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Technology 
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Accelerator 
platform

X
X- Ray 

platform

RF system

Magnet technology

Cryogenic system

Beam test

X X- ray optics

X X- ray detection

X X- ray application

ω άtƭŀǘŦƻǊƳof AdvancedPhoton Source Technology
wϧ5έΣThe goal of the PAPSproject is to provide a
good foundation and condition for R&D,engineering
testing and verification for the high energy phone
source(HEPS)project to be completed on schedule
andto achievethe expecteddesigntarget.

· Budget: 500M CNY funded by Beijing Gov.

· Construction: 2017.5-2021.6

PAPS Introduction
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SRF building

Cryogenic building

Magnet building
Beam test building

X- ray building
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PAPS-RF system

ÅThe PAPS- RF system has two targets :
ÅBuild a SRF facility
ÅConduct R&D on cavities and ancillaries

ÅThe SRF facility is based on mass production for SRF projects
ÅPost- processing, clean assembly, VT/HT/conditioning of cavities, couplers, 

and cryomodules.
ÅCompatible of 166MHz, 325MHz, 500MHz, 650MHz, and 1.3GHz
Å200- 400 cavities (couplers) per year
Å~20 cryomodulesper year
ÅSupport R&D on new material
and new technology
ÅTotal area of 4500 m2

ÅCryogenic system: 

300W @ 2K

PAPS-RF

Testing
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Design of the Cryogenic System
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Process Calculation

Å Carried out the detailed process calculation with software and independent programming, and good 

agreements were found between the two methods.
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¸ 3bar@5K Supercritical helium is subcooled by 1.3bar saturated liquid helium from Dewar and
generated by JT heat exchanger and JT throttle valve 31mbar@2K Saturated liquid helium, helium
vapor through the electric heater and return gas pipeline to the decompression and cooling pump
station, return to the low pressure side of the compressor.

¸Proper tradelines sizes and valves list have been completed through the process calculation.
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Scheme of 2K Helium Pump 
Group
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Scheme of production 2K helium 
Å Reduce the saturated liquid helium pressure to 31 mbar or 16 mbar to produce 2K or 1.8 K superfluid 

helium

Å The reflux cold helium can sub-cool the saturated liquid helium through a 2K JT heat exchanger, and 

then the subcooled helium throttle to 2K liquid helium.

Warm pump
Warm pump and

cold compressor Cold compressor
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2K pumping system

Å The vertical test station (three Dewars), the horizontal test station (two cryostats), and the beam test station (two cryostats).

The heat load of each station at 2 K is 100W and the lowest temperature needed will be below 1.4 K.

Å Vacuum pumps work together with electric heater.

Å The maximum pumping speed of each station is not less than 6400 m3/h, when helium pressure is 30 mbar and temperature

300 K. The lowest pressure limit of each vacuum pumps set is less than 2.5mbar.

Å The refrigeration capacity at 2K is about 120W. And the rest capacity at 1.4K is 10W.

Helium tank pressure 3129 Pa

Pressurestability +/ - 10 Pa

Max mass flow 26.7 g/s

Total pumps system capacity 19200 m3/h 300K,30mbar

Pumps station i nlet

temperature

300K

Pumps station out let pressure 1.2 Bar

Noise level <80 dB@1m

Leakage rate 1E- 6 Pam3/s

Vibration size <5mm/s

Main  parameters
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Assembling and Ex-factory Test
Å Dry pump scheme is adopted, which has the advantages of no 

oil and high reliability.

Å Brand: BUSCH, and total pumps system capacity is 19200 m3/h

̂300K,30mbar̃

Å Total 36 pumps, including 12 NS600, and 24 WZ2000

Å Factory test, January 6, 2020

Å Final test will be finished at the end of April 2021
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Helium Refrigerator
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Technical Specifications

Å Under the condition of Liquid Nitrogen Precooling, the refrigerating capacity in the refrigeration 
operation mode should be greater than 2.5kW/4.5K*

Å Under the condition of Liquid Nitrogen Precooling, the liquefaction rate of the refrigerator in the 
liquefaction mode should be greater than 800L / h#

Å Under the condition of Liquid Nitrogen Precooling, the refrigerating capacity in the mixed mode 
shall be more than 500W @ 4.5K, and the liquefaction rate shall be more than 650L / h#

Helium Refrigerator

PFD of Refrigerator(Linde LR700)
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Helium Refrigerator

Refrigerator Arrival Refrigerator Arrival

Refrigerator Unpacking and Placement

1x CSD165 with 

30.3 g/s at 15bara 

2x FSD575 SFC each with 

up to 105.7 g/s at 15bara 
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Helium Refrigerator

ÅOn January 29, 2021, the PAPS helium refrigerator passed the performance 
test.

5000L DW

Cold-BoxBEIJING- IHEP- 16: LR700 
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Helium Refrigerator machine interface
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ÅOn January 27, 2021, the temperature began to drop at 11 a.m., and then 
dropped to 4.5K at 9 p.m. and began to accumulate fluid.

Helium Refrigerator Cool-down
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Liquid Level % Helium Volume V

2021.01.28 12:40 31.2% 1124.7L
2021.01.28 13:40 47.4% 2013.4L
Liquefaction Rate 888.7L/h

Liquefaction Rate Test 
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Heater in 
Dewar/W

Helium 
Volume V

Level %
Pressure in 

buffer/bara
Opening of 

loading valve/%

2021.01.29 2:46 2471.2 2476.5 55.0 3.04 20.4

2021.01.29 3:16 2466.6 2476.1 55.1 3.00 45.2

Refrigeration Capacity 2643.4W

Refrigeration Capacity Test 
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Level% Helium Volume /L

2021.1.29  5:40 55.0 2543.1

2021.1.29 6:10 62.6 2967.7

Mixed Mode Refrigeration capacity 543.7W+liquefaction rate 760L/h

Mixed Mode Test 
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Key Equipments
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Main Distribution Valve Box Design
The equipment includes:
Å 32 cryogenic valve components
Å 22 safety valve components
Å 15 pressure sensors 
Å matching DN4 ferrule hand valve components
Å 15 temperature sensors and supporting installation 

tooling
Å 4 bayonet low temperature connector components
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Test platform for 2K heat exchanger

Mechanical structure design:

Å In order to changing heat exchangers easily, the 

way of ñtake offò is accepted. In other words, 

the upper vessel and upper cold shield can be 

take off by crane. and then the heat exchanger 

can be shown and changed. 

Å We select VCR connector for the pipeline of 

liquid nitrogen and indium wire seal for the 

pipeline at the temperature of 2 K.

1420mm

2
9
8
5
m

m

1220mm
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HEX

120KPa ЃPI6310)

4.407 K

11.038J/g

4.383K (TI6313)

30.41KPa (PI6311)
1.99 K

25.001 J/g

1.986 K (TI6313)

2.351 K (TI6314B)

120KPa ЃPI6310)

4.2665 J/g

29.62KPa (PI6311-DP6314)
3.478 K

33.142 J/g

5
.0

2
 g

/s

5
.1

4
 g

/s

33.99W 41.84W

EfficiencyЕ 85.3%
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Main technical parameters̔

ÅWorking temperature̔2K̕

ÅWorking pressure̔0.1MPa to 0.35MPâinner vessel̃ ,

0.1MPa (outer vessel)

Å Dimension̔

ū1250̂ inner diameter )¦5360mm( height )

ū1976̂ outer diameter )¦5925mm( height )

Total height̔6325mm

Å Main components: 

Inner vessel

80K shield

Vacuum jacket 

Two layer magnetic shield

Å Materials̔inner vessel and cryogenic pipeline:SUS316L̆

outer vessel:SUS304.

Cryostat for vertical test stand 
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