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Brief Introduction
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New light source

Number of users and new research fields increased rapidly

HEPS, High Energy Photon Source just based on these requirements

About 80 km from IHEP, Beijing, China

IHEP

Main parameters Value Main parameters Value

Beamenergy 6 GeV Emittance < 60 ǇƳϊǊŀŘ

Circumference 1360.4 m Brightness >1022
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New light source infrastructure

ÂFoundationceremonywasheldat

28th, Jun2019

ÂProjectperiodis 6.5 years.

Â Infrastructurehasbeencompleted

up to now

ÂMain buildings include 

accelerator relative building 

and SR experimental hall, 

cryogenic hall, environmental 

monitoring stations, etc. 
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New light source infrastructure

ÂLinachasabeamenergyat500MeV at2023.3

ÂBoosterhasabeamenergyat6GeVat2023.11

LINAC 
2023.3

BOOSTER
2023.11

Cryogenic hall
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HEPS Cryogenic System
7

üHelium cryogenic system 

¸ Used to cool down five166.6MHz 

and two 500MHz superconducting 

cavities;

¸Cooling capacity ~2000 W@4.5K

üLN2 cryogenic system

¸Used to cool down CPMU and 

cryogenic devices of Beamlines 

Precooling of the refrigerator;

¸Shields of the superconducting 

cavitiesô cryomodule

¸Cooling capacity ~50kW@80K.
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Layout of the Cryogenic System Device and building

Cryogenic hall

Tanks Farm

Pipe Line

Refrigerator Room

Cryomodules Zone
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Cryogenic hall

Refrigerator Room

Arrangement of equipment

Gas Tanks Farm
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Installation

Refrigerator RoomCryogenic hall

Tanks Farm Pipe Lines Zoom
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Helium Cryogenic system 

¸Helium cryogenic system include: Helium refrigerator Helium storage 

tanks recycle and purification machineCryogenic distribution line and 

Cryomodules
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¸System optimization design

¸High performance cryomodules

¸High performance cryogenic distribution lines

¸Precision measurement and automatic control

¸Fast Recovery of System Faults

¸Special requirements, °3mbar pressure fluctuation 
inside the cavity helium vessel

¸Key technologies guide the design and construction 
direction

Key technologies
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Simplified flow chart
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¸Helium refrigerator

¸Cold box, LHe dewar, 
Compressors

¸Helium storage and purified 
machine 

¸Cryogenic distribution system

¸Main vavlebox

¸Multi -tunnel cryogenic transfer line

¸Cryomodules



15Asian Forum for Accelerators and Detectors(AFAD 2024)

Core Operation with low failure rate.

Helium Refrigerator

Å Helium refrigerator is one of the most key equipment of the cryogenic system and 

provided by Linde with 2.0kW@4.5 cooling capacity 

LFST575

LFST575

LFST575

COLD BOX
2.0kW@4.5K
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Helium refrigerator installation

¸ The site installation of the compressors and cold box of 
the refrigerator have been completed
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Helium refrigerator commissioning

DW Heater ¸ The helium refrigerator commissioning 
has been started at 2023.11.15

¸ Complete the overall acceptance test at 
2023.11.16~18

¸ The cooling capacity has been tested at 
2066W+214.5L/h with liquid nitrogen 
precooling
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Helium refrigerator commissioning
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Helium refrigerator commissioning

¸ In most commonly used operating conditions with two compressors 
and two turbines on line

¸°1.5mbar pressure fluctuation in compressors low pressure side
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ÂTwo 499.8MHz  superconducting cavities in HEPS.
ÂThe technology originally from KEK .
ÂTwo cryomodules have been running in BEPC II 18 years.
ÂUpgrade of the cryomodule has been running in BEPC II 4 years.

499.8 MHz Cryomodule
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499.8 MHz Cryomodule

¸Cryogenic test is on process and Relatively technology is mature.

¸The two cryomodules machining almost have been finished at 

2024.2

¸One of the cryomodules has been tested at 2024.3
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499.8 MHz Cryomodule

¸The SRF cooling has been start at 2024.3.4

¸ Last 72 hours the cooling progress was in place, and  the cooling speed of 

the whole cooling process is not higher than 5K/h, and the temperature 

difference on the surface of the cavity is not more than 10K

¸Taking 10 hours, the liquid level from zero to 95%. 

¸And static heat load has been tested at 20.3W

From Pei Zhang team
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166.6 MHz Cryomodule
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¸ The cryomodule is the first quarter-wavelength (QWR) active SRF for accelerating 
near-luminal particles (beta=1) 

¸ Completed a horizontal high-power test at 4.5K, Q0=1.4E+9 at 1.2 MV

166.6 MHz Cryomodule
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166.6 MHz Cryomodule

¸The SRF cooling has been start at 2023.10.11. Last 280 hours the cooling 

progress and the liquid level in place. 

¸Average cooling rate is about1.2K/h, temperature difference on the surface of 

the cavity is not more than 10K

¸About 125K, in order to speed up the cooling speed, the max temperature 

difference is ~13.5K and average cooling speed is about 1.6K/h

¸And Static heat load has been tested at 29.1W

From Pei Zhang team
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166.6 MHz Cryomodule

¸The second set integrated of the cryomodule, including the cavity, 

coupler, tuner and others are processing.

¸Mass production of the cryomodules will be finished in this year.
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Nitrogen cryogenic system

ÅPrecooling of the Helium refrigerator 

ÅCooling of the 7 cryomodules and mul-channel transfer line 

thermal shields.

ÅCooling of 6 CPMU and 14 Beam lineCryostal-

Monochromator.

ÅThe final 90 beam line of which around 40 beam line with 

CPMU and Cryostal-Monochromator.

ÅA big challenge to design the nitrogen system.
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Ţhousand meters nitrogen transfer line with high 

performance, like low heat loads, easy 

maintenance and stable operation with big 

temperature difference, etc.

Ŗecovery the low pressure cold nitrogen gas

Çombining decentralized control with centralized 

control.

F̧ew cases are available for the reference.

Key technologies of the nitrogen system 
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Nitrogen Cryogenic system skeleton frame

¸ Nitrogenrefrigerationcyclesystemιliquid nitrogenstorage, Low
heat loads easy maintenanceand stable operation cryogenic
transfer line, nitrogen valve box, phaseseparators users and
NitrogenCryogeniccontrolsystem
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¸ Nitrogen refrigeration cycle system for helium refrigerator and cryomodules

Simplified flow chart
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Nitrogen refrigeration system

Compressors

phase separator and 
valve box

Nitrogen Coldbox, tank and LN2 tanks, Pipe 
line

¸After the design of each equipments, the three-dimensional layout design of the 

nitrogen refrigerator system with a detailed 1:1 size

¸Clearly and intuitively display the connection between each equipment and the 

installation position and sequence of the equipment
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ÂLiquid nitrogen and nitrogen tanks, nitrogen cold box and

compressorsandpipeshasbeinstalled

ÂPreliminarycommissioningwasstartedat2023.10

Installation



34Asian Forum for Accelerators and Detectors(AFAD 2024)

ÂPreliminarycommissioningwasstartedat2023.10

ÂTesting GN2 compressorunit, coldbox unit, shaft power reuse

turbineexpanderandControlsystem

Installation
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ÂPerformancetestingwasstartedat2023.12

ÂFormulatedthecontrolstrategy.

ÂCompilingthecontrolprogramandtheoperationinterface

Commissioning
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Â Theperformancetestof theindicatorswill becarriedoutat Dec. 15,2023

Â Nitrogencold boxwascooleddownin placeabout1 hourafterstart-up

ÂThecoolingcapacityhasbeenalsotested

Nitrogen refrigeration system


