
Jui-Che Huang1 Chin-Kang Yang1, Chih-Sheng Yang1, 

Chih-Wei Chen1 , Hideo Kitamura2

1National Synchrotron Radiation Research Center, Taiwan
2RIKEN/SPring-8,Japan 



High-brilliance X-rays can be obtained from short-period undulators
with small phase errors installed in third-generation synchrotron
radiation facilities,

A cryogenic permanent 
magnet undulator (CPMU) 

can provide all these 
characteristics.

• Shorter wavelength radiation
→ Hard X-ray
• More periods for a fixed length
→ High Coherent Photon Flux
• Low degradation of SR from

small phase errors of an undulator
→ Higher Harmonics
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CPMU  CUT18-2m G 5.4 mm 
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Liquid Nitrogen

Unique features of TPS-CPMU: 
- Conduction cooling of magnet 
arrays to avoid the damage of the 
accelerator ultrahigh vacuum 
(UHV) 

- Compatibility with both 
cryocoolers and liquid nitrogen 
(LN2) tanks as a cooling system

Cryo-Cooler

Transfer Line (IN)

Transfer Line (OUT)

Level sensor

LN2

Coldhead

Cooling source Cryo-cooler Liquid Nitrogen

Lowest temp. of PMs 50 K 115 K

Operational cost at NSRRC ~ $ 2.7 USD / hr
( ~ 8 kW x 2 )

~ $ 0.7 USD / hr
( ~ 4 L/hr x 2 )

Annual maintenance Yes Few

Vibration of cooling source High (but acceptable) Very Low

Cooling time 18 ~ 24 hrs 40 hrs





In-vacuum
 girder

Bellows 
link-rod

Differential 
adjsuter

Out-of-vacuum girder
Magnetic field of CPMU is increased by 
25 to 30 %, compared to an IVU.

Field errors at 80 K are caused by :
1. Gap errors due to thermal effect

⚫ Deformation of in-vacuum girders
⚫ Uneven shrinkage of bellows link-rods

2. Gap errors from increased magnetic forces
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25 to 30 % increased field

CPMU @ 80 K 

IVU @ 300 K 

Effective magnetic field
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Temperature of PMs [K]

The temperature dependence of the magnetic field was measured for
two CPMUs (CU15 and CUT18): for CU15 with PrFeB magnets, the field
increases monotonically with decreasing temperature, whereas for
CUT18 with NdFeB magnets, the field reaches a maximum around 170 K.

CU15 with PrFeB magnets CUT18 with NdFeB magnets

Gap 5.2 mm Gap 4.2 mm 



- can be measured at zero beam current

The cooling margin is the available power to compensate the beam
induced heat-load. The sufficient cooling margin is important to keep
a stable temperature control of magnets.

The cooling margin can be
measured by heater power at
equilibrium without beam
current.

Pcond : heat transfer from the bellows-link rods
Prad : thermal radiation from the vacuum chamber
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The first attempt to operate CU15 in the
storage ring at a beam current under
300 mA was successful. However,

when the beam current increased
gradually to 500 mA, the equilibrium
temperature of magnets and tapers of
prototype increased to 256 K and 410 K,
respectively.

The BeCu foil deformed as its temperature increased, eventually forming a
cavity-like structure. The electromagnetic waves were trapped inside of
cavity-like structure to cause energy loss and beam heating.

At room temperature

Transition taper of prototype

BeCu foil

BeCu foil

With beam current up to  500 mA



Prototype

A water-cooled section is added to the final type to accommodate heat
load derived from geometric impedance. At present, this design can ensure
the CU15 operation at beam current of 500 mA and gap of 5 mm without
any problem.

Final type

The tapers at both ends of CPMUs need to be flexible to allow
for gap variation and low thermal conductivity to reduce heat
flow from the vacuum chamber to the magnet arrays.

spring

BeCu foil

electron beam

via heat transfer bar
 to cryo-cooler

 

Cu-plated 
SS foil

water cooling channel

electron beam

spring

Cu plate

in-vacuum 
girder
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Final type

VRF= 3.2MV

st =16 ps @ 500 mA
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Beam Current (mA)

Commisioning,

Prototype transition taper

VRF= 3.2MV 

st =16 ps @ 500 mA

Final type

VRF= 2.8MV

st =18 ps @ 500 mA

CU15 , Gap 20 mm

Additional heating derived from the electron beam can be traced
from the change of the heater power.

VRF = 3.0 MV, 

st ~ 17 ps @ 500mA

Gap 20 mm

The beam-induced heat-load decreases with increasing bunch length, st .
The bunch length, st , increases with decreasing RF voltage, VRF.
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Beam Current (mA)

With beam current up to 500 mA



⚫ Two CPMUs with magnetic and cryogenic performance above the
required specifications have been successfully developed at the
TPS, NSRRC.

⚫ Unique features of cryogenic system at TPS-CPMUs are
conduction cooling of magnet arrays to avoid damage to the
accelerator ultra-high vacuum, and compatibility with both
cryocoolers and liquid nitrogen tanks as a cooling source.

⚫ With a temperature control system, the temperature of magnets
can be stabilized, and the CPMUs can provide stable,
reproducible photon energy spectra.

⚫ The main heat-load at CU15 / CUT18 is derived from broadband
impedance including resistive wall heating and geometric
impedance from taper/step structure.

⚫ The photon flux at 20 keV using the CU15-2m is 3 times higher
than that using the IU22-3m. The experimental time can
efficiently decrease to one third on replacing IU22 with CU15.



Thank you 
very much !

CU15 operated at 
Taiwan photon Source
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