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SC RF system design issues

Pulsed operation

CW operation

High beam current

High beam power

Beam quality (emittance) 

preservation

Low beam power

Heavy beam loading

Lorentz force detuning

RF power dissipation

in cavity walls

Beam stability (HOMs)

Parasitic interactions

(input coupler kick, alignment)

Low Qext

Availability of 

high-power RF sources

High Qext,

microphonics

Mechanical design:

stiffness,

vibration modes,

tunability,

thermal analysis

RF design:

frequency & operating 

temperature choice,

optimal gradient,

cavity shape optimization,

number of cells, 

cell-to-cell coupling,

HOM extraction,

RF power coupling

Input coupler design

HOM damper design

Tuner design

RF controls

Cryostat design

Cavity design

Cryomodule design

Machine parameters Effects/cavity parameters

“I believe,…, Mrs Sauskind, in the fundamental interconnectedness of all things.”

Douglas Adams, Dirk Gently’s Holistic Detective Agency
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SRF cryomodule
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Q0

Eacc or Hpk

SC cavity performance limitations
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Cavity design (RF)
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Cavity design (mechanical)
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Beam pipe with flange

Input coupler port

He vessel

Field probe port

He pumping port
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An example of production drawing
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Material inspection
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Cavity fabrication techniques
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Deep drawing Spinning

male die

female die

10 ton

Niobium sheet

mandrel



������������� ���������	
��
��������������
����������������� %�

Cavity fabrication techniques (2)
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Cavity fabrication techniques (3)

� �����������	������	�()���
��
�������	�����
��������	�������	
����	�������������������������	��

	�����������9���������	����&��
�����	
���������& 	�������	������!!�< �!!�µµµµ��
�������

�����������
�����&�����
�
�

� .��	������������������
���	������	������&��
�9I0��9��	
���&���I�

���0�������&$�������������

��
�����	�����&���'�	���&���	������	�����������
��	�����
�����
� �
������������
�
������
��

��
������
������&�����
���	�������������
��&�������	����������	��������������
�	�����


�������&��
���	����	�
	��&�����	���	�
�����'���&�	��	���������
 ����	�8!�µµµµ��
�������	���

	������&���
������������������	�����
�����

� 9���	
��
������
��������������	�����	��������%�������	�������E�����
�	���&�������	����������

#JG����������	�����

Cavity filled with liquid soap and 

plastic chips embedded with 

abrasive ceramic powder.

Weld region before CBP 

Weld region after CBP 
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BCP
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Electropolishing
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Set up for vertical EP developed at Cornell Set up for horizontal EP at KEK 
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Clean cavity preparation
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HPR
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Strong field emission is removed by HPR. 

HPR system at Cornell. 

High pressure water jet stream. 
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Cavity performance test
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SRF cryomodules
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Cryogenics
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Heat transfer by radiation
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CW vs pulsed operation
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Example 1: TTF cryomodule
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Major challenge for CW: cryogenics

• High gradient cw operation: dynamic cavity heat load dominates at 2 K

• Module design:

- Heat transfer through LHe ���� need large enough pipes

- Mass transport of helium gas ���� need large enough pump pipes

- High HOM losses ���� need cooling of absorbers

- High CW RF power ���� more cooling for input couplers (dedicated heat 

intercepts)

• Cavity:

- Cavity treatment for high Q0 is desired

- Optimal bath temperature: 1.8 K vs 2 K

Cryogenic loads in the ERL injector module: 

~ 25 W at 2 K (dominated by the dynamic cavity load),

~ 70 W at 5 K (dominated by the input coupler and HOM absorber load), 

< 700 W at 80 K (dominated by the input coupler load).
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Example 2: ERL injector cryomodule
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Design modifications
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Slide show of HTC assembly 
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HTC assembly (2) 
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HTC assembly (3)
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HTC assembly (4) 
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HTC assembly (5) 
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HTC assembly completed 
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W. Buckel and R. Kleiner, Superconductivity: Fundamentals and Applications, Wiley-

VCH, 2004.

� ��*	���%�����()�����
������	���	


H. Padamsee, J. Knobloch and T. Hays, RF Superconductivity for Accelerators, Wiley-

VCH, 2008.

H. Padamsee, RF Superconductivity: Science, Technology and Applications, Wiley-VCH, 

2008 (in print).
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SRF2003: http://srf2003.desy.de/fap/

SRF2005: http://www.lns.cornell.edu/public/SRF2005/program.html

SRF2007: http://www.pku.edu.cn/academic/srf2007/program.html

� :����	��,

Superconducting RF Cavities: A Primer by J. Graber from 

http://w4.lns.cornell.edu/public/CESR/SRF/BasicSRF/SRFBas1.html

Superconducting Radio Frequency from Wikipedia 

http://en.wikipedia.org/wiki/Superconducting_RF
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