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Acceleration - Traveling Wave (TW) Accelerator 

 

 

 

Yujong Kim @ Idaho State University and Thomas Jefferson National Accelerator Facility, USA 

To avoid any arc between two electrodes, and to get a much higher beam energy gain,  

we use an Alternating  Current  (AC) type accelerator Ÿ RF  Accelerator. 

To get the best acceleration, we need a good synchronization between charged beams 

and RF wave (phase velocity of electromagnetic wave = velocity of electron beams). 

Ÿ Principle of Traveling Wave (TW) Accelerator, whose position of electromagnetic 

     wave is continuously moving. 
 

> c without discs 

~ c with discs 

2 /́4 mode TW structure 
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RF Frequency, Microwave / Radar Bands  
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Radio Frequency (RF) is a rate of oscillation of electromagnetic waves in the range of 

about 30 kHz to 300 GHz. Frequency Ranges of Microwaves = 300 MHz to 300 GHz.  

Frequency Range  Microwave / Radar Bands 

216 ð 450 MHz  P-Band  

1 ð 2 GHz  L-Band  

2 ð 4 GHz  S-Band  

4 ð 8 GHz  C-Band  

8 ð 12 GHz  X-Band  

12 ð 18 GHz  Ku-Band  

18 ð 26.5 GHz  K-Band  

26.5 ð 40 GHz  Ka-Band  

30 ð 50 GHz  Q-Band  

40 ð 60 GHz  U-Band  

50 ð 75 GHz  V-Band  

60 ð 90 GHz  E-Band  

75 ð 110 GHz  W-Band  

90 ð 140 GHz  F-Band  

110 ð 170 GHz  D-Band  

110 ð 300 GHz  mm-Band  

IEEE US Bands 
 

30 - 300 kHz : LF-band 

300 - 3000 kHz : MF-band 

3 - 30 MHz : HF-band 

30 - 300 MHz : VHF-band 

300 - 1000 MHz : UHF-band 

Bands for  

RF Accelerators 

American / European Frequencies 
 

S-band : 2856 MHz / 2998 MHz 

C-band : 5712 MHz / 5996 MHz 

X-band : 11424 MHz / 11992 MHz 
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Short-Range Wakefields in Linac Accelerators 

Yujong Kim @ Idaho State University and Thomas Jefferson National Accelerator Facility, USA 

If  an electron bunch moves in a periodic linac structure, there are interactions 

between the electrons in a bunch and the linac structure, which induce 

changes in beam energies and beam divergences (x'  and y')  of electrons in the 

same bunch. We call these interactions between electrons in the same bunch 

and the linac structure as the short-range wakefields, which change beam 

energy spread and emittance of the bunch. 

blue: an interaction between an electron at the head  

          region and a linac structure. 

 

pink: short-range wakefield from the linac structure 

          to a following electron at the tail region. 

2a 

A. Chao's Handbook of Accelerator Physics & Engineering, p. 252 

SLAC-AP-103 (LIAR manual) 
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Short-Range Wakefields in Linac Accelerators 

Yujong Kim @ Idaho State University and Thomas Jefferson National Accelerator Facility, USA 

Energy loss dEi of a test electron (or slice) i in a bunch due to the short-range 

longitudinal  wake function WL(s), which is induced by all other preceding 

electrons j located at s = |i - j| distance from the test electron i is given by 

 

 

 

 

 

Here qi and qj are charge of electron (or slice) i and j, and L is the length of the 

linac structure. i or j = 1 means the head electron in the bunch, and the sum 

term is only evaluated for i  > 1. 
 

The transverse trajectory  deflection angle change dxi'  of a test electron i due to 

the short-range transverse wake function WT(s), which is excited by all 

preceding electrons j  is given by 

 

 

 

 

Here the sum term is only evaluated for i  > 1. 

electron j moving with v ~ c 

a test electron i with a distance s away  

from preceding electron j and moving with v ~ c 
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SLAC-AP-103 (LIAR manual) 
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Longitudinal  wake function WL (s) of the test particle in a bunch is the voltage 

loss experienced by the test charged particle. The unit  of WL (s) is [V/C]  for a 

single structure or  [V/C/m]  for a periodic unit  length. The longitudinal  wake 

is zero if  test particle is in front  of the unit  particle (s < 0). For a bunch of 

longitudinal  charge distribution  lz,  the bunch wake         (= voltage gain for 

the test particle at position s) is given by 

 

 

 

And the minus value of its average            gives the loss factor and its rms 

value   gives energy spread increase: 

where L is the length of one period cell, N is the number of electrons in the 

bunch.    
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Longitudinal Short -Range Wakefields 

Yujong Kim @ Idaho State University and Thomas Jefferson National Accelerator Facility, USA 

a unit charged particle moving with v ~ c 

a test charged particle with a distance s away  

from the unit charged particle and moving with v ~ c 

SLAC-AP-103 (LIAR manual) 

SLAC-PUB-11829 

SLAC-PUB-9798 

TESLA Report 2004-01 

TESLA Report 2003-19 

 



9 

Longitudinal Short -Range Wakefields 

Yujong Kim @ Idaho State University and Thomas Jefferson National Accelerator Facility, USA 

a unit charged particle moving with v ~ c 

a test charged particle with a distance s away  

from the unit charged particle and moving with v ~ c 

SLAC-AP-103 (LIAR manual) 

SLAC-PUB-11829 

SLAC-PUB-9798 

TESLA Report 2004-01 

TESLA Report 2003-19 

 

red: without short -range wakefield 

green: with short-range wakefield 

­ increased nonlinearity in longitudinal 

phase space 
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Longitudinal Short -Range Wakefields 

Yujong Kim @ Idaho State University and Thomas Jefferson National Accelerator Facility, USA 

Longitudinal  impedance is the Fourier transformation of the longitudinal  

wake function: 

 

 

 

Yokoya's wakefield model for periodic linac structure: 

 

 

 

L  



PSI 4.3 m long 2p/3 S-band TW Structure  

RF Frequency = 2997.924 MHz 

average inner diameter 2a = 22.005 mm 

average outer diameter 2b = 80.302 mm 

period p = 33.333 mm 

iris thickness t = 5 mm 

cell number for 4.3 m structure = 122 

average shunt impedance = 59 Mɋ/m 

filling time =  900 ns 

attenuation factor ~ 0.6 

RF pulse length = 4 µs 

required RF power for 25 MV/m = 60 MW 

one 45 MW klystron + SLED with 2.5 power gain 

can drive 2 structures. 

This structure is used for linac Optimization-I and 

Optimization-III.  

11 11 11 

PSI S-band Linac Structure 

PSI disk loaded type S-band linac 

2a 

 p 

2b 

Yujong Kim @ Idaho State University and Thomas Jefferson National Accelerator Facility, USA 
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Original PSI S-band RF Option   

To drive two 4.3 m long S-band Structures 
 

klystron maximum output power = 45 MW 

klystron operational power before SLED with 15 % margin = 38 MW  

klystron pulse length before SLED ~ 4.0 µs 

modulator maximum power ~ 100 MW  

SLED power gain with a SLED loss and a 15% power margin ~ 2.5 

power after SLED with a SLED loss + a power margin = 94 MW  

power per structure with a SLED loss + a margin = 47 MW  

energy gain per structure with a SLED loss + a margin = 95 MeV 

gradient with a SLED loss + power margin = 22 MV/m  

energy gain per modulator with a SLED loss and a 15% power 

margin = 189 MeV 

structure filling time = 0.9 µs 

number of structures per modulator = 2  

number of structures for 6 GeV with on-crest RF phase = 64 

number of modulators for 6 GeV with on-crest RF phase = 32 

number of klystrons for 6 GeV with on-crest RF phase = 32 

length of one FODO cell = 10.4 m 

total length of 6 GeV linac with on-crest RF phase = 332.8 m 

 

sensitivity of modulator error = somewhat low due to low SLED-gain 

S-band 45 MW, 4.0 ɛs 

~ 4.0 m 

47 MW 47 MW  

10.4 m 

94 MW, 0.9 ɛs 

SLED Gain ~ 2.5 

38 MW, 4.0 ɛs 

3 dB 

two 4.3 m long S-band structures 

total energy gain per modulator = 189 MeV 

100 MW 

Yujong Kim @ Idaho State University and Thomas Jefferson National Accelerator Facility, USA 
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C-band TW RF Linac 

2a ~ 14 mm for SCSS structure 

2b ~ 40 mm 

period p ~ 16.7 mm, t ~ 2.5 mm 

Yujong Kim @ Idaho State University and Thomas Jefferson National Accelerator Facility, USA 
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C-band TW RF Linac 

Miura San @ MHI  

Let's thank to C-band RF Pioneers 
 

Prof. H. Matsumoto of KEK 

Prof. T. Shintake of RIKEN/SPring -8 

Yujong Kim @ Idaho State University and Thomas Jefferson National Accelerator Facility, USA 
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260 m long C-band RF LINAC for XFEL/SPring -8 
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RF Option for C-band TW RF Linac  

To drive two 2 m long C-band Structures 
 

klystron maximum output power = 50 MW 

klystron operational power before SLED with 24% power margin = 38 MW 

klystron pulse length before SLED = 2.5 µs 

modulator maximum power ~ 100 MW 

SLED power gain with a SLED loss ~ 2.63 

power after SLED with a SLED loss + 24% margin = 100 MW  

power per structure with a SLED loss + 24% margin = 44 MW  

energy gain per structure with a SLED loss + 24% margin = 60 MeV 

gradient with a SLED loss + 24% margin = 30.0 MV/m  

energy gain per modulator with a SLED loss + 24% margin = 120.0 MeV 

structure filling time = 0.300 µs 

number of structures per modulator = 2  

number of structures for 6 GeV with on-crest RF phase = 100 

number of modulators for 6 GeV with on-crest RF phase = 50 

number of klystrons for 6 GeV with on-crest RF phase = 50 

length of one half FODO cell = 4.95 m 

length of one FODO cell = 9.9 m 

total length of 6 GeV linac with on-crest RF phase = 247.5 m 

 

sensitivity of modulator error = low due to low SLED gain and many RF 

stations. 

3 dB 

two 2 m long C-band structures 

total energy gain per modulator = 120 MeV 

4.95 m 

C-band 50 MW, 2.5 ɛs 

~ 3 m 

100 MW 

100 MW, 0.5 ɛs 

SLED Power Gain ~ 2.63 

38 MW, 2.5 ɛs 

44 MW  44 MW  

Yujong Kim @ Idaho State University and Thomas Jefferson National Accelerator Facility, USA 
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X-band TW Linac for SwissFEL  

X-band Linac Structure with Alignemnt Monitor  

 ̧developed with collaboration with CERN, ELETTRA & PSI 

 ̧original model: SLAC H75 type. 

 ̧resonance frequency: ~ 11991.648 MHz   

 ̧phase advance: 5p/6 

 ̧cell number: 72 

 ̧active length: 750 mm 

 ̧average iris diameter 2a: 9.1 mm 

 ̧average outer diameter 2b: 21.4267 mm 

 ̧cell length p: 10.4104 mm 

 ̧iris thickness t : 1.6963 mm 

 ̧filling time: 100 ns  

 ̧average gradient : 40 MV/m for 33 MeV with 35.1 MW  

 ̧sensitivity : 1.53 dB/mm for 200 pC 

 ̧cell 36 and 63 have radial coupling waveguides to extract  

    dipole mode signals, which can be used to structure alignment 

 ̧expected alignment resolution ¢ 5 µm (rms) 

 ̧available signals : tilt, bend, offset, cell-to-cell misalignment  

63th cell with radial coupling waveguides  

Courtesy of M. Dehler  

Yujong Kim @ Idaho State University and Thomas Jefferson National Accelerator Facility, USA 


