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• Overview of TLS and its RF system

• Operational Experience of TLS SRF module

• Summary



Two Light Sources in NSRRC
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TLS Storage Ring (1.5 GeV)

25 beam lines

Open for user in 1993

TPS Storage Ring (3.0 GeV)

Available for users in 2016

Phase I + Phase II: 16 beam lines

Phase III: 9 beam lines (~2026)
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Machine Parameters for TLS
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RF output power ~ 70 kW



TLS RF System (Storage Ring)
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• CESR type SRF Module 

(operated ~20 years)

• 100 kW klystron transmitter

• Analog LLRF



Two Cryogenic Systems at TLS
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1. There are two cryogenic systems in 

TLS: one in operation and one for 

spare.

2. The SRF module and 

superconducting magnets in TLS are 

both supported by the same 

cryogenic system.

3. When one of the cryogenic systems 

requires maintenance, the system is 

switched to the spare unit for 

continued operation.

4. With the use of two cryogenic 

systems, the SRF module can be 

kept at 4.5 K during cryogenic 

maintenance.

SC Magnets



SRF Modules at TLS
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One SRF module (S1) has been in operation since 2004, while a spare SRF module (S2)

has been stored in vacuum since 2005.

S1 module

• High power test on 2004 Aug 10, Q0 = 1.1×109 1.6 MV, 

Qext = 2.25×105

• Before 2021, it operated at 1.6 MV; since 2021, it has 

been operating at 1.3 MV due to unknown quench 

events.

• There were a total of 6 full warm-ups before 2009, and 

only 1 partial warm-up was performed after 2009, in 

2021.

• After warming up in 2009, a minor leak was found in 

the vacuum insulation layer, requiring periodic pumping 

to maintain insulation.

• Based on routine operation data, the Q₀ at 1.6 MV 

remained above 1.0× 10⁹.

Cryostat insulation vacuum for 2024

30 days: 3 uTorr to ~33 uTorr



SRF Modules at TLS
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One SRF module has been in operation since 2004, while a spare SRF module has been 

stored in vacuum since 2005.

S2 module

• During the acceptance test, a quench occurred at 0.6 MV, 

and an indium particle was found inside the cavity. After 

wiping, the HT result was 0.7×10⁹ at 1.6 MV.

• After the high-power acceptance test, S2 has been stored 

at room temperature under vacuum conditions (cavity 

vacuum ~3×10-10 Torr), with periodic pumping of the 

insulation layer.

• In 2025, a horizontal test was conducted for S2 module, 

and the Q₀ is at 0.9× 10⁹ at 1.6 MV, Qext ~2.45×5.

Static loss ~33 W

Dynamic loss ~32 W

Q0 = 0.9E9 (at 1.6 MV)



TLS SRF Operation Statistic
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• Phase fast change

• Phase oscillation

• Window arc

• SRF module: unknown 

quench & vacuum burst

Due to the lack of diagnostic 

system, the actual causes of many 

failures remain unknown.

2023-2024: 

5~10 RF trips 

per year
A few trips were caused 

by component failures.



Major SRF trip events 1－Tuner Phase Oscillation
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• The tuner phase was shifted due to an unknown 

cause, which subsequently led to oscillation.

• Under different operating conditions, this was 

accompanied by specific oscillation frequencies.

• The oscillation was caused by heavy beam 

loading.

• Adjusting the loading angle further in the negative 

direction helps to mitigate this phenomenon.

• Using a control model to estimate the oscillation 

angle and frequency, the simulation results agree 

with the theoretical predictions.



Major SRF trip events 2－Unknown Quench
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Cavity Vacuum

Pr

Pt/Pf phase

Pt

• Recent major SRF trip events－unknown quench (2020~2021)：
 Vacuum activity in RBT/FBT，but there is no vacuum event in the window.

 LHe pressure does not change.

 Pt falls rapidly、Pt/Tuner phase changes rapidly、Pr rises rapidly within ~ 12 us.

• Partial warm up (to 60 K) and run with lower RF 

voltage (from 1.6 MV to 1.3 MV).

• It may be the arc/MP/other activity in the cavity, 

which may be related to the heavy gas loading.

Window 

Vacuum



Major SRF trip events 3－Vacuum burst at window
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• Vacuum burst with tuning angle change：
• During the LHe refilling of a SC wiggler (SW) at the down stream of SRF module.

• There is always a 22 Hz beam tube vibration in Z direction, and resulting in an oscillation of tuning 

angle.

• Occurred frequently during 

2011~2013 with 1.6 MV operation 

(solved by optimizing the LHe filling 

process of SW and applying beam 

processing.)

Window CCG

Tuning angle

Beam Tube Vibration

SC Wiggler

SRF 

module

waveguide



Major SRF trip events 3－Vacuum burst at window

1313

• Vacuum burst with tuning angle change：
• During the LHe refilling of a SC wiggler (SW) at the down stream of SRF module.

• There is always a 22 Hz beam tube vibration in Z direction, and resulting in an oscillation of tuning 

angle.

• Repeated several times in 2022~2025 

with 1.3 MV operation. It occurs 2 to 4 

times per year on average.

• The effect of processing is limited.

• An attempt was made to install dampers 

to reduce vibrations, but the effect was 

limited. 

• Not solved yet…

Dampers designed and tested by 

Precision Mechanical Engineering Group, NSRRC
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1. The TLS SRF system has been briefly introduced: CESR type SRF module with 

input power of 70 kW for 360 mA operation. 

2. SRF modules: 

 S1: in operation, requiring periodic pumping to maintain insulation, Q0 > 

1×109 at 1.6 MV.

 S2: spare, store at room temperature under vacuum conditions, Q0 ~ 

0.9×109 at 1.6 MV (2025).

3. Operation status: major trips due to SRF

 Tuner phase oscillation: due to heavy beam loading, adjust loading angle.

 Unknown quench events: partial warm up and lower operating RF voltage.

 Vacuum burst during the LHe refilling of a SC wiggler: not solved yet… 

Summary
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Thank you

Zong-Kai Liu, RF group leader (liu.zk@nsrrc.org.tw)

mailto:liu.zk@nsrrc.org.tw

