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Outline
« Overview of TLS and its RF system

» Operational Experience of TLS SRF module

e Summary
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Two Light Sources in NSRRC

TLS Storage Ring (1.5 GeV)
25 beam lines
Open for user in 1993

Admi nistration
Building

TPS Storage Ring (3.0 GeV)
Available for users in 2016

Phase | + Phase IlI: 16 beam lines
Phase Ill: 9 beam lines (~2026)
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Machine Parameters for TLS

. . Main parameters TLS
Taiwan Light Source P
Circumference [m] 120
User Beam Time 2240mm Beam energy E [GeV] 155
Enegry 1.50 GeV 2449 mm LINAC [MeV] 50
Current 361.49 mA 36.89 mm VTR R [ mA] 360
Lifetime 6 h 10 min 30.00 mm .
Natural emittance £, [nm-rad] 22
Size X (5110 138 pm 0.00 mm
SizeY @0y NI B— RF freqlfency [MHZz| 499.654
Moo o110 [y — Harmonic number 200
20T Momentum compaction 6.78 x 107
TLS Beam Current i
3047 Energy spread o;/E 7.56 x 10
304T Energy loss/turn (dipole) [keV] 128
RF voltage [MV] 1.3
RF Plant CESR-type SRF module
12:00 16:00 20:00 0000 04:00 08:00 Straight sections [m] 6m X6

RF output power ~ 70 kW
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TLS RF System (Storage Ring)

CESR type SRF Module
(operated ~20 years)

100 kKW klystron transmitter
Analog LLRF
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Two Cryogenic Systems at TLS

. . . Main compressor 2
1. There are two cryogenic systems in G e S -
TLS: one in operation and one for | Gas manager 1 & compressor - g —
spare. | L — | !
2. The SRF module and NE==: 00000 ==="C]
. . Co— elium gas buffer tan R
superconducting magnets in TLS are S5 | MCP1  (oon3xs) MCP2| B2
both supported by the same =" ==
Cryogenlc SyStem° o C:j:; Switch valve box ,;::‘—~3 ¥
3. When one of the cryogenic systems . T > ; . W
requires maintenance, the system is T . J -
switched to the spare unit for { 2000 ¢ ’ ‘ | 20000 ’
. . war Dewar 2
continued operation. Do SREoonvol | (s
4. With the use of two cryogenic — ——nl] | (S ke
systems, the SRF module can be o e | LM | oty ot ot ot o) o
. R ) qumd He spare 8] e = a e_ ale = ave_ Valve a!ve
kept at 4.5 K dur]ng cryogenic Low pressure cold GHe ig/'i:ty Spare :IAjWG_]{ sv‘ve | uiwej{ SJVLS IASW6
ma]ntenance. Low pressure warm GHe atR5S ;atT4BJ atf‘MS ] atf&B_i atiR1S at-RGB
SC Magnets
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SRF Modules at TLS
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One SRF module (51) has been in operation since 2004, while a spare SRF module (52)

has been stored in vacuum since 2005.

S1 module

« High power test on 2004 Aug 10, Q0 = 1.1x10% 1.6 MV,
Q. = 2.25%10°

» 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

2.30
2.10 —._

1.90 . e,
1.70 o o ,°
_. 150 o “og \\\-\
[#)]
& 130 -):-:)' \‘\\
o 1.10 oy <
o} .
0.90 \
0.70
0.50
0 1 2 3 4

V.acc [MV]
—+—2004,VT e 2005 May 2007 Mar 2016 Jun e 2024 Dec

Cryostat insulation vacuum for 2024
30 days: 3 uTorr to ~33 uTorr

to maintain insulation.
« Based on routine operation data, the Qo at 1.6 MV

remained above 1.0 x 10°,
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SRF Modules at TLS

One SRF module has been in operation since 2004, while a spare SRF module has been
stored in vacuum since 2005.

Performance of module S2
June 20, 2005

S2 module B0

» During the acceptance test, a quench occurred at 0.6 MV, e
and an indium particle was found inside the cavity. After S 1E+09 llel] ._-_‘_._tﬁ“
wiping, the HT result was 0.7x10° at 1.6 MV. " SR

« After the high-power acceptance test, S2 has been stored
at room temperature under vacuum conditions (cavity 1E+08

vacuum ~3x10-1% Torr), with periodic pumping of the 0 0,5 1 1,5 2
insulation layer. Vacc [MV]
* |In 2025, a horizontal test was conducted for 52 module, -
and the Qo is at 0.9 x 10% at 1.6 MV, Q. ~2.45X%5. 4o | V= 110.65¢-33.146
= 50 W
Static loss ~33 W 52 ‘

10

Dynamic loss ~32 W .
Q, = 0.9E9 (at 1.6 MV) 0 62 04 08 08

AL/At [%/min]
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TLS SRF Operation Statistic

Due to the lack of diagnostic

., _ system, the actual causes of many _Statistics of SRF trip, 2006 to 2024/12 * SRF module: unknown
failures remain unknown. = SRF Iaboratory operation quench & vacuum burst
S A [
/ M cavity tuner phase fast change
e Phase fast Change ® LLRF unstable during SW6 refilling LH2
. . B Others
 Phase oscillation B LLRF trip including tuner phase oscillation
o : B SRF cavity module
- Window arc B RF circulator and RF load 2023-2024:
B Window arc .
B RF Transmitter 5~10 RF tri pPsS

A few trips were caused per year

by component failures.

Trip number

..... IL1

S ™ IO ™ TN COC IO ™0
— - - — -
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Major SRF trip events 1 - Tuner Phase Oscillation

« The tuner phase was shifted due to an unknown
cause, which subsequently led to oscillation.

|
‘| 5Volt Beam Current =360 mA

“leOVolt 2011/7/2322:31  Interlock Sum Signal
e—— 2 6\Volt ~1670kV  Frequency =475 Hz|

« Under different operating conditions, this was
accompanied by specific oscillation frequencies.

e e - — * The oscillation was caused by heavy beam
i je——— 2.1 VoIt ~ 1500 kV Gap Voltage o3 el loading.
«—— 0.0Volt~-7.1 deg o
| -0.35 VoIt ~ 5.4 deg \ I\
v : = S ’ soato : : by ! " [—Bw=2.3k Hz (Simulation) | by ! " [—Bw=2.3k Hz (Simulation)
o Loadlng Angle 16 S _Sﬁ‘g mz Egimul;ﬁonb 1000+ ‘—gw=:2s.g t:z ggimul_ationz)
% =2. z (Experimen ~ w=2. z (Experimen
. . . . . 4 ‘\ ¢ Bw=3.4 kHz (Experiment) . 900~ | © Bw=3.4 kHz (Experiment)
« Adjusting the loading angle further in the negative _ :2 N |=rwo feedback Smiaion) 3 - ,,
- ° e o . 8 \\ i g b
direction helps to mitigate this phenomenon. %0 | § 0
= 8l s ] ‘é 600/
« Using a control model to estimate the oscillation 6 g so0
angle and frequency, the simulation results agree “ I

with the theoretical predictions. fo w0 2% w0 om0 w0 o 20 #0040

Beam current [mA] Beam current [mA]
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Major SRF trip events 2 - Unknown Quench

* 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 rapldly Pt/Tuner phase changes rapldly Pr rises rapidly within ~ 12 us.

nnnnnnn [Volt] ‘
PDC [Volt] 'M ‘! . 3 . L4
_— l * |t may be the arc/MP/other activity in the cavity,
g which may be related to the heavy gas loading.
n E
TunAngSLAC [Volt] : l “‘r“rl Py 'vd"hv"l n' o
- Pt_Ph_Angle [Volt 2 ! | L— : | g i
WINAOW 77 et s
Vacuum .4 CavityVacuum (" —}
« Partial warm up (to 60 K) and run with lower RF
voltage (from 1.6 MV to 1.3 MV).
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Major SRF trip events 3 - Vacuum burst at window

« 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.

RFintSum [Volt] N

* Occurred frequently during taty

A e e i
2011-2013 with 1.6 MV operation = e e
process of SW and applying beam Sy
processmg )

SRF
module

|umng angle

{%#@ | Beam Tube Vibration | | | Wmdow —CCG” ]

Time iClock (Hz) PreTrig (s):PostTrig (s Span Time/Div Start ‘End Cursor A Cursor B A-B Frequency tart End Cursor A Cursor B A B leuency
2023/03/3(11:00:26 ‘250626 6.2757 120919  2.1181[s]'0.10[s]  -1.0590[s] 1.0590[s] -0.1650[s]:-0.1202[s] 44.7658[m 22.3385[Hz]0590[s] 1.0590[s] -0.1650[s] -0.1202[s] 44.7658[ms] 22.3385[Hz]

waveguide
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Major SRF trip events 3 - Vacuum burst at window

« 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. = w1 [

« 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



Summary

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, QO >
1x10% at 1.6 MV.

@ S2: spare, store at room temperature under vacuum conditions, QO ~
0.9%x107 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...
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Thank you

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