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Other Lecture Notes 

Yujong Kim's Other Lecture Notesat Idaho State University, KAERI WCI,

and POSTECH:

ÄBasicAccelerator Physics

= Magnetsand TransverseMotion in Accelerators

= RF Systemand Longitudinal Motion in Accelerators

ÄAdvancedAccelerator PhysicsTutorial for XFEL Projects

ÄAccelerator BeamDiagnostics

ÄLinux Basicfor Physicists

There are alsomy lecture notesfor KoPAS2015.

You canobtain them by sendingan email to Yujong Kim :

yjkim 3488@gmail.com,yjkim@kaeri .re.kr
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Short Review of Relativistic Particle Motion  

ÄParticle Accelerator Physicsis a region of applied SpecialRelativity :

¸Law of physicsmay beexpressedin equationshaving sameform in all frames.

¸Speedof light in free spacehassamevalue for all observers.

electronfor51099906.0/)MeV(/
2

UmcU ==g

please note that acceleration in linac gives 

a growth of kinetic energy. At an electron gun exit, 

energy gain = 500 keV Ÿ W = 500 keV

U ~ 500 keV + 511 keVŸ ɔ~ 1.97847358

U ~ pc for Ultra -Relativistic case.

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 
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Energy of Rest Mass - mc2 & Isotope  

Unified Atomic Mass Unit (u or also known as amu)

1 u = 1.66053892173 ě10-27 kg = 931.49406121 MeV/c2 = 1822.88839 me ~ 1 mp or 1 mn

me = 9.1093897ě10-31 kg = 0.51099906 MeV/c2  for electron

mp = 1.6726231ě10-27 kg = 938.2723 MeV/c2 for proton

~ 1836.152725 me

mec
2 = 0.51099906 MeV for electron

mpc
2 = 938.2723 MeV = 1836.152725 mec

2  for proton

mnc
2 = 939.5656 MeV for neutron

mdc
2 = 1875.6134 MeV for deuterium (D or 2H) with one proton & one neutron

Mass and Rest Mass Energy

1 uc² = (1.66053892173 ě10ī27kg) ě(2.99792458 ě108 m/s)² 

å 1.49242 ě10ī10kg (m/s)Į å 1.49242 ě10ī10J ě(1 MeV / 1.6021773 ě10ī13J) ~ 931.49 MeV

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 
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Short Review of Relativistic Particle Motion  

protonfor2723.938/)MeV(
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Applications of RF Electron Linacs

É ERP Market

É $200 M / Year

É 14% Growth / Y ear

É Security, CIS, & NDT Market

É $500 M / Year

É 30% Growth / Y ear

É RTS & Diagnostic Market

É $3 B / Year

É 16% Growth /  Year

EBP
Electron  

Beam  
Processing

RF Electron

LINACs
CIS/NDT
Container 
Inspection 

System

RTS
Radiation
Therapy  
System

ARF
Advanced 
Research 

Facility

É Ultrafast Electron Diffraction  ( UED )

É Ultrafast Electron Microscopy (UEM)

É Ultrafast Pulse Radiolysis (UPR) 

É Large Size Facility (XFEL, ILC, ETC) 

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 
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Beam Acceleration - DC Accelerator

Electrostatic (DC) Accelerator with a battery

Electrostatic (DC) Accelerator with multiple batteries to geta higher beamenergy.

But there is alsoa limitation in this methoddue to the arc betweentwo electrodes.

+

ElectricfieldE

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 



RF Accelerator 

To avoid arcsand to geta higher gradient, RF acceleratorsare used.

RF electric field suppliesan accelerationby Lorentz force:

Courtesy of Fermilab

motion of  positive 

bunches in a TESLA 

type SW SRF cavity

180 deg. later

continuous 

acceleration

in an RF cavity

RF power source (ex, klystron, magnetron)

L-band: f ~ 1.5 GHz  (ɚRF ~ 20 cm)

S-band: f ~ 3 GHz (ɚRF ~ 10 cm)

C-band: f ~ 5 GHz (ɚRF ~ 5.2 cm)

X-band:  f ~ 9-12 GHz (ɚRF ~ 2.6 cm)

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 
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Bucket : stableregion whereparticles canbegroupedor bunched.

Beamscanbeacceleratedwith the longitudinal electric field (Ez) in a SW

RF cavity.
Courtesy of Fermilab, SLAC, & DESY

motion of  positive 

bunchesin a TESLA 

type RF cavity

phase = 180 deg. later

continuous acceleration

in a ́ -mode SW RF cavity

high power RF source (= oscillating EM field)

wave is only oscillating without traveling

head = lower E

tail = higher E

Acceleration - Standing Wave RF Accelerator 

Klystron 3 dB BW = 5 MHz 

RF010 ~ ff

RFf

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 



dz

dp/p

The transversephasespaceis describedwith the beamposition (x or y) and angle(x' or y') .

Similarly, the longitudinal phasespaceis described with the beam longitudinal position

and energy(or time and energyspread,or phaseand momentum)

(z, E), (dz, dE), (dz= -cdt, dE/E = dp/p), (dt, dE/E=dp/p), and (df=wrf dt, dp/p)

12

Beam Phase Space & Keep Bunching 

dE/E

dt

head head

tail tail

full width bunch length ~ 6ůz for Gaussian beam 

x

x'

y

y'

beam diameter = full width beam size ~ 6³ůx,y for Gaussian beam 

http://www.slac.stanford.edu
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If a chargedbeam crossesan RF cavity at t, then an accelerationby the RF cavity is

Gdcos(2pfrf t + 0ʟ), where G is gradient of the cavity, d is length of the cavity, 0ʟ is the

initial RF phase,frf (~ f 010) is RF frequency. In this case,the longitudinal electric field

Ez and resonanceangular frequencywmnp of the TM mnp modeis givenby

Here, xmn is the nth solution of Jm, Jm(xmn) = 0, and p is 0, 1, 2, ... .

For the lowestTM 010 mode,the resonancefrequency f010 and

EM fields of the cavity is givenby

Note that m,n,pare the number of nodesof the modein thej, r, z direction.

SeeResonantCavities in J.D. Jackson'sClassicalElectrodynamics.
13

Resonance Frequency of a Pillbox RF Cavity
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For the lowestTM 010 mode,the resonancefrequency f010 and

EM fields of the cavity is givenby
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Resonance Frequency of an RF Cavity
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RF BPMRF Cavity

Waveguide
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RF Frequency, Microwave / Radar Bands

Radio Frequency(RF) is a rate of oscillation of electromagneticwavesin the range of

about 30 kHz to 300GHz. FrequencyRangesof Microwaves= 300MHz to 300GHz.

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

Standard American Frequency

UHF or P-Band : 357 MHz

L-band : 1428 MHz

S-band : 2856 MHz   

C-band : 5712 MHz

X-band : 11424 MHz 

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 
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RF Distribution of Linac - IU ALPHA Linac

200 W200 W 200 W200 W

5.5 MW 5.5 MW 5.5 MW

10 mW

2856 MHz 

Oscillator 

Trigger 

+ Delay

5 W phase shifter & attenuator

5.5 MW

2 m Standard TW linac structures

3.0 MW

200 W

Thermionic RF Gun

Layout of RF distribution of IU CEEM ALPHA Phase -II Linac Option-IV

RF input of klystrons comes from RF driver ~ 200 W

Gun Pulsed HV for klystrons comes from modulators.

Each RF source has its own RF amplitude & phase controller.

Yujong Kim for  nTOF Facility @ Nuclear Date Center & DIAC - KAERI 
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RF Distribution of one Varian Medical Linac

5.5 MW

200 W

Yujong Kim for  nTOF Facility @ Nuclear Date Center & DIAC - KAERI 
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RF Driver for Varian Medical Linac

2856.0881 MHz
power meter

RF frequency, modes

AFC sensitivity adjustments 

status LED

front panel of RF driver

back panel of RF driver

control & tuning

water outlet water inlet

trigger inext servo output moniter

max 200 W RF output

Type N connector

operation hour counter

remote prog

fRF ~ 2856 MHz

total output ~ 360 W

max output for klystron ~ 200 W

pulse length ~ 12 ms

water temperature ~ 40 deg

Yujong Kim for  nTOF Facility @ Nuclear Date Center & DIAC - KAERI 
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Modulator and Klystron for RF Linac

Klystron & Modulator of APS Linac - Prof. M. H. Cho 

THYRATRON

trigger signal

PFN charging DC HV power supply

Pulse Forming Network (PFN)

Modulator is a pulsed high voltage (HV) power supply for the klystron gun.

L: series

C: parallel

Yujong Kim for  nTOF Facility @ Nuclear Date Center & DIAC - KAERI 
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Duke FELL - PFN Upgrade

Non-uniform and short HV pulsein modulator 3 makesa long energytail .

BeforePFN upgrade

capacitance= 10nF, inductance= 0.63mH

flat HV pulsewidth < 1.0ms

Yujong Kim for  nTOF Facility @ Nuclear Date Center & DIAC - KAERI 

╛Ἴ ╛ ╛ Ễ╛▪= nL for series

╒Ἴ ╒ ╒ Ễ╒▪= nC for parallel

Here n is number of PFN circuit

ἜἽἴἻἭἥἱἬἼἰ ╛Ἴ╒Ἴ= ▪╛╒
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Duke FELL - PFN Upgrade

Uniform and longer HV pulsein modulator 3 will reducea long energytail .

After PFN upgrade

capacitance= 50nF, inductance= 2.15mH

flat HV pulsewidth < 3.5ms

Yujong Kim for  nTOF Facility @ Nuclear Date Center & DIAC - KAERI 

╛Ἴ ╛ ╛ Ễ╛▪= nL for series

╒Ἴ ╒ ╒ Ễ╒▪= nC for parallel

Here n is number of PFN circuit

ἜἽἴἻἭἥἱἬἼἰ ╛Ἴ╒Ἴ= ▪╛╒



< PFN Design Formula>
╛Ἴ ἢἷἼἩἴἜἐἚἓἶἬἽἫἼἩἶἫἭ╛Ἴ ╛ ╛ Ễ╛▪ nL

╒Ἴ ἢἷἼἩἴἜἐἚἍἩἸἩἫἱἼἩἶἫἭ╒Ἴ ╒ ╒ Ễ╒▪=nC

╩ἸἮἶ ╛ἼȾ╒Ἴ=  ϳ╛╒ ╩ἸἮἶ ╩ἳἴὁȾ▪

╣ἸἿἜἽἴἻἭἥἱἬἼἰ ╛Ἴ╒Ἴ= ▪╛╒

╒Ἴ ╣ἸἿȾ ╩ἸἮἶ ╛Ἴ ╣ἸἿ╩ἸἮἶȾ

Rise Time of PFN ╣Ἲ ϳȢ╣ἸἿ ▪
ϳ

22

More Formula on PFN
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Modulator and Klystron for RF Linac

modulator is a pulsed high voltage power supply (U0) 

for the klystron gun (applying cathode and anode).

klystron is an RF power amplifier. 

(several hundred W RF input ­ several or tens MW)

RF driver ~ 180 W         ~ a few or tens MW

In a klystron, the velocity modulation of electron beam is

convertedto the density modulation. The electron beampower

is convertedto RF power at the output cavity. More cavitiescan

improve bunching and klystron efficiency. Solenoidsare needed

to focusingbeamalong cavities.

http://www.wikipedia.org

Pulse Forming Network (PFN)

PLS 80 MW klystron + 200 MW modulator

pulsed HV

¼ ¼ ¼

ÃÃ Ã
solenoids

Yujong Kim for  nTOF Facility @ Nuclear Date Center & DIAC - KAERI 
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Block Diagram of RF System

Yujong Kim for  nTOF Facility @ Nuclear Date Center & DIAC - KAERI 

Inut Power from RF Driver ~ 200 - 300 W

Modulator

ÅAC 60 Hz

ÅCW 

ÅLow Power

ÅRF ~ GHz

ÅPulsed Power

ÅHigh Output Power

(5 ~ 150 MW)

ÅDCHV + Pulse Condensor  

+ Pulse Switch + Pulse Trans.

+ RF Amplifier

ÅPulse Operation

ÅHigh Voltage

KlystronAC Power
Pulsed

RF Power

RF System
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Klystron for Varian Medical Linac

water inlet

ext servo output moniter

Operational Requirements
Coolant, Water

Inlet Temperature = 35 õ15̄ C

Body-Collector Flow Rate = 5.0 GPM (min)

Solenoid Flow Rate = 3.0 GPM (min)

Oil Bath Temperature = 60̄ C (max)

Mechanical Characteristics
Physical Dimensions = 38 ³10 ³18.25 inches (typical)

Weight = 120 pounds (max)

RF Input Connector = Coaxial, type-N female

RF Output Waveguide = WR-284

Yujong Kim for  nTOF Facility @ Nuclear Date Center & DIAC - KAERI 

L3 L5822 or CPI VKS-8262 S-band (2856 MHz) klystron tube

Performance
RF Frequency = 2856 MHz

Peak Output Power = 5.5 MW (min) @ 0.1% duty

Beam Voltage = 127 kV (max)

Beam Current = 92 A (max)

RF Drive Power = 55 - 200 W

RF Duty Factor = 0.104%

Beam Pulse Width = 5.8 ms (typical) 

Beam Pulse Width = 9.0 ms (max)

Heater Volts = 7.5 V (rms)

Heater Current = 30 °3 A (rms)

Ion Pump Voltage = 3.0 kV (min)

Solenoid Voltage = 108 V (dc, max)

Solenoid Current = 35 °1 A (dc)
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Klystron - Varian Medical Linac Vs. Toshiba

Expensive

Toshiba 50 MW E3730A Klystron

+ 100 MW IHEP Modulator 

Pulse length ²4 ms

Max repetition = 50 Hz

~ 0.4 M$

Economical & Compact

Varian Medical Linac

5.5 MW (peak) Klystron

11 MW modulator

Pulse length ~ 6 ms

Max repetition rate = 400 Hz

~ 50 k$ 
Yujong Kim for  nTOF Facility @ Nuclear Date Center & DIAC - KAERI 



Typical 4-Cavity Klystron

Yujong Kim for  nTOF Facility @ Nuclear Date Center & DIAC - KAERI 

From RF Driver To Circulator & Cavity

From Modulator

Broken gun due to quick heating & long operation

27



DESY 7-Cavity 150 MW S-band Klystron 

Yujong Kim for  nTOF Facility @ Nuclear Date Center & DIAC - KAERI 
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fRF = 2996 MHz Power Gain = 55 dB Efficiency ²40%

Pout = 150 MW B ~ 2100 G Pulse Repetition = 60 Hz

Group Delay = 150 nsec Pulse length = 3 ms Jcath = 6 A/cm2

Vbeam= 535 kV Ibeam = 700 A

MicroperveanceKm= Ibeam/Vbeam
3/2 =1.8 mP

Input cavity Output cavity

D. Sprehn, R. Phillips, G. Caryotakis, ñPerformance of a 150-MW S-Band Klystronò, AIP Conf. Proc. 337, p.43ff, (1994)



Toshiba 5-Cavity 80 MW S-band Klystron

Yujong Kim for  nTOF Facility @ Nuclear Date Center & DIAC - KAERI 

Input & Output RF Frequency = 2856 MHz 

­ 2856, 2862, 2871, 2951, 2856 MHz for bunching  

Peak Output Power Pout = I cav
2³Zcav / 2 = 80 MW

Beam Voltage Vbeam = 400 kV

Beam Current Ibeam = 500 A 

­ Pbeam = Vbeam ³Ibeam = 200 MW

Microperveance Km= Ibeam/Vbeam
3/2 = 2 mP

Pulse Width = 4 ms

Power Gain = 10log(Pout/Pin) = 55 dB

­ Pout/Pin = 3.16E+5 

­ Pin = Pout/ 3.16E+5 = 80 MW/3.16E+5 = 253 W  

Average Output Power = 19 kW

Efficiency = Pout / Pbeam ~ 42%

Wall loss at Output Cavity = Pwall = 0.663 MW

Coupling bat output cavity  = Pout/Pwall = 120 

A klystron with a high efficiency of 75% can be 

operated with  a low operational cost. 

PLS 80 MW klystron + 200 MW modulator
29



Klystron Efficiency Vs. Microperveance

Yujong Kim for  nTOF Facility @ Nuclear Date Center & DIAC - KAERI 

Klystron efficiency (= Pout / Pbeam ) has a relation with the klystron microperveance = I /V3/2.

A klystron with a high efficiency of 75% can be operated with  a low operational cost. 

30

R. Palmer, et al, ñStatus of the BNL-MIT-SLAC Cluster Klystron Projectò, AIP Conf. Proc. 337, p. 94ff, (1994).
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under a low energy, a high charge, and a short bunch length

but large transverse beamsize

bunch length lengthening is generated due to 

due to the longitudinal space charge force.

under a low energy, a high charge, a short bunch length 

and a small transverse beam size

bunch length lengthening & transverse beam broadening 

are generated due to the longitudinal and transverse 

space charge forces.

under a low energy, a high charge, a long bunch length 

and a small transverse beam size

transverse beam size broadening is generated 

due to the transverse space charge force.

Yujong Kim for  nTOF Facility @ Nuclear Date Center & DIAC - KAERI 

Space Charge Force - Lengthening & Broadening



Solenoid Power Supply (PS) for Klystron 

Yujong Kim for  nTOF Facility @ Nuclear Date Center & DIAC - KAERI 

Solenoid against transverse space charge force in klystron
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Duke FELL - New Solenoid Power Supplies (PS)

Energy wasstabilizedafter upgradepower suppliesfor Klystron solenoids

Yujong Kim for  nTOF Facility @ Nuclear Date Center & DIAC - KAERI 
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Duke FELL - Improved Beam Quality

January, 2007 with old klystron solenoid PS 

Charge per macropulse ~ 0.51 nC

Energy ~ 35 MeV

Energy spread ~ 3.0% (peak-to-peak)

September, 2007 with new klystron solenoid PS 

Charge per macropulse ~ 0.51 nC

Energy ~ 35 MeV

Energy spread ~ 1.5% (peak-to-peak)

Yujong Kim for  nTOF Facility @ Nuclear Date Center & DIAC - KAERI 
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Acceleration - Traveling Wave (TW) Accelerator

To avoid any arc betweentwo electrodes,and to geta much higher beamenergygain,

weusean Alternating Current (AC) type acceleratorŸ RF Accelerator.

To get the bestacceleration,we needa goodsynchronization betweenchargedbeams

and RF wave(phasevelocity of electromagneticwave= velocity of electronbeams).

Ÿ Principle of Traveling Wave (TW) Accelerator, whoseposition of electromagnetic

waveis continuously moving.

> ve without discs

~ ve with discs

2 /́4 mode TW structure

dkdv

kvv

g w

w

=

=º phaseRF,electron

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 
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TW RF Accelerators

SiC RF Dummy Load

for TW accelerator

TW accelerator

NLC 0.5 m long X-band TW accelerator 

gradient ~ 70 MV/m

iris diameter ~ 9.4 mm

TW accelerator

larger iris                       smaller iris for phase & gradient

controls

a higher RF power loss &

a higher energy along 

structure

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 
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IAC S-band TW accelerator

pulse forming network (PFN) & charging DC power supply

low power RF driver 

high power output

RF Distribution of TW Accelerators

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 
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Energy Gain of TW Accelerator

2 /́3 mode Traveling Wave (TW) structure

about 55 + 2ě0.5 cells for 2 m

shunt impedance ~ 55 Mɋ/m

Q0 = 11000-13000

attenuation parameter ~ 0.42 = ɤ/2vgQL

filling time ~ 0.6 µs for 2 m = L/vg

gradient ~ 25 MV/m @ 50 MW, 3 m

~  6.9 MV/m  @ 3.0 MW, 2 m

~  8.8 MV/m @ 5.0 MW, 2 m 

150 m long 2.5 GeV S-band linac @ Pohang Accelerator Laboratory (PAL) in Korea

Forty four 3 m long S-band linac structures were installed  at PAL  in1992.

parameter nattenuatio 

(m) structureoflength

/m)(M lengthperimpdeanceshuntaverage

(MW)power inputRF

)MV/m(/

)2exp(1()MV(

=

=

W=

=

=

--=

t

t

L

R

P

LVG

LRPV

sh

in

gain

shingain

dkdv

kvv

g w

w

=

=º phaseRF,electron

~ 35 mm
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C-band TW RF Linac

2a ~ 15 mm for SCSS structure

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 
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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. Shintakeof RIKEN/SPring -8

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 
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C-band TW RF Linac

original : two klystrons to drive 4 structures

current : one50 MW klystron to drive 2 structures

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 
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Modified SCSS C-band TW Structures 
klystron output power = 50 MW

pulse compressor gain = 3 (max ~ 3.8)

pulse compressor output power = 150 MW

forward power to tube ~ 70 MW

average shunt impedance = 56 Mɋ(no choke)

iris diameter ~ 14.6 mm

energy gain per tube ~ 66 MeV

gradient ~ 38 MV/m

70 MW70 MW 70 MW70 MW

50 MW, 2.5 ɛs

150 MW, 0.5 ɛs

~ 3.0 m

50 MW, 2.5 ɛs

150 MW, 0.5 ɛs

~ 3.0 m

modified SCSS structures

iris diameter ~ 14.5 mm

RF System of SwissFELLINAC Optimization -VI

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 
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260 m long C-band RF LINAC for XFEL/SPring -8

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 
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X-band TW Linac for SwissFEL

X-band Linac Structure with Alignemnt Monitor

¸developed with collaboration with CERN, ELETTRA & PSI

¸resonance frequency : ~ 11991.648 MHz  

¸phase advance : 5p/6

¸cell number : 72

¸active length / average iris diameter : 750 mm / 9.1 mm

¸max energy deceleration : 30 MeV

¸average gradient : 40 MV/m with 29 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 for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 
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Beam Acceleration - Standing Wave Accelerator

In case of Standing Wave (SW) accelerator, there are two electromagnetic waves

(forward and backward) as shown below. Therefore, one stationary standing wave

(black line at bottom-left figure) can be generated. Beamscan be acceleratedby this

standingwaveat ṕhaseadvanceasshownright figures.

http://www.wikipedia.org

two opposite waves

one stationary standing wave

node
ṕhase per two cells

Ÿ p/2 mode linac

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 
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Coupling Cells in Standing Wave Accelerator

Varian Linacp/2

p

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 



47

Beam Acceleration - Standing Wave Accelerator

SW acceleratorshavea much higher shunt impedancethan TW accelerator.

Shunt impedanceof S-band SW = 80 Mɋ/m (effectiveaccelerationŸ rings usesthis)

Shunt impedanceof S-band TW = 55 Mɋ/m

Varian Medical Linac

SW cavity
Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 
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Beam Acceleration - Standing Wave Accelerator

In caseof StandingWave (SW) accelerator, wedo not needany output coupler.

But weneeda circulator to protect klystron from reflectedRF power.

Energy gain of ḿodeSide-Coupled SW linac without attenuation: LRPV shingain =)MV(

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 
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Low bSW Booster Linac

CW RF Photoinjector

6.5 cells  ɓ= 0.687 - 0.906

cathode: Cs:GaAsor K 2CsSb

Q.E. ~ 10% @ 532 nm

eth ratio = 0.22 mm/mm (rms spot)

max average current ~ 7 mA

Q = 20 pC for 7 mA @ 350 MHz

laser repetition = 350 MHz CW

laser oscillator = 10 W Nd:YVO4

gradient ~ 2 MV/m

length L = 0.367 m

DEk = 700 keV

ET = 1.211 MeV

fRF = 2450 MHz

Rsh ~ 45 MW/m

power dissipation ~  29 kW

Booster Linac-I

21 cells ɓ= 0.906 - 0.984

cell length = 5.53 - 6.00 cm

gradient = 1.18 MV/m

L = 1.389 m

DEk = 1.634 MeV

Ekf = 2.334 MeV

ET = 2.845 MeV

fRF = 2450 MHz

Rsh ~ 85 MW/m

power dissipation ~  23 kW

Booster Linac- II

21cells ɓ=0.984 - 0.994

cell length = 6.00 - 6.06 cm

gradient = 1.12 MV/m

L = 1.454 m

DEk = 1.700 MeV

Ekf = 4.034 MeV

ET = 4.545 MeV

fRF = 2450 MHz

Rsh ~ 85 MW/m

power dissipation ~ 22 kW

s = 0.4 m 2.039 m0.65 m 4.615 m

Booster Linac-III

21 cells ɓ= 1

cell length ~ 6.1 cm

gradient = 1.22 MV/m

L = 1.472 m

DEk = 1.800 MeV

Ekf = 5.834 MeV

ET = 6.345 MeV

fRF = 2450 MHz

Rsh ~ 85 MW/m

power dissipation ~ 26 kW

2.993 m

power dissipation at each RF structure < 26 kW

power dissipation at all RF structures <  100 kW
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ÅBoth linacs used in this design are standing wave (SW) 

type linacs due to its high shunt impedance (~ 85 MW/m)

ÅLinac-I:

ÅThe size of each cell is determined by speed of 

electron beam (see next page). 

ÅBeam traveling time for a cell should be 204 ps.

2/  length cell

ps2042/

cavitySWmode

ps4081

MHz2450

RFbl

p

=

=­

==

=

T

f
T

f

RF

RF

SW Booster Linac-I with b< 1

S-band side-coupled SW linac structure

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 
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cm9.59.42/  length cell

ps2042/

cavitySWmode

RF -==

=­

bl

p

T

S-band side-coupled SW linac structure

SW Booster Linac-I with b< 1

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 

Energy gain per cell = 77 keV

electronfor51099906.0/)MeV(/
2

UmcU ==g

Cell # Length(cm) Ek (MeV)

Cell 1 4.9 .377

Cell 2 5.2 .454

Cell 3 5.3 .531

Cell 4 5.4 .608

Cell 5 5.5 .685

Cell 6 5.6 .762

Cell 7 5.7 .839

Cell 8 5.7 .916

Cell 9 5.8 .993

Cell 10 5.8 1.07

Cell 11 5.8 1.147

Cell 12 5.8 1.224

Cell 13 5.9 1.301
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Cell # Length(cm) Ek (MeV)

Cell 1 4.9 .377

Cell 2 5.2 .454

Cell 3 5.3 .531

Cell 4 5.4 .608

Cell 5 5.5 .685

Cell 6 5.6 .762

Cell 7 5.7 .839

Cell 8 5.7 .916

Cell 9 5.8 .993

Cell 10 5.8 1.07

Cell 11 5.8 1.147

Cell 12 5.8 1.224

Cell 13 5.9 1.301

fieldmap of 2450 MHz SW Linac-I
b< 1

total No. of  cell = 13 

cell length ~ 4.9 - 5.9 cm

SW Booster Linac-I with b< 1

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 
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SW Booster Linac-II with b~ 1

fieldmapsof Linac-I & Linac-II
Linac-I : green

Linac-II : red 

fieldmap of 2450 MHz SW Linac-II
b~ 1

total No. of  cell = 13 

cell length ~ 6.1 cm

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 
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Fabrication Processes of S-band Linac Structure

Detailed 

Structure 

Drawing

Conceptual

Structure

Design

Beam  

Dynamics

Simulation

Detailed 

Structure 

Design

(CST MS)

Crossing 

Beam 

Simulation

(CST PS)

Model 

Design 

and

Fabrication

Cell 

Fabrication

RF

Measurement

& Tuning 

Celll

Cleaning
Brazing

Vacuum

Test

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 



S-band & X-band Cells with 15 nm Roughness

55

Diamind turning technology is used to 10 nm range Surface Roughness!

KAERI & RTX are main customers.

Yujong Kim for  nTOF Facility @ Nuclear Data Center & DIAC - KAERI 


