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Highlights of the accelerator R & D

Total 54 invited talks in 12 Accelerator sessions for 18 hours

1. Global Accelerator Design
2. Beam Physics Issues

3. Accelerator Technologies
4

Novel Accelerator Concepts

Acknowledge to all speakers and conveners.
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CEPC Accelerator R & D Session (1)

Accelerator-I| : convener (J. Gao/IHEP)

10:30 “CEPC accelerator beam dynamics key issues” 20’ 2
Speaker: Mr. Chenghui (IHEP) ©
10:50 “CEPC collider ring optimization design” 20’
Speaker: Dr. Yiwei WANG (IHEP) %
11:10 “Luminosity tuning at SuperKEKB” 20’
Speaker: Dr. Hiroshi Sugimoto (KEK)
11:30 “Beam-beam simulations and measurements at SuperKEKB” 20’
Speaker: Dr. Demin Zhou (KEK)
11:50 “Analysis of CEPC coherent beam-beam instability
with longitudinal impedance” 20’
Speaker: Chuntao LIN (IHEP)

Accelerator-ll : convener (M. Tobiyama/KEK)

14:00 “TMCI instability influence on SuperKEKB luminosity” 20’ \o\\\"
Speaker: Dr. Ohmi Kazuhito (KEK) \‘\‘3“

14:20 “CEPC booster and damping ring” 20’
Speaker: Dr. Dou WANG (IHEP)

14:40 “CEPC Impedance and collective instabilities” 20’
Speaker: Ms. Na WANG (IHEP)

15:00 “CEPC linac injector status and R&D” 20’

Wker: Ms. Jingru Zhang (IHEP) ?S
B
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Accelerator-Ill : convener (C. Pagani/INFN)

16:00

16:20

16:40

17:00

“Status and challenges of Super Tau-charm factory in Novosibirsk” 20’

Speaker: Dr. Anton Bogomyagkov (BINP)
“FCC-ee machine error correction” 20’
Speaker: Dr. Tessa Charles
“CEPC collider ring orbit corrections” 20’ ,{\0(\
Speaker: Bin Wang (IHEP) ¢
“Error corrections studies in CEPC booster”20’ <
Speaker: Dr. Daheng JI (IHEP) g(o

Accelerator-IV : convener (E. Kako/KEK)

10:30

10:50

11:10

11:30

11:50

“ILC SRF technology development at KEK” 20’
Speaker: Kensei Umemori (KEK)

Speaker: Mr. Jiyuan Zhai (IHEP)
“Status of the high Q R&D for CEPC SCRF cavities” 20’
Speaker: Dr. Peng SHA (IHEP)
“Status of the CEPC HOM coupler development” 20’
Speaker: Dr. Hongjuan ZHENG (IHEP)
“CEPC Low Level RF R&D” 20’
Speaker: Xinpeng MA (IHEP) _
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CEPC Accelerator R & D Session (2)
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Accelerator-V : convener (A. Sidorin/JINR) Accelerator-VII : convener (Y. Sohn/POSTEC)
14:00 “CEPC Injection/Extraction including kicker technology” 20’ 10:30 “CEPC collider ring vacuum system R&D" 20
_ L Speaker: Y.S. Ma
Speaker: Dr. Jinhui Chen (IHEP) 10:50 “CEPC el g R&D” 20 ©
14:20 “CEPC collider ring magnets R&D” 20’ : c ekecF:\jmggniLséeﬁaeraEclJDrs and power sources XE
Speaker: Mei YANG(IHEP) peaker: Mr. Bin (IHEP)

14:40 “CEPC booster magnets R&D” 20’ 11:10 “CEPC instrumentation R&D” 20

Speaker: Dr. Wen KANG (IHEP) 1130 ”Célg(ejijker;:DT Yartlfeng tStil (IHEZ) erses” 20
15:00 “CEPC injection/extract line and timing” 20’ "\e : ontrol system status and chaflenges >
(2 Speaker: Mr. Gang LI (IHEP)

11:50 “CEPC mechanical systems and supporting structures”, 20’
Speaker: Haijing WHAG (IHEP)

Accelerator-VI : convener (A.V. Bogomyagkov/BINP)  Accelerator-VIll : convener (J. Gao/IHEP)

16:00 “Korea accelerator projects and technology R&D” 20’ 14:00 “Progress of photocathde RF gun development at Tsinghua University” 20’
Speaker: Seunghwan Shin Speaker: N8 FT (Tsinghua University) ((\(f’

16:20 “CEPC 650MHz High-Efficiency Klystrons and MBKs” 20’ \O 14:20 “CEPC linac beam dynamics” 20’
Speaker: Dr. Zusheng Zhou (IHEP) (:‘\(\ Speaker: Mr. Cai Meng (IHEP)

16:40 “FCC-ee MDI IP quads” 20’ 3\2 14:40 “Status of CEPC RF power delivery systems 0\0
Speaker: Mike Korazinos (solid state sources for the CEPC booster)” Zo’ee(\(\

Speaker: Dr. Zusheng Zhou (IHEP) ?3
!!!.III....I-__

15:00 “Laser plasma accelerator for proton” 20’
\i Kako (KEK, Japan)
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Speaker: Xuexing (PKU)
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CEPC Accelerator R & D Session (3)

Accelerator-IX : convener (F. Zimmermann/CERN)
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Accelerator-Xl : convener (J. Gao/IHEP)

16:00 “Storage rings to detect gravitational waves” 20’ 14:00
ker: Giuli F hetti (GSI
Speaker: Giuliano Franchetti (GSI) 14:20
16:40 “SppC status” 20’ 14:40
Speaker: Prof. Jingyu Tang (IHEP) 15:00
17:00 “SppC high field SC magnet” 20’ '
S ker: Dr. Qingjin Xu (IHEP
peaker: Dr. Qingjin Xu ( ) 15:20

Accelerator-X : convener (X.Q. Yan/PKU)

“CEPC Installation and allighnment strategies and technologies” 20’
Speaker: Mr. Xiaolong Wang (IHEP)

“CEPC site choice and related technical challenges (1 Qinhuangdao)” 20’
Speaker: Y. Xiao

“CEPC site choice and related technical challenges (2 Huzhou)” 20’
Speaker: K. Huang

“CEPC site choice and related technical challenges (3 Changsha)” 20’
Speaker: Zhiji Li

“Recent progress in assess of CEPC site at Changsha” 20’
Speaker: Ling-yun Dai (Hunan University)

Accelerator-Xll : convener (A. Faus/1JCL)

10:30 “CEPC Z-pole polarization” 20’
Speaker: Dr. Zhe Duan (IHEP)

“CEPC cryogenic system design in view of energy saving” 20’
Speaker: Mr. Rui GE (IHEP)

“CEPC IP region HOM mode and wake-fields” 20’
Speaker: Dr. Yudong LIU(IHEP)

“CEPC synchrotron radiation applications” 20’
Speaker: HUANG Yongsheng (SYSU)

11:50 “CEPC dump systems and radiation safety issues” 20’

\Speaker: Mr. Guangyi Tang (IHEP)
B

\i Kako (KEK, Japan)

16:00

10:50

16:20
X

11:10 c

(P(\c 16:40

. A
11:30 o\\

17:00

“Recent progress on CEPC plasma injector” 20’
Speaker: Dr. Dazhang LI (IHEP)

“On PWFA with FLASH Forward” 20’ e 3

Speaker: Richard D’Arcy o(\c
“Positron Acceleration in a Hollow Channel \‘e\(’

Plasma Wakefield Accelerator” 20’ WO

Speaker: Shiyu Zhou
“Recent Developments in Quick PIC Open Source” 20’

Speaker: Weiming An (Beijing Normal University)

CEPC2021 workshop in November 11, 2021’ 5
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Highlights of the accelerator R & D for CEPC | @& ... @

Accelerator
HABTEMmERL2—

1. Progress on accelerator technologies for CEPC

e RF Technologies: Normal-conducting structures, Klystron, RF delivery system, LLRF
e SRF Technologies: SRF cavities, Cryomodules, Cavity performances, HOM couplers
e Magnet Technologies: Collider ring, Booster ring, Kicker magnet, SC magnet

e Accelerator Key Systems: Vacuum, Separator, Instrumentation, Control, Support

2.  Novel accelerator concepts for CEPC

e Cryogenic system, Dump system, Radiation shielding, HOM, Polarization, SR application

3. Global accelerator design issues for CEPC
e Beam dynamics, Beam instabilities, Error correction

4. CEPCsite choice: 1.Qinhuangdao, 2. Huzhou, 3. Changsha, Installation and Alignment

5.  Summary

_\ (Sorry, for omitting Worldwide Contributions from SuperKEKB, ILC-SRF, FCC-ee, Novosibirsk, JINR, Korea, GSI)

\i Kako (KEK, Japan)
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Highlights of the accelerator R & D for CEPC
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1. Progress on accelerator technologies for CEPC

e RF Technologies: Normal-conducting structures, Klystron, RF delivery system, LLRF
e SRF Technologies: SRF cavities, Cryomodules, Cavity performances, HOM couplers
e Magnet Technologies: Collider ring, Booster ring, Kicker magnet, SC magnet

e Accelerator Key Systems: Vacuum, Separator, Instrumentation, Control, Support

2.  Novel accelerator concepts for CEPC

e Cryogenic system, Dump system, Radiation shielding, HOM, Polarization, SR application

3. Global accelerator design issues for CEPC

. Beam dynamics, Beam instabilities, Error correction

4. CEPCsite choice: 1.Qinhuangdao, 2. Huzhou, 3. Changsha, Installation and Alignment

5.  Summary

-~
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RF Technologies (1)

Normal-conducting Structures 2 (C band RF system
for I njeCtor LI NAC ¢ The preliminary design of the C-band accelerating struture

= No klystron and high power test facility of C-band in IHEP
= Inthe lab

C

e High power tests of S-band structures (109)
e Fabrication of C-band structures (292)
e Design of 650 MHz damping ring cavity (5-cell)

> RF distribution of the linac e S-band acceleratmg structure C-band accelerating structure
E—
sRFdstibutionof thelinac e High power test result (with SLED) . . .
= 3-Dand accelerating structures, ystron %
= C-band accelerating structures, 50 MW klystron = The modulator voltage is 37.5 kV _ N‘% Damplng Rlng RF caVIty
= S-band Acc. Structure: 109 obE ok .
« C-band structures: 292 = the SLED energy multiplication factor: 1.8 « RF design of the 5 cell cavity e —
5-band . = The tested gradient has reached 33 MV/m = RF cavity design e et v — e s
2 = Input coupler and doorknob design . fum____3M8L
# FrL) i imulati COCrmm— e s
20GeV i e = Coupling factor simulation o E =
RI(1-e M2 " o .
The waveform without SLED + The coupling ring is perpendicular to  CIEREE o 1316
[stuntimpedance | 0.
the direction of the magnetic field, and prererrerr——— :: 12 ;_m
. 7 the coupling degree is 6.4 Accelerating gradient VLR YR
The input power with SLED o as120)

+ Coupling degree ~ 5 at rotation angle ~
28 degrees

_—-—il

‘i

by J | ngru Zh a ng ( I H E P) - Electromagnetic field distribution

Maodulator and klystron High power test bench

Eiji Kako (KEK, Japan) CEPC2021 workshop in November 11, 2021' 9




RF Technologies (2)

650 MHz High Efficiency Klystron
Findings;

e Manufacturing of high efficiency klystron
e Design of 650 MHz multi-beam Klystron
e Construction of high-power test stand

- > -
tastzsnseass CEr wrs epath
Laeniteny & tanmsesa

e en

System overall efficiency
CEPC Collider SRF Wall Plug Efficiency

Klystron baking out

Wall to PSM power supply/modulator [95%

Modulator to klystron 96%

Klystron to waveguide T0% | e
Waveguide to coupler 5%

Coupler to cavity ~100%

Cavity to beam ~100%

Overall efficien ~60.6%

The critical foctor is kiystron efficiency

Much higher efficiency, less energy consumption.

-
tags Klystron final assembly

Klystron final assembly

“i Kako (KEK, Japan)

by Zusheng ZHOU (IHEP)
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2) 3d mechanical drawing

4 The preliminary 3d mechanical drawin
is finished.

mm?%;_w @ High power test stand =2l

;;;;;;;;;; of High Emergy Piysice
Chinese Academ

CEPC2021 workshop in November 11, 2021’ 10



RF Technologies (3)

RF Delivery System

Findings;

e For collider ring RF
 For booster ring RF
e For damping ring RF
 For LINACRF

Development of Low-Level RF

Booster

Design consideration
Sup g Cavity power d ® The Booster RF system consists of 1.3 GHz superconducting RF
Parameters Value cavities. There are 12 crvo-modules for Higgs operation, each
‘c":%l‘[‘t'\']':’ (‘5'-;:"(‘}"'5 containing eight 9-cell superconducting cavities.
(_wmpu_tpm»_ru.\\;_ [ 500 ] ® These cavities need 96 set 1300 MHz power sources.
Power source choice-SSA

® Their capabilities extend from a few kW to several hundred kW, reasonable
efficiency (~50%), high gain, and modular design provide high reliability.

\CER

Design consideration

®  Considering klvstron lifetime, power redundancy and cost, the 2 cavities will be powered
with one CW klystron capable to deliver move than 300 kW,

& Distribution of RF power (800KW) 1o the cavities (300kW), including waveguide, power
divider, phase shifter, circulator ond load,

®  Other Auxiliary P8, Interlock and Controls, LLRE, Pre-anmplifier. e

Schematic of the RF Transmission System (RFTS) LA S Dampfng ﬂ'ng {
Introduction 100 kW, SSA
RF Tunel g Main Tunnd . — . —. . - . 300 kW ® There are 2 RE station, R power is 650MH /100K W per station.
f 4‘ Brees 650MHz/100kW SSA Specifications
! Parameters Values
I Frequency 650MHz
E | Power 100 kW
Gain =65 dB
800 kW oy Bandwidth (1dB) _|> 1 MHz
l 300 kW Amplitude stability |<0.1% RMS
——————————————————— Phase stability =0.1° RMS
KlySt ron Phase Variation =10
Harmonic < -30 dBc
Spurious < -6 dBe
LLRF Rack

Findings;

LLRF Control System @ PAPS for 650MHz CEPC SC Cavities

~ Center for
\Applied
Superconducting
Accelerator
HRBEEMmERtE 2 —

~,

G

: Linac injector
Immdacfwn

& The main high power RF components are 35 units of 80 MW S-band klystrons,
146 units of SOMW C-band klystrons and ¢ fuel

[ soltd stare 5.

® A waveguide system is used for power transmission from the klvsirons to the
accelerating structures, 181 Klystrons are wsed o provide power for 401
accelerating structures.

. . .
Power distribution
()
S-band
—
EBTL
&5 / st\s SA5 TAS
t ¢t t Tt 1
S0MeV  1.1GeV AGeV )nrn.u 1 1 Gav 1 Gev  AGeV 20GeV,
—mm
Repetition rate [Hz] /
2860MHz 1-set 1-to-1
S-band KLY 35 30 MW 14-set 1-to-2
4us 20 set 1-to-4
S5720MHz
C-band KLY 146 50 MW 1-to-2
3us

LLRF development for Linac

LLRF system includes: Power Meter

e LLRF for 650 MHz cryomodule
e Beam experiment at PAPS

e LLRF for LINAC RF system
 LLRF for Booster cavities

- MicroTCA.4 based hardware, very high stability
and reliability, maintainance, remote managable, 2019.10
10Gb data bandwidth; N
- sampling all signals(>18) of R}(I)wers source and Timing Module Signal Fanout
couplers and cavities and HOMs; Master Oscillator
- control of piezo/motor for frequency stablility; Power Meter
LLRF Front-end
LLRF Controller eriedise]
(MicroTCA.4 Crate)
Front-end
SSA
10MHz Rb Clock
ups

Eiji Kako (KEK, Japan)

- 8ADC ; 2DAC ;

- vector modulator ;

- Ref: 2856MHz ;

- 8 microwave monitor
- 2 HV/1 monitor ;

b | = - Trigger;
- S ... =  -digital PSK for SLED ;
e - fully digiital ;
LLRF for S band Linac

- ¥20-¥21, 6 new S-band
LLRF system installed on
BEPCII Linac and in

operation stable

by Xinpeng MA (IHEP)

CEPC2021 workshop in November 11, 2021’ 11
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RF Measurement and Tuning Machine for Mass Production

SRF Technologies (1)

SRF Cavities and Input Couplers

F in d in g S N New automatic half-cell/dumbbell frequency measurement machine
Improvement of the pre-tuning machine (ongoing)

e Fabrication of 650 MHz components
e Development of mass-production tools
e Production of 1.3 GHz cavity, coupler, tuner

CEPC 650 MHz Test Cryomodule

1.3 GHz Cavity, Input Coupler and Tuner Production

« Eight 1.3 GHz 9-cell cavities production (test at PAPS in late 2021 to early 2022).
+ Eight 1.3 GHz input couplers production (conditioning at PAPS in early 2022).

* 1.3 GHz tuner prototyping.
ItEMRE SRR EEAT
9 Bejiing HE-Racing Technology Co., Lid.

by Jiyuan ZHAI
(IHEP)

CEPC2021 workshop in November 11, 2021’ 12
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SRF Technologies (2)

Cryomodules and Infrastructures

> Center for '
\ Applied Q
/| Superconducting
7/ Accelerator
SRBEEMES € 2 — s

1.3 GHz High Q Cryomodule (8x9-cell)

CEPC booster 1.3 GHz SRF technology R&D and industrialization in synergy with domestic

Findings,' CW FEL projects.

e Assembly of 650 MHz test cryomodule at PAPS | - =

e 1.3 GHz High-Q prototype cryomodule for DALS v | | -

e Completion of PAPS SRF infrastructures T @ ¥l omm=mm ) [
+ Assemble and horizontal test in 2022 uf iﬁﬂ_ﬂ_ﬁEEE_j > ;

+ Ship to Dalian in 2023 o e — i A4

650 MHz Test Cryomodule Assembly

———

paPs PAPS SRF Lab in Full Operation

(IHEP)

CEPC2021 workshop in November 11, 2021’ 13

\i Kako (KEK, Japan)



S, Center for
W Applied
| Superconducting
7/ Accelerator
HRBEEMmERtE 2 —

SRF Technologies (3)

Cavity Performance

650 MHz 1-cell cavmes EP processed (2)

+ Both cavities exceeded 35 T 10°
wooeio,e, Hil
MV/m, which is state-of-the- 10" .."'oe ; 10
] [ ] H ; [ ] T T
Fln dln gs o Mid-T furnace baking of 1.3 GHz 9-cell cavities art gradient for large elliptical ""‘."“p ; .-,,33 eig ; , [ esosiEcera
2=/ + Six1.3GHz 9-cell _| §™ | Proces ol 5, N6, — cavities (< 1 GHz). Q, [Perree Midra PIBLIPSR 10 T ¢ 6s0s4EP-Q,
cavities (N5~N10) NI MID ) i e Te. TN & @ 650S5BCP)-Q,
. f . g e ST T « 650S4: 4 5E10@22.0 MV/m. °8 e L ';....". 4102 3| ® 6s085(EP)-Q,
e M Id-T urnace ba klng fumiace baking o e - QOf65085is 34E10@220 , o]  ° o e ™ {0 B § SosaER) Q15
.. ; g:gg:;l}'cam e B MV/m, which is a little lower gk e e 3| S seeomcrifad
) 650 M H 1 | | t (N9) adof Vi s S o than 65054 above 20 MV/m 8 S 4 {100 o 650S5EP)Rad
VA -Ce CaVI IeS simpli edp:ecipe S ot : L o o? ';?r SS0EB{ER] Rad1 51
. which cancesed e The Q-slope phenomenon of o8RRI % e Recoe 88" |10 i
° b light Electro- Mid-T turmace 65085 at 1.5 K is similar as 20K P
N 3S n CaVIty at 4 . 2 K polishing. b’:"‘“ that at 2.0 K. The relatwely 109 L i i i L L i 102
Vertical tost o 0 5 10 15 20 25 30 35 40
Treatments for 1.3 GHz 9-cell cavities low Qu Of 55085 may be Em(Wfl’l'I)
mid-T furnace baked . 3 .
resulted from the cancellation Comparison of 650 MHz 1-cell cavities
of annealing. processed with BCP and EP.

Vertical Its of 9-cell iti
ertical test results of 9-cell cavities Results of Nb3Sn coating (4.2 K)

+ After mid-T furnace baking, &.lll tt?e six 9-cell cavities demonstrated high Q (3.5— . Max gradient: 5~7 MV/m: Max Q: ~3E9.
4.4E10 @ 16-24 MV!m), which is as gOOd as LCLS-II HE. « The coaﬁng process still needs optimization. 1E10 1 T o s e T T —
5E10 T T T r . . T 5 ' ey e ey ) ey
gove o ’
1E10 | * 0 ¥ e: hti.: NT EP smpamy l“ "uw,
» > g ReBFTA N8 EP e ' .
[ 3 = N10 EP L] .
% »b’f"' :t- A N5 nid-T ..‘ ]
sk §h ¢ LCLS spec * ¥ N6 mid-T | 1E9 I
* + CEPC spec : :g ::g; —r——a—r——
LOLSHI HE spec ® N9 mid-T 0 ® 0 o 00 g 8 O
PIAL | S RN Cell before coating Cell after coating T L0 & T
378 g e LOLE HE Spac 42K T T A e sy
F 5 e ! . o
1E10 £ At2.0K E,(F:w - i i v . I @ Conventional Nb cavity | —~
&9 H i . ; . L 0 5 10 15 20 25 30 1E8 ——
0 5 10 15 20 25 10 5 10 E . [MVim] 6 1 2 3 4 5 6 7 8 9 10

e (M /m) Eacc (MV/m)

Lo 1.3 GHz 9-cell cavities N-doped for LCLS-Il HE :
1.3 GHz 9-cell cavities mid-T furnace baked at IHEP : Vertical test results of Nb3Sn cavities
by Pe ng S H A ( I H E P) Equator before coating Equator after coating

Eiji Kako (KEK, Japan)
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SRF Technologies (4)

HOM Couplers
Findings;

e Design, fabrication, processing, RF measurement
e \Vertical tests of 2-cell cavity with HOM couplers
 High power tests and beam operation in cryomodule

HOM coupler design contents

RF oeslgn Heat loss

Multipacting
analysis

*‘. Single notch  double notch
! coupler coupler
=
T =1 kW power

2 kWicavity, each direction 1 kKW, assume
50 % coupled by the HOM coupler (0.5 kW)

-~

Design schemes for il = The power dissipation
e HOM coupler ! = caused by the fundamental
| 2T = l ‘ mode and 1 kW HOM was
i i in the range of mil-watts,
| Iy + Ahelium tank is needed
= outsice the HOM coupler
« |

650 MHz HOM Coupler Fabrication

 Four HOM couplers have been finished fabrication, post-processing, which have been assembled
in the test cryomodule in the Platform of Advanced Photon Source Technology R&D (PAPS).

o Compact structure design, control machining accuracy

by Hongjuan ZHENG (IHEP)

Eiji Kako (KEK, Japan)
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10" 40
. 435
2 i ad : 4 vT a
- b g e A.e =
Ltk o TRV o
. 425 _
n Gea &
5* s 7 203
¥ 100 4 pee 2
o s [+ Cavityma e lay
o e Cavity#d+HOM1 o » @
¢ ¢ Cavity#5 10
| CauiNe: = 18
i o) o
DOBABADGOADR OV OABADBAGAD DA MM 0
10° T T T T T -5
1] 5 10 15 20 25 30
E,.. (MVim)
0 10 20 30 40 50 60 70
Ep (MV/m)
[ 20 40 60 80 100 120
Bp (mT)
CEPC Workshop 2021, Nanjing

CEPC 650 MHz Test Cryomodule

May to July.

Three HOM coupler installed on the cavity string.

Qe for TM010 measured at 2K: 6.8E13, 1.9E13,
2.1E12

No vacuum leakage occurred.

2021-11-09 CEPC Warkshop 202

Modul installation in beamline, 2 K cool down test in

CEPC2021 workshop in November 11, 2021’
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Ma gnet Technolo g les ( 1 ) @

Modification of short DAQ prototype

Modification of the dual aperture quadrupole magnet (short model: 1m)

. .
Collider Ring Magnet
Fin din -gs; - ';r:c::\i{“sli:::‘:a:;c:fr‘:ec: the 1m magnet is been checked. Mechanical design is done and the DT4

# Machining is in progress.

# Field measurement methods: RCS and SSW.

 Modification of dual aperture dipole magnets
 Modification of dual aperture quadrupole magnets
e Design of sextupole magnets

I Coil Modification of short dipole magnet prototype

Old coils:

# 4 turns of aluminum busbars without cooling holes. Design of sextupole magnet

» Material : non pure aluminum.
# Insulated with Kapton and glass ribbon.

» Temperature rise at the end of the coil.
* Aluminum end faces are easy to oxidize and become insulated.

Basic design

> Wedge-shaped magnetic poles are used to reduce magnetic pole saturation and improve
excitation efficiency

# Further optimization to the position of the lead block and the arrangement of coil wires to
reserve space for magnet assembly.

» Mechanical design is in progress.

Modification
» Add a cooling hole in the busbars.
» Contact resistance: Silver plated surface.
~ Radiation resistance: special surface treatment.
» No epoxy and organic materials.

Eiji Kako (KEK, Japan) CEPC2021 workshop in November 11, 2021' 16
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Magnet Technologies (2)

Booster Ring Magnet
Findings;
e Manufacturing of full-scale dipole magnet

e Construction of filed measurement system
e Design of full-scale iron-core dipole magnet

Status of the full-scale prototype CT coil dipole magnet

On the base of the subscale prototype CT dipole magnet, the mechanical design
of a full scale prototype CT dipole magnet was finished. The production of the
magnet on the way.

v" The total length of the magnet including the shielding tube is 5.1m.

v" The coil conductors will be made from pure aluminum, the size tolerance less than
\OSmm,the position tolerance less than 0.1mm. by Wen KANG (|HEP)

Eiji Kako (KEK, Japan)
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Status of the field measurement system

A 5.6m long rotating coil field measurement system will be used to measure the
field of the full-scale CT magnet, it is composed of

1. Long coil 4, Motor control
2. Motor and Driver 5. Signal acquisition device
3. Encoder

ST 35 :
CEPCH% 30 88 —An 4% ( ¥ 5301t ) e w2t

5 s L A I T

Design of the full-scale iron-core dipole magnet

The main design considerations of the full-scale iron-core dipole magnet
» Toincrease the strength of the iron-core as high as possible.
» To decrease the production cost as low as possible.

So all the metal bars around the iron-cores that pull the laminations together will be
made by U-steel which has high strength and low cost.

CEPC2021 workshop in November 11, 2021’ 17
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Magnet Technologies (3)

[ 8 -
Kicker Magnet
* Ceramic vacuum chamber with special pattern metallic coating is key component for in-
Findings;

e Ferrite core kicker magnet system
e Kicker ceramic vacuum chamber with coating

ellipse octagon Race track v 1

e Coating system by magnetron sputtering Coramic otk 9% ALD

Structure mechanical design .

Integrated sintering process

Capacitor plate @
Ground potential
| Ceramic Vacuum chamber

Capacitor plate@
High potential  ~_

HV conductor  ~_ | .
ground potential Lead

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

* So, sectional coating method by a movable solenoid is proposed for our ceramic vacuum
chamber of 1.2m. The coating experiment shows uniform coating can be achieved in one
antechamber of 1m for HEPS.

Ferrite core ™| High potential Lead

. Eddy current
Shielding plate

~ Ceramic support

Base

Delay-line NLK

+ In order to obtain uniform coating on race-track shape vacuum chamber, a horizontal movable

cathode wire target solution is proposed. ; Graduated bellows s used to
view adjust the horizontal position

windos
H:r: 7 of cathode wire [compression

| ®y  atone end and tension at the

L other end)

--mu-mﬁ'

Eiji Kako (KEK, Japan) CEPC2021 workshop in November 11, 2021' 18




Magnet Technologies (4)

Superconducting Magnet for SppC
Findings;

e New IBS; Iron-based superconductor for SC-magnet
 Double pancake IBS solenoid coil reached 67A at 30T
e NDbTi+Nb3Sn model dipole magnet reached 12.47T

S, Center for :
\ Applied Q
/| Superconducting
7/ Accelerator

SRBEEMER T —

High Field IBS Insert Solenoids

Performance test of the double pancake IBS solenoid at 30 T background field

34mm inner diameter, 17turn double
pancake coil

400 4

Vuv)

¥
K
;

30T background magnet @ Hefei [D20-17tum-IBS double pancake coil 1(A)

I, of the IBS solenoid reached 67 A at 30 T.  New world record!
R&D of the 1t NbTi+Nb;Sn Model Dipole Magnet

Magnet Design Scope for SPPC -y
High Energy Circular
Colliders for next
decad H H
ecades R&D Route for High-field Accelerator Magnets
Proposed institution IHEP-CR.S. China CERN, Europe
Proposed dates 2012 2014 I RRR, Cu ratio, Magnetic field strength, J, ond RRR degradation J, & strain curve of Quench
Filament size, EM force, quench protection, Stress and dimension control the superconductor Hot spar, vaitage, ...
Site of the project China Europe I
Baseline technology | IBS 12~24 T to reach 75-150 TeV, | Nb,Sn 16 T to reach 100 TeV/ %’_f M g > W
Nb,5n etc as options I f \ﬁx. I . .
Timeline Construction at 2040s Construction at 2050-60s i /\ i P %
Cost E. iein . -
[ Magnet Performance
. .| Superconductor _ :
J, of Practical Superconductors Presently | Assembly Qualification
TQ . - - p—— ? MRV [ il A
" Py =T T | e Lol o
W SR S ' il
K *'!:---.-..__ MMIB&}BZS | S
00 k - e "'“l - gL 'tﬂ
422 SSee8 TR Materiol,

Cross section,

Processing,.. Magnetic Fr*ﬂ'qml"v Impregnation quality control Pre-stress control Training, Thermal-
Persistent currenteffect, Thermal stress control Dirnension control, hch"s'mrl'y
Cail stress, Mechanical strength and stability Mechanicel Stability ,,,é,mjm..e -
o CEPC, Nov. B-12 2021

‘Wiee Critical Cusrent Density (Afmin', 4.2 K)

by Qingjin XU (IHEP)

Eiji Kako (KEK, Japan)

Development of the LPF1 NbTi+NbsSn dual-
aperture model dipole magnet from 2017.

Dipole field reached 12 T in 2*®14 mm apertures in
May 2021 and 12.47 T in July after a thermal cycle.

B, a5 EH 12T

CEPC2021 workshop in November 11, 2021’ 19
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Accelerator Key System (1)

Vacuum Svstem Structure of storage ring vacuum chamber

+ To eliminate the quadrupolar wakes, elliptical vacuum chamber in the collider ring will

be replaced by circular chambers with dimeter of 56 mm, meanwhile, the magnet costs GeomEtrical Shape Of 56 X 75 NEG coati ng

[ 4 [ 4
F’n d’n gs; and power supply will be reduced about 80M CNY. With other conditions unchanged,

the vacuum pressure is increased by about 28% and the cost will reduce about 761 . 1.8m long vacuum pipe have been coated | Coating parameter |  value |

million CNY. to explore the coating parameter at Magnete(d) e
. . — ~ = = geometrical shape of 56X 75. Subsstrate Temporature. () S
 RF shielding bellows 7 e
. | R f NEG No. CF100-1500-0001 Discharge voltage (V) 300
e Storage ring vacuum chamber | e

* Cuand Al vacuum chamber : B ———

+ Synchrotron radiation gas load Qus = 1.5x10% Tory /-5~ -yt Lyy 227%10%)
« Thermal load gas q= 1.0x10" Topp.f. 5™ com™

* NEG coating parameters T e

Round chamber is easier to be fabricated.

Ty q -=3¥n
Tk P2 ol

Eﬁ%% | —

 NEG coating facility at PAPS < T s
g Y Cu and Al vacuum chamber prototypes AL L L
- . ABml impl fi is fabri d, which i ed Id th li 1 1h
R&D of RF shielding bellows e e i o s i o 2 o e wtar coolrg NEG coating facility @ PAPS
*  The welding are checked by wire-electrode cutting. The welding joints are smooth and
have good contacting. O NEG coating of vacuum pipe
#The key components experiments such as spring fingers and contact fingers have * The prototypes of copper & aluminum vacuum chambers with a length of 8 m have been .

fabricated and tested, which meet the engineering requirements.
been carried out. Contact force is uniformly from different fingers and meets the A setup of NEG coating which has
ability to coat 4 meters long pipe has
been built for vacuum pipes of HEPS
at location of PAPS. And one test
vacuum pipe of 4 meters long, @22
mm of inner diameter have been
coated, which shows that NEG film
has good adhesion and thickness
distribution. Theoretically, It is easier

target of 125+25g. The prototypes of RF shielding bellows have been fabricated.

welding)
elding ¥

[Ii"

140 I .

| gttt

I to be coated of CEPC vacuum pipe,
Eus because of the ratio of diameter to
= . . . length is 56/6000 which is bigger

s Round chamber is easier to be fabricated. then 22/4000.

100

N i hcase k4 by Youngsheng MA (IHEP)

Spring No.

Eiji Kako (KEK, Japan) CEPC2021 workshop in November 11, 2021’ 20




Accelerator Key System (2

Prototype development of electrostatic separator

Electromagnetic Separator

Center for

Applied

| Superconducting
Accelerator

SRECEmERtE 72—

C

Prototype development of electrostatic separator Prototype development of dipole magnet

= Factory test
= High voltage test
R

Findings;

it

 Prototype development
 Factory tests

e High voltage feedthrough

e Fabrication of Diploe magnet

st

power supply through the copper wire, which connected to the carth.

= High voltage feedthrough

AL
® |, The output high voltage of the power supply is connected to the feedthrough [
through the cable, and the cavity is connected to the ground column end of the »

®  The magnet is being manufactured in the factory
|-_ 1 1-‘ LT T

The feedthrough of each electrode plate , both feed HV and cooling liquid.

The insulating part is made of alumina ceramic, both ends are metallized, and

the sleeve is sealed with pure titanium flange. ®  Since the length of the magnet is 4 meters, the number of turns of the coil is 1217

® 2. Open the switch of high voltage power supply, gradually increase the voltage. & The coolant loop is machined on the main electrode for ad cooling. ([H V]), and the size of the wire is 333 (H V, mm), the middle part of the coil is
= 3. Observe the change of vacuum degree during the process of increasing the ®  Bellows are soft for easy i jon and position adjustment. deformed during winding
by Bin CHEN (IHEP) ™**
[ [ ]
Mechanical and supporting Structure
[ 4 [ 4
[ - -
l l » SC magnet support system Collimators for background decreasing Supports for regular magnets
- - iz
The cryostat is about 5.5 m long. The cantilever length is 3.6~5.5m 4 collimators per IP per ring ” . Over 80% of the length is covered by magnets of about 138 types.
Horizontal aperture e, o5 e e e
e SC magnet support system e ionn B oo O =0
3 il o o ¥ 2+30 mm A8y 2410 mrad
» Stability (static and modal) Chamber aperture s
= Accuracy Pe z 2£20 mm ABz 2410 mrad

~ Easy-operating
= Dimensions

e Design of collimators
e Support for regular magnets

by Haijing WANG (IHEP) [oeae]

» CDR: Elliptical, 75-56 mm

= Now: circle, d56mm®

# The design is based on the COR
chamber, and will be updated to
circle one,

ﬁ/{

Collider

j on'

' f APTHY DI Z1m0s 138 024

23mm DILIEM 220763 138 o
1040 183252 11383 0
D10 180108 138 LED

* Fram Y. Liu, report an CEPC DAY, March 25", 2021

-~

Eiji Kako (KEK, Japan)
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Bean Instrumentation
Findings;

The beam instrumentation in CEPC ring Bunch by bunch BPM electronics Feed-through R&D

Item Method Parameter Amounts

Sampling clock: 500MHz,free running clock or externally « Finished the study of feed-through in beam instrumentation.

Measurement  ares  (x x 3 ¢

. T e B Mg clock locked with beam signal » Independent research and development of feed-through
time of 0D, =<4% 2000 r B )
* Beam monitor system e
bunch " R P * Two versions of feed-through have been made with the help

Measurement rasge: 1mAf per bunch

e Bunch by bunch BPM e

of CIPC Member Company in the last year.

s — p— i , AFE DFE
e Feedthrough R&D R 1 e W
by Yanfeng SUI (IHEP) T = _
Fradiack syiom I et : Honez: : > *  BPMfeed-throughV1.0  BPMfeed-throughV2.0 Kicker feed-through
Control System
y Scope of the Control System Control Platform
Findin s o * Global control
J = Control Platfol .
g . Cce,:t:: Co?\troli?vstem:computers,servers, database, etc .SOftware Platform' EP'CS
= Network System > , f ADA/DCS, lki
° Scope Of cont rOI System [ ework syete « Sbility+RT Open source, free SCADA/DCS, toolkits
! MechneFrtecaon st »stabiiy  ®Hardware Platform
ape . . i ion Sy:
° 5 b| I |ty an d rea I t| me * Video system > Availability » Standardization, Modularity and Commercial products
. Loocaplot:::rt;ﬁ:)p]y Controlsystem > Flexibility »Workstation and servers
e Control P lat home - Vacuum Conrc) Systen: >Scalability > ATCA/UTCA (High Availability)
- Tfemperature Monitoring System >Re|iability »PLC
= Linac Contral System .
« Integration of subsystems > Real Time »>Fieldbus: Serial device servers and so on
+ LLRF, Cryogenic system, Injection/Extraction system etc. % Motion controller/Driver
* Interface to other system
\ by Gang I_I (IHEP) . Detector(Experim\';ntalphysics], beamline and conventional facility »etc.

Eiji Kako (KEK, Japan) CEPC2021 workshop in November 11, 2021' 22




Highlights of the accelerator R & D for CEPC

_-/5" Z Center for .
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1. Progress on accelerator technologies for CEPC

e RF Technologies: Normal-conducting structures, Klystron, RF delivery system, LLRF
e SRF Technologies: SRF cavities, Cryomodules, Cavity performances, HOM couplers
e Magnet Technologies: Collider ring, Booster ring, Kicker magnet, SC magnet

e Accelerator Key Systems: Vacuum, Separator, Instrumentation, Control, Support

2.  Novel accelerator concepts for CEPC

e Cryogenic system, Dump system, Radiation shielding, HOM, Polarization, SR application

3. Global accelerator design issues for CEPC
e Beam dynamics, Beam instabilities, Error correction

4. CEPCsite choice: 1.Qinhuangdao, 2. Huzhou, 3. Changsha, Installation and Alignment

5.  Summary

Eiji Kako (KEK, Japan) CEPC2021 workshop in November 11, 2021’ 23




Novel Accelerator Concept (1)

Cryogenic System
Findings;

* \ery interesting presentation

e Challenging huge cryogenic plants
e Unfortunately, no uploaded file

L by Rui GE (IHEP)

-~

N Center for

\\\ Applied
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Novel Accelerator Concept (2)

Dump and Shielding System
Findings;

e Dump design and optimization

* SR shielding for collider and booster

e Dose distribution for collider and
LINAC

by Guangyi TAN (IHEP)

HOM and Wake-fields

MAX. TEMPERATURE RISE

= Example: aluminum core = Energy deposmon @Higgs mode

15,
-mm- A : : z

mdg

Beam 175 5 B

energy/GeV 29 E

) 10 £

Ne’;%‘iﬁc"’r 24 17 12 15 i

Bunchnumber 34 218 1569 15000

Total .
waiw |02 |0 (28 has
Maximum
234 154 103
el L R i

= Max. temperature rise @Z mode can decrease by
increasing the bunch distance on the dump
surface.

()

Power density in different region of IR

Center for

Applied

| Superconducting
Accelerator

SRECEmERtE 72—

LOCAL SHIELD DESIGN FOR HOT SPOTS

= Carbon and iron is selected as the absorber material, surrounded by
the concrete as local shielding.

= 5.5mSv/h dose-equivalent is set as upper limit to decide the
thickness of local shielding .

B0MeV 0754075 136
1.2GeV 156+1.56 3.05

e il o 250Me\ 0.98-0.98 156

e e e g, e 11GeV 2104210 336

I»enlﬁu U

"ﬂ!"dlﬂp design results for different beam
p of d by energy analysis station:

FLUEA, the dese rate a]meel)(unw Radiation level nearby each energy analysis

averaged by 10*10em*2 area, the size statien was figured out, also specily a roughly

can be selocted by the sotting dose rate limit. space for the futare local shielding.

Absorber geometry and local

shislding:

Size for carbon and iron for different

beam energy, adopt from ather

prejocts, ia suitable but haven't been
optimized.

= The thickness of shielding will be optimized so that the dose-eq out
of dumps is on the order of dose-eq by beam loss in linac tunnel.

©

Power HOM power(w) power density (wfcm?) HOM p (w) power density(w/cm?)
o o A Be pipe (w) 25 0.227
F iNn d iNn g S’ Total impedance budget @3mm Al:Transition pipe (w) 171 0316
= V4 Cu: Y-shape crotch (w) 103.5 0.158
_-___ Total power in IR pipe (w) 296 0.23 Another solution:
® Resistive wall 263 Sl IP chamber length: 22ppm X :
Im ped ance b u d get at IR RF cavities 60 05 101.2 05 | of ring circumference shrink the central aperture to 20mm
. Flanges 37714 5.2 373 5.2 This structure seems feasible ! > Inner diameter at IP: 20 mm
e Power density around IR v me o 95 02 b 13690 epbpmriiit
Bellows 15949 29 87.4 39 Cu: 332w —
M Gate Valves 500 0.2 14.5 0.4 fod P| L m .
® S h Fin k ce nt ra | d pe rtU re Pumpingports 5316 03 23 02 T MW’T-
Collimators 8 0.02 17 03 F jﬂl 1
IP chambers 2 0.004 0.3 0.05 IP chamber power loss: ll'J
Electro-separators 20 -0.1 345 01 0.45% I —— ]
Taper transitions 48 0.04 25 0.09 -
Total 153 664.9 222 Primary studies show that the loss factor

\ by Dong YU (IHEP)

Eiji Kako (KEK, Japan)

Most Critical component!

CEPC2021 workshop in November 11, 2021’

Is reduced by a factor of 3.
Mora detailed studies are under going.
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Novel Accelerator Concept (3)

Z-pole Polarization
Findings;

Motivation of CEPC Z-pole polarized beam program

Vertically polari ms in th Longitudinally polariz ms at IPs Fil
.
[ ) P I d b = Beam energy calibration via the resonan = Beneficial to colliding beam physics
olarize eam program e .
depolarization technique programs at Z, W and Higgs -
P S I ° d b d ° = Essential for precision measurements of = Figure of merit: Luminosity * f{ Pe+, Pe- )
O e n 0 I a S e S p I n and W properties — ~508% or more longitudinal polarization is
— At least 5% ~ 10% vertical polarization, fi desired, for one beam, or both beams
rotato rS both e+ and e- beams
— - s
- | P .
4 - £ g - . -
. n P . | @ L b

New design of spin
rotators

R .—.—J ¢

L Areunston, etal, T Phps €66, 45.62(1995].

Final deliverable: a detailed design report of polarized beam operation @ Z-pole

by Duan ZHE (IHEP)

Svnchrotron Radiation Application

Spin rotators in the CEPC CDR lattice

rst attempt to implement spin rotators into the collider ring lattice

Meodified the ring layout -> 8epg = 15mrad
* Keep the IR geometry
* Keep the transverse distance between e+ and e- rings D=0.35m
+ Scale the bending angle before and after the short straight section

CEPC-SR: Applications—Industrial,

Findings; CEPC high-flux y beamlines

Static imaging - engine blade inspection:

Complementary with the third n - B
i 6em thick steel, 1-5 micron resolution

material applications

woungsheng HUANG (IHEP) T e e S
.

Eiji Kako (KEK, Japan)

] synchrotron sources,
& and 1S pamma sourcca el M ntof the internal
. . . s ] Dynamic imaging---metal phase change |* 1. Measurementof the interna
o H I g h —fl u X 7/ - ray b e a m | I n e S 7.5¢m steel pemg_mﬂ.ﬂseviral process-droplet solidification/seawater structure of precision workpieces
o s ution, high flux fast corrosion mechanism: us, 6cm thick steel, in the aerospace, aerospace and y
9 1-5 micron resolution other industries and the detection ‘
H H H A of defects;
e Industrlal appllcatlons § * 2. Inspection of ammunition
2 packing de nﬁilttyr and quality ;
. . . H iah T inspection of key components o
e M d | p p d UL Bl Third generations o9 e:'ret:lglzuuu wautron in the pon ind Y;
e I C a I S O t O e ro u Ct I O n ’ Synchrotron source I + 3. Non-destructive testing of key
10um radiation source __ FE;C‘;:R v comp in the aut i
(static namic ) industry
e M eV 7/ - ray b ea l I I * 4. Online monitoring and quality
um inspection of productsin the steel
industry: Engine blade ( *um/1cm)
* 5. Evaluation of samples in

geology and archaeology;

= Center for
\ Applied
| Superconducting

Accelerator
HABTEMmERL2—

— Solenoid spin rotators is implemented at the first short straight sections next to IR

New design of spin rotators

Redesign of the spin rotators and implementation into lattice
— A new version of CEPC lattice is under design

— The geometric requirement is built-in

— A space of ~300m is reserved for each spin rotater, in a long straight section near IR
— A new modular design of spin rotator is also under way

H =i =B = =H o — 8

& units o

G matching

opties mutthing

The focalization of hard x-ray
And soft gamma-ray 100keV-1MeV, 1MeV still problem?

==

LIGA fabrication of X-ray Nickel lenses
100keV-1MeV : Microsystem Technologies 11 (2005)

292-297
_{! 10 um

Schematic representation of a Laue
lens based on QM crystals. J. Appl.
Cryst. (2015). 48, 977-989 R

=202 eV

Inmensity,

26



Highlights of the accelerator R & D for CEPC

A Center for .
\\ Applied
CASA Superconducting g
Accelerator
NS ARG NSt 2 — ;

1. Progress on accelerator technologies for CEPC

e RF Technologies: Normal-conducting structures, Klystron, RF delivery system, LLRF
e SRF Technologies: SRF cavities, Cryomodules, Cavity performances, HOM couplers
e Magnet Technologies: Collider ring, Booster ring, Kicker magnet, SC magnet

e Accelerator Key Systems: Vacuum, Separator, Instrumentation, Control, Support

2.  Novel accelerator concepts for CEPC

e Cryogenic system, Dump system, Radiation shielding, HOM, Polarization, SR application

3. Global accelerator design issues for CEPC
e Beam dynamics, Beam instabilities, Error correction

4. CEPCsite choice: 1. Qinhuangdao, 2. Huzhou, 3. Changsha

5.  Summary

Eiji Kako (KEK, Japan) CEPC2021 workshop in November 11, 2021’ 27
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Beam Dynamics

_._
Ly

Findin gs, = RF staging for compatible modes &

P —— y N 5o smer.concamty  [RIN] #58 Dits ot sostey = 1% priority of the Higgs running and flexible
[ [ p———— switching

e Design requirement of collider ring e LTRTIETTT et
* RF staging for compatible modes

Stage 1 (H/W run)

- . « Layout and parameters are same with CDR
Stmgr 20 HL-Z uparnde except longer central part

e Dynami t ith tHiggs | - o . e
ynamic aperture with error at Higgs i e [
I S — . + Move Higgs cavities to center and add high
e — — - current Z cavities.
N - o - - By-pass low current H cavities.
f’:,:’fpe T ) IR £ i Stage 3(ttbar upgrade):
. . . . L e i }
Design requirement of the CEPC collider ring =~ e/ |+ A toarcavies @ow curen, igh gradient
2 ! . ! N high Q)
3 r-—-..—]:-_ : 2 o _:]_:_, T + Nb3Sn@4.2 K or others to significant reducing
e S the cost of cryo-system and AC power.
* SR power 30MW (50 MW upgradable), 100km, 2 IPs sref: K. Qide, arXiv:1610.07170; M. Zobov et al, Phys.
Rev. Lett. 104, 174801(2010): A. Milanese, PRAB 19, e
* Crab waist collision 112401 (2016); CEPC pre-COR; CEPC-CDR i . . ) e
- ‘ , , ‘ = Dynamic aperture with error @ Higgs &
* Local chromaticity correction for the interaction region E:;m';ﬁwza
* Non-interleaved sextupoles + Error correction started with 50 um misalignment in IR quadrupoles Yiwei Wang ‘

+ closed orbit distortion (COD) and dispersion free steering (DFS) correction has been done
+ DA with 418 (out of 1000) error seeds satisfy the on-axis injection requirements
+ Further optimization with 100 um misalignment in IR quadrupoles is undergoing.

* Correction of sawtooth orbit
= Shared cavities for two beam @ tt, Higgs

) Component Ax (mm) | Ay (mm) | A8, (mrad) | Field error
* Dual aperture dipole and quadrupole magnets Dipole 0.10 0.10 0.1 0.01%
) ) Arc Ouadrumle 0,10 .10 0,1 0,02%
* Spin polarized beam @ Z IR Quadrupole | _0.05 0.05 0.05
Sextupole 0.10 0.10 0.1

* Asymmetric interaction region
+ Compatible of tt/H/W/Z modes
* Compatible with SPPC

By Yiwei WANG (IHEP)

-~

—DA w/o error
—DA of each seed

—statistic errors

—requirement

5w A
02 015 000 D005 0 0005 001 G015 0402
el

Lattice version cepclatdiff 8713 346 2p used
£x=064nm, B=0.33m/1mm, L+=19m

+ Dynamic aperture w/o error @ Higgs energy fulfills the requirements.

Eiji Kako (KEK, Japan) CEPC2021 workshop in November 11, 2021’ 28




Beam Instabilities

Findings;
e Collective instabilities in collider ring
e Collective instabilities in booster ring
e Collective instabilities in damping ring

Electron cloud

COIIEthe |nstab|I|t|es mn the Colllder O The electron density is increased due to the change of the chamber cross

section. The SEY needs to be reduced to <1.2 by introducing NEG coating.

O Impedance model is updated regarding the change of the O More detailed simulations as well as evaluation of its induced heating are

chamber cross section (elliptical — circular), more impedance under going.

contributions included. e Elliptical chamber: SEY<1.3
0O Instability issues for high luminosity Z are investigated | vt Round chamber: - S€v<1.2

+ Single bunch instabilities g =e——— -

* Coupled bunch instabilities & oot

+ Influence of impedance on beam-beam interaction :nr:::

* Electron cloud -

+ Beam ion instability U Secondarydectonyield -

HECEPC workihop, Nov, Bth, 2021, INEP

Ring longitudinal impedance Ring transverse impedance

O Broadband impedances are mainly contributed by: resistive wall, flanges, O Broadband impedances are mainly contributed by: resistive wall, flanges,
bellows, RF cavities. bellows.

O Only broadba.nd impedances are included for: RFs, IP chambers O Only broadband impedances are included for: RFs, IP chambers

O Narrowband impedances need to be further checked. O Narrowband impedances need to be further checked.

% 10" «10*
35 ot

.,

ReZL [Ohm]
o
; n
ReZy [Ohmim]

HECEPC workshop, Mov. 8th, 2021, IHEP

HECEPC workshop, Nov. 8th, 2021, IHEP

Eiji Kako (KEK, Japan)
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Collective instabilities in the Booster

O Single bunch instabilities

O Safety margin reserved! --

Calculated |Zy/n | g [m01]

Calculated k, [kV/pC/m] 153
Threshold on broadband |Z,/n| . [mQ] 0.3 3.9
Threshold on broadband k, [kV/pC/m] 89.3 224.6

O Coupled bunch instability threshold
O Much more relaxed compare to the collider ring

Parameter [unit] Z-High Lumi

Threshold on narrowband —ﬂe'“"“’“: 0.6 1225
Threshold of narrowband et g ~(2a/en’" 0.8 08 244

Collective instabilities in the damping ring

O Enough safety margin for the single bunch instabilities
O Bunch lengthening due to the longitudinal resistive wall impedance

_l [mm]

The increase of bunch length is ~1%
with only resistive wall impedance.

O Growth time for the transverse resistive wall instability is ~100 ms = can
be damped by the synchrotron radiation
O Requirements on the shunt impedance of the HOMs

il m

Theeshold on narrowband - St e=Gnfel. g7 0.09°

by Na WANG (IHEP) ~ [meseemmesesns | a ar

HECEPC workshop, Nov. 8th, 2021, IHEP 32
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Error Correction

Findings;

e Orbit correction
e Error simulation analysis
e Dynamic aperture reduction

Correction simulation

* Orbit Correction + Horizontal dispersion
* RM + SVD
* 1218H+1220V Corrector
* |teration from small singular value (max 80%)
* Corrector strength limited

* Optics correction
* RM + LOCO
+ All quadrupole independent

* Coupling and vertical dispersion also corrected by skew field of some quadrupoles in

this step

* Orbit correction and optics correction iterate twice

* 91 of 100 seeds succeeded in auto cycle

“Dahengu (IHEP)

* Error simulation analysis shows that the corrected booster design can
basically meet the aperture requirements.

* In the design process, taking into account the sensitivity of errors can
effectively improve the performance.

* Hardware can now meet the needs of large-scale computing
simulation.

* The process of linear correction has been improved, and the next step
will turn to the study of specific effects such as multipole field,
dynamic error, etc

Eiji Kako (KEK, Japan)
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THE Orbit X SEFM ve Seets. Mean= 130.0239,m

Correction Result

0.130/0.072

Orbit (mm)
Beta Beating(%) 0.48/0.14

1.82/3.5

A Dispersion(mm)

# All quads used in correction independent

= Linear parameter and DA is recovered well
after correction

# The results show that TME has advantages
in error sensitivity, which is consistent with
the previous estimates i
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-

DA result
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on DA

aperture is acceptable
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TMIE LY SEPM vE Seeds. MEans T2 E1m

TME Bata Beating ¥ #BPM v seeds. Mean=0.12563%

Bew Beaneg ¥ %)

#~ After correction, the DA reduction caused
by error effect is reasonable
» The multipole field effect has little effect

# The effect of off momentum on the
» Error simulation analysis shows that the

corrected booster design can basically
meet the aperture requirements.

30



Highlights of the accelerator R & D for CEPC

G Center for =
\\ Applied
CASA Superconducting g
Accelerator
N SHBEEMES L2 — ;

1. Progress on accelerator technologies for CEPC

e RF Technologies: Normal-conducting structures, Klystron, RF delivery system, LLRF
e SRF Technologies: SRF cavities, Cryomodules, Cavity performances, HOM couplers
e Magnet Technologies: Collider ring, Booster ring, Kicker magnet, SC magnet

e Accelerator Key Systems: Vacuum, Separator, Instrumentation, Control, Support

2.  Novel accelerator concepts for CEPC

e Cryogenic system, Dump system, Radiation shielding, HOM, Polarization, SR application

3. Global accelerator design issues for CEPC

e Beam dynamics, Beam instabilities, Error correction

4. CEPCsite choice: 1.Qinhuangdao, 2. Huzhou, 3. Changsha, Installation and Alignment

5.  Summary

Eiji Kako (KEK, Japan) CEPC2021 workshop in November 11, 2021' 31




CEPC Site Choice @

SRBEEMER T —

1. Qinhaungdao
(BEXBE™)

2. Huzhou
GBI )

3. Changsha
(Ba)

Sites choice and
technical challenges:
Y. Xiao (Qinhuangdao)
K. Huang, (Huzhou)

Z. LI (Changsha)

T3 candidates | e ———
fOr CEPC S|te _ W : y San?ne : . Sgrig{:fr::;leSfate s

Huzhou

-
Klystron Gallery

Collider ring tunnel (RF)

Overview of the CEPC Project
by Haijun Yang (SJTU)

~
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CEPC Site Choice

Installation and Alighment

Findings;

* Installation strategies
e Alignment strategies
e Vision instrument R&D

by Xialong WANG (IHEP)

. CEPC installation strategy

Component alignment precision requirement

=, Center for
W Applied
| Superconducting
Accelerator
HRBEEMmERtE 2 —

—. CEPC alignment strategy

L ]

. Control network construction.

HDEC CPM, Civil construction will be divided into )
two phases. /I, =3 \

Installation and alignment scheme is made based on k 7 /’/
the civil construction schedule, includes two phases. L ; &

project period is :3 years and 9 months n

Tasks:

Control network measurement
Support setting out and installation
Component fiducialization

Ring installation and alignment.

Linac and BT installation and alignment
Smooth alignment

Provide by physics group

fmm Jmm fmm Jfmrad | /mrad | /mrad

Arc Dipole 0.1 0.1 0.1 0.1 0.1 0.1

Arc Quadrupole 0.1 0.1 0.1 0.1 0.1 0.1

Are Sextupole 01 0.1 0.1 0.1 01 0.1
IR Quadrupole 0.05 0.05 0.05 0.05 0.05 0.05
IR SCQ 0.05 0.05 0.05 0.05 0.05 0.05

IR Sextupole 0.05 0.05 0.05 0.05 0.05 0.05

RF. injection. Linac alignment requirement reference to the arc region
components

Error sources

1. Alignment control network error

2. Component fiducialization pre-alignment error
3. Measurement error

4. Installation adjustment error

Vision instrument introduction

Tunnel control network

& Providing position reference for component
installation and alignment

e Along CEPC tunnel, will be evenly distributed
with an interval of 6 meters

# 4 control points each section
e Using laser trackers and levels carry out
tunnel network survey

i.

i A TR

Vision instrument R&D status

Eiji Kako (KEK, Japan)

o Workload of CEPC alignment xag e
Noete 1 4

> Tunnel length 109.55km : 100.034km N g
main ring + 6.64kmIR booster tunnel + 5;'" r s ‘ : ¥
1.21km Linac + 0.06km DR+ 1.07km BT ._i:'-w"' e : o s
+2X0.268km BT Eh '/

» Component quantities: 41563~ “Jrr r 1] Tl
52155 e T2

» Use laser tracker 18259 X2=36518
stations.

» 1group 10 stations / day. 12
groups, 1 year

» Measurement workload is very heavy,
need to improve measurement
efficiency.

Ring tum*ai'
.vﬂ

o Completed the components assembly

e Completed the motion test after installing the camera and
rangefinder

CEPC2021 workshop in November 11, 2021’ 33



Highlights of the accelerator R & D for CEPC
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1. Progress on accelerator technologies for CEPC

e RF Technologies: Normal-conducting structures, Klystron, RF delivery system, LLRF
e SRF Technologies: SRF cavities, Cryomodules, Cavity performances, HOM couplers
e Magnet Technologies: Collider ring, Booster ring, Kicker magnet, SC magnet

e Accelerator Key Systems: Vacuum, Separator, Instrumentation, Control, Support

2.  Novel accelerator concepts for CEPC

e Cryogenic system, Dump system, Radiation shielding, HOM, Polarization, SR application

3. Global accelerator design issues for CEPC

e Beam dynamics, Beam instabilities, Error correction

4. CEPCsite choice: 1.Qinhuangdao, 2. Huzhou, 3. Changsha, Installation and Alignment

5.  Summary

Eiji Kako (KEK, Japan) CEPC2021 workshop in November 11, 2021’ 34
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Summary of Accelerator R &D for CEPC @

Center for
Applied
Superconducting
7 Accelerator
AR ﬁ NiEdEt

1. A number of staffs with expertized knowledges and experiences

have presented their excellent works and studies in this WS.

2. Remarkable progress in accelerator R&D for CEPC project has been

made between CEPC2020 in Shanghai and this CEPC2021-WS.

3. Many challenging R&D efforts in key accelerator technologies
have been certainly going advance and will conduct the realization

for constructing the CEPC accelerator.

-~

\i Kako (KEK, Japan)
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Thank you for your attention.

Prof. Eiji Kako

Accelerator Lab.,

KEK, Japan

voice: +81-29-864-5200 ex. 4325
fax: +81-29-864-3182

\ email: eiji.kako@kek.jp

\i Kako (KEK, Japan)
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