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CEPC injector chain

30—180GeV

30 GeV linac provides electron and positron beams for booster.

Top up injection for collider ring ~ 3% current decay

Booster is in the same tunnel as collider ring, above the collider ring, bypass in IRs (same circumference).
Budget for transfer efficiency 90%: 95% for booster + 95% for transport lines (inj. to collider).

Beam current threshold in booster is limited by RF system.

Feedback systems (Transverse & longitudinal) are need to damp the instability at low energy.
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Requirement update after CDR

Collider ring Higgs (CDR) Higgs (TDR)
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 4.88
Ne/bunch (109 15.0 13.0
Bunch number 242 268
Beam current (mA) 17.4 16.7
SR power /beam (MW) 30 30
Bending radius (km) 10.7 10.2
Momentum compaction (10°°) 11.1 7.1
Lip XIy (m) 0.36/0.0015 03/0001
Emittance x/y (nm) 1.21/0.0024 (0.64/0.0013)
Transverse aip (UM) 20.9/0.06 147070
El &P 0.018/0.109 0.015/0.11
Vre (GV) 2.17 2.20
f re (MHZz) (harmonic) 650 (216820)
Nature bunch length o, (mm) 2.72 2.3
Bunch length o; (mm) 4.4 4.1
Energy spread (%) (SR/BS) 0.1/0.134 0.1/0.17
Energy acceptance requirement (%) 1.35 1.6
Energy acceptance by RF (%) 2.06 2.2
Lifetime due to beamstrahlung (min) 80 40
Lifetime (min) 25 20

_|F (hour glass) 0.89 0.9

[ Load1P (10%*cm?s™Y) 2.93 5.0
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» Horizontal DA requirement of

Dynamic Aperture requirement {beam size «)
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» Booster emittance @120 GeV
<1.7nm (3.6nm in CDR)



B (m)

Booster TDR optics

TME like structure (cell length=78m)

Interleave sextupole scheme
Emittance@120GeV=1.26nm

Phase advance/cell: 100° (H) / 28° (V)
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D. Wang, C. H. Yu, Y. M. Peng...
* Overall idea: uniform distribution for the Q
« Combined magnet (B+S) scheme possible
* Independent sext. (100) — chromaticity adjustment
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DA results @ 30GeV

» Booster energy: 30GeV~180GeV * Inj. emittance from Linac: 6.5nm
+ 30GeV: BSC,,=(4c,,+5mm)*2  Energy spread from Linac: <0.16%
DA@30GeV DA 30GeV

20 e TME_0.5%

e TME_0.5%

15

Y crying
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Injection energy change to 30GeV

« 30GeV injection is adopted for the cost saving in TDR.

- The non-oriented steel laminations for the iron dominated dipole magnet can be
used at 30GeV.

- A cost balance between Linac and booster

 Linac parameters at 30GeV

- bunch length= 0.44mm, energy spread= 0.15%, emittance=6.5nm

« Magnetic design: the quality of the dipole and sextupole fields meet the physical requirements.
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DA results with errors and correction

Offset w/ D.H.Ji

BBA(mm)

Accuracy Tilt Gain
(m) (mrad)
le-7 10

BPM(10Hz) 5%

Dipole Quadrupole Sextupole
Transverse shift X/Y (um) 100 100
Longitudinal shift Z (um) 100 150 -
Tilt about X/Y (mrad) 0.2 0.2 -
Tilt about Z (mrad) 0.1 0.2 -
Nominal field le-3 2e-4 3e-4

* Include multipole errors

quadrupole

B1/B0 < 2x10*
B2/B0 < 5x10*
B3/B0 < 2x10°°

B4/B0 < 8x10°®
B5/B0 < 2x10°°
B6/B0 < 8x10>
B7/B0 < 2x10°
B8/B0 < 8x10°>
B9/B0 < 2x10°°
B10/B0O < 8x10~°

* refer to the poster BO1 on this workshop

B2/B1 < 3x10*
B3/B1 <2x10*
B4/B1 < 1x10*

B5/B1 < 1x10*
B6/B1 < 5x107
B7/B1 < 5x107
B8/B1 < 5x107
B9/B1 < 5x107

B10/B1 < 5x10°

» Orbit & Dispersion Correction (100 seeds)
* Response Matrix (RM)*+SVD

» Optics Correction (93 seeds)
+ RM +LOCO

> DAtrack in AT w/o SR

ECHEE
Orbit (mm) 0.062/0.071

Beta Beating(%) 0.16/0.1
A Dispersion(mm) [B2lEse;

DA TME
251

— hore =0

— bare 4=0.5%
e bare §=-0.5%
== Er&Cor&Multi 5=0
w— = Err&Cor&Multi 520
s == Enr&Cor&Multi 5=0
w——BSC @ 30GeV

15+

Y (mm)

10

60
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DA@30GeV

+ Tracking by SAD (1500 turns) On axis injection from Linac to booster

« include errors (w. multipole errors) BSC definition (&,=6.5nm):
* Include SR sawtooth orbit (without taper) BSC,, =2x(4-0, ,+5mm)
* Include SR damping & fluctuation Energy acceptance: 3*6;,; =0.45%

Dou Wang, Daheng Ji

0.016
e | E=-0.5%
—— dE=0
0.014 - .o - dE=0.5%
BSC@30GeV
0.012
001
g
R
= 0.008
<
0.006
0.004
0.002
-0.03 -0.02 -0.01 0 0.01 0.02 0.03
Ax (m)
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DA@45GeV

« Off axis injection from booster to collider

Dou Wang, Daheng Ji

Tracking by SAD (1200 turns)

include errors (w. multipole errors) * BSC definition (=0.18nm, g=¢ *1%):
Include SR sawtooth orbit (without taper) BSC,, =2x(4-0, ,+5mm)
Include SR damping & fluctuation « Energy acceptance: 4*5=0.15%
0.016 senier dE=-0.15%
== dE=0
0.014 weesfee e E=0.15%
BSC@45.5GeV
0.012
0.01
g
,;"‘E"' 0.008
0.006
0.004 e
0.002 I'
. ¥l
-0.04 003 -002 -0.01 0 0.01 0.02 0.03 0.04
Ax (m)
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DA@80GeV

Dou Wang, Daheng Ji

Tracking by SAD (500 turns) « Off axis injection from booster to collider
include errors (w. multipole errors) * BSC definition (=0.56nm, =& *1%):
Include SR sawtooth orbit (without taper) BSC,, =2x(5-0,, +3mm)
Include SR damping & fluctuation « Energy acceptance; 4*5=0.27%
0.018 coesies dE=0.27%
0.016 e o L rjg.zm
0.014 : SO e R = BSC@B0GeV
0.012
g o001
5 0.008
0.006
0.004
0.002 m
0

-0.05 -0.04 -0.03 -0.02 -0.01 0 001 002 003 004 005
Ax (m)
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DA@120GeV

Dou Wang, Daheng Ji

Tracking by SAD (250 turns) * Onaxis i_nj_e_ction from booster to collider
include errors (w. multipole errors) * BSC definition (g=1.26nm, g=¢ *1%):
Include SR sawtooth orbit (without taper) BSC, =2x(6-0, +3mm) BSC, =2x(39-0, +3mm)
Include SR damping & fluctuation « Energy acceptance: 5*5=0.5%

0.009 _i'i_ :E:]{J.S%

0.008 e wrofee dE=0.5%
e ; ~ - BSC@ 120GeV({swap-out)
0.007

0.006

0.005

Ay (m)

0.004
0.003
0.002

0.001

|
-0.03 -0.02 -0.01 0 0.01 0.02 0.03

The 2023 International Workshop on CEPC, Nanjing. 12




DA@180GeV

» Tracking by SAD (150 turns)

* include errors (w. multipole errors)

» Include SR sawtooth orbit (with taper)
* Include SR damping & fluctuation

Ax (mm)
A = WO =N W
| 1 IlT/lFl
- ? -

-
lt
127
R % N e 1 5 B TR

€°o T
joi:\.\‘J | \l_\l l _Aplpol:

e
o o

VB.. VB, (Ym)

w

g o

150
100
S0

0

T (mm)

Ay (m)

Dou Wang, Daheng Ji

» Keep possibility for on axis injection to collider
* BSC definition (=2.84nm, &=¢, *1%):

~ BSC, =2x(6-0, +3mm) BSC,=2x(50-c,+3mm) (On-axis)
- BSC,, =2x(5-0, , +3mm) (Off-axis)
* Energy acceptance: 4*6=0.59%
0.007 cogies dE=0.59%
—a— dED
seeser dE=0.59%
0.006 Py — BSC@180GeV(swap-out)
B5C@180GeV
0.005
0.004
0.003
0.002
0.001
0

-0.02 -0.015 -0.01

-0.005 0

0.005 0.01
Ax (m)
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Booster ramping scheme

Dou Wang, Xiaohao Cui

0.035s

On-axis injection @Higgs
tt ﬂ 0.355+7.15+0.0355+7.15=14.65
P—
«—>

Linac booster

0.35s

0.27s 4.7s damping
H_ m 43s 4.3s Ramp up I
190S
99 | | 1 cycles/beam
+—>
215 off-axis | 275 | on-axis
booster
2.75+4.35+4.75+4.35=16.0s
1.3s
" AN <
booster
|—> | 1 cycles/beam 12.97s+2.4s+1.35+2.45=19.1s

12.97s

0.05s

Z 1.0s 105 105 1.0s (19.9s+1.0s+0.05s+1.0s)*3=65.9s

| —>] | —>| | «—>| 3 cycles/beam
19.9s 19.9 19.9
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On-axis injection at Higgs energy (30MW)

« Swap-out injection « Current decay for collider: 3% (top up mode)
» Current threshold in booster: ImA « 4 damping times to merge the bunches in booster
Bunch number (@ Booster Bunch number  exchange
o :
:% 150 Z 10
“ 100 9
50 §
: Z
0 1 2 3 4 5 0 1 2 3 4 5
t(s) ‘)
. Current @Booster Current (@ Collider
' 16.8
1 16.7
’{:5\ 08 < 166
\g 06 ;g 16.5
= o ~ 163
0.2 16.2
0 16.1
0 1 2 3 4 5 0 1 2 3 B 5

t(s) t(s)
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I On-axis injection at Higgs energy (SOMW upgrade)

« Swap-out injection « Current decay for collider: 3% (top up mode)
« Current threshold in booster: 1.4 mA * Small upgrade for the RF power source

Bunch number (@ Booster Bunch number  exchange
450 22
400 20
350
18
5 300
7] 16
,§ 250 2
Egl 200 i
150 12
100 10
50 8
0 6
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
t(s) t(s)
Current @Booster .
@ Current @ Collider
16 27.9
14 . . 2ette s
12 =< 277
< 1 E 276
£ =
—= !513 27.5
L 08 T 274
2 =
z 06 3 273
S 04 \ 5272
— o2 sel, 27.1
0 o, k 27
0 2 4 6 ‘ 8 269
0 2 4 6 8

t(s) t(s)
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I Beam beam instability for on-axis injection

lum [x1032cm2s71]

D

% Collision stability check for on-

axis injection scheme at 120GeV

o e- (Ne=14x1019) o e+ (Ne=14x10%) £
Gy
* Emittance X = 1.26nm * Emittance X = 0.64nm
* Energy spread = 0.1% * Energy spread = 0.1%
* Bunch length=1.85mm * Bunch length=2.25mm
* Coupling=1.0% * Coupling=0.2%
T I I
am
7 £
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- e
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Integrated luminosity @H - on axis inj. Vs. off axis inj.

| On-axis | | Off-axis | _
Current @ Collider Current @ Collider

1638 16.8
167 I 16.7 { I
E, 16.6 \ %__: 16.6 \
T 165 = ies -
16.4 i L6
16.3 \ 163 \
16.2
16.2
16.1
0 5 10 15 20 25 30 35 40 a5 16.1
0 10 20 30 40
t(s) (®)

) * Integration by 4 parts

* Integration by 4 parts & yap o ‘ o
» Current decay due to lifetime is considered during injection.

* Current decay due to lifetime is + Data taking stops for the detector by 270ms* to avoid the strong

considered during injection. background during injection.
* Luminosity contribution delay of 3% inj. beam is considered for the
* Pilot bunches without collision were first 4 damping time.

deducted from the luminosity.

Integrated luminosity Leoc sqrt(I+1-) Loz (I+1-)
]+ iI—iAti s 1ni i
L ILdt _ Z A= (éy reach saturation) 1. On axis injection 0.986 0.967
LT Lo 2. Off axis injection (W/o data stop) 0.990 (+0.4%) 0.976 (+0.9%)
N [ Lt Zi:fuf-.x-m‘s (Ey = Ne) 3. Off axis injection (W data stop) 0.976 (-1.0%) 0.961 (-0.6%)
LT IX.T

*240ms (injection time) + 30ms (2/3 damping time)
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Injection scheme at Z pole

» Top-up injection » Full injection

Current drop: 3.0% (804mA in collider) « Train num. @ booster = train num.@collider / 2
Booster current = 9.5mA

Train num. @ booster = train num.@collider / 3
Injection speed of Linac: double bunch@100Hz

« Bootstrapping from 220mA (beam-beam stability)

* Injection speed of Linac: double bunch@100Hz

— T T T T T T T T T T T T T T T T T T T T T T 2000 ————— LI L L B RO L B B B B | T T
820 |- i I 1
- 1 1500 L
800 |- i . ! ]
< ] < I _ ]
£ ] E I Booster threshold: 16mA ]
= ] € 10001 -
2 780} 1 = I ]
8 L Q
! ] 500 - ]
760 - i A ]
i O L1 | I T TR TR NN NN SN NN SRR NN SN SR SR SR NN TR SR SO S N TR TR S S NN ST ST TR TR M T |
740 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1
0 200 400 600 300 1000 1200 1400 0 1 2 3 4 o 6 7
t (5} 0 8h t (hDUrS)

* D. Wang, et. al., “Problems and considerations about the injection philosophy and timing structure for CEPC”, International Journal of Modern Physics A, 2022.
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Beam parameter evolution

* Injection emittance: 6.5nm @30GeV « Beam parameters reach balance after 45GeV.
Energy/GeV 10
200 ¢ : .
_ s emittance
_ energy _
150 | .
- £ ° — emit_x
100 [ g — emit_y
=
50
e - /s
o 1 2 3 4 5 6 7
0.0020 [y _ 0.004
0.0015 energy spread { 0003 bunch length ]
=
% 0.0010 E 0.002 -
0_0005:- 9_091:_
00000 ot T T T s e T s
t(s)
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Eddy current effect

Dedicated ramping curve to control the
maximum K2.

dipole strength/T
0.06

0.05}
0.04}

0.03}

0.02 B B
B=B,, +@(1—C05[wt])

0.01L

' : ‘ ‘ ‘ ‘ — s
0 1 2 3 4 5 6 7

« Analytical estimation for eddy effect*

K2 reaches max at 45GeV.

K2+10~8/m™3
50 Max K2=0.000029 (m-3)
f\ | Energy/GeV
0 50 100 150 200

Dou Wang, Yuemei Peng,

Al beam pipe (round shape) Daheng Ji

- inner diameter: 56mm, thickness: 2mm
« Dynamic chromaticity is not corrected.

- Sextupole field is attached to dipole

« 30 GeV injection weaken the eddy effect

0.016 ceoder dE=-0.15%
—e— dE=0
0.014 +ees dE=0.15%
' — BSC@45G &V
0.012 s { VR 8
~ 0.01
=
p—
> 0.008
<
0.006
0.004
0.002
0 53 3
-0.04 -0.02 0 0.02 0.04

*Yuan Chen et al., Analytical expression development for eddy field and the beam dynamics
effect on the CEPC booster, IIMPA, Vol. 36, No. 22 (2021) 2142010
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RF ramping curve

D. Wang, l.Y. Zhai

 Different RF ramping curve for each » 02
energy mode (constant vs) 10 s
- vsfortt: 0.14 g ° 2
- vs for Higgs: 0.094 : j 0'1 ;%
B 005 §

- vsforW & Z: 0.088
« Max RF voltage @tt determined by 0 0

0 20 40 60 80 100 120 140 1e0 180 200

longitudinal quantum lifetime & DA. Energy (Gov)

- 77R|: -~ 12 XS e\ rf —us
- VRF (180GeV)=9.8GV . .

1 0.12 ' ' ' '

2 0.08
0.8 01 £
’ =]
g 5 15 - 006 =
S o6 oo z % Higgs £
& 006 £ g 1 0.04 ?n
2 os E :
S 004 & & 05 002 =
& 02 002
W &Z 0 0
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ner, ev
& e \/ — LS
—\/rf — US
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Booster instability

Y. D. Liu, J. Y. Zhai, D.

> 30GeV: Multi-bunch coupled instability Yin, Y. F. Sul, J. H. Yue

» Growth time ~ 18ms (transverse)
(Z mode) ~ 250ms (longitudinal)

« Damping time of feedback

~ 10ms (transverse)
~ 200ms (longitudinal)

» 120GeV: Single-bunch TMCI instability due to swap-out injection

» Threshold of bunch current: 70uA (56mm aluminum chamber )

 Maximum bunch current: 62uA

The 2023 International Workshop on CEPC, Nanjing. 23
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RF beam loading effect @ 30 GeV

Phase slip along the train

T. M. Xin, J. Y. Zhai

dg[degree]

Higgs mode.

"9,

Transient beam loading
due to half filled ring in

/.,.-.".'.\. —6|

,’. "o‘

50

e C,=100km e

Higgs

0.14

df =-19.4 Hz

0.12 -

Pg = 0.095 MW

0.10

0.08 -

0.06

Generator Power [MW]

Growth rate < 0.01 Hz

0.044 7 - - 4

T T T T
o o e e
o [ =] =]
M = oh o

Growth rate of (-1) mode [Hz]

T
e
o
o

=200 =150 =100 =50
detune [Hz]
.

Generator Power [MW]

Higgs e Assuming a constant detuning and a consistent
loaded Q optimized for the top energy in each
energy mode.

* The longitudinal coupled bunch mode will be
effectively managed with the aid of bunch-by-
Higgs bunch feedback. |
* However, for Z mode we might need to
consider adding more power to meet the
_ requirement.
W VA

_4 —B
1.50 - _ 20 4 —
z - z
1.25 A _3§ §15_ _6%;
1.007 : = g Growth rate =3.7Hz k
- - =] 0 - i
0.75 - Pg=0.61 MW 25 R TIE RTEERS, e  aaat o
S mall e s s e & o %
el N . <. -1 S 5 E L2 <
0254 W 3 N Pg=1.14 MW S
Growth rate = 0.88 Hz i Ow 04 . Lo ©

0'0 T T ! T T T T T T T T T
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Vacuum requirement in booster

D. Wang, Y. S. Ma

L sseer Lusscer |sooer L aoey Linces_

P (ntorr)

« Vacuum lifetime at five energy > 3 hours (include 50MW upgrade)
« 30 GeV is the most demanding energy from the view of vacuum lifetime.

1000.0 1000.0 ¢

beam-gas bremsstrahlung @30GeV i beam-gas electron bremsstrahlung @30GeV

100.0 |
100.0 ©

£ 10.0 = [
g @ 100 |
2 E T
= 1.0 8
10 ©

0.1 F

0.0 0.11 E 1.0E 1.0E-07 1.0E

1.0E-09 1.0E-08 1.0E-07 1.0E-06 0E-09 0E-08 0E-0 0E-06

Pressure (torr)
Pressure (torr)
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Booster TDR parameters

* Injection energy: 10GeV — — 30GeV Extraction u H w z
Off axis Off axis | On axis Off axis L
injection injection | injection injection Off axis injection
e Max energy. 120GeV — 180GeV Beam energy GeV 180 120 80 455
Bunch number 35 268 261+7 1297 3978 5967
° Lower emlttance — hew lattlce (TM E) Maximum bunch charge nC 0.99 0.7 20.3 0.73 0.8 0.81
Maximum single bunch current pA 3.0 21 61.2 2.2 2.4 2.42
I njection it | H | W | Threshold of single bunch current pA 915 70 22.16 9.57
Threshold of beam current
Beam energy GeVv 30 ) (limited by RF system) mA 0.3 ! 4 16
Bunch number 35 268 | 3978 | 5967 | [Beam current mA 0.11 056 | 098 2.85 95 144
miz:g:g 2; Z':;r:]ectzj“r?g:tc””em A | 868 63 58 Growth time (coupled bunch instability) ms 16611 2350 | 1215 207.8 295 | 316
(limited by coupled bunch instability) | ™ | 7 106 100 93 9 | | Bunches per pulse of Linac 1 1 1 (WD)
Bunch charge nC 1.1 0.78 0.81 0.87 0.9 Time for ramping up S 71 43 24 1.0
Single bunch current pA 34 2.3 24 2.65 2.69 Injection duration for top-up (Both beams) s 29.2 23.1 31.8 38.1 132.4
Beam current mA 0.12 0.62 3.1 10.5 16.0 Injection interval for top-up s 65 38 155 55 |
Growth time (coupled bunch instability) | ms 2530 530 100 29.1 18.7 .
Energy spread % 0.025 Current decay during injection interval 3%
Synchrotron radiation loss/turn MeV 6.5 Energy spread % 0.15 0.099 0.066 0.037
Momentum compaction factor 105 1.12 Synchrotron radiation loss/turn GeV 8.45 1.69 0.33 0.034
Emittance nm 0.076 Momentum compaction factor 105 112
Natural chromaticity H/V -372/-269 Emittance nm 283 Ql.ZG) | 0.56 0.19
RF voltage Mv | 7610 346.0 300.0 Natural chromaticity HIV -372/-269
Betatron tune /14y 321.23/117.18 Betatron tune 1/ 321.27/117.19
Longitudinal tune 0.14 0.0943 0.0879 RF voltage GV 9.7 217 0.87 0.46
RF energy acceptance % 5.7 38 36 Longitudinal tune 0.14 0.0943 0.0879 0.0879
Damping time S 31 RF energy acceptance % 1.78 1.59 2.6 3.4
Bunch length of linac beam mm 0.4 Damping time ms 14.2 476 1608 879
Ene.rt?y sPre?c:.Of IiEac beam % 06'155 | Natural bunch length mm 1.8 185 1.3 0.75
S = ' Full injection from empty ring h 0.1 0.14 0.16 0.27 1.8 | 0.8

*Diameter of beam pipe is 56mm for re-injection with high single bunch current @120GeV.
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Damping ring design requirement

Dou Wang, Cai Meng

* |lower emittance collider — lower emittance booster — lower emittance linac

CDR TDR remark
Energy (GeV) 1.1 1.1
Inj. Emittance (mm-mrad) 2500 2500
Ext. emittance (mm-mrad) 530 <200 1) Linac lower emittance:

10nm@30GeV, 2)use C band
acc. structure as early as

possible
Storage time (ms) 20 20
Damping time (ms) 15 <13 1) Smaller ext. emittance
with same storage time
Circumference (m) 75 ~150 1) Smaller nature emittance
for DR
The 2023 International Workshop on CEPC, Nanjing. 28



Damping ring layout (CDR)

« Linac repetition: 100Hz « Storage time: 20 ms
«  Only for positron beam « Emittance (norm.): 2500— 530 mm.mrad
RF system

ks o by 1

C=75m

(650MHz)

E=1.1GeV a RF system
bt ctan BBHWGOH 300MH2)
RF system il

(2860MHZ)
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DR parameters in TDR

Damping with reversed bending magnet

4 (max. 8)-bunch storage, storage time:20 (40) ms
Emittance: 2500— 166/75 (97/3) mm.mrad
Flexibility for extr. emittance

injection

kicker

extraction

DR V3.0
Energy (Gev) 1.1
Circumference (m) 147
Number of trains 2 (4)
Number of bunches/trian 2
Total current (mA) 12.4 (24.8)
Bending radius (m) 2.87
Dipole strength B, (T) 1.28
U, (kev/turn) 94.6
Damping time x/y/z (ms) 11.4/11.4/5.7
Phase/cell (degree) 60/60
Momentum compaction 0.013
Storage time (ms) 20 (40)
S (%) 0.056
o (mm.mrad) 94.4
injection o, (mm) 4.4
Extract o, (mm) 4.4
&inj (MM.mrad) 2500
Eext iy (MM.Mrad) 166(97)/75(3)
Oinj /Bext (%) 0.18 /0.056
Energy acceptance by RF(%) 1.8
for (MHZ) 650
Ve (MV) 2.5
Longitudinal tune 0.0387

23 International Workshop on CEPC, Nanjing.
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DR time structure

Xiaohao Cui, Cai Meng, Gang

» Double bunch (Inj./Ext.: two by two) — at Z pole » tt/Higgs/W: 100Hz (Inj./Ext.: bunch by bunch)
t=Oms
Linac
t=10ms-250ns >
Linac —e—8 0 Linac
t=20ms-250ns
Linac —_— e e
t=20ms S—C — ~ =" DR
3 Linac Linac
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B (m)

Phase/cell: 60°/60°

Interleave sextupole scheme .

2 sex. families
$ -

(1M

DR optics

» Cell length: 3m
B=1.28T
* 6/6,=0.355

L

g L

CEPC upgrade (September 2018)

Windows version 8.51/15

30/06/21 09.41.39
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4.30 /1 0.550
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DR DA results

 Large trans. acceptance— inj. efficiency

DA > 5 inj. beam size (g;

=2500mm.mrad)

nj

Energy acceptance =1.8% (RF)

250 - -9 dplp=-1.5%
: dp/p=-1.0%
dp/p=0
dp/p=1.0%

dp/p=1.5%

50inj

X [ox]

200

Phase/cell: 60°/60°

The 2023 International Workshop on CEPC, Nanjing.
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Error study for DR

Parameters Dipole Quadrupole Sextupole
Transverse shift X/Y (um) 100 100 100
Longitudinal shift Z (um) 100 150 100
Tilt about X/Y (mrad) 0.2 0.2 0.2
Tilt about Z (mrad) 0.1 0.2 0.1
Nominal field 1103 2104 3x104
Parameters BPM (10 Hz)
Accuracy (m) 1107
Tilt (mrad) 10
Gain 5%
Offset after beam based
alignment (BBA) (mm) 30>40
Dipole Quadrupole Sextupoles
B, <2
B, <3 B,<3
B, <0.2 B, <2 B3 <10
B, <0.8 B, <1 B,<3
B: <0.2 B: <1 B: <10
Bs <0.8 B; <05 B <3
B, <0.2 B, <05 B,<10
B, <0.8 B; <05 B, <3
By <0.2 B, <05 B, <10
B,y <08 B,y £05 By<3

* refer to the poster BO1 on this workshop

The 2023 International Workshop on CEPC, Nanjing.

« Orbit correction only

Orbit X Correction

- Before Correction
+ After Correction

0 50

SPOS (m)

* BSCX,y=5O'inj_X,y+5mm

- Energy acceptance:
8.35,,=1.5%

100

Daheng Ji, Dou Wang

Orbit Y Correction

Orbit Y (mm)

Before Correction
- After Correction
B T T B T

50 100 150

150 SPOS (m)
0.03 ke dE=-1.5%
—eo—dE=0
0.025 o dE=1.5%
BSC@inj
0.02
E
> 0.015
<
0.01
0.005
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Transport lines between DR and Linac

ESBS: Electron source & bunching system PSPAS: Positron source & pre-accelerating section
FAS: First accelerating section SAS: Second accelerating section =
EBTL: Electron bypass transport line TAS: Third accelerating section X. H . CU|, D. Wang
EBTL DR: Damping ring
£S5 yd FAS L PSPAS _SAS. NNy TAS _
SOMewV 1.1GeVW AGew 200MeVv 1.1GeV 1.1GeV I0GeV
[ 335.5m [
102.am | 243.5m 1 80.9m |11.:|.rn_| 1163.4m
L} M | 1
345.9m L 1601.3m
1800.0m

E, (Gev) 1.1 E, (Gev) 1.1

5, (%) 3o (%) 0.056
G,o (Mm) 1.5 Gy (MM)

.. (MHz) 2860 fre (MHZ) g
Vee (MV) 16.5 Vie (MV) 20.6
Ty -, 1.0 Length of acc. Structure (m) 0.76
T — 87 Ogr (degree) 89.7
RF

Ree (M -0.89
Rsg (M) -0.83 s6 (M)

E; (Gev) 1.1
E; (Gev) 1.1

O (%) 0.55
09 >

o.¢(rmm)
G,:(mm) 4.4
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I Particle tracking from Linac to DR (before ECS)

. CaiM
« Track by SAD (real distribution) * Gp:~1.5mm (RMS) aMEne
« Inj emittance: ~2500mm.mrad * §,:~0.4% (RMS)
wp [mrad]
_;5 z [rmm]
¥ [mrm]
y [mm]
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Particle tracking from Linac to DR (after ECS)

« Track by SAD (real distribution) * o;:~4 mm (RMS) Dou Wang,
: .. Xiaohao Cui
. : ~95¢ * §::~0.18% (RMS ’
Transporting efficiency: ~95% f o ( ) Cai Meng
& [%] #p [mrad]

i [rmirmn]
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Particle tracking from DR to Linac

e e . Dou Wang,
» Track by SAD (Guass distribution) * o5~ 0.5mm (RMS) Xiaohao Cui
« Ext. emittance: 166 (H) /75 (V) mm.mrad * 0;:~0.55% (RMS)
Initial Final
& [%] & [%]
02| —>
z [mm] - 3 z [mm]
2|
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Alternative design for the DR with polarization

o

I 0
-

* Produce polarized positron beam for the

4.000

L]
CEPC upgrade (September 2018)
Windows version 8.51/15

I

14/07/21 15.49.50

0.50

purpose of energy calibration @ Z & W*. I =/ | oss

- 10 min storage — ~20% polarization 2o, o

» Compatible with standard top up operation =
[ Asymmetric Wigglers ” ¢ ‘ ‘ ¢ ‘t‘ ’ 0-80)/[,“(0.:5000;.:50 150~ 2.00 »\(5_;50‘
- B,=1.8T=5B. — R

- cell length=1.5m - e

IERNRED " wiggler oo

Wiedemann, Particl 2i 5 f 33?3

R¥ Accelerator Physics N 7 -0.012

Edition =0 [ oo

C=145m

Lo
0.0 050 100 150 200 250 300

8/ poc

CEPC upgrade (September 2018)
Windows version 8.51/15

5 (m)

= 0.00000

16/12/22 (09.27.07
0.50

(m)

Asymmetric
wigglers

~ N % AWM S N ®

)

B

f)lli\'rll‘HI:HI||dy||im:||du,ll"

B - 0.45
t 0.40
- 0.35
- 0.30
- 0.25
0.20
- 0.15
0.10
- 0.05
- 0.0

0.0

* detail in Zhe Duan’ talk on this workshop

-0.05
40. 80. 120. 160.

16 wigglers

D (m)

D (m)

D (m)

Z. Duan, D. Wang

DR V4.0 unpolarized e+ | polarized e+
Energy (Gev) 1.542
Circumference (m) 145
Number of trains 2(4)

Number of bunches/trian 1(2)

Total current (mA) 12.4

Bending radius (m) 3.44
Dipole strength B, (T) 15
Wiggler strength B, (T) 1.8
Wiggler cell length (m) 15
U, (kev/turn) 190.9
Damping time x/y/z (ms) 7.77/7.77/3.89
Momentum compaction 0.015
Storage time 20 ms 10 min
S (%) 0.072
go (MmM.mrad) 138
injection o, (mm) 6
Extract o, (mm) 5.7 | 5.6
€inj (MM.mrad) 2500
Eextxsy (MM.mrad) 150/15 | 138/14
Oinj /eyt (%0) 0.18/0.072
RF acceptance (%) 18
fre (MH2Z) 650
Vie (MV) 3.95
Longitudinal tune 0.044
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Summary

Booster energy range is modified in TDR. (10GeV/120GeV — 30GeV/180GeV)

Update booster design with smaller emittance in TDR— support for CEPC high lum. scheme

« TME structure with combined magnets (B+S)
* Booster parameters update — consistent with CEPC TDR parameters at 4 energy

» Booster design meets all energy mode requirements of collider (inc. error effects/SR/eddy current).

Damping ring update is also the requirement of higher luminosity goal for TDR.

» Circumference: ~150m, energy: 1.1GeV

» Reversed bending, extracted emittance=97~166 mm-mrad (adjustable)
« Damping time: 15ms (CDR) — 11ms (TDR)

* DR design meets the requirements of Linac (inc. error effects).
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Thanks for your
attention!



