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Introduction
The China Spallation Neutron Source (CSNS) is designed to produce spallation neutrons. CSNS upgrade is planned to increase beam power by inserting a SRF linac after drift

tube linac (DTL). The SRF linac will accelerate peak proton beam of 40mA up to 303MeV, and double spoke cavity is adopted for the SRF linac medium β section. IHEP is

developing a 325MHz double spoke cavity at β0 of 0.5 for the CSNS SRF linac.

Spoke cavity evolves from half-wave resonator (HWR) operating in TEM mode. Compared with HWR, Multi-gap structure is possible in spoke cavity, which saves

longitudinal space and increase the real-estate gradient. Compared with elliptical cavity, the spoke structure has higher shunt impedance, meanwhile, it is mechanically more

stable and exhibit a stable field profile due to the high cell-to-cell coupling[1]. Thus spoke double spoke cavity is a preferred candidate for medium β application.

Reference :

[1] Hasan Padamsee, RF Superconductivity.  Cornell University, Ithaca, USA: VILEY-VCH Verlag GmbH & Co. KGaA, 2009.

[2] J.R. Delayen, S.U. De Silva and C.S. Hopper, “Design of Superconducting Sopke cavities for high velocity applications”, presented at 

Proceedings of 2011 Particle Accelerator Conference, New York, USA.

[3] Xin-Yin Zhang et al., “Design of a 325MHz half wave resonator prototype at IHEP”, Chinese. Physics. C., vol. 40, NO. 8, Aug. 2016.

[4] E. Haebel and J. Tuckmantel, “Electromagnetic Surface Forces in RF Cavities”, CERN, Geneva, Switzerland,  CERN-AT-RF(Int)-91-99, 

Dec.1991.

[5] Frank Marhauser., “JLab SRF Cavity Fabrication Errors, Consequences and Lessons Learned”, Jefferson Laboratory, 12000 Jefferson Avenue, 

VA, 23606. JLab-TN-10-021, Aug, 2010.

[6] David M. Pozar, Microwave Engineering. Jhon Wiley & Sons, Inc, 2005.

[7] S. Lagotzky and G. Muller, “Field emission investigation of centrifugal barrel polished Nb samples”, in Proc. SRF2015, Whistler, BC, Canada.

[8] H. Li, V.A. Goryashko, A. Bhattacharyya, R. Ruber, “RF Test of the ESS Double Spoke Cavity”, Uppsala University, Uppsala, Sweden, FREIA 

Report 2016/1, Jan. 2016.

[9] Tiancai Jiang et al., “Design and test result of a superconducting double-spoke cavity”, Nuclear Engineering and Technology, vol.51, pp. 877-

883, 2019

ACKNOWLEDGEMENT :

State Key Development Program for 

Basic Research of China (Grant No. 

2014CB845500)

Contact: zhouquan@ihep.ac.cn

Electromagnetic Design
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 Shape of Spoke pillar was racetrack to minimize Epeak/Eacc and  Bpeak/Eacc;

 There are mainly 11 geometry parameters to optimize the double spoke cavity;

 Cavity length = 729mm, Cavity diameter = 560mm;

Qe=1.5*10^5

+65mm

0mm

Mechanical Design
Mechanical performance of the cavity was

optimized with COMSOL.

 Minimizing He pressure sensitivity (df/dp);

 The cavity will not plastically deform in

any possible boundary condition during

post processing, testing, and operation;

 The lowest intrinsic vibration frequency is

above 100Hz;

Boundary conditions for stress analyses

Stress and freq. change vs tuning force

Vibration modes & frequency

Mode 3 f=321Hz Mode 4 f=385Hz

Mode 1 f=296Hz Mode 2 f=302Hz

Tuning point
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Test Results

Power limited & temperature rise at T2

Before polishing

After Polishing

 600 mesh grinding wheels was used;

 30-50um of material surface was removed;

 BCP 40minutes and HPR 9h
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Conclusion
Another surface treatment such as surface defect inspection in

high-magnetic field region and barrel polishing is ongoing. After

this round of surface treatment, the cavity is planned to vertical

test again on September 2019.
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