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Introduction Main parameters

ALinac design goal and principles
A Smplicity
AHighAvailability ( ) and Reliability
A Always providing beams that cameet requirementsof Booster

Parameter Symbol
V 10

_ Parameter
BB, Ge
Ne-/Ne+ >6.25¢10°
e /e* bunchpopulation
nC >1.0
. <2 10°
0 omOad <300




Introduction Main parameters

AParameters

ALayout
A Emittance and energy spreadiso small, no need Dampindring
A Lower emittance requiremenpossibility4 Damping Ring for positron linac

ABunch charge
A Positron bunch charge decidee layout of linac and is difficult to upgradenist keep the potential
A Enoughallowance and high bunch charge requirempossibility or potential, designe® nC

AOnebunchper-pulse
A Onlyshort-range Wakefieldneed to be considere Symbol m
AFrequency G G

A Collider: 650 MHz Repetition rate frep Hz 100
A Booster: 1300MHz Ne-/Ne+ NEp———
A Linac: 2856.75MHz {sand) EpiegbinchiEchilatioh g s
A 2856.75MHz =3.25MHz879
A 650MHz  =3.25MHZ 200MHz
A 1300 MHz  =3.25MHz00MHz

Energy spread (e /e*) o <2 X103
Emittance (e  /e*) &, nm- rad <300
e  beam energy on Target GeV 4
e bunch charge on Target nC 10



Layout of Linac (1)

Tar g et By-poss OR. Electron Linac By-, pass
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Booster
- 22 MV/m i
. uncher - 21 MV/m
AD 4GeY ¢ m—
SHB 18 MV/m | 21 MV/m Electran Solenoid . 4 GeV

Tl = == 21(3) klys. 84 accel. tube ~ 3klys. 6accel. tube | 19(3) klys. 76 accel. tube 29 (4) Klys. 116 accel. tube |
e ' :

" ESBS FAS PSPAS SAS

A ESBSEHElectronSourceand BunchingSystem)
A Electron energy: 50 MeV
A Electron bunch charge: 3 nC for electron injection/ 11nC for positron production
A FASthe First accelerating sectipn
A Electron beam to 4 GeV
A High charge mode/ Low charge mode
A PSPAS¥sitron Sourcand PreAcceleratingsection)
A Positron beam production and capture
A SASthe Second accelerating sectjon
A Energy to 10 GeV
A Electron bypass
A Transport line bypass scheme
A Target bypass scheme



Introduction Layout of Linac (I1)
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Introduction Layout of Linac (Il
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Damping
GUN Ly e s — 21(3) klys. 84 accel. tube 3 klys. 6 accel. tube Ring 128(3) klys. 76 accel. tube 29 (4) klys. 116 accel. tube
klys. 1 accel. tube :

1 nC for pesitron ESBS FAS PSPAS SAS

alternative



Booster

APositronsource design



Positron source Layout of PSPAS

“ALayout of positron source

A Target
AW@15mm &
A Rms electron beam size:0.5mm T ' _—' I—ﬁ >200 MeV
AAMD Y 1t‘ -“-—{H»(':'\._
Electron Blectron dump
A I—ength: 100mm Flux Concentrator 22 MV/m Solen0|d
A Aperture: 8mn#, 26mm - - : : : Chicane
A Capture & Praaccelerating section B Capture accelerating tube
A Length:2 m

A Aperture:25 mm
A Gradient: 22 MV/m

A Chicane
A Wasted electron separation

A Bunch length compression
AMagnetic field of the positron
source and preaccelerating
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Positron source

Target design

A SuperKEKpBositron linac commissioning (3.3 GeV)

A 2014, N(e+)/N(8~20%

A 2015, N(e+)/N(8~30% [designed 50]

ACEPC positron

A Positronbunch charge > BC

A Electron beam:
A 4GeV (not optimization)
A 10nC/bunch (maybe lower)

A Electronbeam: 4kW
AEnergy deposition

A 0.784 GeVie@ FLUKA

A 784W A water cooling

ATarget

Atungsten
A 15 mm
A Beam size: 0.5 mm

—e—Energy=2 GeV
- | =—e=—Energy=3.6 GeV
—e—Energy=4 GeV

- @ target exit

e
er deposition {(kH/cn"2)

Target

N +/N
e
w

Pow

8.2 8.4 8.6 6.8
Position {(cn)

Target length (mm)



Positron source Capture accelerating tubes

APositron yield(@ capture accelerating tube exit) within some energy range with differen
captureaccelerating tubenhase(or different input phase for praccelerating section) and
different accelerating gradient

A Deceleration mode (D1)
A Acceleration mode (A1)
A 22 MV/m (Consideringnergyand positron yield, lower accelerating gradient have acceptable posjisdddecrease)

1
‘ ‘ ‘ ‘ ‘ ‘ Al‘ Y(e+) upon capture RF phase
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Positron source Dynamic results of PSPAS

The CEPC positron beam pre—-accelerating section

x (cm) Us distahce T T T T ] T T T

A Pre-accelerating section i T

| |
A RF phase o TR TR

fi
=2.0g; T30

A Norm. RMS. Emittance R T Wﬂ
A 2700 mmmradA 2400 mmmrad ,2:# i SRR R R R R R s n : H | | | :

- |
450 T40-0

A Energy: >200 MeV i

| [
[
[ [
I |

(=,
o
n
c
=
a
»
N
A
o
“u
a
a
a
-1
a
(=,
a
&
Y

] o
=]
w
@
a
o
»-
|
N
or
=]
-
™
o
of
=]
-
»
a
=]

|
1Ze0.

“n
o
=1
o
o

= o
a
o
>
=
o
w
=
a
=]
-
.
™
o
=]

<

15000 @4

o

A Positron yield il

—30000 47 T i1 e 176 .0
A Net/Ne- ~=0.55 [-6£ ,14£ ,235 MeV,265 MeV]
0.03
Norm.Rms.Emittance X&Y XY X-Xp
4000 i ‘ 3 [ ‘n‘ ‘\\ 1l I 101 4
T 3500 sl " i it } v 0.02 R =2
Z 3000 - R (i L II 10° . £ EO0
£ Sl o il ] 0.01 = o
vw 2500 4 _2
£ €
22000 - S 10" } 0 -4
1500 I SR I I S 3 . 00 10 20 40 0 10 40 0 10
0 200 400 600 800 1000 1200 8 2 & g Phase X(mm) X(mm)
Z (cm) é 107 § By }"f 3 0.05 Y-Yp Phase-E
L ] L] M L L]
250 g ﬁc?'- PR SRR B 0.04
€ o e . ¥ 0 ° & ) —~
<2000 g 10° TA G 4 S d 0.03 3
T Ry . . 3
[} [as] .0. Ne L] ¥ 87 o0 " o0 3 I
= 150 0 Vet e el . 0.02 =
- wott VT e s
5 100 104 . s 3 0.01 )
in] 50 -
0 s 220 240 260 280 -10 0 10
. ‘ | ‘ ‘

0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200 1400 Energy (MeV) Phase (deg)

Z (cm) Z (cm)



Parameters

Positron source

Incident e beam energy

e-/bunch [1010]

Bunch/pulse

Rep. rate

Incident Beam power
Beam size @ target
Target thickness
Target size

Target

Deposited power
Capture system
Magnetic field
Aperture of 1st cavity
Gradient of 1st cavity
length of 1st cavity
Linac frequency

e+ yield @ CS exit

SLC
33 GeV
3-5
1
120 Hz
~20 kW
0.6-0.8 mm
6X0
70 mm
Moving
4.4 KW
AMD
6.8T>0.5T
18 mm
30-40 MV/m
1m

2855.98 MH:

~1.6 e+/e

Tungsten radiation lengthoxs 0.35 cm.

LEP (LIL)

200 MeV
0.5- 30 (20 ns pulse)

1
100 Hz
1 kW (max)
<Z2mm
2X0
5 mm
Fixed

< Ktmansformer
1 T>0.3T
25mm/18 mm
~10 MV/m
3m
2998.55 MHz

~0.003 e+/e(linac exit)

3.3/3.3 GeV
6.25/6.25

2/2
50 Hz/50 Hz
3.3 kW
[>0.7 mm
14X0
14 mm
Fixed/Fixed
/0.6 KW
/AMD
/14.5T->0.4T
/30 mm
/10 MV/m
2m
2855.98 MHz
/~0.5 et/e

KEKB/SUPER KE FCGee(conv.)*

4.46 GeV
5.53

2
200 Hz
15 kW
0.5 mm
4.5X0

2.7 kW
AMD
7.5T>0.5T
20 mm
30 MV/m
3m
2855.98 MHz
~0.7 et/e

CEPC

4 GeV
6.25

1
100Hz
4 kW
0.5 mm
4.3X0
10mm
Moving/Fixed
0.78kW
AMD
6T->0.5T
25mm
22 MV/m
2m
2856.75 MHz
~0.55e+/e-



Booster

ALinac design
AElectron linac
A Positron linac

AError study



| Inac desian Short-Range Wakefield
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The short-range wake is obtained by Inverse Fourier transforming: 7
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Linac design Electron linac

A Focusing structuretriplet

A Long drift length for accelerating tubes : B —
A Beam size in Acc. tubes is small and controll:

A Same beam envelopes at X/Y planes

A 1 triplet+4 Acc. tubées 1 triplet+8 Acc. tubes
A Operation mode :

A High charge mode (positron production) sesmsemsssmttsos S
A 4GeV & 10 nC

A Low charge mode (electron injection)

A 10 GeV & 3nC ﬂ q q
[ 11
NN - | AN

Length (m)
0.500 1.000 1.500 2.000 2.500 3.000

Aperture (mm)




Linac design Electron linac

AHigh charge mode
A10 nC && 4 GeV
AEnergy spread (rms): 0.8%
AEmittance growth (challenge with errors and correction)
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Linac design Electron linac
ALow charge mode R
emiance e /)

A3 nC && 10 GeV without bypass Emittance (e /e*) &, mm-mrad  <0.3
AEnergy spread (rms):15%
AEmittance (rms): 5 nm

2 , 10° tEnargy
ABypass scheme s E )
Aelectron transport lindoypass s E V@/
A Simplicity °-5L P | M
A A bit higher cost, more magnets % a0 a0 so 0T 20 a0 e - ; ;
Atargetbypass e
A Moveable target: alignment & mechanics [ 5
A Low energy part for positron linac is wée:I | < —n
focusing for high energy electron, e.g. ¢, | £ 5 Shared with positron linac
guadrupoles and correctors Y | O ]




Linac design Positron linac

ABecausef the larger emittance opositron beamthe latticedesign of shared
linac is focusedn positronbeam,especially the transverse focusing structure

ATransversdocusing structure
AFODOpestingon Acc. tubes
ATriplet

APositronlinac

A Controlledb function
ALarge emittance
A Need smalleb

ALonger period length
A Reduce quadrupole number
A Cause largeb

ATriplet number
A Further optimization




