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Introduction Main parameters

Parameter Symbol Unit Value

e- / e+ beam energy Ee-/Ee+ GeV 10

Repetition rate frep Hz 100

e- /e+ bunch population 
Ne-/Ne+ >6.25×109

nC >1.0

Energy spread (e- /e+ ) È <2¦10-3

Emittance (e- /e+ ) Ůr nmÖrad <300

e- beamenergy on Target GeV 4 

e- bunchcharge on Target nC 10 

ÅLinac design goal and principles
ÅSimplicity 

ÅHigh Availability (necessary hot-standby backups,10%-20%) and Reliability

ÅAlways providing beams that canmeet requirementsof Booster 



ÅParameters
ÅLayout 
ÅEmittance and energy spread is too small, no need Damping Ring
ÅLower emittance requirement possibilityĄDamping Ring for positron linac

ÅBunch charge
ÅPositron bunch charge decide the layout of linac and is difficult to upgrade if not keep the potential
ÅEnough allowance and high bunch charge requirement possibility  or potential, designed 3 nC

ÅOne-bunch-per-pulse
ÅOnly short-range Wakefield need to be considered

ÅFrequency
ÅCollider: 650 MHz
ÅBooster: 1300MHz
ÅLinac: 2856.75MHz (s-band)
Å2856.75MHz =3.25MHz¦879
Å650 MHz      =3.25MHz¦200MHz
Å1300 MHz      =3.25MHz¦400MHz

Introduction Main parameters



Introduction Layout of Linac (I)

Å ESBS ( Electron Source and Bunching System)
Å Electron energy: 50 MeV
Å Electron bunch charge: 3 nC for electron injection/ 11nC for positron production

Å FAS (the First accelerating section)
Å Electron beam to 4 GeV
Å High charge mode/ Low charge mode

Å PSPAS (Positron Source and Pre-Accelerating Section)
Å Positron beam production and capture

Å SAS (the Second accelerating section)
Å Energy to 10 GeV

Å Electron bypass
Å Transport line bypass scheme
Å Target bypass scheme



Introduction Layout of Linac (II)

ÅDamping Ring
ÅTiming
Åemittance

alternative



Introduction Layout of Linac (III)

alternative
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Positron source Layout of PSPAS

ÅLayout of positron source
ÅTarget̔
ÅW@15mm
ÅRms electron beam size:0.5mm

ÅAMD
ÅLength: 100mm
ÅAperture: 8mmĄ26mm

ÅCapture & Pre-accelerating section
ÅLength:2 m
ÅAperture:25 mm
ÅGradient: 22 MV/m

ÅChicane
ÅWasted electron separation
ÅBunch length compression

ÅMagnetic field of the positron 
source and pre-accelerating 
section
Å6TĄ0.5T



Positron source
ÅSuperKEKBpositron linac commissioning (3.3 GeV) 
Å2014, N(e+)/N(e-)~20%
Å2015, N(e+)/N(e-)~30% [designed 50%]

ÅCEPC positron
ÅPositron bunch charge > 3 nC
ÅElectron beam: 

Å4GeV (not optimization) 
Å10nC/bunch (maybe lower)

ÅElectron beam: 4 kW

ÅEnergy deposition

Å0.784 GeV/e- @ FLUKA

Å784 W Ąwater cooling

ÅTarget 
Åtungsten
Å15 mm
ÅBeam size: 0.5 mm

Target design



Positron source Capture accelerating tubes

ÅPositron yield(@ capture accelerating tube exit) within some energy range with different 

captureaccelerating tube phase(or different input phase for pre-accelerating section) and 

different accelerating gradient

ÅDeceleration mode (D1)

ÅAcceleration mode (A1)

Å22 MV/m (Considering energyand positron yield, lower accelerating gradient have acceptable positron yielddecrease)

Only energy cutoff    ЎὉ ρυ-Å6

Deceleration

Acceleration

SuperKEKB commissioning results

D1

A1

SuperKEKB



Positron source
ÅPre-accelerating section
ÅRF phase

ÅNorm. RMS. Emittance
Å2700 mm-mrad Ą 2400 mm-mrad

ÅEnergy:  >200 MeV

ÅPositron yield
ÅNe+/Ne- ~=0.55    [-6£,14£,235 MeV,265 MeV]

Dynamic results of PSPAS



Positron source Parameters

SLC LEP (LIL) KEKB/SUPER KEKBFCC-ee(conv.)* CEPC

Incident e- beam energy 33 GeV 200 MeV 3.3/3.3 GeV 4.46 GeV 4 GeV

e-/bunch [10
10

] 3-5 0.5 - 30 (20 ns pulse) 6.25/6.25 5.53 6.25

Bunch/pulse 1 1 2/2 2 1

Rep. rate 120 Hz 100 Hz 50 Hz/50 Hz 200 Hz 100Hz

Incident Beam power ~20 kW 1 kW (max) 3.3 kW 15 kW 4 kW

Beam size @ target 0.6 - 0.8 mm < 2 mm />0.7 mm 0.5 mm 0.5 mm

Target thickness 6X0 2X0 /4X0 4.5X0 4.3X0

Target size 70 mm 5 mm 14 mm 10mm

Target Moving Fixed Fixed/Fixed Moving/Fixed

Deposited power 4.4 kW /0.6 kW 2.7 kW 0.78kW

Capture system AMD ˂κп transformer /AMD AMD AMD

Magnetic field 6.8T->0.5T 1 T->0.3T /4.5T->0.4T 7.5T->0.5T 6T->0.5T

Aperture of 1st cavity 18 mm 25mm/18 mm /30 mm 20 mm 25 mm

Gradient of 1st cavity 30-40 MV/m ~10 MV/m /10 MV/m 30 MV/m 22 MV/m

length of 1st cavity 1m 3m 2m 3m 2m

Linac frequency 2855.98 MHz 2998.55 MHz 2855.98 MHz 2855.98 MHz 2856.75 MHz

e+ yield @ CS exit ~1.6 e+/e- ~0.003 e+/e- (linac exit) /~0.5 e+/e- ~0.7 e+/e- ~0.55 e+/e-

Tungsten radiation length X0 is 0.35 cm.
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Linac design
Åk. Yokoyaand K. ōŀƴŜΩǎ ²ŀƪŜŦƛŜƭŘ ƳƻŘŜƭ
Åperiodic linac structure

Short-Range Wakefield

k. YokoyaŀƴŘ YΦ ōŀƴŜΣ ά¢ƘŜ ƭƻƴƎƛǘǳŘƛƴŀƭ ƘƛƎƘ-frequency impedance of a periodic accelerating ǎǘǊǳŎǘǳǊŜέΣ tǊƻŎŜŜŘƛƴƎǎ ƻŦ ǘƘŜ мффф L999 tŀǊǘƛŎƭŜ !ŎŎŜƭŜǊŀǘƻǊ /ƻƴŦŜǊŜƴŎŜ ±ƻƭΦ 3 pag. 1725, New York, March 1999



Linac design Electron linac

ÅFocusing structure: Triplet
ÅLong drift length for accelerating tubes
ÅBeam size in Acc. tubes is small and controllable
ÅSame beam envelopes at X/Y planes
Å1 triplet+4 Acc. tubesĄ1 triplet+8 Acc. tubes

ÅOperation mode : 
ÅHigh charge mode (positron production)
Å4GeV & 10 nC

ÅLow charge mode (electron injection)
Å10 GeV & 3 nC 



Linac design Electron linac

ÅHigh charge mode
Å10 nC && 4 GeV

ÅEnergy spread (rms): 0.8% 

ÅEmittance growth (challenge with errors and correction)



Linac design
ÅLow charge mode
Å3 nC && 10 GeV without bypass

ÅEnergy spread (rms): 0.15%

ÅEmittance (rms): 5 nm 

ÅBypass scheme
Åelectron transport line bypass
ÅSimplicity

ÅA bit higher cost, more magnets

Åtarget bypass
ÅMoveable target: alignment & mechanics

ÅLow energy part for positron linac is week 
focusing for high energy electron, e.g. 
quadrupoles and correctors

Electron linac

Shared with positron linac



ÅBecause of the larger emittance of positron beam, the lattice design of shared 
linac is  focused on positron beam, especially the transverse focusing structure.

ÅTransverse focusing structure
ÅFODO, nesting on Acc. tubes

ÅTriplet

ÅPositron linac
ÅControlled ɓfunction

ÅLarge emittance
ÅNeed smaller ɓ

ÅLonger period length 
ÅReduce quadrupole number

ÅCause larger ɓ

ÅTriplet number
ÅFurther optimization

Linac design Positron linac


