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Introduction
1. Purpose: To increase the bunch length of TPS storage ring.

2. Benefits:
A. To increase the beam life time and thus the injection period.

(energy saving and less interruption on user experiments.)
B. to reduce the beam-induced heat on magnet arrays of in-vacuum

IDs. (and also broader energy range for smaller ID gaps.)

3. Schedule
A. Two-cell cavity designed by NSRRC. (2016-2018)
B. Niobium cavity manufactured by MHI MS, Japan. (2020-2021)
C. Post processes (Eps, Pre-tuning and annealing) at KEK. (2023)
D. Cryostat designed and assembled by NSRRC. (2022-2024)
E. HOM absorbers manufactured by RI, Germany. (2023-2024)
F. Assembly and integration at NSRRC. (2024-2025)
G. Installation and beam test. (2025-2026)



Cavity Design
Multi-physics computation by ANSYS:

to compute the resonance frequency of the deformed cavity structure
by a single 3-dimentional model.

A. To compute the frequencies of TM010 mode after pumping down.
structure deformation resonance frequency

B. Optimization on length of straight sections, L1 and L2, to reach
greater frequency separation of 0-mode and π-mode; (~ 24 MHz)
higher R/Q for π-mode but lower R/Q for 0-mode.

C. Examine the stress on the cavity wall after pumping down.
LBP SBP

Ratio of integrated accelerating 
voltages and R/Q versus length L1.

The fr of TM010 modes approach each other as the 
length of the straight section L2 is increased.



Cavity Examination at Acceptance
Measured results agree well
with ANSYS computations.

Contact: Ming-Chyuan Lin (chyuan@nsrrc.org.tw)



Computation on Working Point

Tuner with a resolution < 2 µm.
(frequency sensitivity: 1.4 kV/µm)

Contact: Zong-Kai Liu (zk.liu@nsrrc.org.tw)

Analysis on lengthening factor
and induced voltage in average.
For hybrid mode: with single bunch
and 100-budget clearness at both sides.
Case 1: Vg = 1400x3 kV,

ID loss = 60% of bending loss.
Case 2: Vg = 1200x3 kV,

ID loss = 30% of bending loss.
Case 3: Vg = 1600x2 kV, no ID loss.

Operation Point

The tracking results for the average bunch 
lengthening factor and the induced voltage in the 
HC as a function of cavity detuning frequency.
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Cavity post processes

•Flange’s CP 
•Water rinsing
•5, 80um
•Ultrasonic 

and HPR
•Air drying

Pre-
EP

EP1

•Titanium box
•800 ℃, 3hrsAnnealing

•Expected 
frequency 
range

•@vacuum

Pre-
tuning

•10um
•Ultrasonic 

and HPR
•Air drying 

@CR

EP2

EPs and Annealing at KEK 

High-Pressure Rising (HPR) Annealing with a Titanian Box

Electropolishing (EP)



Frequency Pre-tuning 
Frequency tuning with the cavity interior in vacuum, to
eliminate the effect of air’s permittivity variation.

by longitudinally stretching and releasing.
π-mode frequency being tuned to 1.496665 MHz.

F0-Uz curvePre-tuning setting
Cavity @ vacuum

1.496665 GHz
Uz~+2.05 mm



Preparation on Vertical Test (1)
Vertical Test in NSRRC.
holding for spare warm turbines
of TLS cryogenic plants.

assembly layout
20mm

Pin

P15D

Ptr



Preparation on Vertical Test (2)
Assembly in clean room of class 10.
Helium leak rate < 1.0E-10 mbar*l/s after cold shock.

sub-assembly of axial antenna.

pumping down in clean room. 

Cold shock and leak test in clean room. 



Preparation on Vertical Test (3)
Whole set ready for vertical test.
Cold test with LN2 first to examine the setup.

Integration
Sensors
Heater
RF cables….

Stand Assembly
Baking (120℃, 12hrs)
Leak test

Layout of VT Dewar



Cryostat Construction
Designed by NSRRC and
manufactured by a local company.
Liquid helium vessel delivered.

Contact: Chih-Hung Lo (lo.ch@nsrrc.org.tw)

Vacuum vessel to be 
delivered in June, 2024.

cold shock
with LN2

leak test
< 1.0E-9 mbar*l/s 

End groups under design

請插入工程圖或立體圖

Ion pump or NEXTorr pump !!!

Suggestion!!



HOM Absorbers
Panel type:
Selected ferrite: TT2-111R
Contracted to RI, Germany.
To be delivered in July, 2024.

NSRRC’s conceptual design:

Contact: Chih-Hung Lo (lo.ch@nsrrc.org.tw)

Final design from RI:



Summary
1. This 1.5-GHz SRF module is the first SRF module developed in NSRRC.
2. It takes 10 years to finish this project. The first 3 years are for the cavity

design and thus requires only manpower for thinking and computation.
3. It is a great journey to apply all we learned on SRF technology in the

past 2 decades.
4. The overall cost is about one-third to half of the quoted price.
5. So far, the schedule is about 6 months behind the original plan.
6. The support from KEK is very appreciated, especially to the advise and

help from Professor Takaaki Furuya san.



Thank you for your attention and 
Booking IPAC’25
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