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E(t) vs. E (Radio Frequency (RF) E vs. Static E)

2

for circular accelerators
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No net charge, no battery (generator), 

no electrodes  no potential  

radiation energy

Electromagnetic wave according to J. C. Maxwell
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Electric fields in cavities

9-cell Superconducting RF (SRF) cavity, Nb (niobium)
 accelerating cavity with accelerating electric field 

whose frequency is 1.3 GHz
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• cylindrical RF cavities  exact solutions by the Maxwell’s eqs. and the relevant boundary conditions 

Transverse Magnetic field only

Longitudinal Electric field only

standing wave
TM010 mode

EM profiles in cylindrical cavities
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• cylindrical RF cavities  exact solutions by the Maxwell’s eqs. and the relevant boundary conditions 

Transverse Magnetic field only

Longitudinal Electric field only

standing wave
TM010 mode  acceleration mode

EM profiles in cylindrical cavities

accelerating field

particle beam
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EM profiles in cylindrical cavities

particle beam

particle beam



2025 가속기 및 빔라인 미래인재 양성 교육단 여름학교

8

mode crossing
TM010=TE111

010

2

TM  is

     the fundamental 

     cavity mode

a d 


Cavity modes
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mode crossing
TM010=TE111

Cavity modes

1112 TE  is the 

fundamental cavity mode

a d  
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• TM010(-like) mode  acceleration mode

coupled harmonic oscillator
9 masses attached with springs

highest normal mode

EM profiles in the TESLA (TeV Superconducting Linear Accelerator) cavity

• 9-cell RF cavity inherited from a cylinder RF cavity

9 X 

 
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EM profiles in the TESLA (TeV Superconducting Linear Accelerator) cavity
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1.3 GHzcell cell

c
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Accelerating cavities in the International Linear Collider (ILC)

Not to scale
inside the main linac

9-cell Superconducting Radio Frequency (SRF) cavity, Nb (niobium)
 accelerating cavity with electric field whose frequency is 1.3 GHz

~8000 9-cell cavities for the ILC lateral cross section of the ILC cryomodule

71%
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Accelerating cavities in the Circular Electron Positron Collider (CEPC)

circumference of 100 km 

 accelerating cavity
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RF accelerating cavities

SRF2013 tutorial 
by M. Kelly (ANL)

ILC, CEPC

CEPC, LHC, KEK

IRIS

for ILC, electron with energy 5 GeV to the TESLA-like  cavity safmulti-cel e to pu ~ 1l t  
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Cavity parameters
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Cavity parameters
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Accelerating gradient, Eacc
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• TM010 mode Q0 measurement at the frequency and time domains,

and compare the two Q0s

What you are doing today

• Four Q0 values should be measured
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TM010 mode Q0 measurement at the frequency domain

21loaded quality factor ,

 where the external port1 is i

 from the transmission line or

nput and the external port2 out ut

 

p
LQ S

 

 

0
0 1 2

0 0 0 0
0 1 2

0 1 2

0 1 2

1 2

1

1 2
0 0 0 0

20

total power loss  and 

  and 

1 1 1 1
 

1 1
       1

1

total ext ext ext
ext

total ext ext
L ext ext

L ext ext

ext ext
ext ex

L ext ext

t

Q
P P P P

Q

U U U U
P P P P

Q Q Q Q

Q Q Q Q

Q Q Q Q

Q Q



   

 

 

 

    

     

  

     

   

external ports



2025 가속기 및 빔라인 미래인재 양성 교육단 여름학교

27

TM010 mode Q0 measurement at the frequency domain
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TM010 mode Q0 measurement at the time domain

input power from an signal generator

0 2( ) cos( )envV t V t q 

0

02
0

t

Q
envV V e






0 2 1

1

2

( )

2 ln
L

t t
Q

A

A

 


 
 
 

decay time and amplitude by an oscilloscope
with help from an RF detector
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TM010 mode Q0 measurement at the time domain
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oscilloscope up to 0.5 GHz cavity mode frequency > 1 GHz
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TM010 mode Q0 measurement at the time domain
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  from the frequency domain 

  measurement
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cavity

network analyzer, signal generator, oscilloscope, and RF detector

torque wrench 

coaxial cables  

Equipment
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Notice 


