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At NSRRC, the construction of an electron accelerator 

with energy 3 GeV is under way for an X-ray photon source 

with high brilliance and flux.  Four superconducting 

radio-frequency (SRF) cavities are needed to maintain 

the beam current and energy in the storage ring.  Several 

superconducting insertion magnets are utilized to provide 

the required photon energy with high brilliance and 

flux.  The cryogenic system needs to supply a sufficient 

quantity of liquid helium and liquid nitrogen, with very 

low transportation loss, as required for the operating of 

superconducting cavities and magnets.  The cryogenic 

system must also provide a stable operating pressure for 

the SRF cavity and handle large amount of vaporized 

helium gas produced by the superconducting magnets 

due to occasional quenches.  A new 706W cryogenic 

system is going to construct for SRF cavities and one 450W 

cryogenic system will be moved from present Taiwan Light 

Source (TLS) for the superconducting magnets.

Authors 

F. -Z.  Hsiao and H. -H. Tsai
National Synchrotron Radiation Research Center,
Hsinchu, Taiwan

The Taiwan Photon Source (TPS) project proposes an 

electron accelerator with a beam current of 400 mA at

3 GeV and a low emittance of 2 nm-rad.  The circumference 

of storage ring and booster ring is 518.4m and the

496.8 m, respectively.  In the TPS project, the installation 

of four 500-MHz single-cell superconducting cavities and 

six superconducting insertion magnets is planned.  Each 

cryostat for a SRF cavity stores 400 L of liquid helium 

during cavity operation and it is 250 L for the operation 

of magnet cryostat.  The operating temperature of the 

cryostat is 4.5 K inside, and room temperature outside.  

Inside the cryostat, there is a thermal shielding at

77 K, which decreases the thermal load radiated from the 

vacuum-jacket chamber at room temperature to the 

helium vessel.  Table 1 presents the estimated heat load 

of the superconducting cavities and superconducting 

magnets at 4.5 K. The heat load from four cavity cryostats 

is 440 W (360 W + 21 L/hr), where most of which comes 

from the large cross sections of the electron-beam pipes 

at the inlet and outlet of the cavity, and it is 330 W (60 W +

66 L/hr) for six magnet cryostats.   The four superconducting

cavities and six superconducting magnets are located 

in different straight sections of TPS storage ring.  Long 

nitrogen-shielded multichannel transfer l ines and 
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Table 1:  Cryogenic heat load at 4.5 K for the super-
conducting cavities and magnets.

 
SRF cavities

 Superconducting

   Magnets

Heat Load
 360 W + 21 L/hr  60 W + 66 L/hr 

 (~ 440 W) (~ 330 W)

Transfer Heat Loss 202 W 73 W

Total sum
 562 W + 21 L/h  133 W + 66 L/h 

 (~ 642 W) (~ 403 W)
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cryogenic valve boxes are required to distribute liquid 

helium and liquid nitrogen to those superconducting 

devices.  The total transfer heat loss is 202W for the 

superconducting cavit ies, where l iquid helium is 

continuous filled into cavity cryostat, and it is 73W for the 

superconducting magnets, where liquid helium is filled 

into magnet cryostat every several hours.

Consider the heat load and transfer heat loss at 4.5 K,

the cryogenic system needs to provide 642 W and 403 W

respectively for the superconducting cavities and the 

superconducting magnets.  Due to budget constraint, one 

cr yogenic  plant  with a  refr igerat ion capacity  of 

450 W at 4.5 K will be moved from the TLS storage ring to 

the TPS storage ring to cool the superconducting magnets.  

A new cryogenic plant with a refrigeration capacity of 

706 W is planned to cool all superconducting cavities.  

The engineering and operation margin for the design 

refrigeration power is 10% and 11.6% respectively for the 

superconducting cavities and magnets.  Figure 1 shows the 

configurations of the cryogenic system for the TPS project.  

Fig. 1:  Flow diagram of  TPS cryogenic system.
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The cavity cryostats are operated at 0.25 barg and 4.5 K.  

The cold helium gas from the cavity cryostat is reutilized 

as refrigerant and returned to the heat exchangers to 

increase the refrigeration power in the cold box.  To obtain 

a greater safety margin of critical magnetic filed the 

magnet cryostat needs to operate at a lower pressure near 

0.05 barg.  The cold gas from the magnet cryostat is thus 

warmed up by a passive warmer and then returned to the 

compressor side.   As the superconducting cavity is made 

of 3-mm thick thin-shell niobium, its operating frequency 

varies with the pressure of the cryostat.  The successful 

operation of the cavity-frequency tuner depends on a 

stable helium pressure with a maximum variation of +/-3 

mbar in the cavity cryostat.  Each cryogenic plant has 

its own helium buffer tank, Dewar and recovery system.  

During regular operation, these two cryogenic plants do 

not interact with each other.   The pressures in the Dewar 

and the suction line are maintained at 0.4 barg and 0.05 

barg, respectively.  Operational experience with the TLS 

storage ring reveals that a pressure fluctuation as low 

as +/-5 mbar is achievable of both the Dewar and the 

suction line.  Such a low pressure variation allows the 

pressure control of the cavity cryostat to satisfy the strict 

requirements. 

Redundancy is obtained by switching valves and 

interconnection piping between the two cryogenic 

plants.  The switching valve boxes after the outlet of 

the two Dewars perform the switching function for the 

supply of liquid helium and also for the recovery of cold 

return gas.  Using the switch valve-box enables the two 

cryogenic plants to support each other in cooling the 

four superconducting cavities.  Given an 80% liquid-

helium inventory in both the 2000-L Dewar and 7000-L 

Dewar, the 450-W cryogenic plant can either support the 

operation of four SRF cavities for 18 hours or keep the 

SRF cavities at 4.5 K without dynamic heat load for 4 days 

before the Dewars become empty.   Safety inspection or 

regular maintenance of the 706-W cryogenic plant can be 

performed during this period, and one-month shutdown 

of the storage ring due to warm up of SRF cavity to room 

temperature is avoided. 

A phase separator is placed in front of each magnet 

cryostat.  The plan is to distribute the liquid helium to the 

superconducting magnets through multichannel lines, 

which surround half of the storage ring, with up to six 

supply ports to cover the potential installation positions of 

the superconducting magnets.   The refrigerator, with three 

connections at various operating temperatures, can accept 

the cold return gas at its possible temperatures during 

cooling down of multichannel line.  An additional switch-

valve box enables the 706-W cryogenic plant to serve as a 

helium-cooling backup for the superconducting magnets 

such that safety inspection or regular maintenance of 

the 450-W cryogenic plant can be performed without 

shutting down the beamlines with light source from the 

superconducting magnets. 

Independent operation of the 706-W and 450-W 

cryogenic plants can prevent any disturbance to the 

operation of cavities, if there is a quench from any of the 

magnets.  The average energy stored in the coil is 50 kJ 

when a superconducting magnet is operated at its nominal 

current.  Large amount of helium gas can be discharged 

during magnet quenching, which should not affect the 

operation of the rest of superconducting magnets and 

cavities.  The energy stored in a superconducting cavity 

is only 30 J and any quenching of cavities is not a critical 

issue. 

If the cryogenic plants cease running due to an 

unexpected shortage in the utility system, and if the 

liquid-helium inventory in the Dewars is 75 %, the four 

superconducting cavities can be maintained at 4.5 K for 

another 22 hours, and the six superconducting magnets 

can be maintained at that temperature for 16 hours.  

During normal operation, the total volumes of stored 

liquid helium in the cavity cryostats, magnet cryostats and 

two Dewars are 1600 L, 1200 L and 6750 L, respectively.  

Eight gas tanks, each with a volume 100 m3 and operating 

pressure in the range from 1.5 barg to 10 barg, should be 

able to store the warmed-up helium gas from the cryostats 

and the Dewars, should the cryogenic system need to be 

suspended for a long period. 
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Fi g u r e  2  p r e -

sents the layout of 

the cryogenic system 

and the piping in the 

TPS project .  Four 

g a s  t a n k s  r e m a i n 

in their  or iginal ly 

installed position, 

which is the He gas 

tank area I; another 

four new gas tanks 

will be installed in 

the He gas tank area 

II.  Both compressors 

of 450-W and 706-W 

cryogenic plants are 

installed in the utility 

b u i l d i n g  I I .   T h e 

450-W refrigerator is relocated near the 706-W refrigerator 

in the TPS storage ring.  Switch-valve box (#2) and switch-

valve box (#3) are placed between the 7000-L Dewar 

and the 2000-L Dewar.  The estimated total length of 

multichannel transfer lines is 130 m for the distribution 

of liquids helium and nitrogen to the superconducting 

cavities, and it is 178 m for the superconducting magnets. 

The nitrogen consumption rate of 163 L/h is required 

to operate the four superconducting cavities and it 

is 79 L/h to operate the six superconducting magnets.   

Liquid nitrogen is stored in a 60000 L nitrogen Dewar, 

which is installed adjacent to the He gas tank area I.  

Based on the estimated consumption rate, the nitrogen 

Dewar must be refilled weekly.  The total length of the 

nitrogen-transfer lines, from the storage Dewar to the 

refrigerators, is 142 m.  Gas vents are installed in front 

of the liquid-helium refrigerators and switch-valve boxes 

in order to reduce the nitrogen vapor after a long liquid-

nitrogen transfer line.  An additional phase separator is 

installed in front of each switch-valve box to keep the 

supply pressure within a variation +/-50 mbar. 

In summary, there will be one new 700-W cryogenic 

plant constructed in phase one and one present used 

450-W cryogenic plant to be moved from TLS to TPS in 

phase two.   This planning meets the schedule of TPS 

project, where two superconducting cavities and up to 

two superconducting magnets are installed during phase 

one, and all planned superconducting devices are installed 

during phase two.◆
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Fig.  2:  Layout of cryogenic system in TPS project
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