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CEPC High TDR Layout
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* CEPC as a Higgs Factory: ttbar, H, W, Z, followed by

a SppC ~100TeV .
« 100 km collider and booster ring S SRR S o, Py
* Maximum energy of 180GeV for ttbar b
* 20GeV extraction energy by Linac L X
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Accelerator Review by IARC
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(" Two International Accelerator Review

Committee (IARC) meeting organized each
year to review the progress of CEPC
accelerator preparation

~

J

« 11 talks were presented in May. 2021
« 22 talks were given in Oct. 2021

IARC report is written by IARC for every
meeting. CEPC accelerator team answers it
by careful study

» The accelerator progress, including physical

design and hardware key technology R&D is
congratulated by the committee

* Weak points are pointed out which are

essentially import to guide the study.

The first 2021 CEPC International Accelerator Review Committee

Meeting

11-19 May 2021
Asia/Shanghal timezone

2021
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11-20 October 2021

Asla/Shanghal timezone

The 2nd CEPC International Accelerator Review Committee Meeting in
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Timetable writing
The me:
Contribution List physica
Author List Arcordi Overview X ) ) L X i
The 2nd International Accelerator Review Committee meeting for the high energy Circular Electron-
My:Conference Scientific Programme Position Collider (CEPC) in 2021 will take place between October 11-14 via Zoom. The meeting will be on
@ line with 23 talks given by the IHEP participants. The [ARC report will be delivered on October 20.
Timetable

Contribution List
@ Author List

My Conference

Starts Oct 11, 2021 15:00
Ends Oct 20, 2021 19:10

ﬁ No material yet Fed

The review committee meeting will be organized on line via zoom link:

https://infn-it.zoom.us/j/80911828376?pwd=WEtEYVZNXJWRGF1emqwNjJFSkVmdzog

The 2021 CEPC International Accelerator Review
Committee

Review Report
May 19, 2021
Overview

The CEPC International Accelerator Review Committee was held remotely
due to the Covid-19 pandemic on May 11th and 12th 2021. This is the second
IARC meeting.

The Circular Electron Positron Collider ( CEPC+SppC ) Study Group,
currently hosted by the Institute of High Energy Physics of the Chinese
Academy of Sciences, completed the conceptual design of the CEPC
accelerator in 2018. As recommended by the CEPC International Advisory
Committee (IAC), the group began the Technical Design Report phase for the
CEPC accelerator in 2019, with a completion target year of 2022. Meanwhile
an International Accelerator Review Committee (IARC) has been established
to advise on all matters related to CEPC accelerator design, the R&D program,
the study of the machine-detector interface region, and the compatibility with
an upgrade to the t-tbar energy region, as well as with a future SppC. The first
IARC meeting took place in Beijing during the CEPC international workshop
on Nov. 18-21, 2019.

The 2019 CEPC International Accelerator Review Committee.

Review Report.

December 6, 2019.

Overview.

The review meeting overlapped with the 2019 International Workshop on High Energy
Circular Electron Positron Collider (CEPC). The International Accelerator Review
Committee (IARC) reviewed the talks in the accelerator and machine-detector interface
(MDI) sessions of the workshop. Talks not specific to CEPC have been omitted. .

The IARC was pleased to see the progress on the work performed up to now toward the
TDR. The quality of the work performed, how most important issues were addressed,
even if not already solved, and how there is still design work on-going to increase the
luminosity performances at Higgs and Z were highly appreciated. Some suggestions for
improving the format of the review are summarised in the final section. .

The IARC is pleased to see efforts for several improvements over the CDR. The IARC
would like to thank Jie Gao, Dou Wang, Zhaoru Zhang, and the CEPC team for their help
and hospitality during the meeting. .



Collider ring parameters in CDR and High Luminosity

 ttbar energy is reached

« Luminosity is increased significantly (tbar Higs | W L
[Number of IPs 2
Higgs | W | z B3T) | z (27) | |Circumference [km] 100.0
Number of IPs 2 SR power per beam [MW] 30
Beam energy (GeV) 120 | 80 45.5 Half crossing angle at IP [mrad] 16.5
Circumference (km) 100 Bending radius [km] 10.7
Synchrotron radiation loss/turn (GeV) 1.73 0.34 0.036 Energy [GeV] 180 120 30 455
Half Crossing angle at IP (mrad) 16.5 Energy loss per turn [GeV] 9.1 1.8 0357 0.037
Piwinski angle 2.58 7.0 238 Piwinski angle 121 5.94 6.08 24.68
Number of particles/bunch N, (10%°) 15.0 12.0 8.0 Bunch tumber 35 249 1297 11951
Bunch number (bunch spacing) 242 (0.68ps) | 1524 (0.21pus) 12000 (25ns+10%gap) Bunch population [10"10] 20 14 13.5 14
Beam current (mA) 17.4 87.9 461.0 Beam current [mA] 33 16.7 84.1 803.5
SR power /beam (MW) 30 30 16.5 Momentum compaction [10-5] 0.71 0.71 1.43 143
Eﬂe:r:L’LgtJ;dL‘;Snfkm) _ 10.7 Beta functions at IP (bx/by) [m/mm] 1.04/2.7 033/1 021/1 0.13/09
! pact (107) L1 Fmittance (ex/ey) [nm/pm] 1447 0.64/13 08717 02714
B function at IP g*/ B* (m) 0.36/0.0015 0.36/0.0015 0.2/0.0015 0.2/0.001 Beam size at IP (sigx/sigy) [um/nm)| 39/113 15/36 13/42 6/35
Emittance /¢, (nm) 1.21/0.0031 0.54/0.0016 0.18/0.004 | 0.18/0.0016 | [Bunch length (SR/total) [mm] 22129 2.3/3.9 2.5/4.9 2.5/8.7
Beam size at IP o, /gy (um) 20.9/0.068 13.9/0.049 6.0/0.078 6.0/0.04 Energy spread (SR/total) [%] 0.15/0.20 0.10/0.17 0.07/0.14 0.04/0.13
Beam-beam parameters &/¢, 0.031/0.109 | 0.013/0.106 |0.0041/0.056 0'00421/ 007 1" [Energy acceptance (DA/RF) [%] 2.3/2.6 1.7/2.2 1.2/2.5 L3/LT
RE voltage Vor (GV) > 17 047 010 Beam-beam parameters (ksix/ksiy) 0.071/0.1 0.015/0.11 0.012/0.113 0.004/0.127
RF frequency f z= (MHz) (harmonic) 650 (216816) RF voltage [GV] 10 2. 0.7 0.12
Natural bunch length &, (mm) 2.72 2.98 2.42 R frequency [MHZ]_ 650 650 650 650
Bunch length o, (mm) 3.26 59 85 HOM power per cavity (5/2/1cell)[kw] 0.4/0.2/0.1 1/0.4/0.2 -/1.8/0.9 -/-/5.8
Natural energy spread (%) 0.1 0.066 0.038 Longitudinal tune Qs 0.078 0.049 0.062 0.035
Energy acceptance requirement (%) 1.35 0.4 0.23 Beam lifetime (bhabha/beamstrahlung)[min] 81/23 39/40 60/700 80/18000
Energy acceptance by RF (%) 2.06 1.47 1.7 Beam lifetime total [min] 18 20 55 80
Lifetime (hour) 0.67 1.4 4.0 2.1 Hour glass Factor 0.89 0.9 0.9 0.97
Luminosity/IP L (10%4cm-2s2) 2.93 10.1 16.6 32.1 Luminosity per [P[le34/cm”2/s] 0.5 5.0 16 115




Key parameters of high luminosity scheme

C.Yu, Y. W. Wang, Y. Zhang, S. Bali, Y.

Key parameters of CDR scheme for Higgs Zhu, D. Wang, J. Gao et al

e L*=2.2m, 6c=33mrad, fx*=0.36m, fy*=1.5mm, Emittance=1.2nm
— Strength requirements of anti-solenoids B,~7.2T
— Two-in-one type SC quadrupole coils (Peak field 3.8T & 136T/m)

G-

Key parameters of high luminosity scheme for Higgs

« L*=1.9m, 6¢c=33mrad, px*=0.33m, fy*=1.0mm, Emittance=0.64nm
— Strength requirements of anti-solenoids B,~7.2T (6.8T with a shorter solenoid)

— Two-in-one type SC quadrupole coils (Peak field 3.8T & 141T/m) with room
temperature vacuum chamber & Iron yoke

Reduction of the length from IP to 15t quadrupole without changing the front-end

position of the FD cryo-module
* To make the lattice robust and provide good start point for DA



ARC region for all modes

Y. W. Wang

* Z and W modes need larger momentum compaction factor ap and thus larger emittance ex, Qs
* To suppress the impedance induced instability at Z mode
* To increase stable tune area if considering beam-beam effect and impedance consistently at

W and Z modes

stable tune area with both beam-beam and impedance (Z mode 90/90)
Microwave instability T
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Lattice of Half Ring

Y. W. Wang
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The new RF layout has not been implemented in these lattices.



Dynamic Aperture for ttbar&Higgs

Y. W. Wang

» Higgs DA achieved its requirement with 52variables (32 arc sextupoles + 8 IR sextupoles + 4 multipoles + 8 phase advance)

« tthar DA achieved energy acceptance of 2.0% with 32 arc sextupoles
 will be further optimized with other variables

+ Totally 256 families of arc sextupoles.

60 140
40 120
20 100 Achieved (w/0 error): 160, X 320, X 1.9%
g 9 80
Higgs = 22 3 6o  Goal (w/ error): 8a, X 150, X 1.7%
- ) 40
-40 20
-60 0

w/ synchrotron motion,
radiation damping and
fluctuation Ax/oy
w/o error effects

] : /7 \ ] w/o RF
of 1 /] 5 w/o rad
ttbar 3! %X - I\ 5 w/ damp
£ - N T y/ A\ E w/ damp+fluc (max, min)
; ﬁ% N 1 y /7 RN ] turns for one transvers
; //‘/ N 1 N\f/’ N damping time
// A B J ,44/ e OO Initial phase=0 9

dpp dpp



Error Types and Correction Challenges

gnment (mm)

Horizontal misali;

2
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50
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Component AX (mm) | Ay (mm) | AO, (mrad) | Field error
Dipole 0.10 0.10 0.1 0.01%
Arc Quadrupole 0.10 0.10 0.1 0.02%
IR Quadrupole 0.05 0.05 0.05
Sextupole 0.10 0.10 0.1
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= The high luminosity lattice is much more sensitive to imperfections

= 1000 lattice seeds are generated for further correction.

B. Wang
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Closed Orbit Distortion (COD) Correction

B. Wang
Orbit correction is applied using orbit response matrix and SVD method.

- BPMs placed at quadrupoles (~1800, 4 per betatron wave)
- Horizontal correctors placed beside focusing quadrupoles (~1800)

- Vertical correctors placed beside defocusing quadrupoles (~1800)
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Horizontal orbit (mm)

Horizontal orbit (mm)
Vertical orbit (mm)

RMSCOD <0.05mm
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Dispersion Correction

Dispersion free steering
principle (DFS): 6.

B. Wang

Result of one seed
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u: Orbit vector
D, : Dispersion vector

F_D¢

Corrector strengths vector
a: Weight factor

A: Orbit response matrix

B: Dispersion response matrix

Before DISP correction

——— After DISP correction

- The dispersion correction is performed for all selected

seeds, 674 seeds are converged.

- The correction effect is better than that of CDR lattice.
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AD, yms decreased from 15.5mm to 1.0mm

60 70 80 90

10 20 30 40 50
s (km)

AD, yms decreased from 18.4mmt6 0.4mm
Factor 46 improvement

i
100



Dynamic Aperture with error for Higgs

Lattice version cepc.lat.diff.8713.346.2p used
ex=0.64nm, =0.33m/1mm, [*=1.9m

25 [ [ L | L L | L 30
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delta

10H
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-0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02
delta

Y. Wang, B. Wang

* The blue lines are the DA of each seed, the yellow lines and green bands are the mean
value and its corresponding statistics errors, the black line is the DA of bare lattice.

* The DA of 418 error seeds with errors satisfy the on-axis injection requirements, which is

80, X 150, & 0.017, after error correction

Goal (w/ error): 80, X 150, X 1.7%
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Booster TDR Parameters

* Injection energy: 10GeV — 20GeV Extraction D. Wang
. it H w z
[}

MaX energy 1ZOGeV — 18OGeV Off axis Off axis | On axis Off axis S
S o I At Off axis injection
injection injection | injection injection

. . 45.5
* Lower emittance — new lattice (TME) Beam energy Gev | 1% 120 £
Bunch number 37 240 233+7 1230 3840 5760
I n - eCtI on Maximum bunch charge nC 0.96 0.7 23.2 0.73 0.8 0.83
J mi‘;‘;rﬂ”m single bunch WA 2.9 21 69.7 2.2 2.4 2.5
Threshold of single bunch
t | H | w | Z current HA 95 &

Beam energy GeV 20 Threshold of beam current mA 03 1 4 10 16

Bunch number 37 240 | 1230 | 3840 | 5760 (limited by RF system)

Threshold of single bunch current uA | 718 458 38 Beam current mA 0.11 051 0.99 2.69 92 14.4

Threshold of beam current Bunches per pulse of Linac 1 1 1 2

-~ . - mA 27 - -
(limited by coupled bunch instability) Time for ramping up s 7.3 4.5 2.7 16
Bunch charge nC 1.07 0.78 0.81 0.89 0.92 Injection duration for top-up
- 0.0 23.3 32.8 39.3 134.7 128.2

Single bunch current pA 3.2 2.3 2.4 2.7 | 2.78 (Both beams) ° 3

Beam current mA | 012 056 | 299 | 103 [ 16.0 Injection interval for top-up s 65 38 155 1535

Energy spread % 0.016 &tlg\e;z decay during injecfion %

Synchrotron radiation loss/turn MeV 1.3

Momentum compaction factor 10 1.12 Energy spread _ % 0.15 0.099 0.066 0037

Emittance nm 0.035 pynehirotron fadiation Gev 8.45 1.69 0.33 0.034

Natural chromaticity H/V = -372/-269 Momentum compaction factor | 10° 112

RF voltage MV 0 | a7 | 1224 Emittance nm 2.83 1.26 0.56 0.19

Betatron tune 1x/ 1y 321.23/117.18 Natural chromaticity HIV -372/-269

RF energy acceptance % 5.4 3.6 2.8 RF voltage GV 9.3 2.05 0.59 0.284

Damping time S 10.4 Longitudinal tune 0.13 0.087 0.069 0.069

Bunch length of linac beam mm 0.5 RF energy acceptance % 1.34 1.31 1.6 2.6

Engrgy spread. of linac beam % 0.16 Damping time ms 14.2 47.6 160.8 879

Emittance of linac beam nm 10 Natural bunch length mm 2.0 2.0 1.7 0.96

Full injection from empty ring h 0.1 0.14 0.16 0.27 1.8 0.8 14

*Diameter of beam pipe is 55mm for re-injection with high single bunch current @120GeV.



Optics Parameters Comparison

D. H. Ji, W. Kang

FODO 0 (CDR) TME (combine magnets)

Momentum compaction (x10°)

Quad amount

Quad Strength (K1L rms)

Sext amount

Sexts Strength (K2L rms)

H Corrector

Corrector
BPM

Magnets’ cost of TME is lower than FODO:  No independent sextupole for TME
» Quadrupole strength of TME is lower




Booster TDR Optics

D. Wang, C. H. Yu, Y. M. Peng...
» TME like structure (cell length=80m)

- Interleave sextupole scheme * Overall idea: uniform distribution for the Q
«  Emittance@120GeV=1.26nm * Combined magnet (B+S) scheme possible
| 1 1 | m
“ I
C};"PC_boosrer, 80m cell lattice
[i'l | I I I hi | | I h]'l | | I | I‘ﬂ ~ 275 Wmdews v‘ersmrlt 8.51{]5 ‘ . 22|/03/2|1 ]4.I]8.39 0.300 ~
CI__-?PC_boosrer,SOm cell lattice i 250, | B B D L 0.275 E
N 250.0 Wfi?d({ib’j ve.:‘sron 8I.5}ﬂ_‘>: lf 9/03/"21 I.’)'l. 02.05 0.26 N 295 f\ g g.;gg
E N Be B D, fLo2s E 200. 1 L 0,200
=y 227.5 : 0: 24 & 175. 9 L 0.175
205.0 4 L 0.23 150. 1 ispersion sup. r 0.150
’ 125, L 0.125
182.5 - - 0.22 100, ] - 0.100
4 ' / - 0.21 . L 0.075
160.0 Arc cell 020 75. 1 L 0.050
137.5 - - 0'39 50. 1 _ L 0.025
115.0 - i O: 18 350 Wi version 851715 30321 14,1539 0.300
92.5 - 0.17 i 315 (P ﬁ D . gg;g §
70.0 - - 0.16 280. L 0.225
47.5 5 gﬁi ;jg' L 0.200
. - 0. - L 0.175
250 ] i i . i - . . 0.13 175. L 0.150
0.0 10. 20. 30. 40. 50. 60. 70. &80. 140. r0.125
s (m) 105, L 0.100
L 0.075
8/ poc = 0.00000 70. L 0.050
Table name = TWISS (33_550.0 — T ] 3:325
s (m)

8/ poc = 0.00000

Table name = TW [eiom 2] 16



Dynamic Aperture results

Accuracy Tilt Gain Offset w/

(m) (mrad) BBA(mm) D. Wang
Booster energy: 20GeV~180GeV BPM(10Hz) le-7 10 5% 30e-3 D. Ji

Inj. emittance from Linac:10nm Dipole Quadrupole  Sextupole

Energy spread from Linac: 0.16% Transverse shift X/Y (um) i a0 )
Longitudinal shift Z (um) 100 150 -
DAG20GEY o Tilt about X/Y (mrad) 0.2 0.2 :
R Tilt about Z (mrad) 0.1 0.2 .
. —:—mi—ow Nominal field le-3 2e-4 3e-4
o TE 05%

20

Y/cy

25 — DATME103

15

= bare §=0

o > Almost impossible to obtain the initial

-t closed orbit naturally
+  Start from sextupole off

» Orbit correction (COD)(100 Seeds)
* Response matrix method(RM)
* SVD method

10

20 -

15 -

-40 -30 30 aC

Y (mm)

10 -

» Optics correction(96 Seeds)
*  Response matrix method
* LOCO code
«  Dispersion corrected

L L L
-60 -40 -20 0 20 40 60 17
X (mm)




Booster Ramping Scheme

Dou Wang, Xiaohao Cui

0.037s

tt 7.3s 7.35 0.37s+7.35+0.037s+7.35s=15.0s

| | — 1 cycles/beam e ——

Npeng K On-axis injection @ Higgs \
* Step 1: Linac—booster ( 240 small bunches)

* Step 2: Collider—>booster (7 big bunches)

i J—\ off-axis injection
100S . Care -
gg 1 cycles/beam Step 3: Mix in booster

(233 small bunches + 7 big bunches)

0.24s 5s damping

off-axis on-axis « Step 4: Booster—collider (7 big bunches)
. 2.45+4,55+5,0s+4.55=16.4s on-axis injection
23s * —>Step2
W 2.7s 2.7s k L /
— — 12.35+2.75+1.235+2.75=18.95

12.3s

0.048s

z J\M (19.25+1.65+0.0485+1.65)*3=67.34s

3 cycles/beam

18



LINAC New Baseline Layout

J. Zhang, C. Meng
* Layout

* Vertical electron by-pass transport line (EBTL): 1.2 m separation
* S-band Linac

* FAS: 4GeV + PSPAS: 200MeV + SAS: 1.1GeV
* C-band Linac

* TAS: 1.1GeV—>20GeV

* Because the emittance of damping ring Is decreased, the C-band
accelerating structure could be used from 1.1 GeV

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

TAS: Third accelerating section

DR: Dampingring

ESBS: Electron source & bunching system

FAS: First accelerating section

EBTL: Electron bypass transport line
EBTL

TAS

t 1 t>1tﬁ it

50MeV  1.1GeV 4GeV 200MeV 1.1GeV 1.1GeV 20GeV




LINAC New Baseline Parameters

J. Zhang, C. Meng

. Parameter
* Increase the energy of the Linac from 10 GeV to ---
requenc
20GeV =
- e | || T
« Booster magnet: Low magnetic field & large ;
rm | Cavitymode | | |
magnetic field range :
» Linac: C-band accelerating structure: Higher gradient; :
| Gmdew

Smaller aperture

- Decrease the emittance of the Linac from 40nm to ynbel
10nm | e /etbeamenergy | - - | <] 0
« Low emittance damping ring epetiionrate | | |

- +
* Nor. RMS. Emittance: 200mm-mrad e”/e* bunch ---

e 15®)
Energyspread(e'/et) | | |
| Emitance e /) ||




Bunch Compressor for LINAC

_ _ J. Zhang, C. Meng
* Bunch compressor is needed before C-band accelerating structure

* Bunch length is from 1mm to 0.5mm

« Chicane type
« Angle: 10°

- Accelerating structure [H / 5 \
6|
L )

* Voltage:100MV 3 "

. Value | _Units
! | Value | Units (22) /(z2)=(1+ RERY )
Initial rms bunch length (22) 0923 mm chee rf f 2= ch _
| R56T655 + R65 T566 =0
Initial rms energy
/(55) 0.235%
ch 1 \/

spread poc. L <zf>\/ —<212>=-0 .
. rf 2 )
Final rms bunch length \/(712) @ . R \[(52) (z3)

2

Initial energy E, 1.1 GeV COS



Start to End Simulations for e- Beam

* Electron Linac Parameter Unit | Baseline | Electron C. Meng
- e /e*beamenergy | | | |
* Wakefield & CSR CHz

Repetition rate

* Emittance(w/o error) e” /e” bunch
population

+ Growh: 254 fergy spread e /e) | | |
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Simulations for Positron

* Positron Linac C.-Meng

 Wakefield & CSR e /e*beamenergy | | | [ |
| Repetitonrate | | | |

* Emittance(w/o error
( ) T — x10° 0940188 188 18
. Growth: 5% nC 15 3 3
| Energyspread(e/e*) | | | |
' Senm@20cey —emtancee e ||

0.4 60 — =
501 - )
02| p By
E E 40 — ' 240 n
= O.O,Q; 30 _ gy
S 02bel 20 y T 220 |
10l | <
-0.4] ; =
0 100 200 200 400 500 s00 700 € 200 B
s [m) . . é
Optics function N
25 1.0 .00 mﬂ W 80 | _
;\ 20,/_\0.8, 0£.008 w
160L _
3 WB_E 061 cOD.OOE, i

10"0.4[2 coos

v B 1 0 100 200 300 400 500 00 /00O
KD 500 ool D_ouz_>/ | ) (m )
Emittance

O 0% 50 200 300 400 500 600 700
* ™) Energy/bunch length/energy spread




Error Simulations for Positron

e POsitron Linac
m errors: Magnets/Accelerating structure/BPM
m Trajectory correction: beam center<0.5mm
= Emittance growth: meet the requirement
o X: 18%(mean)+18%(std)
o Y: 10%(mean)+12%(std)

E a.6]

c o4l

— ozl ¥ )

£ oo J

E _{12- I‘ |

o sl f TN

) -0.6L ]
O 100 200 300 400 500 600 700 200

s (m)

. (.8

c a.6]

- o4l

— a.2]

£ o9 3

£ —pol M

}I\ -0.4]

(] —0.8]

0 100 200 300 400 500 600 700 800

s [m)

C. Meng

Mlsallgnment error mm

mrad 02

Magnetic element field B 01
error

BPM uncertainty m 30

£x=5.9(mean) + 0.9(std) nm

gy=2.7(mean) + 0.3(std) nm

2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0
£y (nm)



Plasma Acceleration Investigation

W. Lu, D.Z. Li
Booster Requirement ——— HTR e- acceleration
T =8.0[1/wp]
Energy (GeV) 45.5 (0.2%) . . Start-tc?-end simulgtion performed,
Bunch Charge (nC) 0.78 - CPI requirement to linac updated
o . ™ Y_\ * Without extra damping mechanism,
unch length(um) <3000 T ", - h h of hosing i ity f
%) 09 3 - the growth of hosing instability from
Energy Spread(% ' 122 — )\\/ statistical noise is acceptable when
en(um-rad) <800 . transformer ratio is 1-1.5
Bunch Size(um) <2000 — * There are other powerful damping
Elum) mechanisms. HTR is still possible

Positron acceleration scheme e+ acceleration

Driven -::>|— ... * Asymmetry beam scheme is well
b -

eam D Yeu p 106V SWFAL JaGel - accepted by PRL reviewers

i o >

Witness -—I>|7 H___,"'*' * More schemes are under

beam  Q@D—I I— PwrAl — consideration

. Target 0.4 GeV AoGey . :
s — - Ly Ly Experiments Plasma dechirper

eam A .

1.0 GeV o experiment got good results.
*Experiment on SXFEL is still ongoing.

Dedicated TF for PWFA is crucial and

Dazhang Li, CPS, September 2019 under consideration
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650MHz 1&2 -cell Cavities

five; T
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65054 (FG)

650S7 (LG)

650S5 (FG)

650S8 (LG)

Bulk BCP 200 um + light EP 20 um +
950C 3h + light EP 20 um + 120C 48h

Bulk FP 200 um + 950C 3h + light EP
20 um + 900C 3h + light EP 20 um +
120C 48h

Bulk EP 200 um + 120C 48h

Bulk BCP 200 um + light EP 20 um +
950C 3h + light EP 20 um + 120C 48h

2.7E10@
35.0MV/m

3.1E10@
33.0MV/m

1.5E10@
37.5MV/m

4.6E10@
28.2MV/m

Y. Ji, P. Sha

Studies on EP process for 650 MHz 2-cell cavities were carried on.

New jigs and cathodes special for the EP on 650 MHz 2-cell
cavities was made.

Parameters were scanned and optimized for the process like
voltage, temperatures, flow rates and so on.

Some technological processes like on-site DI water cleaning were
re-developed.

The new-treated cavities will be ready soon.



CEPC 650MHz Beam Test System

Y. Ji, P. Sha

¥
—

4 &
!

[

1

Cavity string and module assembly in March to May 2021.

Modul installation in beamline, 2 K cool down test and RT coupler
conditioning in May to July. Horizontal and beam test soon.

IR laser output to 116 W. Photo-cathode QE to 5 %. DC gun vacuum to
1.5E-10 Pa, voltage to 350 kV. Buncher cavity high power tested.




CEPC SRF Facilities and Components

J.Y. Zhai, P. Sha
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CEPC 650MHz High Efficiency Klystron

Z.5.Zhou
Klystron No. 3
B ‘ e Klystron No. 2 EfﬁCiency 80.5%
\L“‘ — = , il Efficiency 77% - (2022)

(2021)

Klystron No. 1
Efficiency 65%
(2020)

Save Mone 130M RMB

1 year
0 M RMB

(o)
o
o

400 -

300 -

200 -

100 -

0

40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 100%

2020 2022 Efficiency, %

Excessive electricity bill, M RMB

Efficiency impact on operation cost (Only considering operation efficiency of 650MHz klystrons) 29



CEPC 650MHz High Efficiency Klystron Fabrication

. - Z ';‘-ﬂ“,’,‘ 0
T BT Sl -
RNl e o o AR

A LR VST ' ShRecan il AT The 650MHz high voltage single

M S beam Kklystron is fabricated

! under baking (77% efficiency)
and test will start soon in PAPS

" py”

The preliminary 3d mechanical
drawing of 650MHz multi beam
klystron is finished (80% efficiency)




Booster Dipoles Full Scaled Prototypes Plan

—+—By=28Gs  —s—By=60Gs
8.00E-04

—o—By=80Gs By=120Gs

6.00E-04

—a—By=180Gs —a—By=240Gs

4.00E-04

2.00E-04

-6.00E-04

-8.00E-04

-30

—a—28Gs ——61Gs 20603

~+—122Gs  —»—340Gs

-3.0E-03
—+—502Gs

-4.0E-03

« Two kinds of the subscale prototype magnet w/wo iron cores have been developed.

« As for the CDR parameters with 10 GeV injection energy the low field performance of the magnet without iron
cores meets the requirements whereas the magnet with iron cores not

« With the new baseline of 20GeV injection both prototypes fullfill the requirement

31

« The full scale prototypes are under the development



Dual Aperture Magnets for Collider

Item Value
. 141.6@45.5GeV, 373@120GeV,

Center field (Gs) 568@182.5GeV
Gap (mm) 66
Magnetic Length (m) 5.737
Good field region (mm) +13.5
Field harmonics <0.05%
Field adjustability +1.5%
Field difference <0.5%

between two apertures

harmonic variations are M. Yang
accepted at different energies. '

E .. 28
_—




Electrostatic-Magnetic Deflector for Higgs

Filed Effective | Good field Stability
Length region

B. Chen

Layout of CEPC Fully Partial Double Ring

PO Electrostatic 2.0MV/m  4m 46mm x11lmm  5x10*
Separator
Dipole 66.7Gauss  4m 46mm x11lmm  5x10*
L 50m N
RF Station (Higgs» ™ g
Z, Z-HL) | - aeees - |
15mm »
f YRV S — - neer
__‘____ support
el high volt
""" N . 21.2mm feledt;;fm?gﬁ
E @ B @ B @ B structure drawing of Electro-Magnetic Separator
:{ 14mm
]

-----

Schematic of Electrostatic-Magnetic separator

- - - & &
overrny  wm W% mem owns ¢ Higgs Energy requires the
______ o r—— _ acceleration of e- & +by both RF
frnerfne e stations
Outer Ring W & Z Mode oz Electro-Magnetic Seperator are
> <= . .
B L . installed to deflect e-/e+ to inner/outer
Inner Ring Inner Ring - !
rin g S colil 33 electrode

Layout of RF region



Electrostatic-Magnetic Deflector Manufacture & Test

Index indicators Factory test Test results
Vacuum <1x10-
leakage rate 10Pa.m3/s 2x10-13Pa ma3/s
< -

Vacuum _i}oxm <4.0x<109Torr | <1.0x<10Torr

pressure Torr
+135KV, 8

Maximum hours non-stop

conditionin operation, — 108KV
4.0<10%Torr

m  The mechanical design of electrostatic separator was completed.
The prototype of the separator was fabricated in factory and the
factory test had been done.

m  The factory test showed that the vacuum reached the target.
However, due to the arc of the high voltage test, two power
supplies failed to be used.

m  The magnet yoke is H-type. The prototype is being fabricated. It is |
planned to complete production in next month. ;

m  Prototypes for Booster power supply and Correctors with Multi-
unit combination structure has been fabricated and finished the test.



CPEC Injection & Extraction Hardware Types

|| sub-oystem | Kicker Type septaType | i

J. Chen

Booster ext. for Delay-line Trapezoid /440-
CR off-axis inj.  dipole kicker 2420ns Vertical LMS ®55/6mm
Collider off- Delay-line Trapezoid /440- -

4 axis in;. NLK kicker 2490NS Vertical LMS d75x56/2mm

Booster ext. for Ferrite core : -
5 CRon.axisinj dipols kicker  Half-sine/1360ns  Vertical LMS ~ ®55/6mm

6 Booster HE inj. SNeI;(IEU%rOI?euIsed sl,_i|r61]|ef/_0.333ms Vertical LMS ®55/6mm

7 g&l“ﬂ?r SWap S%QFS lc<:i%rkeer Half-sine/1360ns  Vertical LMS d75x56/6mm
8 gglllgxetl.r SWap gﬁégﬁ Kicker  Half-sine/1360ns  Vertical LMS — ®75x56/6mm
9 GoNiderbeam  Delay-ine  Trapezoid /440-  vertical LMS  ©75x56/6mm

« The same team is in charge of both HEPS and CEPC inj. & ext. system
« Experience gained in HEPS applies for CEPC 35



Lambertson Septum Prototype for HEPS BST

2

»29

o0

110

4mm
0.5mm

|

e 1

= o

Exit of LSM

1mm

5.5mm

Stored beam chamber
(VP,FeCoV,1)22)

Injected beam chambe

J. Chen

® Stored beam pipe(VP) inner diameter= g55mm, Thickness=4mm

® Injected beam pipe (SS): inner diameter=g29mm, Thickness=1mm
® Septum thickness=4+1+0.5=5.5mm
® Magnet gap: 32mm

® \Winding: W=70mm,H=140mm,T=128
® Exciting current=188A

® |nductance=0.0682H

Fe (DT4 Stainless Steel(304)

Stainless Steel(304)



Slotted-pipe Kicker Prototype Design & Fabrication

pLissye ST &S T

37



250ns Fast Kicker Pulser

e Scheme: 20-stage inductive adder based on SiC-MOSFETs. J. Chen
e The co-axial transformer is configured as bipolar output.
e The pulser is located outside tunnel and ten 50 Q cables with length more than 30m

are applied to connect with kicker.

et | ot | vorssc | 70 | s |
LA s s s e
° I\/Iatclnng terminal resistor is 10Q.
A S R S R H A B MR ENVES SRR L L L L
(@ 200.0vidiv Ey:500M 100.0ns/div  1.0GSIs 1.0ns!
@ 200.0Vidiv Ey:500M o )| Run Sample
Min St Dev
[1-184K [735.3m
.495149n_[74.0n pasTn  [12z2n 34K
ns  [55.428766n [49.06n  [57.65n  [1.715n  [16.34K
1.6203394k [1.604k  [1.636k _ [5.666 [16.34k
ns__ [16.76041n_ [15.86n _ [18.0n 21170 [16.33K
ns_ [10.818804n [10.45n  [11.24n  [116dp  [16.38K
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Ceramic Vacuum Chamber

ceramic vacuum chamber with special pattern metallic coating is key component
for outside-vacuum kicker magnet.

ellipse

octagon

99
11L08

Race track V !

8eY

Ceramic material: 99% AL,O4

octagon

race track L:12m7 thiCkneSS:Smm

——ellipse

35 3 25 2
Wall thickness/mm

Integrated sintering

J. Chen



Magnetron Sputtering Coating Prepare

 According to the experience of coating, the cathode target discharge is unstable for long j chen
vacuum chamber more than 600mm and it is easy to cause ignition or local film formation

failure.

Sectional coating method by a movable solenoid is proposed for our 1.2m ceramic vacuum

chamber. The coating experiment shows uniform coating achieved in one antechamber of 1m.

N Solenolg coll

Inner diameter= 2@8mm

‘Length *?Tﬁ)mm/
_Ggodi /\ 7

In order to obtain uniform coating inner racing track shape vacuum chamber, a horizontal
movable cathode wire target solution is proposed.

view windgrA ’
clelon

Cathode wire

Graduated bellows is used to
adjust the horizontal

position of cathode wire
(compression at one end
~and tension at the other end)

Moving track PN

Cathode pole



Weight Reduction for the MDI SC Quadrupole

m There are big challenges about the weight of SC QUAD High luminosity requirements Y.S. Zhu

- narrow space; - crosstalk
m Focused on reducing the magnet weight of Q1la.
e Paths:
1. Relax the dipole field requirement of crosstalk (<30Gs)
2. Use special iron material (FeCoV)
using 1+2, Weight: 78.9Kg (55% of original value
143.6kQ)
3. Reduce coil layer to 1, expecting excitation current

3585A
using 1+2+3, Weight: 60.2Kg (42% of original value)

T0.0— —

60.0— —

50.0— — 400— L

200—

200—

100—

L L 1 L L 1 1 L 1 L 1 1 1 1 1 L
-60.0 -40.0 -20.0 0.0 100 200 300 400 500 600 700 800 900 1000
X [mm]



CEPC QDO SC Magnet R&D (0.5 m short model)

Y.S. Zhu

Fabrication of NbTi Rutherford cable is finished (12 strands). SC quadrupole
coil winding machine, coil heating and curing system has been finished.




High Field Dipoles with HTS for SppC

-Even high collision energy is expected with
the CEPC tunnel: SPPC

-Energy is proportional to the dipole field
E[GeV]=0.3xB[T]x p[m]

HTS Magnet is the only measure for ultra high
\field (12~24T) . IBS has a bright prospect .

Thousands of HTS magnet are
needed for SPPC or FCC
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HTS Magnet Fabrication Procedure

« Dual aperture superconducting dipole achieves 12.47 T at 4.2 K

* Entire self-fabrication in China

« The next step is reaching 16-19T field, aiming at breaking the world record of 16

T by CERN

Magnetic field strength,
EM force, quench protection,

J. RRR, Cu ratio,
Filament size,

B S5

Material,

Cross section, I

Processing, Magnetic field quality,
Persistent current effect,
Coil stress,

J.and RRR degradation
Stress and dimension
control

Impregnation quality control/
Thermal stress control
Mechanical strength and
stability

cal currey
)

Nt density

MNormalized criti
s o =

J.& strain curve of
the

riinAvraAanAiintAr
2

Pre-stress control
Dimension control,
Mechanical Stability

Quench protection
Hot spot, voltage,-

MERE IR

51

Training, Thermal-

magnetic

Instability,

Thermal cycle, 44



-',' 74 !’"T\T,.,.\u
..é%{'-' a%}

C5EPC Site Selection Status

J

Three companies are wor
on siting and issues Al

Hellongiang

Xinjiang
] L1aon|r~g

Helba]
Shemsd

hand@pg

ianest

X ~l’:‘7 ‘\ g 1 EE] Ed i | m \‘V :

2019.12 A 8-11 and 2020.1.8-10
Chuangchun sitings update

2019.12.16-17 Huzhou siting update

8 2019. 08. 19-20 Changsha siting update

1) Qinhuangdao, Hebei Province (Completed in 2014)

2) Huangling, Shanxi Province (Completed in 2017)

3) Shenshan, Guangdong Province(Completed in 2016)
4) Huzhou, Zhejiang Province (Started in March 2018)
5) Chuangchun, Jilin Province (Started in May 2018)

6) Changsha, Hunan Province (Started in Dec. 2018)45



CEPC-CIPC Collaboration (part of CIPC members' logo)
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CEPC Project Timeline

o ) o =
& & & &
Pre-
Construction ST

* Site selection, engineering design,
technology & system verification

* Accelerator TDR, MolJ,
international collaboration

* Tunnel and infrastructure construction

* 2016.6 R&D funded by MOST
* 2018.5 1* Workshop outside of China
* 2018.11 Release of CDR

CEPC-SPPC Concept

= 2013.9 Project kick-off meeting
» 2015.3 Release of Pre-CDR

« 2018.2 1** 10T SC dipole magnet

» 15 TSC dipole magnet & HTScable R&D

* Accelerator components production;
Installation, alignment, calibration and
commissioning

* Decision on detectors and release of
detector TDRs; Construction,

installation and commissioning

20 T SC dipole magnet R&D with
Nb3Sn+HTS or HTS

HTS Magnet R&D Program

(pp/ep/eA)
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Summary

CEPC accelerator system is optimized for the high luminosity operation
Including ttbar energy.

CEPC key technology hardware R&D is progressing with the aim of TDR
accomplishment by the end of 2022

More efforts are needed to the TDR completion and EDR preparation
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