
Change Request CR-0021

New estimate of Z pole running power

Benno List, DESY

TCMB Meeting

23.6.2020



Consider Result from Paper on Z 

pole running: arXiv:1908.08212

• Main Linac:
• Reduced klystron efficiency: 57% instead of 67% 

for running at low gradient

• Fill time: 258 -> 328us

• Add scenario with 2625 bunches

• Add scenario with e driven source

Updates since last Meeting
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Damping Ring

• Japanese (DKS) and American (KCS) designs have different numbers for

power of conventional facilities

• For Damping Rings, the difference is 0.07MW for „normal“ CFS power and

0.56MW for „emergency“ power

• Resulting overall power numbers for different configurations

• Assume full 15.7MW for Z pole running

KCS DKS

2 Rings, 10Hz (TDR), 1312b 15.1MW 15.7MW

2 Rings, 5 Hz, 1312b 13.6 14.2

2 Rings, 5 Hz, 2625b 21.5 22.2

3 Rings, 10Hz, 2625b 30.3 31.0



• Run ML at 3.7 Hz for physics

• Energy gain per linac: (45.6 – 15)GeV = 30.6GeV 

• Gradient required: 8.8MV/m instead of 31.5MV/m

• Fill time 258us -> 328us  pulse length 980us, 170us for 2624 bunches

• RF beam power 0.96MW (both linacs), 3.0MW -> 3.8MW total AC power for RF

• In addition: e- linac runs at 3.7Hz / 31.5MV/m for positron production

• Adds 9.0MW AC power for RF

• Cryogenics: 3.3MW for e+ linac, 7.0MW for e- linac

-> compare to 7.7MW per linac for 5Hz 250GeV operation (2.5 static, 4.6 

dynamic, 0.7 margin)

• Conventional facilities: 1.9MW for e+, 4.0 for e-

-> compare to 5.1MW per linac for 5Hz 250GeV 

(assumes that “normal” CF load scales with dumped RF power)

• Final result: 7.9MW for e+ linac, 22.8MW for e- linac, 30.7MW total

-> compare to 25.1MW per linac for 5Hz 250GeV

• For 2625 bunches: 9.7 + 29.5 = 31.5 MW

• For e driven source: 2x7.9 = 15.9MW

Main Linac Power
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• TDR has 8.40MW for DKS and 6.59MW for KCS

• On top: 2MW from cryogenics (reassigned from Main Linac)

• Included: 4.76MW RF power

• Scale RF power with puls rate (7.4/5 for e-, 3.7/5 for e+)

-> 10.9MW for Z running

RTML
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Power RTML KCS DKS

5+5Hz, (TDR), 1312b 8.6 MW 10.4 MW

5 Hz, 1312b 10.4

5 Hz, 2625b 13.3

10Hz, 2625b 20.9

3.7+3.7Hz, 1312b 10.9MW

3.7+3.7Hz, 2625b 14.1MW

3.7Hz, 1312b (e driven) 9.2MW



• Sources: include 1.3/1.4 MW RF power

• Assume RF power scales with pulse length and rep rate, 

therefore: add a bit for e- source (5Hz -> 7.4Hz), subtract a bit for e+ source

• Use 14MW power estimate for e driven source from arXiv:1908.08212

Sources
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Power e-/e+ source KCS DKS

5+5Hz, (TDR), 1312b 4.09 / 9.56 MW 4.87 / 9.32 MW

5 Hz, 1312b 4.9 / 9.3

5 Hz, 2625b 5.6 / 10.2

10Hz, 2625b 7.7 / 12.4

3.7+3.7Hz, 1312b 5.5 / 9.0 MW

3.7+3.7Hz, 2625b 6.6 / 9.6 MW

3.7Hz, 1312b (e driven) 4.0 / 14 MW



• For BDS, Dumps, Interaction Region,  and Campus:

Assume same numbers as for 250GeV baseline design

• Margin: 3% of total power

• This is unchanged

Others
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500
TDR

250-A 250-A’
w/R&D

250-A
Lx2

500@250 500
Lx2

Z pole Z pole, 
Lx2

Z pole, e
driven

Rep-Rate / Hz 5 5 5 5 10 5 3.7 3.7 3.7

Bunches / Pulse 1312 1312 1312 2625 2625 2625 1312 2625 1312

Lumi / 1034 1.8 1.35 1.35 2.7 5.4 3.6 0.21 0.41 0.21

Gradient / MV/m 31.5 31.5 35 31.5 14.7 31.5 8.8 (31.5) 8.8 (31.5) 8.8

Q0/1E10 1.0 1.0 1.6 1.0 1.0 1.0 1.0 1.0 1.0

ML E-gain / GeV 470 220 220 220 220 470 61.2 61.2 61.2

ML Power / MW 107.1 50.1 49.3 53.5 104.3 135.7 30.7 39.1 15.9

e- Src / MW 4.9 4.9 4.9 5.6 7.7 5.6 5.5 6.6 4.5

e+ Src / MW 9.3 9.3 9.3 10.2 12.4 10.2 9.0 9.6 14.0

DR / MW 14.2 14.2 14.2 22.2 31.0 22.2 15.7 22.2 14.2

RTML / MW 10.4 10.4 10.4 13.3 20.9 13.3 10.9 14.1 9.2

BDS / MW 12.4 9.3 9.3 9.3 9.3 12.4 9.3 9.3 9.3

Dumps / MW 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2

IR / MW 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8

Campus / MW 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7

Gen. Margin/MW 5.1 3.3 3.2 4.0 5.6 6.3 1.8 2.1 2.3

Total 173 111 110 138 198 215 93 113 79

The Result
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• Power estimate for Z pole running results in 93MW 

for running at 91.2GeV CM, 3.7Hz rep rate

• This is only 18MW (16%) less than for 250Hz operation

• About 22MW (44%) saving in Main Linacs: 

running e+ linac at 8MV/m takes very little energy

• Increased rep-rate of e- arm for positron production

requires more power in e- source, damping rings, 

RTML

• Doubling the luminosity adds 20MW (23%)

• E driven source saves 14MW (15%)
• No 125GeV e+ production beam: saves 19MW

• Separate e beam adds 5MW

• CR-0021 in preparation

Summary
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