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CEPC Cryogenic System Brief Introduction

Overview of the CEPC cryogenic system

É CEPC would use positron and electron beams, that are accelerated to 30 GeV after passing through a linear 
acceleration region, and then further accelerated to 120 GeV using a combination of 12 SRF cryomodules in 
the Booster and 56 cryomodules in the Collider for the Higgs 50 MW mode.

É Cryogenic system function is to provide sufficient cooling capacity for RF cavities and SC magnets at 
designed temperature levels (4.5K or 2K) for normal operation .

Booster ring:

ü1.3 GHz 9-cell cavities , 96 cavities

ü12 cryomodules

ü3 cryomodules/each station

üTemperature: 2K

Collider ring:

ü650MHz 2 -cell cavities , 240 cavities

ü32 cryomodules for Higgs 30MW, 
56 for Higgs 50MW

ü8 or 14 cryomodules/each station 

üTemperature: 2K

IR magnets:

ü4 IR magnets ( 4.5K), 32 Sextuple 
magnets (room temperature) 

ü4 cryostats

üTemperature: 4.5K

Detectors:

ü 2 detector magnets

ü HeI / Thermosiphon cooling
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Common Cooling schemes of the SRF cavity and SC magnets

Cooling schemes overview for RF cavity and SC magnet

É The common way to cool SRF cavities 
and SC magnets is to immerse in liquid 
helium (HeI , 4.5K saturated LHe). 

ÉWith the development of cryogenic 
system and superconducting technology, 
SRF cavities in cryomodules are cooled 
by the 2K superfluid helium (He II), 
which is a technically safe and 
economically reasonable choice. 

É HeII has many advantages: large 
effective thermal conductivity and 
heat capacity, as well as its low 
viscosity.

É For the narrow channels of SC magnets, 
the pressurized supercritical helium 
flow is a good choice.



Cryogenic system mechanical layout diagram
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14 Cryomodules, each 

with 650MHz 6G2-cell 

SC cavities

2
M

P
a

 P
u

re
 G

H
e
 

P
u

rifie
r

Gas bag

Compressor

 group

Cold box

2
0

M
P

a
 P

u
re

 G
H

e
  

2
0

M
P

a
 I

m
p
u

re
 G

H
e
  

Distribution Box

Recovery and 

Purification

2K

HX

Cold compressorWarm compressor

 Collider Cryomodules Booster  Cryomodules

ORS

Adsorber

40K~80K heluim  supply

5K~8K helum  supply

2.2K,1.2 bar  supply

2K, 31mbar gas return

Helium Gas Storage 

Impure

 GHe 3 Cryomodules, each 

with 1.3GHz 8G9-cell 

SC cavities



Tunnel Layout for Higgs/Z/ttbar mode
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30 MW Higgs:

Collider: 192 650 MHz 2 -cell cavities in 32 modules (6 HV / CM) 

Booster: 96 1.3 GHz 9 -cell cavities in 12 modules (8 HV / CM)

50 MW Higgs:

Collider: add 24 modules, in total 56 650 MHz modules  

Booster: 96 1.3 GHz 9 -cell cavities in 12 modules (8 HV / CM)

Tunnel Layout for Higgs/Z/ttbar mode

650 MHz 2-cell SRF cavities cryo module 1.3GHz 9-cell SRF cavities cryo module 



CEPC Cryogenic System Brief Introduction
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IDEA detector

LTS Solenoid 

HTS Solenoid 

LTS Solenoid ̔

ÅSolenoid located outside calorimeter 

ÅInner diameter 7.2 m, length 7.4 m

ÅCentral field̔ 3 T

ÅSuperconductor̔ NbTi

ÅOperation temperature̔4.2 K

HTS Solenoid ̔

ÅSolenoid located inside 

calorimeter/less material

ÅInner diameter 4 m, length 6 m

ÅCentral field̔ 2 T

ÅSuperconductor̔ YBCO

ÅOperation temperature̔20 K

Zhu Ying-shun

Ning Feipeng, Zhao Ling, Hou ZhilongSC magnets cryogenic system overview

Overview of the CEPC cryogenic system

É For SC magnets side, total 4 
IR magnets working 4K in MDI . 

É Two detectors locate at two 
Ips with two separated schemes, 
that are HTS and LTS schemes.



ÉCryogenic system Overview

ÉCryogenic system EDR Design and Optimization

Å Process flow cooling scheme optimization; 

Å SRF 1.3GHz/650MHz cavity Cryomodule 2K test

Å SC magnet cryostat design & optimization

Å Key technology/equipment 1: Large refrigerator R&Dψ

Å Key technology/equipment 2: kilo-watts 2K HX R&Dψ

Å Key technology/equipment 3: Virtual system establishment

ÉSummary

Content 
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Higgs Mode 30MW Unit
Collider Booster

40-80K 5-8K 2K 40-80K 5-8K 2K

Predicted module static heat load (W/module) 300 60 12 140 20 3

Predicted module HOM static heat load (W/module) 2.4 1.2 0.1 0 0 0

Predicted module Input coupler static 

heat load
(W/module) 6 3 0.3 16 8 0.8

Predicted module dynamic heat load (RF)(W/module) 0 0 123.2 0 0 40.9

Predicted module HOM dynamic heat 

load
(W/module) 2.9 1.4 0.2 7.1 3.6 0.6

Predicted module Input coupler dynamic 

heat load
(W/module) 90.1 22.5 3.8 208 20.8 2.6

Module dynamic heat load W 44.4 23.9 127.2 215.1 24.4 44.1

Each Module total heat load W 401.4 88.1 139.6 371.1 52.4 47.9

Cryomodule number - 32 32 32 12 12 12

EVB heat loss W 50 10 5 50 10 5

EVB number - 32 32 32 12 12 12

MDVB heat loss W 50 30 10 50 30 10

MDVB number - 4 4 4 4 4 4

Total cryogenic transfer line length m 552 552 552 168 168 168

cryogenic transfer line  heat loss per 

meter 
W/m 2 0.5 0.3 2 0.5 0.3

Total cryogenic transfer line  heat loss W 1104 276 165.6 336 84 50.4

Total heat load kW 15.7488 3.5352 4.8328 5.5892 0.9528 0.7252

Overall net cryogenic capacity multiplier 1.54 1.54 1.54 1.54 1.54 1.54

equiv. heat load with multiplier kW 2.81 4.90 36.69 1.00 1.32 5.50 

4.5K equiv. heat load with multiplier kW 44.39 7.82 

Total 4.5K equiv. heat load with 

multiplier
kW 52.21 

Installed power (COP(219W/1W)) MW 9.72 1.71 

Higgs 30MW Heat LoadsðTDR Scheme

4Ö15kW@4.5K  refrigerator

Cavity RF voltage 11.5MV



Flow chart of SRF TDR Scheme
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É To improve the cryogenic system efficiency 
and reduce the cost, the cooling scheme has 
been modified, from parallel to series. 

É In this way, there will not have a lot of small valve 
boxes in the tunnel, and much expenses and space 
will be saved.

É The further optimized cooling design is underway.



cryogenic system process flow diagram in the SRF system
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Â 5K@3bara supercritical helium 
is subcooled to 4.5K, and then
further cooled to 2.2K@3bara
by a 2K heat exchanger ;

Â 2.2K@3bara helium is 
transferred to the beam tunnel, 
then is throttled by JT valve to 
produce the 2K super fluid 
helium;

Â Return GHe goes through 2K HX 
and cold compressors to recover 
the cold quantity, then returns 
to CB and compressors LP;

Â 40-80K thermal shield is set to 
reduce the radiation loss.

Â 5-8K circuit is set to cool down 
the coupler (conduction cooling) .

2K

HX

Cold compressor

4
0

K
~

8
0

K
 h

e
lu

im
  s

u
p

p
ly

5
K

~
8

K
 h

e
lu

m
  s

u
p

p
ly

C C C C C CH

JT

2K, 2 phase supply

warm up/cool down line

CC

3 cryomodules,  32m

 cryomodule, 8×9-cell cavities

Cavity Helium VesselC

C C C C C CH

JT

2K, 2 phase supply

warm up/cool down line

CC

 cryomodule, 8×9-cell cavities

C C

JT

2.2K, 3.0 bar helium supply

2K, 2 phase supply

warm up/cool down line

C

14 cryomodules,  224m

 cryomodule, 6×2-cell cavities

Cavity Helium VesselC

40K~80K Thermal sheild  supply

JT

2K, 2 phase supply

warm up/cool down line

40K~80K Thermal sheild  return

5K~8K Thermal sheild  supply
5K~8K Thermal sheild  return

2.2K, 3.0 bar helium supply

40K~80K Thermal sheild  supply
40K~80K Thermal sheild  return

5K~8K Thermal sheild  supply
5K~8K Thermal sheild  return

C CC C CC

 cryomodule, 6×2-cell cavities

C CC

Collider RingBooster Ring

2K 

Coldbox

Underground surface

Auxiliary tunnel

Beam tunnel

2
M

P
a

 P
u

re
 G

H
e
 

P
u

rifie
r

Gas bag

Compressor

 group

Cold box

2
0

M
P

a
 P

u
re

 G
H

e
  

2
0

M
P

a
 I

m
p
u

re
 G

H
e
  

Recovery and 

Purification

Warm compressor

ORS

Adsorber

Helium Gas 

Storage 

Impure

 GHe

LHe storage 

Dewar

MDVB



1.3GHz cavity Cryomodule for the Booster
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Parameters
Horizontal 

test results

CEPC Booster

Higgs 

LCLS-II, 

SHINE 
LCLS-II-HE

Average Q0 @ 

21.8 MV/m
3.6Ó1010

3.0Ó1010 @

21.8 MV/m

2.7Ó1010 @

16 MV/m

2.7Ó1010 @

20.8 MV/mAverage CW

Eacc (MV/m)
23.1

É Test results exceeded the CEPC 

specification;

É Cryogenic system R&D, including 

cooldown, 2K operation, warming up 

process, have been verified successfully.



PID diagram for the 1.3GHz cavity Cryomodule
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Å 2K superfluid helium is produced by the JT valve, and the cavity can be immersed in 2K helium
bath . The GHe returns to heat exchanger to recover the cold quantity . And it is heated by the
electrical heater, then enter the pump station . Finally, it goes to compressor suction side to
complete the whole circle .



Cooling Scheme for the 1.3GHz cavity Cryomodule
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Å The first stage is from 300K to 150K. 
Å Automatic cooling method was adopted to guarantee the cavity can be cooled smoothly and safely. 
Å Temperature difference  in the radial and axial direction should be controlled in the accepted domain to avoid deformation . 
Å The second stage is 150K to 50K transition zone;
Å To increase the cooling speed to prevent "hydrogen poisoning" phenomenon happening. 

Å The third stage : large flow rate 
fast cooldown. 

Å Established a large temperature 
gradient to expel magnetic flux, 
which can improve the cavity 
performance greatly.



1.3GHz cavity Cryomodule WinCC control interface
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650MHz cavity Cryomodule for Collider
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ÅIncluding six 2-cell 650 MHz superconducting cavities, six high power couplers, 
six mechanical tuners and two HOM absorbers

Cryomodule performance Specification

Number of  leakage

He Ҧinsulation 0

He Ҧbeam pipe 0

Insulation Ҧcoupler 0

Insulation Ҧbeam pipe 0

Coupler Ҧbeam pipe 0

Alignment x/y inside (Cavities) ¤0.5mm

Alignment z inside within 2 mm

Coupler antenna design z within 2 mm

Six 2-cellCavities Cryomodule

Overalllength(flangeto flange,m) 8.0

Diameterof Vacuumvessel,m 1.3

Beamlineheight from floor, m 1.5

Cryo-systemworking temperature,K 2

Numberof 200-POST 6



650MHz cavity prototype Cryomodule for Collider
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Prototype of 650MHz cryomodule with 2* 2cell 
cavities have been installed in PAPS tunnel and 
passed the cryogenic test in 2021.



650MHz cavity prototype Cryomodule for Collider
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BTCM cooldown

BTCM: 100.7W@2K

Level

Pressure
Temperature

Mass flow

BTCM 2K stable operation

Pressure 31mbar¤10Pa

Temperature 2K¤0.02K

Cryogenic capacity test, 300W@2K 

return gas flow rate



CEPC full-scale 650MHz Prototype Cryomodule (PCM)
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Â Completion of cryogenic test scheme, design
of cryogenic process, cryogenic control logic,
etc . in 2024 , and put into processing and
manufacturing ;

Â Schedule to complete the construction of the
cryogenic test platform at the end of 2025 on
the horizontal test stand of PAPSplatform ;

Â Expected to finish the 2K HT in the next two
years.
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1.3GHz cryomodule, 
12 meters

Schematic diagram of 
650MHz cryomodule, 

10 meters

2K valve box for 
CSNSII double -spoke 

cryomodule HT

2K valve box for 
1.3GHz cryomodule 

HT 2K valve box 
for 1.3GHz 

cryomodule HT

5230mm

Distance from 
shielded moving 
door is 9500mm

Horizontal test stand of PAPS platform

CEPC full-scale 650MHz Prototype Cryomodule (PCM)



Detailed flow chart for the IR Cryostat 
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Compressor Cold box Dewar Main Distribution Valve Box

Helium circulating 

system 1
Helium circulating 

system 2

Cryostat 1 Cryostat 2IP collision point

Å In CEPCcollider ring IPs, there are four IR SC magnets cryostat s. The primary goal of the cryostat design
is to create reliable and safe cryogenic system for SC magnets.



Mechanical Design of IR Cryostat 
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Å The structure of the IR SC magnets cryostat has been designed.

Å The total weight of cryostat is about 2.5 Tones, total length is 6.7m. 

Å Mechanical design, stress analysis and thermal simulation have been finished.



Thermal dynamics simulation 
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ÂResearch on the flow and heat transfer of helium in the 
narrow channels.

ÂChoose the appropriate cooling method.


