 3.141 2.189 13.141 1

Heat load Fraction:

• SCM/Total-Cryog = ~0.05 

• Total-Cryog / Total-ILC : < 0.2 

→SCM/Total-ILC :< ~ 1 % 

→SCM thermal load may be absorbed within 
‘general margin of AC power = ~  a few %. 
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Summary of the ILC-91 Cryogenics Power 
Finding and Comments:

• In CR-021, ILC-91 (Z-pole) AC-power estimated by scaling from the ILC-500 (TDR) power estimate.

• We generally agree with  the CR-021 values to be appropriate, based on the linear scaling to the beam 
energy ratio.  

• However, it is necessary to evaluate more in detail for the cryogenics operational efficiency, in partial 

(< ½) capacity operational mode, resulting in lower efficiency and requiring more AC power.

Recommendations:

• Improve the scaling process, in Excel calculations, with a proper fraction of half ML length (0.235),

• For straight-forward power estimates in each sub-systems,

• Consider/resume ML SCM (Q & D) power for CLs ( ≤ 1 % of total AC power), 

• Enabling to be counted within ’margin’ in total estimate.

• Study more in detail for the possible lower power efficiency in partial cryogenics capacity operation, inevitably 
required in ILC-91 (because of all the CM string needs to be operated in lower gradient performance). 

• Take more redundant ”general AC power margin” for enabling to absorb the less efficiency in the cryogenics

• X 1.5 margin than that of ILC250 ( 4.5 5 
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ILC-91 AC Power: General Summary
Energy GeV 250

250

Lx2
91

91

Lx2

91

e driven

Rep-Rate Hz 5 5 3.7 3.7 5

Bunches /Pulse 1312 2625 1312 2625 1312

Lumi 1034 1.35 2.7 0.21 0.41 0.28

Gradient MV/m 31.5 31.5 8.8 8.8 8.8

Q0 1010 1.0 1.0 1.0 1.0 1.0

ML E-gain GeV 220 220 61.2 61.2 61.2

ML RF 

MW

24.4 25.9 13.0 19.3 4.8

ML Cryo 15.4 13.1 10.4 11.5 7.1

ML-CF 10.3 14.6 7.5 8.5 5.5

ML-sum 50.1 53.5 30.9 39.3 17.4

e- Src 4.9 5.6 5.5 6.6 4.5

e+ Src 9.3 10.2 9.0 9.6 24.8

DR 14.2 22.2 15.7 22.2 14.2

RTML 10.4 13.3 10.9 14.1 9.2

BDS 9.3 9.3 9.3 9.3 9.3

Dumps 1.2 1.2 1.2 1.2 1.2

IR 5.8 5.8 5.8 5.8 5.8

Campus 2.7 2.7 2.7 2.7 2.7

Margin (+SCM) 3.3 4.0 4.3 5.2 4.2

Total MW 111 128 95 116 93
(Margin/Total) (%) (3) (3) (4.5) (4.5) (4.5)

Note Updates suggested are  underlined

Notes: 

• General Power estimate 

• The review panel generally agree with the ILC-91 AC Power 

estimate given by CR-021, with some comments/advices. 

• Excel-sheet estimate process may be simplified and 

straight forward, by using the practical linac L fraction.

• ML-RF power

• * The AC power related to ML RF is revised based on the 

configuration

defined in CR19 (Z-pole luminosity) and confirmed.

• ML-Cryogenic 

• Powers estimate for  ILC91 has been confirmed by using the 

scaling laws in particular for dynamic losses as functions of 

Gradient, pulse periods, Linac Length etc.  

• ML SC magnet (SCM-CL) AC power (< 1 % of total) is 

absorbed within general margin.

• e+ Source

• Power estimation for the electron-driven scheme is also added 

and confirmed.

• Margin: includes ML-SCM & General Margin

• More margin reserved/suggested for ILC-91, at present stage.
22
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Summary of Power Loads by ILC-TDR-500 GeVReference 1
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ILC-500 (TDR) Cryogenics Plant Power

25

Total operating power for one cryo unit based on predicted heat (MW) 3.24 X 10

Total operating power for one cryo unit including uncertainty factor (MW) 3.57 X 10 (applied in ILC250 ~)

Total installed power for one cryo unit (MW) 4.16

Total installed 4.5 K equivalent power for one cryo unit (kW) 19.01

Ref: ILCCryoTDP014Oct2912BL.xls, TDR Power DKS

Ref: ILC-TDR-3-II
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ILC AC-plug Power and CF Fraction 
in comparison of ILC-500 (TDR) and ILC-250 (Baseline)

ILC-500  

Total Power

ILC-500

CF Power (Fraction)

ILC-250 

Total Power

ILC-250

CF Power (Fraction)

e- source 4.9 2.0 4.9 2.0

e+ source 9.3 2.3 9.3 2.3

DR 15.7 2.6 14.2 2.4

RTML 10.4 2.0 10.4 2.0

Main Linac (ML) 104.1 16.4 50.3 7.9

BDS 12.4 1.5 9.3 1.1

Beam Dump 1.2 1.2 1.2 1.2

IR 5.8 1.9 5.8 1.9

Main Campus -- -- 2.7 0.5

General Margin -- -- 3.3 0.7

Sum 164 30 111 22

References, or 

Comments

ILC-TDR baseline (2013-6), 

updated,  CR0021 (BL, 200630)

ILC TDR Cost-Rev. Rep. 

CFS  (A. Enomoto, 2013-2-6)

ILC TDR-CR0018, Final,

(BL-AY, 19123) 

* Personal estimate by AY, 

scaled from ILC-500 to -250.

Notes: Conventional Facility (CF) Power includes electrical network, cooling-water system, ventilation in acc. tunnel, and 
emergency power. ML total  includes  RF and Cryogenics in large fraction.

A.Yamamoto. 200703
Update: 211220
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ILC250 Parameter Updates: References 
reported by Shin Michizono, at SnowMass’21, AF-EF Joint Meeting Day 1, 24 June, 2020.
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ILC Cryog. Configuration to be staged at 250 GeV
Option D (ML installed, downstream)

TDR-2013
Configuration
at 500 GeV
- 5 plants/linac

Staging
at 250 GeV :
3 plants/linac, 
although the 
cooling power 
requirements to 
be reduced 
down to ~70 %. 
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ILC Cryogenics System Configuration
T. Peterson, ILCCryTDP-140ct2012BL.xlx, Oct. 14, 2012

26-Jun-12

2 K 

total 

heat

5 K total heat
40 K total 

heat

Installed 

power

installed power

for reference
power ratio

total number 

of cryogenic 

plants

total 

installed

plant power

(Watts per 

cryomodule, not 

including other 

heat) 

(MW per 

cryoplant)

(MW per 

cryoplant)
new/RDR of this size (MW)

for reference: RDR 11.37 14.93 153.48 4.29 4.29 1.00 10 42.9

for reference: RDR revised 11.37 17.87 157.99 4.48 4.29 1.05 10 44.8

TDR KCS for ML + RTML 11.11 15.86 133.84 3.37 4.29 0.79 12 40.5

TDR DKS for ML + RTML 11.11 15.86 133.84 4.16 4.29 0.97 10 41.6

e+ 5 GeV source 9.29 20.20 169.26 0.65 4.29 0.15 1 0.65

e- 5 GeV source 12.19 21.83 195.75 0.70 4.29 0.16 1 0.70
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ILC-ML Cryogenics Thermal/Power Balance
T. Peterson, ILC_TDP_CryogenicsCosts-6July2012_gdmod (Version1).xls
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40-80 K 5-8 K 2 K

Predicted module static heat load (W/module) 75.04 10.82 1.32

Predicted module dynamic heat load (W/module) 58.80 5.05 9.79

Number of cryomodules per cryogenic unit 189.00 189.00 189.00

Non-module heat load per cryo unit (kW) 1.10 0.22 0.22

Total predicted heat per cryogenic unit (kW) 26.40 3.22 2.32

Efficiency (fraction Carnot) 0.28 0.24 0.22

Efficiency in Watts/Watt (W/W) 16.45 197.94 702.98

Overall net cryogenic capacity multiplier 1.54 1.54 1.54

Heat load per cryogenic unit including multiplier (kW) 40.65 4.96 3.57

Installed power (kW) 668.54 981.07 2511.22

Installed 4.5 K equiv (kW) 3.05 4.48 11.47

Percent of total power at each level 0.16 0.24 0.60

Total operating power for one cryo unit based on predicted heat (MW) 3.24

Total installed power for one cryo unit (MW) 4.16

Total installed 4.5 K equivalent power for one cryo unit (kW) 19.01
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Staging (250 GeV) effects on the SRF Cryogenic Systems

RT
ML-
BC

ML-
CM

PM
-12
-u

PM
-12
-d

ML-CM
PM
-10
-u

PM
-10
-d

ML-CM
PM
-8
-u

PM
-8
-d

e+ 
Booste

r Sum
Cost

Down

TDR
-
500

Cryo-Cost 19.05 + 29.27 58.54 58.54 58.54 58.54 32.54* 315.02 n/a

# C-Plant ~ 0.2 + 0.5 = 0.7 →
1 1 1 1 1 > ~ 0.55* 5.5 systems

CP-Power (19 kW @ 4.5 K) 19 kW @ 4.5 
K

19 kW @ 4.5 
K

19 kW @ 4.5 
K

19 kW @ 4.5 
K

# CM 51 99 189 189 189 189 24 930

E. Sum 10 28.1 53.6 53.6 53.6 53.6 5 257.5

RT
ML-
BC

ML-
CM

PM
-10
-u

PM
-12
-d

ML-CM
PM
-10
-u

PM
-10
-d

ML-CM
PM
-8
-u

PM
-8
-d

e+ 
Booster Sum

Cryo-Cost 19.05 + 29.27 --- --- 58.54 58.54 32.54* 197.94 0

Stag
e-
250

31.5M
V/m
1E10

# Cryo-P. ~0.2 + 0.5 = 0.7 → 1 --- --- 1 1 ~  0.55 3.5 systems

# CM 51 45 --- --- --- --- 189 189 24 498

E. Sum 10 12.8 --- --- --- --- 53.6 53.6 5 135.0

Stag
e-
250
+SR
F 
R&D

35MV
/m
1.6E1

Cryo-Cost 58.54 58.54  +   13  (for long 
distribution) 130 - 68 

# C-Plant
0.7 x (0.2 + 0.05 + 1)  = 0.88 → 1 

(TL reduction model: relatively lowered to ~ 70%, because of high-
Q ) 

0.7 x (1+0.13) + x= 0.79 + 
~0.x  → 1 2 systems

# CM & 
(relative 

TL)

51 4.5 --- --- --- ---
189
(132

)

189
(132

)

24
(17) 457.5

59.5

E = 31.5 MV/m, and L-eff = 1.0385 m
+V/cavity = 32.7 MV
-----
+V/st-Cryogenics) = 3 x 21 x 0.8505 = 
53.6 GeV
+V/short-string = 2.55 GeV
+V/MLU = 32.71 x 26 = 850.5 MV
Cryogenics unit (short string) length (3 
MLU) 

=  3 x 37.956+2.5 = 116.368 
RF unit  (4.5 CM) length = 56.934 m 
MLU blength (→3 CM) = 3 x 12.652 = 
37.956 m
CM length = 12.652 m (pitch)

Updated: 170724
MILC %

e-, 2+ 2 x 32.5 2 x 
4.8

DR 26.0 3.9

RTML
(unit)

38.1
19.1

5.6
(2.8)

ML
(unit)

526.9
(58.54)

78.1
(8.6) 

BDS 18.4 2.7

Sum 674.6 100
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T. Peterson, 
ILCCryTDP-140ct2012BL.xlx, Oct. 14, 2012
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T. Peterson, ILC_TDP_CryogenicsCosts-6July2012_gdmod (Version1).xls
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