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Introduction CEPC TDR layout

»CEPC as a Higgs (ttbar,H, W, Z) Factory
e Linac, 30GeV, 1.8km
e Full energy Booster, 100km
e Collider, 100 km
* Transport lines

Off-axis injection On-axis injection

RF Station

»Linac design
* Meet requirements
* High availability R Station
* Reserve upgrade potential

Lo = [ LAt =(L)-T, -7
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Introduction L inac evolution

» Meet the design requirements of Booster: Energy/Emittance

PreCDR DR TDR
V2.1|V2.2|V23| V3.1 | V3.2 V3.3 V3.4 V35 | V36 § V3.7 | V3.8 | V4.1 V4.2 V4.3
0 E./E.. | GeV 6 10 4 10 20 | 10/20 20 30,
Repe G ate e Hz 50 100
’ ner p 1 | 1&2
ropulation (e+/e-) [T I M2 20 6.25 6.25(18.8) 9.4 (18.8)
nC 32 1 1(3) 1.5 (3)
arey spread (e'/e oc | x10° 1 2 15
a” b arge at targe nC 10
e nm 300 120 | 60 | a0 10 6.5
Yes Yes Yes Yes
Samn E.. GeV 11 No 11 11 1.1
c m 58.5 58.5 75.4 147
£, mm-mrad 287 287 377 94
: ompressc No Yes No Yes
Accelerating s S-band S-band+C-band
eque i MHz 2856.75 | 2860 2860/5720
slerating gradie MV/m 15/27 18/27 or. 18/21 21 22&27/45
0 D-/ 1-t-2 1-t-2 or. 1-t-4 1-t-4 1-t-4 & 1-t-2(S)/1-t-2(C)
ed Lina ergy range MeV 200-1100 | No
. : km 600 1200 | 500 1200 ] 1400 | 1800
ollide erence km 54 8 61 61 100
ayo shared Linac 3 layout schemes TGB or EBTL Pre-BST EBTL
Date Apr-16 Nov-16 Dec-16 | Apr-17 | Aug-17|  Oct17 | Dec-17 | Jul18 | Mar-19 | Sep-19 | May-21 | Mar22 | Jun-22
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Introduction Baseline scheme

 Latest Baseline scheme (2021.5) * Latest Baseline scheme (2022.6)
* Motivation: Energy 220 GeV  Motivation: Energy =30 GeV
* “Low magnetic field & large magnetic field

* In order to reduce the effect of residual
magnetism at low injection energy, oriented
silicon steel sheet is required for the booster
dipole magnet material, however this is very
expensive

 Non-oriented silicon steel sheet instead of
oriented silicon steel sheet can save a lot of

range”
* 30Gs@10GeV
* 10GeV—>180GeV

» Air-core coil can used at low injection
energy but not suitable for high energy;

* iron-corn magnet can meet the requirement
of large magnetic field range but can not

meet the magnetic field at low injection cost, even considering the Linac cost increase
energy e High luminosity for Z
* High Luminosity for Higgs * need faster injection speed

e Emittance 2 10nm
* High luminosity for Z
* need faster injection speed

e 200 Hz
* 100 Hz & double-bunch acceleration

* 100 Hz & double-bunch acceleration
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Introduction Baseline scheme
> Latest Baseline scheme (2022.6) | Parameter | Symbol | Unit | Baseline
30

Energy E./E., GeV

* Energy: 230 GeV
gY - Repetition rate Frep Hz 100
v C-band accelerating structure @TAS e e e nC 1.5 (3)
O Higher gradient = Shorter linac tunnel length —" o 15X 103
: .

O Small aperture & Strong wakefield
Er nm 6.5

» Layout
* The tunnelis 1.8km S Raoma e

' i EBTL: El l
v’ Linac is about 1.6 km ectron bypass transg;thLme

PSPAS: Positron source & pre-accelerating section
SAS: Second accelerating section

TAS: Third accelerating section

DR: Damping ring

TAS

v'200 m as reserved space  EsBs I DSPAS  SAS
50MeV  1.1GeV 4GeV 200MeV 1.1GeV 1.1GeV 30GeV
< 335.5m ~
- 102.4m | 243.5m 1. 80.9m  111.1m| 1163.4m -
. T 1) T ) ’
-: 345.9m : 1601.3m .
< 1800.0m .
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Progress on CEPC Linac design

. Basic consideration
Electron source and bunching system
Electron Linac

Positron Linac
» First accelerating section(FAS)@4GeV & 10nC
» Positron source and pre-accelerating section(PSPAS)
» Second accelerating section(SAS)

5. High luminosity for Z scheme consideration

W e
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Basic consideration  sShort-range Wakefield @

MHz 2860 5720
m 3.1 1.8
21/3 3n/4
mm 20~24 11.8~16
22/27 45
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Basic consideration

Phase scan @ TAS
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CEPC Linac
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Basic consideration Bunch compressor

Centroid-energy
High-energy / \

S0 RF Cavity 51
(5)=0F) () = 6F) (g mr) (5) ) - (3
b2 0 1 o1 0 1 Ryl Ryl ) \do - (z5) — (23) (62)
, , = vy 0
— 1+ R%RG%E REQ’RGéF “0) _ ar (70 <ZO> <Z2>
Ry Ryl 8o 8o
k2 k
qbg:arctan( ——3——)
4F
Ry = kacosqbo,k - ? 2VF
v VFEj
Ry =20 _ o ~ kcosgg
66 El E() + eV sin Q50 =
5 Reh — (- )(1 \/_tanfbo)
Rl ~ ~20%(a+ S L). 6T JF k
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Electron source and bunching system

» Layout

* Thermal cathode electron gun
Two SHBs (158.89MHz/476.67MHz)
Buncher(2860MHz)
Accelerating structure (2860MHz)
Solenoid for transverse focusing

» Simulation results
* Energy: >50MeV
e Normalized Rms Emittance: 80mm-mrad

* Transmission > 90%

CEPC Linac
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Solenoid

SHB

Gun .
~3.3 nC for electron
~ 11 nC for positron

4
62
2 60
'O —_
g S 58
E S 56
> 54
52
-4
10 5 0 5 10 -10 -5 0 5 10 -5 0 5
X (mm) Y (mm) Bunch length (ps)
i oL, =
Fll / MML:»-wML wJ.hLm -Y-
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Electron Linac Acceleration

>FAS:50MeV->1.1GeV VavemeterUnit soand Cband
* 5+1(redundancy) S-band klystron m 31 18
* 1 klystron =4 accelerating structures 2r/3 3n/4
e Gradient: 22MV/m Aperture diameter Mr?/;nm 202224 i;irj:)
»TAS: 1.1GeV—>30GeV
e 195+40(redundancy) C-band klystron ~Grastans of 1 nice W -
* 1 klystron =2 accelerating structures <l Gy Opration ot __63;5::._.322:‘-";@
* Gradient: 45MV/m - 324_:_’_;5?._.;;—.5%;—‘—'-’51; a3
» If the operation gradient of C-band acceleratingmt_?}f’ﬁ'. - . .
structure is 40MV/m
e Still works
e 219+16(redundancy) C-band klystron e NS e e
* About 7% redundancy SXFEL @W.C. Fang
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Electron Linac Bunch compressor
»The bunch length is compressed to match the . R

. Initial rms bunch length
C-band accelerating structure

(z2) 0.966 mm

0
O . .
° Ang|e: 10 Initial rms energy spread (52)  0.221%
L4 =- .
R56=-0.171m Final rms bunch length 5
(z7) 0.4 mm
* V=51MV
o Initial energy E, 1.1 GeV
* Phase=-7
o os[T T T T s oo L i —— T
O___ 04 TEGS BC_autp:ut.sdds E\ 09 L
< U5556
= 0.3 \—E/ 0.3
Ha Tl -
6 07 5 0.7
=~ o E 0.6
D | Nepl
i =
0 0.0 E o
p O z B
= —o0.z2] | | | | | | | 0.4} | | | | | | | | ]
O Z 4 b &8 10121416 0O 2 4 o 8107121416
s (m) dt (s) s (m)
matrix——ingput: Electron_linac.ele lattice: Electron_linac.lte watch—peint phase space— —inputt Elestroninac.ele lottice: Elestron_linac.te sigma motrix——input: Electron_lingc.ele  lottice: Electron_linac.lte
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L_1nac design Beam dynamics results

»Simulation results( including Wakefield & CSR)

Parameter Value oal 7O S
Electron 50| 1
b,
Beam energy GeV 30 31.3 30.8 TOONE ig— N
Repetition rate Hz 100 / S e A EEVELLY, — B
Bunch charge nC 1.5 1.5 3.0 ® = gl i
Energy spread 1.5X103 0.68X103 1.37X 103 [ A -
o (0] _|
Emittance(x/y) nm 6.5 1.35/1.33 1.4/1.6 5 s 580 TE50
Bunch length (RMS) iy / 0.4 0.4 s (m)
1o ' ‘ &y 35 1.2, 0.020 o,
951 1 -, B a4, Ko
5 900 1 E - O 0.015 p Ts
lE 85L i ] B i B % zz E 0.8
B e 08 Or 05 T Sestzge dsie O e 9O
E sl i L 15h— @
u; 7OL i o /\Q;:\ XU 10 bw > 0.005]
" ss| ) @:j 5 0z
. ‘ ‘ Lum.g ’ at Q.00 0.000 ‘ : :
0 500 1000 1500 . 0 500 1000 1500
s (m) dT (ps) 20 5 (pd%) © ° s (m)
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Positron Linac FAS for positron productim@

» Acceleration: 50MeV—=2>4GeV @10nC

e 18+3(redundancy) S-band klystron o4l SO | | | | | |  —
. 25 _ 5
* 1 klystron =>4 accelerating structures 02l ~ g .

e Gradient: 22MV/m 00 . s HHHHHHHN_

L Q:i( 10 —
> Simulation results N 5MWW WWWW\MWW
-0.41
o

* Energy: 4GeV 0 50 100 150 200 750 300 350

ne M, (M)
(m
|

* Energy spread: 0.7% s (m)
100 € 19 0.014 T
X 4_7 ‘ r

95 L o ; | 081 ooz -

= 90 _ o 3 E Lol

o - 061

B850 | 9/ = “Cp.gosl

‘E 20 N 2h—0.41D .00l

£ M_ 5 v 0.004 |

750 . X e 02 0.002|

- 7Ol | Ol 0.0L 0.000

“ 0 50 100 150 200 250 300 550
PO - s (m)

0 50 100 150 200 250 300 550

s (m)
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Positron Linac

> Positron source

e Target (Conventional)
v’ tungsten@15 mm
v/ Beam size: 0.5 mm

» AMD (Adiabatic Matching Device)

* Length: 100mm
e Aperture: 83mm-—>26mm

* Magnetic field: (5.5T—>0T) + 0.5T
» Capture & Pre-accelerating structure

e 1 klystron = 2 Acc.Struc

v’ Larger aperture S-band accelerating structure?

O Aperture: 25 mm
O Gradient: 22 MV/m
O Length:2 m

* Energy:200MeV
e Solenoid

» Chicane
* Wasted electron separation

4 GeV
Electron
lux Conce .
MR L e e e e e e s o SOfeROId | Chicane
8 | *°1% (cm) s distadce T T T T L T 7
=—Energy=2 GeV . . ‘ ‘ <‘
——Energy=3 GeV e 7\”\\ 1" Wi\?l“ e Hni\‘n‘ I HW" T \i‘:;‘\ | | Il
7 H|——Energy=4 GeV AR AR T
R R Hn.\‘u\ FECETELIRIECEEEEEEED MNP T L i\
o g | W ﬂ
x 6 0 | | | | I S :
o =3.097 7 KLU SI0T TEUT TSUT T0Z0-0 TI90.0 TIE0.T T530.0 T700.0
HRES W TR [ T I
: 0
® R M
al
z T
ot | | | | | | | | o
[} s 170U EZ 1A SIU.T SEULT LEloA) I020.T 1I50.T 13e0.T 1530.T I700.0
Z 3 | 30000 MTEHIHN
{kd 3 [ HHH\ [T H‘]WI [TTTTTTTTmTT T I T 177 7777
15000 fi- H r I R M‘ |“‘I 1! i | ‘Iw ’u‘!
10RO 0
0 ‘ il
-15000 ‘
i Il
5 —30000g; h b 510.0 T .0 b TI50.0 o0 5.

Target length (mm)

Positron source Unit Requirement Simulation results
¢ beam energy on the target GeV 4
e bunch charge on the target nC 10
e bunch charge nC >3 ~5.5
¢” Energy MeV >200 250
e” Norm. RMS emittance mm-mrad <2400 2370
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Positron Linac

» Acceleration

2860
* 8+1(redundancy) S-band klystron 31 5.0
* 1 klystron =2 accelerating structures 21/3 2/3
v 10 Larger aperture S-band accelerating structure 20~24 25

22

v 8 normal S-band accelerating structure

e Gradient: 22MV/m
»Transverse focusing

£

e Triplet quadrupoles are outsid
each accelerating structure

: p

*p (mrad)
Yp (mrad)

D, (m)
< - N () 4+ o ar

0 10 20 3(0) 40 50 60

»Simulation results GQ X E
* Energy: 1.1GeV e oI Yo
Doslc @ £ 2 E"
* Energy spread: 0.4% VOK =t -
. BunCh Charge: ~4.5nc gi . OVOOO ,‘O 20 BO 40 50 60 :2—15—10 —I5. v} 5. 10. 15.20 1l115—15‘—WD -5 0 S 19 15 20
. . s (m) dT (pe) dT (ps)
* Normalized rms Emittance: 2550mm-Rfadmmem— "
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Beam dynamics results

|_1nac design

»Simulation results( including Wakefield & CSR)

dT (ps)

dT (ps)

I,
Parameter Value : " ol 4
Positron 0. s0|_ _ b,
£y
Beam energy GeV 30 31.3 30.8 : oalE i;’— ]
Repetition rate Hz 100 / & o B | ) i M
= ozf s 30l LERYS _
Bunch charge nC 1.5 1.5 3.0 y 20| | VYV EVVERT ~
Energy spread 1.5X103 1.29X103 2.16 X103 0= o —
0oL o] _
Emlttance(x/y) nm 6.5 329/164 380/166 0 200 400 800 BOO 1000 1200 1400
Bunch length (RMS) Bl / 0.4 0.4 s
750 0.020 .
- - - 1.0] e
b4 2 s b D.015] Ts
— £ £ [
E 200 i ; ; o
%IE E O.6©@D,DWG_
E l 5 O - . —1.5 -1 =05 00 05 1.0 1.5 —1.0 —-0.5 0.0 0.5 1.0 —
E - Xo{mm) ¥ {mm L 10 L(JO'4'
s KU 6 - 0.005|
3 1 OO — N 1; 3.3 . ) 5 L il
v E o5 9:21 oL 0.0l  o.oools . . . . . .
E o R 0 200 400 600 800 1000 1200 1400
‘ ‘ ‘ ‘ } -0.s LWz o s ( M )
0 200 400 600 800 1000 1200 1400 :1: soef
s (m) T =7 0 2 & e A N !
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High luminosity Z scheme Motivation

»In order to meet the injection requirement of high luminosity Z scheme, one
should increase the injection speed of the Linac to the booster.

»Schemes:

* Double-bunch acceleration scheme
v’ To filling the required bucket pattern, the SHB frequency should be checked
v’ Flat-top pulser compressor
v Difficulties on BPM, LLRF, commissioning
v RF gun
0 More flexible injection scheme
O The Linac have better potential in terms of compatibility
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Timing consideration

» RF frequency of the Linac, booster and ring is 2860MHz,1300MHz and 650MHz
e Greatest common divisor (GCD) is 130MHz
e All RF frequency is based on the common frequency

» Thermionic cathode electron gun + subharmonic buncher
* There are two SHB with different RF frequency

 More frequency should be considered for bunch frequency

v The bunch interval should be an integer multiple, n, of the time corresponding to the common
frequency, fpuncn = fem/n
v’ SHB1 frequency is an integer multiple, m1, of bunch frequency, finp1 = M1 X founch

v SHB2 frequency is an integer multiple, m2, of SHB1 frequency, fipp2 = M2 X fonp1
v’ Linac frequency is an integer multiple, m3, of SHB2 frequency, fiinac = M3 X finp2
Y fiinac = m3Xm2xmlX f../n > 22*n=m3*m2*m1l

»RF gun

v The bunch interval should be an integer multiple, n, of the time corresponding to the common
frequency, fpuncn = fem/n
v’ Linac frequency is an integer multiple, m3, of bunch frequency, fiinac = M3 X founch

‘/flinac =m3 X fcm/n > 22*n=m3
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Timing consideration

» Frequency
* n=9, m1=11, m2=3, m3=6
* Divide the common frequency to 14.44MHz, then multiply to the corresponding RF frequency
* Frequency multiplication to 2860MHz, 5720MHz by common frequency

Frequency Multiple Period

Repetition frequency frep 100 Hz / trep 10.0 ms
Common frequency fem 130 MHz 9 - 7.6923 ns
Minimum Bunch frequency fyynch min  14.44 MHz 1 thunch 69.23 ns
Bunch frequency fbunch 14.44 MHz 1 Chunch 69.23 ns
SHB1 RF frequency fsnp1 158.89 MHz 11 tshb1 6.2937 ns
SHB2 RF frequency fshp2 476.76 MHz 33 tshp2 2.0979 ns

flinac 2860 MHz 198 tlinac 0.3497 ns
LINAC RF frequency finaca 5720 MHz 396 tinacys  0.1748  ns
Damping ring RF frequency fpr 650 MHz 45 tpr 1.5385 ns
Booster RF frequency fbooster 1300 MHz 90 GRS 0.7692 ns
Ring RF frequency i 650 MHz 45 St 1.5385 ns
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Timing consideration

High luminosity Z mode Comments
[Parameter Unit 30MW 50MW
Baseline scheme | RF gun scheme | Baseline scheme | RF gunscheme
[Repetition frequency Hz 100
|Common frequency MHz 130
|Linac common frequency [MHz 14.44 130 14.44 130
Bunch frequency MHz 14.44 43.33 7.22 65.00
ISHB1 RF frequency MHz 158.89 / 158.89 /
ISHB2 RF frequency MHz 476.67 / 476.67 /
MHz 2860.00
[LINAC RF frequency MH2 £720.00
[Damping ring RF frequency [MHz 650.00
|Booster RF frequency MHz 1300.00
|Ring RF frequency MHz 650.00
|Bunch spacing @ Collider | ns 23.08 23.08 15.38 15.38
[Bunch spacing @ Linac ns 69.23 23.08 138.46 15.38
— pulse-by-pulse pulse-by-pulse
[[njection scheme bunch-by-bunch P A bunch-by-bunch L
: 45*(2k) + [10, 20, 40]] 5(2k)+[2,4] |45*(2k) + [10, 20, 40]] 5(2k)+ [2,4] : :
[Harmonic number 45*(2kr1) + [5, 25] | 5(2k#1) + [L3] | 45*(2ke1) + [5, 25] | 5(2ke1) + [1,3] | < ' 2N Integer
[Bunch number per train 6n 2n 18n 2n nis an integer
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»The Linac energy is increased to 30 GeV to ease the booster magnet design
difficulties (low field at injection energy and large magnetic field range) and save
the total cost.

»The C-band accelerating structure is used from 1.1 GeV to 30 GeV.

»The lattice design and dynamic simulation have been finished, the design can
meet the requirements of booster.

»For high luminosity Z scheme, tow-bunch-per-pulse is need and the baseline
scheme can meet the requirements, some key technologies need further
research and development, such as flat-top pulser compressor, BPM, LLRF, and
SO on.
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Thank you for your attention!




Error stud Electron linac

>Error study (100seeds) Error deseription | _Unit_|Value
. om0
* errors: Magnets/Accelerating structure/BPM — T s
* Trajectory correction: beam orbit <Imm % 0.1
v C-band section should be smaller than 0.4mm um 30

* Emittance growth: meet the requirement (10nm)
v X:3.1nm + 0.9nm(std)

17.51
v Y: 2.9nm + 0.9nm(std) .
300 '
— o.al = 12.5
= 2 250/ £ 10.01 ex=3.1(mean) + 0.9(std) nm
E 9]
c 02| ‘ 0
- 0.0 E 200, "7
= i W 150 201
El o E 2.5
|
> 0.4 : 100 L 0.0
0 200 400  B00 800 1000 1200 0 200 400 BOO 800 1000 1200 £x (nm)
s (m s (m) 301
. 300 251
c 1.0 E ssol 201 gy=2.9(mean) + 0.9(std) nm
E 0.51 I
~ g 200/
0.0l E
= 0 150/
£ o5 £
! 5
3 ol 7 % 100 _
0 200 400 600 800 1000 1200 0 200 400 6500

s (m) s (m)
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Error stud Positron Linac

Errordescription | Unit | Value
* errors: Magnets/Accelerating structure/BPM mrad 0.2
* Trajectory correction: beam orbit <0.5mm % 0.1
* Emittance growth: meet the requirement (10nm) Hm 30

v' X:6.1nm + 0.9nm(std)

» Error study (200seeds)

v Y: 2.7nm + 0.3nm(std)
£x=6.1(mean) + 0.9(std) nm

450
E 0.4] E 400
E 0.2p i 3500
c 0.0 E 300
- o2 % 250|
| |
é 04 % 200 ——— —

0 100 200 300 4(@? 500 600 /700 800 0 100 200 300 4((]0> 500 600 700 800
S m S m
351
. 0.3 — 200 30
c 0.2| E 180] \ 25
\EJ o1 ; 180] 3 g,=2.7(mean) + 0.3(std) nm
E 0.0 \_E/ 1400
-0.1L “
E‘ ol : 120]
5\ ol | § 100]
0 100 200 300 4(@()) 500 600 /00 800 0 100 200 300 4((]0) 500 600 700 &S00
= m S m

eeFACT2022, Sep 12~15 2022 CEPC Linac Cai Meng



