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> IS HERKS

— CEPC ttbarZ%{ (180GeV)
- CEPCHE = EHiggs (120GeV)
(2.9 x1034%cm?st — 5.0 x103%cm2s1)
— CEPCHicellEm>n¥Z (45. 5GeV)
(3.2x10%cm?st — 1.0 x10%6cm2s1)
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120GeV Higgsfe= N

SN2 24

D. Wang, C. H. Yu, Y.
Zhang, Y. W. Wang, ...

Improvement of key parameters

» Higher bunch charge & larger
Piwinski angle

Smaller emittance & By*
Smaller x* to control £x

Requirement for DA energy
spread: 1.35%—1.7%

]

CEPC high luminosity Higgs:

L= 2.9x10%*cm2s1 — 5.0 x103*cm=s1

Higgs (CDR) Higgs
Number of IPs 2 2
Energy (GeV) 120 120
Circumference (km) 100 100
SR loss/turn (GeV) 1.73 1.8
Half crossing angle (mrad) 16.5
Piwinski angle 3.48 4.87
Ne/bunch (109 15.0 16.3
Bunch number 242 214
Beam current (mA) 17.4 16.8
SR power /beam (MW) 30 30
Bending radius (km) 10.7 10.2
Momentum compaction (10°) 11.1 7.34
Lip Xly (m) 0.36/0.0015 0.33/0.001
Emittance x/y (nm) 1.21/0.0024 0.64/0.0013
Transverse oip (Um) 20.9/0.06 15.0/0.037
&l &IIP 0.018/0.109 0.018/0.115
Vre (GV) 2.17 2.27
f re (MHZz) (harmonic) 650 (217500)
Nature bunch length &; (mm) 2.72 2.25
Bunch length &; (mm) 4.4 4.42
Energy spread (%) (SR/BS) 0.1/0.134 0.1/0.19
Energy acceptance requirement (%) 1.35 1.7
Energy acceptance by RF (%) 2.06 2.5
Lifetime due to beamstrahlung (min) 80 41
Lifetime (min) 25 21
F Shour glass) 0.89 0.88
Lma/IP (10%*cm™s™?) 2.93 5.0




45GeV ZRe&E N = EMAL

 Difficulty in CDR parameter
- BRI SR ARAE MBI, R TTAE ffe e XA/, et = A Sl

« Parameter update for Z: L= 3.2x10%*cm=s? — 1.0 x10%°cm-~2st

- IRIX W SR AR A M A K A4k 90° FODO — 60° FODO
- BRI & ap
- M/J\Bx* , Elex > ¥R TAE R E X
A IR 5 R IR ANFRE A FHPT AR E 1 — 32 i B AR o PR
- {EZRe & T KM Hcelll 25 — BFIRHOM ;™
- JARFSRIIZE: 16.5MW—30MW

*Yuan Zhang, CEPC day, July 24th, 2020.
**Jiyuan Zhai, CEPC day, Sep. 23th, 2020.



D. Wang, Y. Zhang, N.
Wang, C. H. Yu, J. Zhai...

» Improvement of key parameters

* 90°/90 ° — 60°/60 °

- &x:0.18nm — 0.52nm
- 0,111 X10° —2.23 X107
- gy: 1.6pm — 1.6pm (0.88% —0.3%)

* Increase bunch length: 11.9mm— 13.2mm

- &x: 0.0029 —0.00256

- &y:0.097 —»0.094

- Ne:8 X101 »16.1 X100
- E&x/vs:0.214 —>0.112

2
0,0,

N, P
Nip o Re[Z/n]

* Microwave instability threshold

- Threshold X~2

SRN=N ==
CEPC &/ l2 é&

Z-CDR Z
Number of IPs 2 2
Energy (GeV) 45.5 45.5
Circumference (km) 100 100
SR loss/turn (GeV) 0.036 0.036
Half crossing angle (mrad) 16.5 16.5
Piwinski angle 23.8 18.0
N./bunch (10%0) 8.0 16.1
Bunch number 12000 10870 (27ns)
Beam current (mA) 461 841.0
SR power /beam (MW) 16.5 30
Bending radius (km) 10.7 10.7
Phase advance of arc cell 90°/90° 60°/60°
Momentum compaction (10-°) 1.11 2.23
L Xly (M) 0.2/0.001 0.15/0.001
Emittance x/y (hm) 0.18/0.0016 0.52/0.0016
Transverse ojp (UM) 6.0/0.04 8.8/0.04
&l &P 0.004/0.079 0.0048/0.129
Vee (GV) 0.1 0.13
f e (MHZz) (harmonic) 650 650
Nature bunch length o, (mm) 2.42 2.93
Bunch length &, (mm) 8.5 9.6
Energy spread (%) 0.08 0.12
Energy acceptance (DA) (%) 1.5 1.4
Energy acceptance by RF (%) 1.7 15
Lifetime (hour) 2.5 1.8
L., /1P (103%cms?) 32.1 101.1




D. Wang, C. H. Yu, Y.
Zhang, Y. W. Wang, ...

CEPC ttbar ¥ @180GeV

/ tt \ Higgs w Z
Number of IPs / 2 \ 2 2 2
Energy (GeV) / 180 \ 120 80 455
Circumference (km) { 100 \ 100 100 100
SR loss/turn (GeV) 8.53 1.73 0.34 0.036
Half crossing angle (mrad) 16.5 16.5 16.5 16.5
Piwinski angle 0.9 \ 3.48 7.0 18.0
N./bunch (101°) 26.1 \ 15.0 12.0 16.1
Bunch number 28 (10.7us) O 242 (0.681.5) 1524 (0.21p5) 10870 (27ns)
Beam current (mA) 3.52 17.4 87.9 841.0
SR power /beam (MW) 30 30 30 30
Bending radius (km) 10.7 10.7 10.7 10.7
Phase advance of arc cell 90°/90° 90°/90° 90°/90° 60°/60°
Momentum compaction (10-) 1.11 1.11 1.11 2.23
L XIy (M) 1.2/0.0037 0.36/0.0015 0.36/0.0015 0.15/0.001
Emittance x/y (hm) 2.4/0.0072 1.21/0.0024 0.54/0.0016 0.52/0.0016
Transverse ojp (UM) 53.7/0.17 20.9/0.06 13.9/0.049 8.8/0.04
EIENP 0.077/0.105 0.018/0.109 0.013/0.123 0.0048/0.129
Ve (GV) 99 > ] 2.17 0.47 0.13
f oc (MHz) (harmonic) 650 (216816) | 650 (216816) 650 (216816) 650 (216816)
Nature bunch length o, (mm) 2.59 | 2.72 2.98 2.93
Bunch length o, (mm) 2.91 4.4 5.9 9.6
Energy spread (%) \ 0.16 / 0.134 0.098 0.12
Energy acceptance (DA) (%) \ 1.7 / 1.35 0.90 1.4
Energy acceptance by RF (%) \ 2.6 / 2.06 1.47 15
Lifetime (hour) \ o617 / 0.43 14 1.8
Lo,/ 1P (103%cm2s?) \ 03 / 2.93 10.1 101.1

N
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— booster ttbarZ=#{ (180GeV)

BEEESEEY K. 10GeV/120GeV—>10GeV/180GeV

- booster 0= =)E7

RAREAFFES): TmA—>14mA

4 )

NN VA YA N8,
ERTE LT
T B2 [E ) [n) i

KA (RiRE) MsEfR
W5 fiipation, I RS R

EAGIH T (P IO

I I A Vs
A1) LA

ERBREANK. - .

RFZh 2 k52 HJAE 58 R

kicker 5 ) L £

NG| RS HAE

B K R s

TR R A/ S
LR B S BRER A B / [R5 ik

/] w \ H | W Z ® \ H W [/Z (high um.\
Beam energy GeV I \ 10 A ff axs .O.u a)&s .O.n s .O.ff s Offaxis finjection
Bunch number I 28 \ 242 I 1524 6000 injection | injectiop injection injection
Threshold of single bunch Beam energy GeV 180 120 80 4.5
curzent HA 25.7 Bunch number 27+1 | 235+7 1524 | 5435
Maximum bunch charge nC 43 24.0 0.58 | 0.81
Thrgshold of beam current Maximum single bunch current HA 131 70 1.7 2.34
(limited by coupled bunch mA 100 -
instability) Threshold of single bunch current HA 730 300
Threshold of beam current
Bunch charge nC 1.39 0.78 0.63 0.45 (limited by RF power) mA 0.5 1.0 4.0 14
Single bunch current HA 42 2.3 1.8 1.3 Beam current mA 0.23 1.0 2.63 12.5
Beam current mA 0.12 0.57 2.86 7.51 Injection duration for top-up (Both s 35 354 458 L4+
Energy spread % 0.0078 beams)
Synchrotron radiation keV 735 Injection interval for top-up s 73 47.0 153.0 1 197
loss/turn i Current decay during injection
. . 3%
Momentum compaction 105 244 interval
factor ) Energy spread % 0.14 0.094 0.062 0.036
Emittance nm 0.025 Synchrotron radiation loss/turn GeV 7.7 1.52 0.3 032
Natural chromaticity HV -336/-333 Momentum compaction factor 10° 2.44
RF voltage MV 193 101 62.7 Emittance am 8.0 3.57 [ 159 | 051
Betatron tune 1/1,/ 1, 63.18/261.28/0.18] | 263.18/261.28/0.13 263.18/261.28/0. Natural chromaticity v | 336333
RF encrgy acceptance % 34 25 1.9 Betatron tune v/v, \ 263.18/261.28
[P —— | I 507 RF voltage GV | 8.5 I 1.97 0.585 o287
amping fime 5 : Longitudinal fune 0.18 ] 0.13 0.10 10
Bunch length of linac beam | mm \ I 1.0 RF energy acceptance % 0.85 I/ 1.0 1.2 18
R Damping time ms \ 15.5 I 52 177 9&3
Energy spread of linac beam| % \ l 0.16 Natural bunch length mm \ 3.0 I 2.8 2.4 l.\
Emittance of linac beam nm \ / 40 Injection duration from empty ring h \ 0.15 / 0.17 0.25 | \ 2.5% /

%
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* Different RF ramping curve for
each energy mode
- vsfor 0.18
- vs for Higgs: 0.13
- vsfor W& Z: 0.1
* Max RF voltage @t determined
by longitudinal quantum lifetime.
- e~ 6 %8
- VRF (180GeV)=8.5GV
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WA 5 25 1% 22 BN A T RE AR
> SIATHIER > R AR
> DIIRTHERACE TR

SINR AR SERRHRERZE
TARIHEPIE, LHRmEN 0
W E B IE

- Sex off — sex open

BIBRIE JE R R 100%

> HER YR RS N RV R R

A R A Rk E YR B AR A (25— R BN
R & HLE AR ME LRIE 56 40 T — B Re— TR A0 1k
AR ETERIE

AL HbR: AR50 >95%

Fb ek PR PREFAS FE /R P R AR . 3 X107 (RMS)

D. Wang, X. N. Wang, C. Meng,

D.H.Ji, C.

H. Yu...

parameters

Dipole

Quadrupole

Sextupole

Transverse shift x/y (um)

100

100

100

Longitudinal shift z (um)

100

100

100

Tilt about z (urad)

100

100

100

Nominal field

2x10°3

2x10™

3x10*

dipole

quadrupole

sextupole

, N/S

3x10%/3x10*

, N/S

1x10°/1x10°

4.5x10%/4.5x10*

, N/S

1x10°/1x10®

2.5x10°/2.5x10°

2x107%/2x10°3

, N/S

5x107/5x10”7

2.5x10°/2.5x10°

1x104/1x10*

, N/S

o 2 e Y e ) R Y e ) e |
e fn
O~ W N -

5x107/5x10°7

1x10%/1x10*

, N/S

2x107/2x10”7

1x10%/1x10*

Tr ansm _ 5SS OnN

0.

O

> BIRTHIER — PTH RIRRIS ST — miaor” Y
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tthar £ =X 58 [7] 20 38 5 7] /2

e Problems:  Possible solutions:

D. Wang, D. H. Ji

E2N S, RmBEENAZER K 1.1% - AW, SHRERIZRE S A m A
B RHUEIRZ: 6 mm — TR IX AT (8IX, SHEEfLH)
KBTI K ~3.6% - HERKSIE (optics KRIE)

T AR AT .« BIRKTERRS BEEMBE

WI/O taper W taper

T * ' ‘ [ ' = * DA > requirement (BSC) *+ sawtooth orbit was corrected g L 5
0 SR | I by tapering Al el
E E - BSCX=4ox+3mm=7.7mm » AT ) Lty .
i3 . ‘ ‘ . . . - BSCY=4ox+3mm=3 3mm * DA tracking w/o errors (50 2 . ‘ I 5]
| LN " =] seeds, 100 turns) i T~ T
& [l N 1 * Need careful error study il : R —
& o S | ~ 3 .
£ + DA is good enough 3 i ‘ e
~~ . . -H
0 10 - - zlc ;‘o — 61n - 9’0 —~ 100 km
20 10
st ]
15 ] [ |_]_l_l 1 I ]
= = 6f rrrkl,HH’rH_H 15 8
£ 10 ] = I o6
5 4 AL < | < 4
5 ]
0015 —00l0 0005 0000 0005 0010 001 ~0015 0010 —0.005 0000 0005 0010 0015 ]
dp/p delp 0015 —0010 —0.005 0000 0005 0010 0015 0015 0010 —0005s 0000 0005 0010 0015

dp/p dp/p 14



/IR JEE 1 b A BT - TME

XL R > R TN R T > R TN R D. H.J

 Emittance: 3.57nm — 1.29nm
Wi EE S EhiggsHIVEAN TR

The Geometry of CEPC booster

15600 . . : :
e [T R A 5/ oo AT Ty IR
250. Windows version 8.51/15 04/07/19 11.32.35 0.30 B ez e
o 225. 1 B B> D [ 0.28 15500/

XTDA jz:[: j( "] arc cell - 0.26

. " | () 24 The Geometry of CEPC booster

. - 022 15400 | o - ]
)_L1_‘[&1+_ 'f%ﬁE L 0.20 |
53 LR 018 2 o)

F0.16

1sss0f ee®"
o®

o e . L 0.14 - JE——
ﬁﬁii}i&%ﬁ%ﬁ 060 20 40, 0. 8o 100, 130""? /-—d'...«o\'
-15400 | ‘ ]
—15500\ o ]

CDR L '.'.::.7::.7:.7- sl s

new o _—
oggm Y [m)
o f - -15600 : : ; :
. S— e 13000 14000 15000 16000 17000 18000
. dplp=0 oosf = dpip=0 z (m)

dp/p=0.5% . +— dp/p=0.5%

= — « Exact geometry match for three rings
\ \ X (m) - error:io.].?m

15



o HATTRIEEFEL

B (m)

IINFH

FODOZEMI I mi e X152
Tt Z &=

ZE UK,

ZEREIEMERE, FIADA (F

90°/ 90° FODO cell

FODO length: 70m~80m

Noninterleave sextupole scheme

130.
119. 4
108. 4
97. 1
86. -
75. 1
64. 1
53. 1
42. 1
31, 1
20.

)

|

|

f

CEPC_booster,80m cell laitice

il

Windows version 8.51/15

12710020 15.15.52

B.

B,

arc cel

0.0

10.

20.

30, 40.

50.

60.

70.

80.
s (m)

0.28

F0.26
- 0.24
F 022
F0.20
018
F 016
e

0.12

ZBUREAL,

D (m)

tkii 5’:

Py =|

e

Bl AH[E A ST EERS DA L TME /)N

vl

SiR7E) , damping ringfgfy, &GN

80m FODO
(emit=1 9nm) oo"| Before opt
' & dp/p--0.54
0.015F a  dpp=0
+—  dpip=0.5%
0.010+ .
/. - BSC «10GeV
. \
! 4
/ 0.005 - Ny
[ \
(R
L adl k1 L X (m]
-0.04 -0.02 0.00 0.02 0.04
70mFODO
(emit=1.29nm) **
@ dp/p=-0.5%
ooisk| Before opt || . dype0
+—  dp/p=0.5%

BSC 10GeV

X(m)

6*FODOS,
FODO,
6*FODOS,
FODO,
6*FODOS,
FODO,
6*FODO5

45° phase in short

straight section

7*FODOS,
7*FODOS,
7*FODOS,
7*FODOS
45° phase in short
straight section

Z=-F0DO

Y [m]
00201 1 After opt

dp/p=-0.5¢
dp/p=0

dp/p=0.5%

BSC @10GeV|

X m)

Y [m]
0.020 -
After opt | |-e- dpp=-05¢
0.015 - —=— dp/p=0
- dp/p=0.5%
0.010
—  BSCel0GeV|
=
f 0.005 \WW
y \
c' |
. AL L, ‘ X m)
-0.04 0.02 0.00 0.02 0.04
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D. Wang, X. H. Cui, C. H. Yu

> ttbar » High lum. Z

* Higher energy (180GeV) can be realized by stronger .

Injection speed of Linac needs to be improved.
kickers/septa or longer kickers/septa (enough space)

- Two bunches/pulse
* Inj./ext. hardware is not a issue for ttbar. - Repetition: 200Hz

» On-axis injection in vertical plane with
vertical local bump for booster

Damping 5s

Damping 5s

- top up injection: 35s

» Off-axis injection with horizontal bump
for collider

- top up injection: 31.5s
g s g tt off-axis injection (alternative) ‘ i .
tt on-axis injection (baseline) ‘ | If 1] = 1 CDR Linac faster Linac (x2)
\ o0 T T T T 1400
7.73s \ 7.73s o0 L 1 100
/ \
o \ o0 |- ] w |
0.28s /
\ T sof ] < sl
Eanf ol
4 damping time ° 3
Collider Ring Off-axis injection from collider ring to booste On-axis mjection from booster to collider ring 400 - //.-W 1 400 [
e . - o= wh ] 0
Boostc r
4] 2 4 6 8 ] 4 6 8
t hawrs t hours

18
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Damping ringiE A

h )

RN G| T 2/

D. Wang, C. Meng, J. H.
Chen, C. H. Yu...

BoosteryF A\

| CDR | Two bunch | 200 Hz
@ _®- - « BEfE
7 - - ) - i
/ AN e N VRN . REAEE: 77/4-19.25ns
/ \\ / \\ / \\\ * Bunch by bunch
/ \ { \ f \
/ \ \ / \ . .
‘,w \ .‘ [ \ * Kicker FE[#HS[E]: <19.25ns
1255 || 255 | @ 12505 @
\ | { | | | N >
\ [\ / \ | 77ns
/ \ / \ / N
\ / \ /. \ /f + —Bkicker+7 & BHiR
\\_7 / \ » \\,_‘ - + P Akicker+ P & iR
@ @ ens @
.. inj(Z new) mj(Z_new) . N nj(Z_new) nj(Z new)
inj(Z_CDR) H5200H, B B Tk A m(z_COR) 4200 B B HE BT E
Energy (GeV) 11 11 1.1 Energy (GeV) 10 10 10
Bunch number 2 4 4 Bunch number 6000 7500 7500
Bunch separation (ns) 125 62.5 20 Blrlmh separation (ns) 25 20 20
Inj/ext scheme Bunch by bunch Bunch by bunch Twa by two Inj/ext scheme Bunch by bunch Bunch by bunch Two by two
Bunch number/train 5 Bunch number/train 80 100 100
Train number : 2 Train number 75 75 75
Trai tion ™ Train separation (us) 2.46 2.46 246
FAIn separation (ns) - Kicker repetition (Hz) 100 200 100
Kicker repetition (Hz) 100 200 100 Kicker pulse duration (ns) 50 40 60
Kicker pulse duration (ns) 250 125 230 Kicker flat top (ns) 20
Kicker flat top (ns) 20 Kicker speed for rise up/down (ns) 25 20 20
Kicker speed for nise up/down (ns) <125 <62.5 <105 Timing delay (us) .46 246 246
Timing delay (ns) =125 <625 <125 Injection time (s) 60 37.5 37.5
Kicker angle (mrad) L5 15 L5 Kicker angle (mrad) 0.11 0.11 0.11
Kicker integrated strength (T.m) 0.006 0.006 0.006 Kicker integrated strength (T.m) 0.004 0.004 0.004

19
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b b

CEPCI H BTt

¢ 7}32 /J\ IE EEA % Eﬁj‘g u jﬁ—% /@i ]éiiri}l;ﬁe(i:ze (m) 715-.14 gg H RF system
ending radius (m . 7 8 am (650MH2)
9%%&/EE)\ jz iip:leitre:gthg?.o)('f) 13.063 C=75m

ﬁ E=1.1GeV RF system
N U (kev/turn) 363 m . (2860/]300MH7)
¢ BH)E. Hﬂ‘ I E—IJ /@@z 'Ig% Damping time x/y/z (ms) 15.2/15.2/7.6 RF systt;ﬂmm \
8o (%) 0.05 2860MHZ
[ VDU YN J N ) P N ( )
° I%J = e Z;[;;-< i—t % //§ :I*_&L &, (mm mrad) 376.7 i \
U/ X 1.2
njection o, (mm) 5 \Ab =2 iéﬁ% EE{KJ_ ﬁ%&
IS ENE . BT =+ CSR. IBS Extract o, (i) 75 j g
g, (mm.mrad) 2500 R {
» Y ™, A) >
° F —‘-'—F‘/ . lﬁ—"}—!:{]ﬁli /J\ EETJ‘ ]—l:l‘ Eext xy (Mm.mrad) 530/180 .
7 =4 = B B (%) 0.18 /0.05 a
. . Energy acceptance by RF(%) 1.0 m m
* Linac repetition: 100Hz foo (MH2) 650
Ve (MV) 20 :
* two-bunch storage scheme = Sy I
- 500 ,“,‘",' ? ’.t,' "‘A"V"If’v’ ,,,,, ",‘4"./’,*" J3033 148 = <00 o B (5 “/;'l’b” 208 ouoons 152653 g
: . £ y6s 3\“ L1400 £ £ ‘<] B- B b». " £
* Storage time: 20 ms = eI [iss S - 3559 Dis. suppressor | 14 3
3.95 1 [ 1.30 k12
1 3.60 1 b 125 »
* Emittance (norm.): 2500— 530 mm.mrad 25 Arc FODO [ 120 [
=2y ) [ 9
.. . 2.55 L 105 L06
» Large trans. acceptance— inj. efficiency 220 | 700 \ Los
1.85 + 095 I 5
10T 1 e i YV VX N :m

s(m)

EBTL ] m It | R T

CEPC ptember 2018] ' [oy -
6.5 Windo - Ssins. 040918 152653, 100 - 4 dplp=-1.0%
0 ST a1 1 : f ‘
= 604 B I;L \ Loy 3 dp/p=-0.5%
554 Hos .
o F & Inj. /ext e dpip=0
451 , ; Loe dp/p=0.5%
40 1 \ 05 dpip=1.0%
3.5 04
3.0 0.3
25 Fo2
0 Lo
15— 0.0
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SH A 5 B 28Nk 2% 2 (8] B 42

D. Wang, X. H. Cui

00000000

EC BC )
E, (Gev) 1.1 E, (Gev) 1.1
5 (%) 0.6 8 (%) 0.05
5,0 (mm) 15 6,0 (mm) 7.5 e o
e (MI12) 2860 for (MH2) 2860/1300 |
Vir (MV) 220 Vir (MV) 13.1/29
oo || ow | [t s St ]
drr (degree) 89.7 brr (degree) 89.6
Res (m) Co.833) Re; (m) C14) :
E; (Gev) 1.1 E¢ (Gev) 1.1 RO i i
5 (%) 0.18 5 (%) 0.54 5
o, (mm) 5 O, (mm) 0.7

TR
. Windows version 8. 51’»";’5 17/10/19 1’7 12 45
» Energy compressor: match the RF <« B B "gg' 8B DT DT O ;? B
acceptance of damping ring Parameter e ol | l20 °
exchange 7201 h | - 1.5
' - 1.0
: 60. _ -
» Damping ring: reduce emittance of o) A 0.5
: AN A J L too
positron beam 4.4 | [ Y
Parameter ;g ] ! - -1.0
. R
» Bunch compressor: reduce bunch exchange _ 10. V| L 20
length to control energy spread in Linac E— 00— o e B0 160 307>
s{m)
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Driven o_l | | = o
beam  @lD— Vay -—1 10GeV 45GeV
S -~ PWFA1 [ -

Witness @—|>I_ . »* -+ \

beam  GED—I fI— pPwrAl — ﬂ

45GeV

Witness Guns — Tf rge-_t 0.4 Gev Ly Ay _|rH~|_I

peam 1.0 GeV 6

WY S

D. Wang, X. H. Cui, C. Meng,
W. Lu, D. Z. Li, X. N. Wang...

> CEPCEH B T s 45 4 1
» IFEHTcooling

(45GeV & 120 GeV)

Parameter Symbol Unit Requirement Realized
¢ /e' beam energy E.JE.. GeV 45.5 45.3(-)/45.2(+)
frequency Srep Hz 100 100
e /e" bunch population N./N,. nC > 1.0 LOG-)/1.0(+)
Energy spread (¢ /e" ) a, <2x10° 0.002(-)/0.0014(+)
Emittance (e /e” ) £ m: rad <30 1.89(=)/1.0(+)
Bunch length (e /e" ) a; mm <3 0.3(-)/0.3(+)
Switch time e /e* ) <20
Energy stability <2X10?
Longitudinal stability mm <2
Orbit stability mm <S(H)/3 V)
Failure rate % <1
Parameter Symbol Unit Requirement Realized
¢ /e” beam energy EJE, GeV 120 (180) ?
frequency Srew Hz 100 100
¢ /e” bunch population N./N. nC > 1.0
Energy spread (e /e” ) a, <1.3X103
Emittance (e /e") & nm- rad <3.6(H)/0.06(V)
Bunch length (e /e" ) a mm <28
Switch time ¢ /e* <3
Energy stability <1.3X10°
Longitudinal stability mm <4
Orbit stability mm <4 (H) /0.2 (V)
Failure rate Yo <1

o ETBSwigglergy XEEIFH EER ultra-low emittance during 20 ms: 2400 — 60 mm.mrad

o = ZREBMIRKEAEES ultra-short bunch length: 5mm-—20um

s HEEEMRIERBREBERZL 20um small beam size at the entrance of plasma accelerator
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B (m)

B (m)

—
.J_
L&
- Combined Q+S
DR @
18 Winl;)lawsl ver:c.iun I8.51|/]5) . . 0.]/0]./20 I18.27.43 0.725
B- - 0.700
1.6 1 : L 0.675
; / L 0.650
144 : L 0.625
SN / L 0.600
121 \/ arc ' L 0.575
104 N / L 0.550
_ L 0.525
084 / . / L 0.500
' L 0.475
0.6 —_——— 0.450
0.0 02 04 06 08 10 12
s(m)
1]
I
DR ,
50 ng?ws v‘erssz? 8.51{].?) . . 02/0]/2}’) ]4'.22'4] 0.8
454 00 bl F0.7
4.0 1 ) ‘ Lo
3.5 L os
307l L 0.4
2.5 t 03
2.0 e
15 02
1.0 4| L 0.1
0.5 - ' U - L 0.0
0.0 e — 0.1
0.0 5.0 10.0 15.0 200 25.0
s(m)

D (m)

D (m)

L

B (m)

UEVEEZN > any

"

DR

Windows version 8.51/15 02/01/20 10.54.05

0.0025
F 0.0020
r 0.0015
F 0.0010
F 0.0005
F0.0

F -0.0005
F-0.0010
F-0.0015
F -0.0020

0.0 050 100 150 200 250 3.00

s(m)

-0.0025

L=8cm, r=2.2cm

« Combined quadrupole + sextupole (permanent magnet)

D. Wang, X. N. Wang

/\ RF cavities

[ m m 1l

(N g

o w
g - 450 Win(éows \"ersiaré&s]/]_i‘ - . ‘ 02/?]/25{ ]0._?4.05 10 -
a ; 4.05 4 i ' F0.9 E
3.60 ! F0.8
3.15 4 F0.7
2.70 A F 0.6
2.25 A FO0.5
1.80 F0.4
1.35 A F0.3
0.90 F0.2
0.45 A Fo.1
0.0 0.0
0.0 0.50 1.00 1.50 2.00 2.50 3.00
s (m)
Y [0y
200 - -o— Op/p=-1.0%
& ép/p=-0.5%
+-  Cpjp=0
. dp/p=0.5%
| ¥ Sp/p=1.0%
i
) *
* 3 O-inj
wé
4
L A e X [o%]
-150 150
_ ‘Wiggler parameters _
VX/ Vy_ 3' 16/3'21 Dipole strength (T) 4.61
Magnetic period (m) 0.176
Total length (m) 1.42
average ix (m) 1.3 25

» Superconducting wiggler — shorter damping time & smaller equilibrium emittance
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D. Wang, X. H. Cui

* Energy: 400MeV — 2.4 GeV
BCI BCII BCIlI
" veV) 00 00 105 * Bunch length: 4.4mm — 20um
nitial energy (Me .
» Energy spread: 0.054% — 1.8%
Sinj (%) 0.05 0.367 2.17
» | L UL U LY Y g |
[aleer2 () 4.4 b 100 H[ﬂﬂ'mﬂ'ﬂwﬂ'ﬂﬂl UL UL U g o ot 10 ]
fur (GH2) 2.860 5.712 5.712 STAGESNEW |
Windows version 8.51/15 f 25/03/720 11.13.51
Voltage(GV) 0.0056 0.12 4.18 50. T Ty 1.6
a5 1B By -~ BC3 -y
Gradient (MV/m) 20 40 40 1 L I
L (m) 0.28 3 104 r 12
- 1.0
dar (degree) 89 88 61.5 [ 0.8
R (Mm) 1200 27.6 5.5 L 0.6
Final energy(MeV) 400.1 405 2400 L 0.4
Sext (%) 0.367 2.17 1.83 0.2
: o+ . Lo
final 6z (um) 600 100 20 0.0 50. 100. " 150, " 200. " 250 " 300.
s(m)
& [%]
BC1 o BC3
2— z[mm] 010 6.08 F q08 =l
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160.
140.
120.

« L*=3.0m
« Bx*=0.12m, By*=0.18m

» Local chromaticity correction included

¥ BT T

#LIN.O2*%

Wmdow‘s 1’e.rl'saor.lﬁ8‘5li/]5:‘ . 2(?/02{20 !2.]:?‘25 0.025
B- B I\ f\ s L 0.020
AU L 0.015
F0.010
- 0.005
F 0.0
F -0.005
+-0.010
F-0.015
F-0.020
0.025

0.0 ' 20.  40. " 60.  80. 100 120.

s(m)

80.

70. 4
60.
50. 4
40. 4
30. 4
20. A
10. 4

0.0

A

R RS

*  Goal: 20um beam size for horizontal/vertical
* E=2.4GeV, exn= 15mm-mrad, eyn=10mm-mrad

0.0

*LIN.02*
Windows version 8.51/15 20/02/20 12.13.25
W. W,
20 40.  60. 8.  100. 120
s(m)

B=87.8Gs, L=2.0m, critical energy=33.6 eV

PRSP A I B R, RIE R K 20um NG, R
fARFIEREE, PRUEFID RS AN X 5 SEp 1 asma ik 4543 S0 o

ot i IE

-2000

y [um]

2000 -
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CEPC Parameter, Booster and Damping Ring Status, 1AS2020, Hong Kong, Jan. 2020

Impacts of Detector Stray Field on Booster, CEPC MDI Workshop, Beijing, May.
2020

CEPC I 8880, 26 @b T FE K Hitts, WITG K%, Aug. 2020

CEPC ttbar parameter and booster parameters for high lum Z and ttbar option, CEPC
working day, IHEP, Jun. 2020

Ground vibration tolerance for CEPC booster, CEPC ground motion meeting, Mar. 2020
Positron cooling for CEPC PWFA injector, CEPC PWFA injector meeting, IHEP, Mar. 2020
CEPC parameters and booster in TDR, CEPC working day, IHEP, Oct. 2020

CEPC booster, CEPC-SPPC international workshop, Shanghai, Oct. 2020.
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CEPC Physics and key technology R&D (MOST1)

CEPC key technology R&D (MOST?2)

Accelerator design study for future energy frontier e+e- colliders (CAS-Frontier Key
Program)

Key accelerator physics for future large circular colliders (NSFC-general)

Beam physics for future circular e+e- colliders (NSFC-general)

CEPC Plasma Wake Field Acceleration injector R&D (CAS center for excellence)
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Dou Wang, et al., “Design and beam dynamics of the CEPC booster”, International Journal

of Modern Physics A, Vol. 35 (2020) 2041007.
Dou Wang, et al., “Design and beam dynamics of CEPC damping ring system”, IAS white

paper, Hong Kong, 2020.
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Kong, 2020.

Y. Chen, D. Wang, et al., “Analytical expression development for eddy field and the beam
dynamics effect on CEPC booster”, IAS white paper, Hong Kong, 2020.

Yuan Zhang, Na Wang, Chuntao Lin, Dou Wang, et al., “Self-consistent simulation of beam-
beam interaction in future e+e- circular colliders including beamstrahlung and longitudinal
coupling impedance”, PRSTAB, 2020.

Dou Wang, et al., “Impacts of Detector Stray Field on Booster”, IHEP AP note, ACC-AP-
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