
From microscopic to macroscopic 

dynamics of super-conducting 

accelerating cavities

Anirban Krishna Bhattacharyya



Courtesy Matts Lindroos (ESS)

ESS

10/19/2017 Anirban Krishna Bhattacharyya 2



Outline

10/19/2017 Anirban Krishna Bhattacharyya 3

��
��



Outline

10/19/2017 Anirban Krishna Bhattacharyya 3

��
��

Reflection



Outline

10/19/2017 Anirban Krishna Bhattacharyya 3

��
��

Cavity 

Quality 

factor (��)

Reflection



Cavity Parameters
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Step Charging

10/19/2017 Anirban Krishna Bhattacharyya

RF 

Source

Circulator

Cavity

Load

Spoke Cavity
(super - conducting)

Courtesy of P. Duthil

5



Step Charging

10/19/2017 Anirban Krishna Bhattacharyya

RF 

Source

Circulator

Cavity

Load

Charging time

Spoke Cavity
(super - conducting)

Courtesy of P. Duthil

Beam injection

6



Step Charging

10/19/2017 Anirban Krishna Bhattacharyya

RF 

Source

Circulator Cavity

Load

Spoke Cavity
(super - conducting)

Courtesy of P. Duthil

7



Step Charging (Frequency domain)
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Optimal Charging
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Optimal Charging
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Minimum Action: Example from classical 

mechanics
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Optimal Charging
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• The concept of minimum action, 	

Optimal charging profile

Find optimal     
and          such 
that                    is 
minimum.
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• The concept of minimum action, 	

Optimal charging profile
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Effect of Optimal filling
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Effect of Optimal filling
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Effect of Optimal filling

10/19/2017 Anirban Krishna Bhattacharyya

Step filling Optimal filling

More power needed

14



Effect of charging time (   )
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Practical sources
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Gain characteristics Efficiency characteristics
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Efficiency characteristics

Klystron !!!!

/ IOT
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Practical sources
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Tetrodes can be run in 

Doherty architecture
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Effect of Transit time factor
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Variation Along Spoke LINAC
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Effect of Transit time factor
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Peak power Charging time

Beam injection time,
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Effect of Transit time factor
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ESS operation: 14 Hz pulse rate

140 J/sec saved

per cavity

Assuming 8000 hours/year 

of operation 1.12 MWhrs

saved per cavity

2 SEK/kWhr => 2240 SEK

10 J/pulse

26 Spoke cavities, 20 

years of operation, => 

1.16 MSEK
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Cryogenic considerations

• Losses on cavity surface �� 
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Cavity Quality factor
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• To measure Quality factor of 

bare ESS superconducting 

spoke cavities

• Vertical tests in horizontal 

cryostat

http://newsline.linearcollider.org/2013/11/21/a-little-dirt-never-hurt/cavity-performance/

23



Cavity resonator and self-excited loop
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Reflection coefficient
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Superconducting cavity
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Reflection co-efficient, Q-circle and surface
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Q-surface
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Q-slope

Double-spoke cavity
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Q-slope
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Effect of cooling rate on ��

Residual resistance depends on trapped magnetic field

• Helmholtz Zentrum Berlin (HZB): magnetic field are generated by thermal 
currents.

• HZB & Cornell: Slow cooling to reduce thermal currents.

• Fermilab: Magnetic field (ambient) can be expelled by large temperature 
gradients creating a quick propagating super-conducting phase front.
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Effect of cooling rate on ��
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Ginzburg-Landau Equations
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Conclusion

• Reflected energy and thus waste can be reduced by proposed filling 
profile.

• But physical factors provide constraints which require increased 
investigation to better understand the super-conducting cavity.

• The proposed �� measurement technique provides a means of 
accurately characterising the gradient dependent character of the super-
conducting cavities.

• The rate of cooling has been found to influence cavity ��	and the G-L 
equations provide a means of theoretically explaining experimental 
observations.
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Experimental setup
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Digital loop delay
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Normal conducting cavity
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Cavity conditioning

31



Reflection coefficient

Before cable compensation After cable compensation
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Doherty Architecture
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