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Abstract

A 3W1 superconducting wiggler (SCW) with the pole gap of 68 mm was successfully tested and installed in a BEPC II stor-
age ring in November, 2019. The goal of zero liquid helium consumption was achieved, and the cryogenic system exhibited
a 12% residual cooling capacity (approximately 0.69 W @4.2 K). The 3W1-SCW was set to operate at 2.49 T and has been
operating for more than seven months. Three instances of magnet quenching occurred during the normal operation. The
evaporated helium gas can be recycled to the helium gas recycling system when the pressure in the helium tank is higher
than the parameter value (the setpoint of the pressure value is 1.2 bara). The cryogenic system can be recovered within 4 h

if sufficient liquid helium is available to inject into the cryostat.
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1 Introduction

The spectral characteristics of synchrotron radiation (SR)
from a bending magnet are determined by two parameters:
electron energy E and magnetic field B. To improve SR qual-
ity, at the Beijing Electron Positron Collider Upgrade Project
(BEPC II), increasing the electron energy is not easy because
the corresponding storage ring has been operating for many
years and cannot work at high electron energies. However,
there is an inexpensive and simple alternative method to
achieve this: Superconducting (SC) insertion devices such
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as SC wigglers (SCWs) are often used as the first choice to
replace old permanent magnets [1].

The 3W1-SCW was scheduled to operate at 2.49 T, which
is feasible for beam-load work. A cryogenic system for SC
magnets should be based on the principles of reliability, sta-
bility, and safety for beam-load work and experiments. Fur-
ther, the cryostat design should meet the long-term machine
operation without the requirement for liquid helium refill-
ing; more specifically, the cryogenic system should have suf-
ficient residual cooling capacity for a prolonged lifecycle
(1-1.5 a) under zero helium consumption conditions [2].

Owing to the heat conductivity between the upstream and
downstream parts of the beam tube, the actual heat load
of the helium bath exceeded the expected value after the
insertion device was installed in the storage ring. The total
dynamic thermal load from the stored beam could not be
accurately calculated and estimated. The measured contribu-
tion to the total heat load from the stored beam in MAX II
was 0.86 W instead of the predicted 0.17 W, and the contri-
bution to the beam-induced heating from the image current
was 0.59 W, approximately 10 times larger than expected
from calculations [3]. The helium evaporation was signifi-
cantly higher than expected after two SCWs were installed
in the Diamond Light Source (DLS) storage ring in March,
2009, and liquid helium must be refilled more frequently
to maintain the respective cryogenic system. This not only
increases the cost, but also limits the operating beam current
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[4]. Accordingly, a copper liner was installed in the vacuum
chamber to intercept dynamic thermal loads generated by
image current, electron clouds, and SR [2, 5, 6].

A 3W1 32-pole SCW for a high-energy photon source
test facility was designed by the Institute of High Energy
Physics (IHEP) and fabricated in Vacree (Hefei, Anhui). It
passed acceptance tests and a two-month reliability experi-
ment at the manufacturing site in May, 2019, in which vari-
ous modes of wiggler operation, including the functionality
of the cryogenic and controlling systems, were checked and
the magnetic field characteristics were measured [7-9]. In
particular, the magnet’s first and second field integrals were
evaluated using a tension line measuring system, and the
results showed that operation of the 3W1-SCW does not
affect the working reliability of the storage ring [10]. The
test commission must be completed before the cryostat is
installed in the storage ring of BEPC II, including analyses
of the cryogenic system, magnetic field, quench protection
system (QPS), power supply system, control system, and
alignment. Figure 1 shows the 3W1-SCW installed in the
storage ring of BEPC 1II.

2 Magnetic field test

The performances of the cryogenic and magnet systems were
retested after the device was transported to the IHEP site.
It took one month to build a test site for the 3W1 SCW in
Hall #5 at the IHEP, including systems to examine the liquid
helium injection, helium gas recovery, and magnetic field.
In particular, the magnetic field was remeasured using the
Hall sensor system and tension line system to ensure the cor-
responding requirements were met and that the magnet was
ready for operation (Fig. 2). Magnetic field measurements
of the 3W1-SCW were carried out in Cartesian coordinates,
which have designations x, y, and z: the z-axis coincides with

Fig. 1 (Color online) 2.6-T 32-pole superconducting wiggler (SCW)
for high-energy photon source test facility
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Fig.2 (Color online) Hall sensor system used to measure the mag-
netic field

the longitudinal axis of the beam tube, while x and y are the
horizontal and vertical directions, respectively. Equation (1)
describes the SCW field [11, 12]. The distribution of By at
different positions along the cross section of the beam tube
is presented in Fig. 3.

By = Bcos <§—ﬂz>, (1)
D
where B, is the wiggler magnetic field when y=0 mm, Bis
the peak field intensity, and A, is the magnetic field period
length of the insertion element. According to the test results,
the magnetic field meets our design requirements and the
cryogenic system runs stably, consistent with the factory
acceptance test results; therefore, the designed SCW is suit-
able for BEPC-II tunnel installation.

3 Quench protection system

A QPS is required for the 3W1 SCW magnet that not only
reliably protects the SC elements (including 34 SC coils and
six binary SC current leads, among others) from the damage
caused by the release of heat when the magnet quenches
[13, 14], but also supplies sufficient quench-related informa-
tion for users to perform quench analysis. Accordingly, an
active equipment was designed and developed for the QPS,
constituting three cooperative subsystems: a digital quench
detector (DQD), quench protection assembly (QPA), and
software implementation.

The magnet quenching signal can be detected by monitor-
ing the differential tap voltages and the time derivative of the
excitation current in real time. These electrical signals are
converted into digital signals, which are then analyzed using
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Fig.3 Distribution of B, at dif- 3
ferent positions along the cross
section of beam tube
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DQD based on a digital signal processing (DSP) algorithm.
Upon detection of a quench or other significant failures, the
DQD sends a quench trigger link to both hardware and soft-
ware elements to activate the magnet protection codes and
data recording sequences. Multiple quench threshold values
can be set for special-purpose triggers, and the channel con-
figuration is programmable. In particular, the DQD system is
constantly being improved because of heartbeat signals: the
actions following the loss of heartbeat signals are similar to
those of magnet quenching [15].

The power supply integrated with the QPA provides the
user with direct control over the power of the magnet. When
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a quench signal is detected, the power supply is immediately
turned off and the energy extraction dump resistor is acti-
vated (Fig. 4).

The software implementation included two elements:
data acquisition and real-time control [16]. During normal
operation, voltage taps and other channels were continuously
monitored and recorded at a slow rate of up to one sample
per second. However, when a quench occurs, such data are
collected at a high rate.

The QPS for the 3W1-SCW successfully worked for
3 quenches during the operation with beams and proved
capable of actively limiting the energy released during a
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Fig.4 Main control panel for quench protection assembly (QPA)
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quench. Moreover, the flexibility of the system allowed a
slight adjustment of the quench detection parameters.

4 Power supply control system

Control of the power supply was tested to ensure that the
field of the wiggler was adjustable during operation. The
cryogenic system should be ready before the magnet is
powered up. The key parameters of the cryogenic sys-
tem, including the level of liquid helium, pressure of the
helium tank or temperature of the SC magnet, vacuum of
the cryostat, and temperature of the thermal shields, are
interlocked with the power supply control system to avoid
damage to the SC magnet. Figure 5 displays the desired
and actual current values for the key parameters of the

cryostat ready SetRaady| Dis Ready ’

LHE Alarm 95.71 ¢ S 90
Pressure Alarm 1.02 bar <1.2bar
MagnetT Alarm 421K <4.4k

Vac Alarm 3.990E-4 pa <1x 10-3 pa
Screen West 44.43K <50k

Screen East 42.49K <50k
Cryol_1T Alarm 34.54K <50k
Cryol 2T Alarm 4.14K <5k
Cryo2_1T Alarm 34.55K <50k
Cryo2_2T Alarm 3.97K <5k
Cryo3_1T Alarm 33.08K <50k
Cryo3_2T Alarm 3.48K <5k
Cryo4 1T Alarm 32.01K <50k
Cryo4_2T Alarm 3.49K <5k

Fig.5 Desired and actual current values of the key parameters of cry-
ogenic system

HE Level 79.54 %

HE pressure 1.02 bar

3wl PS Control monitor

cryogenic system. The desired current of the magnet under
normal operation was confirmed through several commis-
sioning and magnetic field tests.

The power-supply system can be operated when the sig-
nal of the cryogenic system set is ready and received. The
power-on procedure involves the following steps:

The first step is to change the target current of the main
power supply to 100 A and then start powering the magnet
to the desired current value. The up- and down-current
velocities were confirmed according to the offline test
results, which also met the storage ring operation require-
ments. These can be compiled into a control program that
cannot be changed by operators to avoid misoperation.

The second step is to change the target current of the
main power supply to 200 A after a 20-min interval, and
then start the power on the magnet to the desired current
value.

The third step is to change the target current of the main
power supply to 300 A after a 20-min interval, and then
start powering the magnet to the desired current value.

The fourth step is to change the main power supply’s
target current to 320 A after a 20-min interval, and then
start powering the magnet to the desired current value.

The fifth step is to change the target current of the west-
correcting coil power supply to —10.99 A after a 10-min
interval, and then start powering the magnet to the desired
current value.

The sixth step is to change the target current of the east-
correcting coil power supply to —13.20 A after a 10-min
interval, and then start powering the magnet to the desired
current value. Figure 6 shows the power control system
interface.

The purpose of the intervals in steps 2—4 is to cool the
SC magnet completely, particularly the Joule heat of the
joint.

2020-09-25 07:08:26.685000000
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Fig.6 Power control system interface
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5 Storagering installation

In November, 2019, the 3W1-SCW was installed in the
storage ring of BEPC II to replace the old permanent wig-
gler after all preparatory work had been completed, includ-
ing the magnetic field retest, QPS test, and corresponding
transportation scheme, among others. The narrow width
and limited height of the existing BEPC II tunnel bring
more challenges to the transportation and installation of
the 3W1-SCW (see Fig. 7a). The only choice of trans-
portation scheme was the traditional roller transportation
method, as depicted in Fig. 7b.

The location of the cryostat was adjusted using special
tools based on the collimation results. New upstream and
downstream vacuum chambers were installed after the
3W1-SCW cryostat was fixed (Fig. 8a, b). In particular,
repeated optical surveying should be performed to ensure
alignment of the magnet to the beam pipe within 0.1 mm.

The vibration of the beam line should be reduced as
much as possible, which will affect the beam dynamics.

Fig.7 (Color online) Transport
process of 3W1-SCW cryostat
in the tunnel of the Beijing
Electron Positron Collider
Upgrade Project (BEPC II). a
3W1-SCW cryostat transporta-
tion in the BEPC II tunnel; b
Diagram of specific transport
program

Fig.8 (Color online) Photos of
new upstream and downstream
vacuum chamber. a Upstream
vacuum chamber; b Down-
stream vacuum chamber

Cryocoolers are the main source of vibration, with the
working frequency of 1 Hz. Special welding bellows were
used to isolate vibrations from the cryostat and other
devices on the beamline. The maximum amplitude of the
cryostat was measured using a vibration monitor. The six
measurement points are marked in Fig. 9 and the results
are listed in Table 1.

The test results showed that the maximum amplitude of
the vacuum house of the cryostat was much smaller than
that of the cryocooler itself, indicating that the damping
structures were very useful. The maximum amplitude of the
cryostat, except the cryocooler, is 17 um, which satisfies the
requirement of the BEPC II storage ring operation.

6 Control system

The control system for the 3W1-SCW was based on embed-
ded EPICS and integrated into the BEPC II center control
system in November, 2019. Figure 10 presents the structure
of the control system. The control system is an independent

3W1-SCW

rollers

(b)

@ Springer
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A
6 bara —— Bursting set pressure
5.25bara —f— Pset*1.05
5 bara —}— Set pressure of the 2" safety valve (Pset +5%)
4.75 bara —f— Pset *0.95
Pressure margin
1.3 bara —}— 1%t relief valve set pressure (PLC controlled)
Operating pressure area 1.2bara —}— Maximum operation pressure
1.01 bara —f— Pressure operation at 4.2 K
(a)
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Fig.9 (Color online) Vibration measuring points on the cryostat o \
o \
\
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Table 1 Test results of vibration measurement 0.0f —u
Number Measuring point Maximum % s sl 1%
. Pressure of helium vessel (Bara)
amplitude
(b)
1 Cryocooler tower 1 14 pym
2 Cryocooler tower 2 14 pm Fig. 11 Control of internal pressure in cryostat. a Operating pressure
3 Service tower 13 um scale of cryostat; b Algorithm for power control of heater
4 Side flange 2 17 ym
> Side flange 1 16 m monitoring computer. All data were automatically saved in
the data server, which worked independently and was pow-
ered by an uninterruptible power supply.
pr The control system controls one main power supply and
i : i two correctional power supplies that modify the electron
nternet . .
l EPICS 10C (Limx PC) | beam orbit and compensate for the integral field strength.
t The input/output speed of the magnetic current significantly
’ Serial port server affected the dynamic heat load and magnet quenching times.
I R4S I RS485 I RS485 I RS4SS The dynamic heat load includes the Joule heat of the connec-
Power — pem—— Vavle tors and eddy current heat of the thermal shield for the beam
Supply Instruments Control . . .
(T. P, Vacuum) tube. The operation input/output speeds of one main power

Fig. 10 Control algorithm of 3W1-SCW

system that can be used to perform signal conditioning for
the quench detector, power supply input/output control, lig-
uid helium level and pressure alarm of the helium vessel,
electropneumatic valve opening/closing control, and the
temperature of the SC magnet.

The control system for 3W1-SCW is also a distributed
control system that provides remote and local operations. It
comprises two major parts: a remote monitoring computer in
the central control room of BEPC II and a local control com-
puter in the area near the cryostat. Communication between
computers occurs via the internet. The control authority of
the local control computer was higher than that of the remote

@ Springer

supply and two correctional power supplies were identified
after pre-commissioning.

Pressure is a sensitive and rapid indicator of heat-load
changes. To be conservative and maintain a sufficient work-
ing pressure margin, a PLC-controlled valve was installed as
the first relief valve, and the released helium gas was auto-
matically stored in a helium gas bag. Parallel to the passive
safety valve, the PLC-controlled valve opens at the absolute
pressure of 1.2 bara, which is less than the design pressure of
the cryostat. The pressure scale for operation of the cryostat
safety device is shown in Fig. 11a.

The control system also has a self-checking function dur-
ing normal operation. The necessary prerequisites for the
ready signals were the level of liquid helium (>95%), pres-
sure of the helium vessel (< 1.2 bara), and temperature of the
magnet (<4.4 K). An electric heater was installed inside the
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helium vessel, and its power was interlocked with the inter-
nal pressure. A control algorithm for the power control of
the heater was formulated to solve the feedback control delay
and reduce the helium pressure fluctuation. Figure 11b illus-
trates the control algorithm for power control of the heater.
The alarm signals are listed in Table 2.

7 Cryogenic plumbing

Cryogenic plumbing involves two separate circuits made
of stainless-steel tubes: helium transportation and helium
gas recovery. Liquid helium was injected using a special
cryogenic pipeline from a mobile helium dewar to a helium
vessel (Fig. 12a). A cryogenic hand valve installed in the
cryogenic pipeline was used to adjust the flow of liquid
helium to control the rate of cooling of the cold mass dur-
ing the cooling period. Owing to radiation in the tunnel, the
injection pipeline of the cryostat leads to SR hall #10, which
is near the cryostat installation site. The liquid helium of the
mobile helium dewar can be injected into the helium tank
using a special cryogenic pipeline when the level of liquid
helium in the tank is below a set point. This method can
significantly reduce the system recovery time when an SC
magnet is quenched.

A helium gas recovery circuit was adopted in all the
three cases. The first case involved cooling of the cry-
ogenic pipeline. A small amount of air will be trapped
inside the cryogenic pipeline after connection from the
mobile helium dewar to the cryostat; therefore, the valves
of CV02 and EPV04 should be closed, while CV03
should be open at the beginning of liquid helium injec-
tion to displace the air inside the pipe and cool the warm
pipeline slowly. As a result, all the impure helium gas
was reclaimed without waste. The second case involved

=

Hand valve

To helium cryostat

helium dewar

(a)

’ From mobile

DN10 DN 10
cvo3

T
I DN100
Finned Tube
| ontoL, S ONB®
| V02 £~ TEPVO4
| I
l ¥ i
I

~about 600 m

Helium Gas Recovery System

500L Mobile Helium Dewar  The Cryostat of 3W1-SCW

(b)

Fig. 12 Helium cryogenic system pipes. a Special cryogenic pipeline
from mobile helium dewar to helium vessel; b Process diagram of
cryogenic plumbing

the injection of liquid helium. Accordingly, the valve of
CVO03 should be closed and the valves of CV02 and EPV04
should be open; all pure helium gas will also be reclaimed.
The third case involves pressure relief for any reason, par-
ticularly when the magnet is quenched or the insulation
vacuum breaks down. The automatic pressure-relief valve,
EPVO04, can release the pressure of the helium vessel when
the pressure exceeds the set value. A diagram depicting the
process of cryogenic plumbing is presented in Fig. 12b.
The distance from the cryostat to the helium gas bag was
approximately 320 m, and a DN100 stainless-steel tube
was used to reduce flow resistance.

Table2 Alarm signals of

Number Name Label Alarm value
control system

1 Insulation vacuum PI1000 >1x107 Pa

2 Level of liquid helium LIS101 <90%

3 Pressure of helium vessel PI5101 >1.20 bara

4 Temperature of magnets TI5102 >44K

5 Temperature of 50 K stage of cryocooler (1#) TI1202 >50K

6 Temperature of 4.2 K stage of cryocooler (1#) TI1101 >5K

7 Temperature of 50 K stage of cryocooler (2#) TI2202 >50K

8 Temperature of 4.2 K stage of cryocooler (2#) TI2101 >5K

9 Temperature of 50 K stage of cryocooler (3#) TI3202 >50K

10 Temperature of 4.2 K stage of cryocooler (3#) TI3101 >5K

11 Temperature of 50 K stage of cryocooler (4#) TI4202 >50K

12 Temperature of 4.2 K stage of cryocooler (4#) TI4101 >5K

13 Temperature of thermal shields (vacuum chamber-west side) TI5301 >50K

14 Temperature of thermal shields (vacuum chamber-east side) TI5304 >50 K

@ Springer
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8 Commissioning
8.1 Cryogenic system and beam vacuum

In October 2019, the 3W1-SCW passed helium spectrom-
etry leak detection and cryogenic pipeline pressure tests
after installation was completed. Various modes of the
wiggler operation, including the functions of the cryogenic
and control systems, were checked and tested. The BEPC
II storage ring operates in two modes: collision and SR.
There is only two months for the SR mode in a cycle of
operation, which is sufficient time for precooling only by
cryocoolers. It took approximately six days to cool the
cold mass using only cryocoolers from room temperature
to the working temperature, and one day for liquid helium
injection and thermal balance. The pressure of the helium
tank will be less than the atmospheric pressure during the
cooling period casused by helium gas contraction. which is
not allowed and may damage the seal structure. Therefore,
it is necessary to maintain the pressure stability by high
purity helium gas which use a pressure reducing regula-
tor to safely discharged from cylinder. After the control
system pass the self-checking function, we attempted to
increase the magnet current to 320 A at the speed of 0.2
A/s without an electron beam three times at the beginning
of commissioning to ensure that the 3W1-SCW is ready
for operation with the beam.

Because of the gas evolution of the newly installed
upstream and downstream vacuum chambers, the vacuum
is insufficient, resulting in a less efficient injection rate and
short beam lifetime. Thus, the beam commissioning was
delayed by four days to deal with the vacuum problem and

Fig. 13 (Color online) Graphi-
cal user interface (GUI) for
3W1-SCW control

Bll Current 250.37mA

status

Cryo status

1.33E-4 pa

optimize the injection process to reduce the beam loss. A
baking method was employed to increase the vacuum in
the beam chamber.

The residual cooling capacity of cryogenic system is
0.69 W @4.2 K without the beam and 0.65 W @4.2 K with
250 mA electron beam intensity, hence the dynamic heat
load which induced by beam is 0.04 W @4.18 K. However,
the orbit of the beam should be adjusted according to the
beam dynamics to meet the requirements of the new beam-
line of the BEPC II SR facility. The cryostat temperature
field is depicted in Fig. 13.

8.2 Beam position and spectral characteristic tests

The 3W1-SCW was ready to produce SR for users on
November 14 and the control system was in working order.
The cryogenic system can be operated as steadily as before.
The SCW can affect beam dynamics including orbit change,
beam lifetime, and beam performance; therefore, the beam
orbit, initial phase, and bunch shape should be optimized
to meet the requirements of SR [13, 17, 18]. The copper
liner, which is installed between the beam tube and the 4.2 K
vacuum chamber, acts as a thermal shield screen, protecting
the vacuum chamber from heat induced by an electron beam
in an accelerator.

We evaluated the beam power dissipation on the beam
pipe in the cryostat with varying beam horizontal offset of
0,-12, and 12 mm, using the code CST. The primary param-
eters of the beams and beam pipes are listed in Table 3.
Table 4 presents the results of the beam power dissipation
with different horizontal offsets.

A series of beam-position tests were performed, in which
the beam position exhibited a strong dependence on the

3W1 SC Wiggler Cryostat Monitor

o

2019-11-15 08:49:02.

-

LHE Inlet
~

Gas bag(100m3)
Cryocooler 2

1.0121 bar
PH Set

st

T

1.2 §

PL Set

1

st
jgum
4571 K C
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Table 3 Main parameters of the beam and the beam pipe

Parameter Value
RMS bunch length (cm) 1.5
Total beam intensity (mA) 910
Number of bunches 93
Circumference (m) 237.53
Vacuum chamber (vertical) (mm) 39
Vacuum chamber (horizontal) (mm) 108
Length of the beam pipe (m) 1.965

Material of the beam pipe

Stainless steel with 0.1 mm of
copper coating on the inner
surface

Table 4 Loss factor and beam power dissipation with different hori-

zontal offset

dynamic thermal load of the cryogenic system, which is con-
sistent with the experimental conclusion of the 25+ 2 pole
wiggler of the Canadian Light Source [19]. Device opera-
tions and modifications to the storage ring would affect the
dynamic heat load on the cryogenic system and the quality
of SR. The highest dynamic heat load measured was 0.54 W
@4.2 K when the orbit of the beam in the horizontal direc-
tion was —12.197 mm. The dynamic heat load induced by
the beam can be significantly reduced from 0.54 to 0.22 W
by adjusting the orbit of the beam at the horizontal direc-
tion from 12.197 to —7.367 mm. To meet the requirement
of SR and long-time operation, the minimum dynamic
heat load should be 0.14 W after beam commissioning and
optimization.

The dynamic heat load was modest but larger than the
theoretical calculation of that induced by image currents
and SR. This may depend on the quality of the copper coat-

Horizontal RMS beam length=1.5 cm ing applied to the internal surfaces of the beam tube, which
offset (mm) Power loss  Power loss  Loss factor  Total beam prgsented a higher resistivity tha.n expected [20, 21]. Mean-
on cryogenic on warm (V/pC) power loss while, the temperature of the side flanges of the thermal
part of beam chamber on (W) shield, connected with the copper liner via flexible copper
pipe (W) both sides braids, reduced from 56.66 to 48.51 K when the orbit of the
(W) beam at the horizontal direction was adjusted from —12.197
0 13.4 574 2.6E-2 183 to —7.367 mm (Fig. 14). The temperature of the copper liner
12 14.1 50.7 1.5E-2 106 increased due to the radiant and conductive heat of the beam
12 15.6 94.0 7 4E-2 522 tube, the temperature of which was increased by the image
current, beam current loss, and SR.
The spectral characteristic parameters of the SR produced
by the 3W1-SCW were tested. The characteristic energy of
SR increased from 6.32 to 10.2 keV. The high-energy photon
3W1 SC Wiggler Sensor Monitor Curves
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flux was 35 times higher at the photon energy of 50 keV
(Fig. 15). Incorporating the 3W1-SCW in BEPC-II not only
broadens the application field of the original 3W 1 beamline
station, but also greatly improves the use efficiency of the
beamline.

9 Operation and quench

The 3W1-SCW has been operated for more than four months
in the SR mode, and experienced cooling and rewarming five
times. Magnet quenching occurred three times during the
period of commissioning and normal operation. According
to the calculation, there is approximately 100 kJ, which is
1/3 of the total stored energy of the magnet, should be taken
away by the cryogenic system when quench. The liquid level
of helium reduced from 95.91 to 70.39%, i.e., approximately
40 L of liquid helium evaporated in 2 s when the magnet
was quenched. The pressure inside the liquid helium vessel
increased rapidly, and the automatic pressure-relief valve
opened instantly to discharge the pressure. The peak value
of the pressure was 2.18 bara, which is lower than the set
pressure of the 2nd safety valve. The level of liquid helium
inside the helium vessel cannot meet the requirement of nor-
mal operation after magnet quench; therefore, it is necessary

to perform the liquid helium injection step, which would
significantly affect the total system recovery time. Table 5
shows the magnet quench occurrence time, reason, and sys-
tem recovery time of the 3W1-SCW. Figure 16 depicts the
pressure of the helium vessel, the liquid level of the liquid
helium, and the temperature of the magnet during magnet
quenching.

10 Summary and conclusions

The 3W1-SCW cryostat was installed in a BEPC II storage
ring and successfully operated with a beam in November,
2019. The static heat load of the 3W1-SCW was signifi-
cantly reduced after structural optimization and improve-
ment. The goal of zero liquid helium consumption was
achieved, and the residual cooling capacity is approximately
0.69 W @4.2 K without the beam, equivalent to 12% of the
total cooling capacity of a cryogenic system. A maximum
magnetic field of 2.6 T was achieved and 2.49 T is accept-
able for stored beam work; thus, 3W1-SCW has now been
opened to the user community. The cryogenic system can
operate stably when magnet quenching occurs three times,
and has been running stably for more than four months.
Cryostats with both liquid helium and cryocoolers have
proven to be reliable and independent cryogenic systems
for at least one maintenance cycle. The dynamic heat load
induced by the beam can be reduced by adjusting its orbit.
The characteristic energy of the SR increased from 6.32 to
10.2 keV. The high-energy photon flux increased 35 times at
the photon energy of 50 keV. The developed 3W1-SCW not
only expands the application fields of the old 3W1 beamline
station, but also increases its efficiency. Operation of the
3W1-SCW demonstrates that the continuous operation of
an SC device should cooperate with the beam dynamics.

Table 5 Magnet quench

- Number Occurrence time Reason System
occurrence time, reason, recovery
and system recovery time of time (h)
3WI1-SCW

1 November 12, 2019 Magnet power supply volatility 36
2 July 5, 2020 Misoperation 21
3 September 25, 2020 City power supply volatility 20

Average time 25.67
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