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» Overview of e*e- HEP colliders
LC projects: ILC, CLIC
CC projects: FCC-ee, CepC

» The CepC project _g

Luminosity, Lattices and Beam dynamics
Injection Schemes

Technologies: SCRF, Klystrons, Magnets,
Instrumentation, SR, Vacuum....

> Issues, Challenges and Perspectives T N,



Luminosity recipe: linear vs circular
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The way to reduce SR power 1s to reduce beam currents in both electron and positron beam.
To keep luminosity high, one would need to reduce one, two or all 1n

JB.B, -\Jee, 1.

LLR Perspectives 2019 16-19 September 2019



Luminosity recipe: iinear vs circular

» In storage rings additional limitations N 7.3
appear: beam-beam tune shift and IP £ . = ToPry <01-—05
chromaticity (small B,) which favors WY 2my oy (0y + 0)
high beam currents, large emittance
and high collision frequencies

> In linear the relevant number is the D = f =t O
disruption parameter Ve (0} +0'}..)0'x,y

> At high-energies the most dangerous effect
is begmstrahlung:_SR in strong EM field of 4 [ A
opposing beam during collision. It can cause <AY>=—\/;N2 ey
significant amount of energy loss, induce 9V3 o o,

large energy spread and loss of the particles.
Using very flat beams is the main way of
mitigating this effect

for c_>>o0



Luminosity recipe

Luminosity cannot be fully Beam Beam/ F
demonstrated before project 7 eamstrahlung
implementation:

» Luminosity is a feature of the facility
not the individual technologies

» Relying in experience, theory and
simulations | Focusing
» Foresee margins ability

LLR Perspectives 2019



Luminosity recipe: the “dreamt” Luminosity

Luminosity per facility D. Schulte, Granada 2019

1000 — — .
; FCC-ee —+—
CEPC -3¢
Energy dependence: ILC o
— ILC-up. - .
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At low energies circular colliders ;s : BLIGUp <sdpss
surpass O
. . (90)
« Reduction at high energy due to SR = 16 |
- O ,-""‘:.
At high energies linear colliders 4 Flcmet Dl -
excel / e ®T R
 Luminosity per beam power roughly / 1005\
constant E... [GeV]
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Schedule Implementation { \

European Strategy,

Possible scenarios of future colliders ™ Proton collider mmmm—= Construction/Transformation: heights of box construction cost/year
Bl  Electron collider

1 Electron-Proton collider

Preparation

= F ILC: 250 GeV 500 GeV 1 TeV
§ years. 20km tunnel SR 4ab? =454 ab?!
31km tunnel 40 km tunnel
(3}
c CepC: 90/160/240 GeV SppC: = FCC-hh
5 100km tunne! IETSFIFFIFSR
CLIC: 380 GeV 1.5 TeV 3 TeV
S years 11 km tunne! ENIFEIREEY 2.5 ab? 5 ab!
29 km tunnel 50 km tunnel
FCC hh: 150 TeV =20-30 ab™?
8 years 100km tunnel
=
o
8 FCC hh: 100 TeV 20-30 ab™?

FCC hh: 100 TeV 20-30 ab™?
8 years 100km tunnel

HL-LHC: 13 TeV 34 ab? HE-LHC: 27 TeV 10 ab™?
2years 178/6yea ;’;illgﬁgv FCC-eh: 3.5 TeV 2ab?
EEEEE TP ENEETRENE SN NEEEnES TR ENENEnDE TENEENENEE ST EEEEEE EamEEeElEENEE s
2020 2030 2040 2050 2060 2070 2080 o4/10/2019 2090 4

Note: U. Bassler CERN-ESU-005, 29 September 2019




Schedule Implementation al

Europear ~

Possible scenarios of future colliders : Proton collider “g

Electron collider L )
1 Electron-Proton colli-

- ILC: 250 GeV oo 0‘
o 4 years 20km tunnel [SCRSETEEE 0
L

\ 66 K 0 FCC hh: 150 TeV =20-30 ab™?
W O 0 Y —
N @ x\°
R
- oS (S —
- RN = —

..2TeV FCC-eh: 3.5 TeV 2 ab™?

CERN

2years 17B/6w

S »-1 ab1®

-
2020 2030 2040 2050 2060 2070 2080 o4/10/2010 2090
Note: U. Bassler CERN-ESU-005, 29 September 2019




Matured SRF technologies

ILC250 accelerator facility

P 11 ] ILC Cost-Reduction R&D in US-Japan Cooperation

CM. Enerey 250Gev Based on recent advances in technologies; poes L-band SRF Linear Accelerator Technology

R. Geng (JLAB)

e- Main Linac
20km ‘ < Tabrication process of Nb sheets far . : : A
— I.e«gth _ - * Nb material /sheet preparat|0n su,.,iﬂau“in.f,v<.*. Impact to Nuclear, Elementary Particle. and Photon and Medical App
Luminosity 1.35x10% cms? 60 1 L L 1 1
£ . Repetition Sz - w/ optimum Nb purity and clean surface itk Aol
Py Detecor = e e, " w1 oon
'JLAB FEL: Jeflerson Lab Free Blectron Laser R&D Goa High Gradiert RED
e- Source Beam Current 5.8 mA (in pulse) 50 ELBE: HZDR Elockon Livoa accskeaor me&;m&Lm Emmncs e ——
e+ Main Liinac Beamsize (y)atFF 7.7 nm@250GeV ng mu? Atvanced I:a: IsctopE Laborar m ILC:
e :1.5 M‘,l/"; SNE Shangion rog Brgpiness Prason Faciny g Accept:35 MV/m +/-20%
(35 MV/m) ¥ ] 2
Q Q=110 pee 40 FAS’Y ﬁzw:;u.an Aecsiorslor Sciorca a0 Tocoloy . Operate: 31.5MV/m +/-20%
§ E Affn. !uwunA Rty Free Ehnntu..,n L) W S EIGESh,
> WG Intarmatoral Linear Colkder G 2X 125 GeV ina|
o 2 s | -
N dopin, $ o 38 European XFEL
Hpr © s
Nano-beam Technology = w 800 cavities
danpng extraction| - 5/120C] 20 4 (10% of ILC ML)
M = ,/ L SRF Accelerating Technology . ;... &dum S ‘-.\ ’;\ L
—-— = P ntug:
_/‘ 3 >< 8,000 SRF cavities will be used. ' 120c bake
™ bunch e main linac o 10
compressor colimation EE Anna Grassellino
S o TTC2019 Vancouver
» | ) 0 T
b % ) » » £
{ EaccMVIm) 2 1970 1980 1990 2000 2010 2020 2030
RLGENG26DEC018 12
Nano-beam R&D at ATF2 " _— jear
Rg— Worldwide large scale SRF accelerators
(E) , nu\Mvmnvol Toxvo Sl A":‘n:‘i"::’ei
L T
G e W 3= Fermilab Collider (ILC) (Plan)
] European
Goal 1: Establish the ILC final focus method with same optics Goal 2: Develop the position stabilization for the ILC collision
and comparable beamline tolerances @ FBlatency 133 nsec achieved  (target: < 366 nsec) o o b Euro-XFEL
ATF2 Goal : 37 nm = ILC 7.7 nm (ILC250); achieved 41 nm (2016) ® Positonjitter atIP: 106 => 41 nm (2018) (limited by the BPM resolition) e > K 17 Operation started from 2017
- — —— - : LCLS-| || + HE (under construction) :;gg cyrvc')tmodules ¢ C.
! inal Focus atching Ixtraction Line \ cavities £eo?) -
_ o % -35% 20 cyromodules - 3 DESY) 4 |
' I 11 e Nano-meter stabilization at IP e -280'+ 160 cavities ‘. 17.5Gev (Pulics) & S
Due W S e v o (2018) -4+4GeV (CW) / ” LAL/Sacray®
{ L T ®suc 8 o e s
e~ Wire scaaers R
] ‘N\ 3 LLs-i International Development Team (IDT) e
[P pote Woie 1 Shew Damping Ring .| FB off FBjon SHINE (under construction) ,’b
200, - -75 cyromodules i N g
% 350 History of ATF2 small beam A5 Pre-preparatory Phase Main Preparatory Phase Construction Phase -
& 30 .
§ | 1 Skew Sextupole Instolied | PR 20208 (2022) About 4 years (2026) About 9 years (2035)
2 20 4 Skew Sextupole Installed i 8 International :
B 150 . ew Sextupole Modification 2 lCB/'.CC ~ Interr e
2. @ 4FF Sextupoles Devel t Team
2 : .o 44 b a1 o 1 L B
g o om b Bunch Position (um 5 g j
2000 201 202 L IF1E] 2014 201! 42016 { ,
Sonkipale Sroiprid i CEPC workshop ILC acc. 9 L% . . : ICFA
&_ iz 1.3GHz 9 cell cavity

IDT: to prepare for smooth transition to the ILC Pre-lab
* Prepare a proposal for the organization and governance
Enecutive Board of the ILC Pre-Lab

* Prepare the work and deliverables of the ILC Pre-
Anericasbiiian AndrmLandord UCIrioe) laboratory and workout a scenario for contributions with

Working Group 2 Chair Shinichiro Michizono (KEK) " .
Working Group 3 Chair Hitoshi Murayama (UC Berkeley/U. Tokyo) national and regional partners

Executive Board Chair and Working Group 1 Chair Tatsuya Nakada (EPFL)
" KEK Liaison Yasuhiro Okada (KEK)
' Furope Lisison Steinar Stapnes(CERN)
Asia-Pacifc Laison Geoffrey Taylor (U. Melboure)

ILC International Development Team

Working Group 1 Working Group 2 Working Group 3
Pre-Lab Setup Accelerator Physics & Detectors
v

CEPC workshop ILC acc




timeline

Proposed e*e linear colliders — CLIC

The Compact Linear Collider (CLIC) == x.,..‘mri?;:’. ('/'I,
* Timeline: Electron—positron linear collider at | = 3337:2% 5
CERN for the era beyond HL-LHC (72035 Technical /

Schedule)

* Compact: Novel and unique two—beam accelerating ‘é .
e ST technique with high—gradient room temperature RF 2
omne seam 003 b 5
S cavities (720" 500 cavities at 380 GeV), ~1llkm in g o
its initial phase 2 Ramp—up end up—time
2 assumptions:
* Expandable: Staged programme with collision § arXiv:1810. 13022, Bordry et
al.
E

energies from 380 GeV (Higgs/top) up to 3 TeV

)

TSRO

(Energy Frontier)

* CDR in 2012. Updated project overview documents in

Accelerating structure
protot},/;i for CLIC: 2018 (Project Implementation Plan). See resource Technology Driven Schedule from start of
12 GHz (L~25cm) slide. construction on the right.

|

A preparation phase of ~5 years is needed before . -
* Cost: 5.9 BCHF for 380 GeV (stable wrt 2012) (estimated resource need for this phase is ~4% of 380GeV Physics i 1.5TeV Physics \ 3ToV Physics

* Power: 168 MW at 380 GeV (reduced wrt 2012), overall project costs) 1967 H 25ab7" 3 sab7!

inar Stapnes

CLIC acc. studies 2019/20 - some examples

X-band technology:
Further work on luminosity performance, possible improvements and margins, operation at the o » Design and manufacturing of X-band structures and components
Z-pole and gamma-gamma 2 o *  Study structures breakdown limits and optimization, operation and conditioning
3 o Sk :
* I pole performance, 2.3x10% - 0.4x10% cm? s 7 i Baselmevenﬁ@tnnandatp.hre.nenis
*  The latter number when accelerator configured for Z running (e.g. early or end of e o0osf N\ + Assembly and industry qualfication
first stage) ES - *  Structures for applications, FELs. medical, etc
* Gamma - Gamma spectrum (example) = om \ N
* Luminosity margins and increases %S 0.02 N
* Baseline includes estimates static and dynamic degradations from damping ring to 3 Technical and experimental studies, design and parameters:
Il?: 15 x 103 cr!rZ sl a “perfect” machine will give : 4.3 x 10¥ cm2 s, so °o R 1GOTAE0 200 250 500 ath A00 *  Module studies (see some targets for development below)
significant upside Eo (GEV] +  Beamdynamics and parameters: Nanobeams (focus on beam-delivery), pushing multi TeV region (parameters and beam
o _Ia mpbai. doubling the frequency (50 Hz to 100 Hz) would double the luminosity, structure vs energy efficiency)
MNP and “5% cost increase *  Testsin CLEAR (wakefields, instrumentation) and other facilities (e.g. ATF2)
di Industrial questionnaire: « High efficiency ystrons
Based on the companies feedback, the preparation pha: + Injector studies suitable for X-band linacs (coll. with Frascati)

to the mass production could take about five year:
Capacity clearly available. Talk of of Anastasiya

Compact”  UpGRADE 2schematic Application of X-band technology (examples):

Manufacturing cost (EC1) —— i L « A compact FEL (CompactLight: EU Design Study 2018-21)
< B i M s By z o Compact Medical linacs (proton and electrons)
Inverse Compton Scattering Source (SmartLight)

v =3 ¥ 5 Linearizers and deflectors in FELs (PSI, DESY, more)
Drivebeam klystron: The jystron efficiency (circles) and the peak RF power (squares) simulated for the CLIC TS y . f ! ; 1 GeV X-band linac at LNF

MBK (solid lines) and mglisured for the Canon MBK E37503 (dashed lines) vs total beam power. See more later. p e ' (¢ o - == eSPS for light dark matter searches (within the PBC-project)
i document/3115885 e ST ’ T - More information: CLIC mini week (1.10.2020)

CEPC workshop / CLIC / Steinar Stapnes CEPC workshop / CLIC / Steinar Stapnes



ucceeding the HL-LHC?: The FCC integrated program

inspired by successful LEP — LHC programs at CERN

Comprehensive cost-effective program maximizing physics opportunities

Stage 1: FCC-ee (Z, W, H, tt) as Higgs factory, electroweak & top factory at highest luminosities
Stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, with ion and eh options
Complementary physics

Common civil engineering and technical infrastructures

Building on and reusing CERN's existing infrastructure

FCC integrated project allows seamless continuation of HEP after HL-LHC

AUIP) A =L DS
4§ 0w L *, B —L_sep
AT Sa - arc
Exp.
Inj. + Exp. I Inj. + Exp.
Nl o
1.4km :J/ Ve =
s Schematic of an

80-100k
pwp J || Beoll  « 28km — extraction l_D |‘ long tunn::
7 .
1.4km %
21N .

B e T Rl P
s e

H & F FCC-hh ‘m

double ring e*e" collider ~100 km

FCC-ee basic design choices

((FE5) FCC-ee Collider Parameters

follows footprint of FCC-hh, except around

IPs z ww H(ZH)
asymmetric IR layout & optics to limit . L [ S . L e
- beam current [mA] 1390 147 2 54
synchrotron radiation towards the detector -
no. bunches/beam 16640 2000 393 48
presently 2 IPs (alternative layouts with 3 Or  bunchintensity (10 | 12 | s 15 23
4 IPs under study), large horizontal crossing SR energy loss | tum [GeV] | 003 034 172 921
angle 30 mrad, crab-waist optics total RF voltage [GV] | od 044 20 | 108
T long. damping time [turns) 128 | 25 | 2
synchrotron rad!atlon power 50 MW/beam S = - ™ -
at all beam energies; tapering of arc magnet tcalbeta ) 08 1 1 16
strengths to match local energy Horiz. geometric emittance [nm) | o | om 063 146
common RF for tf running Entiguu anttascs [pe) I . S | . 13 2
bunch ength with SR BS [mm) | 351121 | 30160 33153 | 20025
top-up injection requires booster Juminosity per IP [10% cms™) | 20 | 2 85 155
synchrotron in collider tunnel beam Hetime rad Bhabha / BS min) 68/>200 | 49/>1000 | 38/18 40/18

FCC-ee low-cost, energy-efficient arc magnets

FCC-ee arc vacuum chambers and integration

twin-dipole
magnet design
with 2x power
saving 16 MW
(at 175 GeV),
vith Al busbars

R. Xersevan, C Garion

twin F/D arc

.. quadrupole design
with 2x power
saving; 25 MW (at
175 GeV), with Cu
conductor

Vacuum system prototype
at WE mie?

- S
chambers feature lumped p
SR absorbers with NEG-
pumps placed next to them,
construction of chamber
prototypes and integration
with twin magnets

2900
units,
00577,
~22m

2900 units,
10 T/m,
31m

& : vacuum chamber cross section: 70 mm 1D with “winglets” in the plane
prototype of the orbit (SuperKEKB-like)

A Milanese, Efficient twin aperture mognets for the future circulor e/’
collider, Phys. Rev. Accel. Beams 19, 112401 (2016)

FCcC FCC-ee R&D: RF, cryo-modules, power sources

R&D aimed at improving performance & efficiency and reducing cost:
P! Nb/Cu ing (e.g. ECR fibre growth, HIPIMS)
* new cavity (e.g. EHF, impi )
« coating of A15 superconductors (e.g. Nb,Sn), - cryo-module design optimisation
* bulk Nb cavity R&D at FNAL, JLAB, Cornell, also KEK and CEPC/IHEP
* MW-<class fundamental power couplers for 400 MHz; - novel high-efficiency klystrons
Task 0 C and

prototype FCC SRF cavities at JLAB high-efficiency klystron at CERN :
- " Task 1 e#/e- 6 GeV Injector Linacs - CERN/PSI
" - Jefferdon Lab = T =R S Task 2 e+ and e- Linac extension study (Linac 4) - PSI/CERN (G| ‘

Task 3 Positron source: target and capture system —

1JCLab/CERN/PSI/BINP
Task 4 Damping ring and transfer lines ~ LNF/CERN

- pSI/CERN SwissFEL 6 GeV C-band Linac

i SRRSO

-
.

[ 2=

=

800 MHz 5-coll Nb New klystron

prototype | JLAB bunching methods: Task 5 CDR+ PSI/CERN,1iClab/LNF,BINP
LHC klysti [Rem—— i i - :
retrofit as prvoso;‘:; .......:n'; - Task 6 PoP e+ source in SwissFEL FCC-ee demonstrator e+ source at SwissFEL
principle for FCC Sansated W gewes VW] o " MCERN/"c'ab/BINP for e’/e* conversion & capture efficiency
ey ] “ »

e 22036 22340 first
start tunnel machine colllsions
installation

construction

2028 approval
2026/7
ESPPU
2025/26 22026 - 30 full
2014 FCC 5000 Feasibility proof technical design
study kickoff ESPPU 2020 FCCIS

2018 FCC CDR 2025/26

Financing model
Operation concept

2013
ESPPU

kickoff

today
2012 Higgs discovery announced

2011 circular Higgs factory proposal

12



ucceeding the HL-LHC?: The FCC integrated program

inspired by successful LEP — LHC programs at CERN

Comprehensive cost-effective program maximizing physics opportunities

+ Stage 1: FCC-ee (Z, W, H, tt) as Higgs factory, electroweak & top factory.z ESt luminosities g oy ' Lt
« Stage 2: FCC-hh (~100 TeV) as natural continuation at energ pertter, with ion and eh options vith Al busbars . e TP i
+ Complementary physics ;

Common civil engineering and technical infrastrug

twin-dipole

R. Kersevan, C. Garion

maonot d twin F/D arc
with 2x power n »= Quadrupole design

Vacuum system prototype
at IUE temie?

2900 2900 units, v
units, 10 T/m, SR absorbers with NEG-
0.0577, 31m
~22m pumps placed next to them,
\ construction of chamber
prototvne- - ges section: 70 mm ID with “winglets” in the plane
prototype

oTNgorbit (SuperKEKB-like)

‘ a“ jector work nrogram ﬁ'

.

A Milanese, Efficient twin aperture mognets for the future circulor e/’
collider, Phys. Rev. Accel. Beams 19, 112401 (2016)

Schematic of an
4 80-100 km
s long tunnel

40206 Gv

= i

SwissFEL 6 GeV C-bar§ Linac

- parameter optimization - PSI/CERN
.- o GeV Injector Linacs — CERN/PSI
103k 2 e+ and e- Linac extension study (Linac 4) - PSI/CERN (G| ‘

e Task 3 Positron source: target and capture system —
m 1JCLab/CERN/PSI/BINP
. ANl Task 4 Damping ring and transfer lines ~ LNF/CERN
S “ e -z-“mifm:.‘l Task 5 CDR+ PSI/CERN, liClab/LNF,BINP

CHC KIyStron s it = Task 6 PoP e+ source in SwissFEL -

re:’ov:::lsep':)’o; cocf pesmtiomcl o/ BN - - PSI/CERN/1JClab/BINP
incij Doy 1] - »

FCC-ee demonstrator e+ source at fJWissFEL
for e'/e* conversion & capture effifléhcy

H (2H) ttbar
- 80 120 1825 -
"o | W » 54
J— | tos0 | 2000 33 4 - 03 22040 first
- bunch intensity [10"] 17 15 15 23 ctart tunnel  machine collisions
_.«atl Crossing SR enargy loss / tum (GeV] 0.036 0.34 172 921 construction  installation
angle 30 mrad «aist optics total RF voltage [GV] | o1 | o 20 108 2028 approval
synchrotron rad! jon power 50 MW/beam mx’:?:[wl i ;2:; { ?: ;‘; 210 SCI):J
at all beam energies;¥pering of arc magnet votical bea* ] T 1 16 2025/26 :
strengths to match local esergy R dRowsb e ek sl | ez | oz 063 146 2014 FCC — Feasibility proof hnical desi
Gamumon RE Tor {2 runnkig ﬁm@mﬁ?{m " 351/‘1021 ' 301700 331;353 zoz}szs 2013 Y ams rec cor hoff 2025/26
top-up injection requires booster lumiositype P [10% cms ] [ ™ | = 85 155 P i ool
synchrotron in collider tunnel beam Hetime rad Bhabha | BS [min) 68/>200 | 49/>1000 | 38/18 40/18

today
2012 Higgs discovery announced

2011 circular Higgs factory prog
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CC based on proven techniques from past colliders and light sources

Mt. Tsukuba

e — RSP e —— SuperKEKB Accelerator
'ds Bl:P C-'IDU * ‘BlNP c-tal CEPC-W ¢ .FCC-H d.OUble-ring lepton Co"iders’ SUP?TKEKB I‘\CCeieratro" .. Bellell Dete;tor
HIEPA citau” o KEKB b high beam currents, -
4 CEPC-H o FCC-t

top-up injection

[

0 : ' s
§ DAFNE “eesg < DAFNE: crab waist, double ring — un.=~ Caniitie
3 0" Ve Super B-factories, S-KEKB: low B * oo | =1 .
1 .
£ BEPC )
5 VEPP-2M % VEPP%4M .
i ? R Aigh the world-highest luminosity (a measure
16° « ADONE VEPP-4M, LEP: precision E calibration ollision frequency) by using a novel “nano-
) s beam scheme” collision.
ADONE « Marica Biagini KEKB: e* source Jo™ History of Peak Luminosity (e+/e- colliders) g, r‘EKB
107 10%° I | I | f { Design value:
0.1 1 10 100 1000 HERA, LEP, RHIC: spin gymnastics ~8x10% cm? 51

c.m. Energy (GeV)

‘ ;: 103‘ °
£ PEP-II
- combining successful ingredients of several recent colliders = highest luminosities & energies . T 10" i 3
g - = BEPCII
g o g q . g . E 10 DORIS Ii ® PEP
Difficulties in optical correction of the rings ~ Background noise to the detector =R TR, LA 4
: S - . : SPEARe / o LEP1 |
" TBefore orbit tuning Damage of head (D02_V1) generated 2019brun 10% SOORS TRISTAN | BEPC
i | | H 1970 1980 1990Y 2000 2010 2020
50 ear

Now operating with the world’s smallest ,By* of

0.8 mm, lower than the bunch length of ~6 mm.
History of 8,

Very short beam lifetime

1y |mm]

e Bl ) : TS ) e A R e TR R
i After orbit tuning(+ optics correction) QCS aperture with collimators
=100 T T T B
-1500  —1000 =300 0 500 1000 1500 collimatdg(mm) SPEAR
Lifetime: 591.2 sec 1= —
Postion s [m] T T T T vaz 5%? o 107 . e LERBEPC VEPP-2000 3
lifetime : 10 min aer A E PETRA  ae L
o - 1 =
] et 3 3 TRSEN o .
& l.::«.'l..‘ { ooz s e - - BERI .BEP(:.
N YN —_ 102 CESR >
St .t 1 oo e 8] E ¢ DAFNE & e
. . . - o .
WML 48 . - 1
talnlpg (VerY) L = F \'.. o :Eﬁ‘ ‘:.Z' g I | mm-world KEKB Fec-off]
. i el 1.3) r .
: . 9 3 0 ‘ll * - W i -3 ‘:l 109 CEPC |
¥ (20200) M 73
pum-world w Design
World record!
PEVE SPTSNSPTST (DS TUE RS ] i
1980 1990 2000 2010 y 2030 2040




CEPC Roadmap and Schedule (ideal)

CEPC Project Timeline

CLP. Goals and Plan

& £ & S

- { & : J SPPC e Desi h R&D

- 20166180 fundediy osT s zow B esign enhancement +

* 2018.5 1* Workshop outside of China . . . . .
5 | (20Ut Nelowas B CDi * Validation, & industrial preparation
o 2019 —acc. TDR proc. Started, R&DD
é * Site selection, enginecring dEfiE", * Tunnel and infrastructure construction .
- e [P prudicton ek * Best prepare CEPC national government’s approval
§ * 2013.9 Project kick-off meeting . . . .

+_2015.3 Release of Pre-COR Realization of thf CEPC project, the experimental program

* 2018.2 1% 10T SC dipole magnet * 20T SC dipole magnet R&D with
Nb;Sn+HTS or HTS

* 15T SC dipole magnet & HTS cable R&D

HTS Magnet R&D Program

CEPC Industrial Promotion Consortium (CIPC) Progress and updates — Intl Collaboration
Collaboration Status

CEPC Site Selection Status

» Strengthen cooperation with CERN (paying close attention to EPPSU)
» Active in CALICE collab., ILD TPC collab., RD collab.

» First international workshop on CEPC in Europe — Rome May, 2018
Second CEPC workshop (EU) in Oxford, UK, April 15-17, 2019
Third planned for Marseille, France, May 4-6, 2020

Established in Nov. 7, 2017

= 2020.1.2 2020.6.5
2019.12/8-11 and 2020.1.8-10 . ituti i o .
Chuangohun sitings updat Such 8 IHEP SCIPC 70 companies) " Fulan Digtal Valey on nformation _Hefe Keye and Befing PudaDial postponed to 2021 due to the COVID-19 pandemic
B Now: Sionea CERC Propmotion Fund o S : H
: e Company Liiadong Exgineciing Contribution with IHEP » First US workshop at UChicago, September 16-18, 2019

& Cooperation Company,and Zhongnan Company on
58 2019.08. 19-20 Changsha siting update CEPC civil engineering design, site selection,
mplementation.

|
-Shenyang Huiyu Company on CEPC MDIRVC
design

» Second US workshop April, 2020 (online)
Catholic University in Washington DC, USA

1) Qinhuangdao, Hebei Province (Completed in 2014)

2) Huangling, Shanxi Province (Completed in 2017) -Keye Compant on CEPC magntes desgins and SC
3) Shensh i in2016) Strong support from Qwuznm gﬁmbunﬁnegm"
4) Huzhou, Zhejiang Province (Started in March 2018) I o igh effic » HongKong IAS HEP Program, 2019, 2020, ...
e b m local governments Kuanshan Guoli on CEPC 650MHz high efficiency 2019122526 i | 1t 4 g . g ) ) )
6) Changsha, Hunan Province (Started in Dec. 2018) gi;ggoar"»gEngineea"uE mmq;lmﬁpany,m Jiutian Vacuum company 2019.1218-19 visit Keye Company » 2019 CEPC International WOI’kShOp at IHEP (~360)
ignement
Seing Pdacta company o Algment » Fifth CEPC IAC meeting (Nov. 21-22, 2019), 6% Oct. 29-30,2020

2020 CEPC International Workshop

26 -28 October 2020



CEPC Roadmap and Schedule (ideal)

CEPC Project Timeline

© $ & & &
$ & $ $ § §

Goals and Plan

* Design enhancement + R&D

Construction
+ 20166 R&D funded by MOST . Higgs  Z W

* 2018.5 1* Workshop outside of China E
= + 2018.11 Rel f COR ! H H H 1 H
e | * Validation, & industrial preparation
S * Site selection, engineering de?ign, * Tunnel and infrastructure construction : -
3 S Q| v i oot B Best prepare CEPC for national government’s approval
% * 2013.9 Project kick-off meeting ' : . . . .

+_20153 Release of Pre-COR : * Realization of the CEPC project, the experimental program
E and pursue the science
* 2018.2 110 T SC dipole magnet + 207 SC dipole magnet R&D with ; . . . .
: Nb.Sn+HTS or HTS | * International collaboration and coordination
* 15T SC dipole magnet & HTS cable R&D :
‘
CEPC Accelerator TDR R&D Priority, Plan and Test Facilities 7) MDI mechanic system (Remote vacuum connection be test in 2022)

Red Color means R&D issues have test facilities

1) CEPC 650MHz 800kW high efficiency Klystron (80%) (at the end of 2021 8) Collimator (Complete model test in 2022)

complete the fabriation, finish test in 2022)
P 9) Linac components (Complete key components test in 2022)

2) High precision booster dipole magnet (critical for booster operation)

(Complete real size magnet model in 2021) 10) Civil engineering design (Reference implementation design complete
in 2022)

3) CEPC 650MHz SC accelerator system, including SC cavities and cryomules

(Complete test cryomodule in 2022) 11) Plasma injector (Complete electron accelerator test in 2022)

4) Collider dual aperture dipole magnets, dual aperture qudrupoles and 12) 18KW@4.5K cryoplant (Company)

sextupole magntes(Complete real size model in 2022)

gppC technology R&D

5) Vacuum chamber system (Complete fabrication and costing test in 2022)

6) SC magnets including cryostate (Complete short test model in 2022) Ion based supercondcuting materials and high field magnets
T 2 21
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CEPC Roadmap and Schedule (ideal)

CEPC Project Timeline

Goals and Plan

- . . g 't, the experimental program
* 2018.2 1% 10 T SC dipole magnet * 20T SC dipole magnet R&D with

: Nb.S+HTS or HTS “ g o coordination
* 15T SC dipole magnet & HTS cable R&D
HTS Magnet R&D Program \ R
‘ection be test in 2022)

) o S o S o
$ & & &
SPPC .
3 .
+ KaD im0 sz w R Design enhancement + R&D
« 20185 1% Workshop outside of China : . . . . .
5 | (20Ut Nelowas B CDi ! * Validation, & industri=' - paration
8 + 2019 —acc. TDR proc. Started, R&DD 1 ’
S * Site selection, engineering design, * Tunnel and infrastructure construction '
Q technology & system verification + Acc. components mass production; Installation, | Best prep=- a | governme nt’ s approva |
% alignment, calibration, and commissioning :
é «  2013.9 Project kick-off meeting 99
+2015.3 Release of Pre-COR .
I
1
I
I
]
I
1
!

CEPC Acceler>*-

1) CEPC 650MF \‘T\P‘l

_-1In 2022)

complete the fai e\e‘ )
Gc a s (Complete key components test in 2022)
2) High precision . A (
(Complete real size ( o -v) Civil engineering design (Reference implementation design complete
‘ ’ in 2022)
3) CEPC 650MHz SC ..aIES
(Complete test cryom 11) Plasma injector (Complete electron accelerator test in 2022)
4) Collider dual apertur .. aperture qudrupoles and 12) 18KW@4.5K cryoplant (Company)
sextupole magntes(Com _.inodel in 2022)
5) Vacuum chamber system (Complete fabrication and costing test in 2022) SppC technology R&D

6) SC magnets including cryostate (Complete short test model in 2022) Ion based supercondcuting materials and high field magnets
—— ) 2

2020 CEPC International Workshop

26 -28 October 2020



CEPC Roadmap and Schedule (ideal)

CEPC Project Timeline
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Goals and Plan

"’055

)
v

alignment, calibration, and commissioning
* 2013.9 Project kick-off meeting &
* 2015.3 Release of Pre-COR

£k 3 SPPC .
* Design enhancement + R&D
« 20166 R&D funded by MOST [ Hges Tz w | e 8
* 2018.5 1* Workshop outside of China
. . .

5 40141 Kefobon 5 OO0 . & industrial preparation
8 * 2019 -—acc. TDR proc. Started, R&DD
3 * Site selection, engineering design, * Tunnel and infrastructure construction
é’ technology & system verification * Acc. components mass production; Installation,
o
&
o

ealization of the CEPC project, the experimental program
and pursue the science

* 2018.2 1% 10T SCdipole magnet * 20T SCdipole magnet R&D with
Nb;Sn+HTS or HTS

International collaboration and coordination

* 15T SC dipole magnet & HTS cable R&D

HTS Magnet R&D Program

Monday, OCtObel’ 26, 2020 Tuesday' October 27’ 2020 WedneSdaYI OCtOber 28/ 2020

Accelerator Accelerator Accelerator DI, Magnet and Integration

. - - Accelerator . .
Conveners: Dr. Anton Bogomyagkov (BINP), Dr. wenhui huang (Tsinghua University)  Conveners: Marica Biagini, Eiji Kako (KEK) Convener: Prof. Xueging Yan (PKU) Conveners: Younguk Sohn, Dr. Frank Zimmermann (CERN) Conveners: Dr. Manuela Boscolo (INFN), Dr. Sha BAI (##£Ff), Suen Hou (IPAS), Hiroyuki Nakayama (KEK)
Location:  Grand Ballroom B ( Online Meeting Room: https://weidijia.zoom.com.cn/j Location: Grand Ballroom B ( Online Meeting Room: https://weidijia.z¢ Location:  Grand Ballroom B ( Online Meeting Room: https://weidijia.zoom.cc Location:  Grand Ballroom B ( Online Meeting Room: https://weidijiz Location:  Grand Ballroom B ( Online Meeting Room: https://weidijia.zoom.com.cn/j/64951721990 )
o (;E:I:(:: ':h:vn:::? :,T;;ﬁ??;z:;::;m; Z;;Eji"g) 14:00  CEPC SCRF system and R&D 20 08:30  CEPC injection/extraction 20 14:00 Laser Plasma i ion 20 10:30  Latest beam background measurements at Belle II and future prospects 30'
' ' Speaker: Mr. Jiyuan Zhai (IHEP) Speaker: Jihui Chen (THEP) Speaker: Xueging Yan (Peking Uni) Speaker: ~Hiroyuki Nakayama (KEK)
0850  CEPC Collider ring lattice 20" ’
Speaker: Yo u::g ?IHECI‘: 1420 CEPC kiystron R&D 20’ 0850 Plasma injector 20° R N 1420 CEPC radintion protection and dumps 20° 100  Superconducting magnets design in CEPC IR 20°
0910  CEPC Booster 20° Speaker: Dr. Zusheng Zhou (Institute of High Energy Physics) Speakers: Dr. Dazhang LI (THEP), Dr. Wei Lu (Tsinghua University) Speaker: Zhongjian Ma (IHEP) : Sp:;m_ Yingshu: Zhug 9
’ . . . P . 09:10  SPPC issues 20" :
Speaker: Dou Wang (IHEP) 1440 cepc Lma(_: and damping ring R&D 20 Speaker:  Jingyu TANG/Yiwei Wang (THEP) 1440 FCC-ee issues and FCC-hh key issues 20’ 1120 g of pip ical design 20°
0930 CEPC ive effects and i 20° Speaker: Jingru Zhang (IHEP) 0930 laboration i Speaker: Dr. Frank Zimmermann (CERN) Speaker: Ruigiang ZHANG/Quan JI
Speaker: Na WANG /Yudong Liu (CEPC collective effects and impedance) y o intects - . - CLIC collaboration issues 20" . . .
- ) "9 1500  Alternatives |n]ecF|on design 20 Speaker: Dr. JIARU SHI (Tsinghua University) 1500  FCC-hh lattice design 20° 11:40  The geometry and acceptance for CEPC LumiCalA 20
- CEPC orbit and errors 20 Speaker: Bowen Bai (I)Clab-UPSay/IHEP) Speaker: CEA A. Chance or B. Dalena Speaker: Suen Hou (IPAS)
Speaker: Yuanyuan Wei (IHEP) g . , 0950 Polarization at CEPC and FCC-ee 20"
1520 CEPC synchrotron radiation 20 Speaker: Dr. Sergei Nikitin (Budker Institute of Nuclear Physics) 1520 status and lessons from Super Tau Charm project 20°
Speaker: HUANG Yongsheng Speaker: Dr. Anton Bogomyagkov (BINP)
Accelerator 1540 CEPC controls 20° Accelerat 1540 i i
Conveners: Prof. Jie Gao (IHEP), Younguk Sohn (POSTECH) ) Speaker: Dr. G . ccelerator . : Non conventlona.I positron targets 20
) B . * Dr. Gang Li (EPD.IHEP) (B#EFfT) Convener: Prof. Jie Gao (IHEP) Speaker: Mr. Yanliang Han (1JCLab)
Location: Grand Ballroom B ( Online Meeting Room: https:/) . ion:  Grand Ball 8 ( Online ing Room: ht
g :
Accelerator 1030 CEPC mechanics 20° MO, Magnet and Ints
- . » legration
10:30 SuperKEKB statl_:-s 20 Conveners:  Prof. Angeles Faus-Golfe (ICLab), Prof. Xueaing Yan (PKU) Speaker: Haijing Wang (IHEP) Conveners: . Manosa Boscalo (INFN), Dr. Sha BAI (M), Suen Hou (IPAS), Hircyuki Nakayama (KEK)
Y Location:  Grand Ballroom B ( Online Meeting Room: https://weidijia.zoom.com.cn/i/6 peaker: Uing 9 Location:  Grand Ballrcom B { Online Meating ; 3 )
10:50  CEPC linac 20 ) 1630 CEPC collider ring magnets R&D 20° 10:50  CEPC alig andi ion 20" 1630 FCC-00 MDI layout & SR macks in the FCC-6e MDI area 30°
Speaker: Mr. Cai Meng (AS8EFF) Speaker: Mei Yang (1HEP) Speaker: Mr. Xiaolong Wang (&EFf) Spaskae: Marian Luckhot
1:10  CEPC transport lines 20’ 1650  CEPC booster magnets R&D 20° . - . . , 1700 FCCee Interaction Region Backgrounds 30° 3
Speaker: Xiaohao Cui (CEPC transport lines) Speaker: Wen Kang (IHEP) 11:10  CEPC civil engineering 20 Sooaker: Goorios Voulsings
RAON SC linac 20 CEPC vacuum R&D 20° Speaker: Yu Xiao (Huanghe) 1730 Belle 11 beam background sinlation 20°

Speaker: Younguk Sohn (Postech) Speakers:  Yongshen Ma (IHEP), Haiyi Dong (IHEP) - CEPC civil engineering 20’ e - andkii & (Uriversity of i)

PAL-XFEL linac 20" : CEPG instrumentation R&D 20 Speaker: Ke Huang (Huangdong) 175 Beam Ifntqrumd in CEPC MDI 20'
Speaker: Chang-Ki Min (Postech) Speaker: Dr. Yanfeng Sur (BERERT) Spedier: Haoyu SHI (IHEP)

CEPC cryogenics system 20° k CEPC civil engineering 20 1890 tmpact of of initial state in xthe

A 3 h ceecz 20"
Speakers: Mr. Tongxian ZHAD (B#2#), Shaopaeng Li (IHER) H Pan (. w‘;u [ i (Vinca of ) han ié V), Goran
Kacarewvic (V)

CEPC power sources and electro magnetic separators R&D 20°
Speaker:  Bin Chen (IHEP)
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2020 International Workshop on CepC - CIPC

onday, October 26, 2020

ner: Yongming kB Li

Location: Grand Ballroom C ( Online Meeting Room: https://weidijia.zoom.

08:30

08:45

09:00

09:15

09:30

09:45

CIPC

Klystron 15"
Speaker: 8 E (N)

(Klystron) Circulator&load 15"

Speaker: 173§ T (MXZBR—+=F)

Klystron 15"

Speaker: I ¥ (PRRER(ESHRR)

(CEPC magnet) Collider, booster and linac magnets 15"
Speaker: X W (ME8EBFT)

(CEPC magnet) Company introduction 15’

Speaker: B B (LSEEREERAT)

(CEPC magnet) CEPC booster magnet 15’

Speaker: 3% 4% (AEMYENEREHEERAT)

Convener: Dawei 3% Liu

Location:
10:30

10:45

11:00

11:15

11:30

Grand Ballroom C ( Online Meeting Room: https://weidijia.zoom.com.cn/:
(CEPC magnet) CEPC collider ring dual aperture quadrupole 15’
Speaker: Xxj§ P (SEMYBMERASHIEERAST)

(Electro-magnet seperator) 15’

Speaker: @& 3 (N)

(CEPC SC magnet)0.5mm NbTi# SR 15
Speaker: #i% X (FEHRSMBHRERHERAF)

(CEPC SC magnet)0.5miZ SR EEQDOGHHLHIE 15
Speaker: Z 75 (SEEMERMIBREHIEERAS)

(CEPC MDI) 15
Speaker: i #. #iF S (EHOIFIERMNERENZERAS)

2020 CEPC International Workshop

CIPC
Convener: Ming %8 Li
Location: Grand Ballroom C ( Online Meeting Room: https://weidijia.zoor
14:00 CEPC MDI 15"
Speaker: 24 @ (ILEZEHMNBFRFT (FAFKS08F) )
14:15  (SCRF)Linac structure and SCRF cavity fabrication 15"
Speaker: 1EX W (JLREEHFAF)
1430 SCRF 15"
Speaker: £ % (otic)
1445 SCRF 15"
Speaker: §if B (RMERKBEAMRMERAST)
1500 SCRF 15"
Speaker: Full ¥ (N)
15:15  SCRF 15’
Speaker: WiF ¥ (IXEEAHATIEERLT)
15:30 vacuum 15"
Speaker: Z##k & (shzkvalve)
15145  vacuum 15’
Speaker: F @ (JILEERHE (b5 HRASF)
CIPC
Convener: Ligiang J3z38 Liu
Location:  Grand Ballroom C ( Online Meeting Room: https://weidijia.zoom.com.cn/
16:30  vacuum 15’
Speaker: B % (SKY)
16:45  (vacuum) BERSTLSMEI THARFR 15
Speaker: @ 3 (PUIAXRSHERBERAT)
17:00  Cryogenics 15"
Speaker: 3738 X (JLHPHESEBRHZERAT-PENYREAEARTARART)
17:15  Cryogenics 15’
Speaker: X5 @ (RWMAELER/FERASF)
17330 Cryogenics 15’
Speaker: ¥ ¥ (FRRRETIMN (BF) BEBERAERAF)
17:45  Cryogenics 15’
Speaker: #i% 8 (W)
Cryogenics 15"
Speaker: i R (SRESEEMEBRAFRERAT)
Cryogenics 15"
Speaker: XA # (IHEFFEREABRAS)

Tuesday, October 27, 2020

CIPC
Convener: Jidong#é% Sun

Location:  Grand Ballroom C ( Online Meeting Room: htt

CIPC
Convener: Daming#hXBi Sun

Location: Grand Ballroom C ( Online Meeting Room: https://weidi

08:30  Instrumentation 15 14:00  (Alignment) XS, TRWE 15
Speaker: 18 B (LHENEFHRR) Speaker: iR /% 3B (FIRAY MLEYR)
08:45  Instrumentation 15 1415 CEPCIBERHSE 15
Speaker: F& ¥ (EEHNASEATERAT) Speaker: #2 # (Jilin University)
09:00 Instrumentation 15’ 14:30  Installation and store 15’
Speaker: @il F (GEERISNE) Speaker: (i T (k%)
09:15  Radiation protection 15’ 14:45  SppC magnet 15’
Speaker: # 3% (LEHHAMBARTL) Speaker: fs 3 (FEES)
09:30  Radiation protection 15 1500  sSppC magnet 15°
Speaker: 3% 3B (FEHIAEMEN TIRERAS) Speaker: & #& (Li&#%)
09:45  (Mechnics)MBASMRR 15 15:15  SppC magnet 15
Speaker: 7% % (JLRLEMBHRS (RFS08H) Speaker: fef % (LEAY/LEIES)
1530  SppC magnet 15’
CIpC Speaker: 1% B (#hH®TI)

Convener: Shenghong B4% Fan
Location:  Grand Ballroom C ( Online Meeting Room: https://weidijia.zc
1030  (Mechnics) MDIERHRSEEIGIT 15
Speaker: # # (ARBFHERAERAT)
10:45  (Mechnics)R¥ililts,. XRFRETHER 15
Speaker: 8 # (JL%618Ff)

1:00  (Alignment)IHEMAMENBNSEMRER 15
Speaker: 4% B ({tHEABHHFERAE)

A5 (Alignment) REE ST 15
Speaker: (3 % (RPEMBBHRSIEERAS)

130 (Alignment)SSHEMMIMRR. NGt REEL 15
Speaker: 3% T (FEZEZATRIRG K15) g

1145 (Alignment) @ XENBRSE 15
Speaker: 2 @ (FEIRPIRIETH)

15:45  (sppC magnet)HL-LHC CCTRHE#R 15’
Speaker: j#gf i% (shangcitech)




2020 International Workshop on CepC - CIPC

Monday, October 26, 2020
Tuesday, Octoher 27, 2020

CIPC

CIPC Convener: Ming %8 Li

Convener: Yongming 3} Li Location:  Grand Ballroom C ( Online Meeting Room: https://weidijia.zoor CIPC i .

Location:  Grand Ballroom C ( Online Meeting Room: https://weidijia.zoom. 1400 CEPCMDLIS® T, Convener: Jidong### Sun

08:30  Klystron 15 Speaker: @ @ ({LESEHEFTR (RFKSOSH) ) s <HTeid Location:  Grand Ballroom C ( Online Meeting Room: htt
Spedker: S8 Z (V) 14:15  (SCRF)Linac structure and SCRF cavity fabrication 15’ ks (Alignment) it MR, TENE 15°

08:45  (Klystron) Circulator&load 15’ Speaker: 18 W (JLEBAESEAT) Speaker: g /%5 4B (BINKY WEY¥R)
Speaker: 138 T (MEXZR=+=F) 1430  SCRF 15' 14:15  CEPCH:RFRS 15

09:00 Klystron 15" Speaker: £x % (otic) C Speaker: #2 # (Jilin University)
Speaker: E§ 3 (PRIREK(ESHRR) 14:45 SCRF 15’ 14:30  Installation and store 15"

09:15  (CEPC magnet) Collider, booster and linac magnets 15’ Speaker: &% G Speaker: {HE T (4iK%)
Speaker: 1B W (M8ESH) 1500 - ‘ 0‘ 1445 SppC magnet 15’

09:30 (CEPC magnet) Company introduction 15’ Speaker: i2ff X (FERPIES)

Speaker: BEiF B (LSS BREERAS) e‘ s 15:00 SppC magnet 15’
09:45 (CEPC magnet) CEPC booster magnet 15 “ Speaker: §% @ (LiSi8%)
Speaker: 3% 4% (AEMYENEREHEERAT) ea ‘ 9 15:15  SppC magnet 15
CIPC SP ‘o Speaker: f&& #& (LSAY/L8IBS)
Convener: Dawei JX% Liu 8 ‘ a

1530 SppC magnet 15
Location:  Grand Ballroom C ( Online Meeting Room: https://wei Speaker: 1% B (fiHEI)
1030 (CEPC magnet) CEPC collider ring dual aperture \ e 1545  (SppC magnet)HL-LHC CCTRUKMR 15

Speaker: xj8 # (SRR EMEIEFIEERAT) G ..  Online Meetl‘ng R<‘>om: https://weidijia.zc Speaker: 38 5 (shangcitech)
1045  (Electro-magnet seperator) 15’ -wmcs) MDIZRRSEMIRIT 15

Speaker: g % (N) Speaker: % 5 (REBTREFAERAT)

11:00  (CEPC SC magnet)0.5mm NbTi§RE 15 a “e‘ 10:45  (Mechnics)R¥illisk. RS EETHER 15

Speaker: % 3 (FHESHHHERHERAS) Speaker: i@ # ({%618Ff)

1115 (CEPC SC magnet)0.SmiBSIURE QDOEHABIE 15 3p 11:00  (Alignment)3EEM=HEN B RSEAR AR 15
Speaker: Z 75 (AR AMERSHIEHRAT) P ) Soeslkar: X8 ITRIERNENRLS)
1:30  (CEPC MDI) 15’ 0 115 (Alignment) RE B A4S 15°
Speaker: % 3. #F 8 (ESUFEAFRENEARA) - RIS A (RETTHLRHERRAS) Speaker: 475 & (R RAMEAMENMAS)
_»  Cryogenics 15 130 (Alignment) B8 HEMMAMRE. MGt REKR 15
Speaker: ¥ B (FRETES (35 BESEAERAS) Speaker: 3% E (PETEEATSIRSIHAL)
— 1745  Cryogenics 15" 11:45  (Alignment) @ XBEMBRS 15 .

Speaker: #iF 8 (W)
Cryogenics 15"
Speaker: i £ (SRERSESNEERAFTRERAT)

Speaker: 8 @ (FREINRIRBTFH)

Cryogenics 15"

2020 CEPC International Workshop Speaker: M 3 (TARSHERRABRAT)



Luminosity, Lattices, Beam Dynamics

CEPC CDR Parameters

CEPC High LuminosityParameter after CDR

Higgs 4 Z 31 z 1) Higgs (high lum.) Z (high lam)
=T 5 Number of IPs 2 2
b Beam energy (GeV) 120 455
Beam energy (GeV) 120 80 | 455 Circumference (km) 100 100
Circumference (km) 100 Synchrotron radiation loss/turn (GeV) 18 0.036
Synchrotron radiation loss/tum (GeV) 173 034 | 0.036 Crossing angle at IP (mrad) 16.5 16.5
Crossing angle at P (rad) 165x2 Piwinski angle 487 180
Piwinski angle 258 70 238 Number of particles/bunch N, (1010) 16.3 16.1
Number of particles/bunch N, (10%) 150 120 80 Bunch number (bunch spacing) 214 (0.7us) 10870 (270s)
Bunch number (bunch spacing) 242 (0.63y) 1524 (0.215) 12000 (25n5+10%gap) Beam current (mA) 168 841.0
Beam current (mA) 174 879 461.0 Synchrotron radiation power /beam (MW) 30 30
Synchrotron radiation power /beam (MW) 30 30 165 MmBmding radius (km) i _11033 ;022
— tum compact . ]
angmus(mz — :Ol: B function at IP &.*/ 4, (m) 0.33/0.001 0.15/0.001
B function a?;;;,* /5 @) 0.36/0.0015 03G000E5 0.20.0015 0.2/0.001 Emittance e;/e, (om) 01'28(%0&174 Lt
Emittance 5/z, (am) 121/0.0031 0.54/0.0016 0.18/0.004 0.18/0.0016 Beam size at IP 6;/6; (uim) IENE 9 :63:;%0‘:29
Beam size at IP . /0, (um) 20.9/0.068 1390049 600078 60004 Beam-beam parametess &/4 o - -
RE voltage Vge (GV) 227 013
Bean beam parameters &/, 00310.109 0013/0.106 000410056 | 00041/0.072 RE S€ Thr &0 o
RE voltage V- (GV) 27 047 010 Sroquency /o (MELZ)
- - 225 293
RF frequency f- (MHz) (hamonic) 650 (216816) Natural bunch length o; (mm)
Natural bunch lensth o, (mm) 27 298 242 Bunch length ¢ (mm) 442 9.6
Bunch length o, (mm) 326 59 85 Energy spread (%) 0.19 0.12
Natural energy spread (%) 01 0.066 0038 Energy acceptance requirement (%) 17 14
Enerey acceptance requirement (%) 135 04 023 Energy acceptance by RF (%) 25 15
| Energy acceptance by RF (%) 206 147 17 Beamstruhlung lifetime /quantum lifetime (min) 41
Photon mumber due to beamstrahluag 01 005 003 Lifetime (hour) 21 18
Lifetime _sinmlation (min) 100 Luminosity/TP L (103cm-2s1) 5.0 101.1
Tifetime (howr) 067 14 10 R
m L (10cm’sY) g;; 2:: 166 0'99| 71 * High luminosity Z's lattice 1s same as Higgs CDR lattice. but high luminosity

Higgs has a new lattice than that of CDR

2020 CEPC International Workshop

26 -28 October 2020




Luminosity, Lattices, Beam dynamics

For the part of cryostat inside the detector, the
shape and size stay the same as CDR.

High An:a;lmuu mus'
luminosity //

The design of detector
== | won’t be affected.

Hean lnes of @« and o
44
f J
{ |

* The design of high luminosity scheme with 5x10¥*cm2s? & 30MW has been
designed. It doesn’t meet strong limitation and also won’t affect the current
mechanical design of detector.

* The L* can be set as 1.9m from IP with lower emittance and smaller beam pipe
within the region of SCQ.

* For the consideration of high luminosity Z, if it’s a strong limitation from local
HOM heating problem due to the narrow SCQ beam pipe, replacing the whole
cryostat 1s the best option. The shape and size of cryostat stay the same and the

mner aperture of SCQ beam pipe can be made large enough.

* More detailed studies will be done. Such as DA optimization with errors,

detector background evaluation, efc. IR Mechanical Design

F 0264m  f /
S —
v = . (‘

v' Qla is the most challenging.

v The design of quadrupoles and anti-solenoid
is similar to that in CDR.

v  Tron yoke is adopted to eliminate the field

crosstalk between the two apertures.

s K

Change of HOM deposition nearby the IP

Difficulties:

High luminosity

CDR

* Vacuum chamber connection I;.Otl\’!bl’ot\i?ver Be pipe: 28mm SCQ Pipe:17mm Be pipe: 28mm SCQ Pipe:20mm
 Longitudinal space: bellows should absorb Istribution . :
deformation when baking. >Add Z-direction Higgs Z Higgs Z
support, length has been decreased to 83mm. Be pipe 3.46w 52.1w 2.66w 40.74 w
« Transversal space: all the structure should be Al 22.62w 335.4w 21.32w 317.2w

within detection angle.

Y-shape crotch

13.4w

199w

12.9w

191.5w

» Hardware protection
* Avoid SR

Total power 39 48w

586.5w

36.88w

549.5w

Shrinking the SCQ pipe aperture from 20mm to 17mm, the power deposition
will increase 10% which is acceptable.

26 -28 October 2020




Achieved (without errors): 160, X320, x1.9% .
: Dynamic aperture
Goal (with errors): 80,X150,x1.7% ¥

Luminosity, Lattices, Beam dynamics :

20

140

a0 | - =
*  Fit parameter list with luminosity of 5.0x103*/cm? /s -60 2 e o e e e =
* Stronger optimization and stricter hardware requirement should be made to get ) " _20 SERIR e S ST e
enough dynamic aperture IIIlpCI'fCCthDS and Corrections
* Optimization of the quadrupole radiation effect » The optics correction is very challenging for the - Include more types of imperfections.
* Interaction region: longer QDO/QF1 relaxed tolerance of the imperfections. - Optimize the correction strategy to achieve finex
. ) ) _ _ tuning of optics.
* ARC region: longer quadrupoles » The lattices with IR=50um and IR=100um case are Study oft-momentum correstion.
* Reduction of dynamic aperture requirement from injection corrected, the passing rates are increased to 89.1% , The development of the error correction algorithm
* Straight section region: larger Bx at injection point and 72.4%, respectively. for high luminosity lattice.
* Maximization of bend filling factor to minimize the synchrotron radiation loss per turn Booster
* ARC region: sextupoles in two rings changed from staggered to parallel; The left . . .
drifts are used for the bends. * Booster design in CDR was refined. Become more solid.
* RF region: shorter phase tuning sections * Issues about booster dynamic operation was considered.

* Optimization of high order chromaticity for arc region . Explore e e design e

prepare for CEPC high lum. Higgs

* Reduction of the length from IP to 1° quadrupole without changing the front-end
position of the FD cryo-module (2.2m to 1.9m)

* make the lattice robust and provide good start point for DA Impedance requirements
Estimations with analytical formulae give rough requirements on both broadband and
For Other modes narrowband impedances.
For different operation scenarios, the design of Z/Z-High Lumi maybe the most critical
* RFregion: A possible scheme of the RF region was proposed for the RF staging and restriction for both broadband and narrowband impedances.
by pass. Impedance and HOM fI'OIIl Parameter Symbol, unit  Higgs(CDR) ~ W(CDR)  Z(CDR) Higf::iigh ZHigh Lumi
* ARC region: the phase advance of each cell will be changed from 90/90 to 60/60 IP chamber is critical for Z :"'““"“’ TG;’ = = o 11:(; :11
and the additional sextupoles need to be installed for the Z mode (Ref: FCC-ee CDR). mode with high current — 22 120 | 100 | 210 | 080
* Interaction region: refitted with the matching quadruples to get as high as possible . Bunch current ly mA 0.072 0058 | 0038 | 0079 | 0077
raction region § quacrupies fo 8 . operation and new chamber oo woon | = m s s s
luminosity. New final-doublet quadrupoles will be installed for a even higher . e —— P
luminosity. structure or absorber will be  wann  weteme | ss 52 00 e
necess arY. :::::'::: d";v x, kV/pC/m 656 327 20.1 46 5.2x10¢
it Sl | 35 0.08 1163 30 L
e Bl ot 23 0.09 1863 153 gty




Injection Schemes: Updates and Alternatives

»CEPC IaVOUt TRt «uumuggqqquuugm
* 10 GeV Linac = T g Fo ff Gl Y Gl
¥ 10-1206ev BOOSter c'l : "':l’ 11018% 85 300 Sy ELSE T LUTITIT S P M e 11 el b
* 120 GeV Collider e ras s " 2
* Transport lines
% CEPC Li Alternative design
|naC gresm e : i ) . ‘ Tl L T e e e P
* Baseline scheme T o R u i
v 10 GeV (S-band) = s rEas | s
e Alternative scheme S-band Accelerating structure C-band Accelerating structure
v 20 GeV (S+C-band)
Oiven <= ITE-
* PWFA scheme beam D~ '\,_,> mGe'ssev
-
v 45 GeV Winess =] o
o o P - wran —
v'S-band driven linac G
v'Plasma acceleration Witnes: . gy — I - - il Ty Nt s Bl
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Injection Schemes: Updates Alternatives injection design
and Alternatives pegsteme o G en g+ M i

1.54 GeV e+ turnaround loop (arc) efficiency

X J 1 60GeY
Tinae 1.54 Gev linac 43660V ¥ pang linac 154Gev 0 GeV

60GEV
Section 1 Section 2 Section 3

Complex bypass (4 bends) + Turmaround 100p &7
Chicane scheme 4 54 GeV e+ turnaround loop (ar¢) 5 e 4550 '{w
Most complex bypass (6 bends) + p— N\ setonz” T = o\l
Arc scheme 4.46 GeV e- arc o e TSCV  tou sas
Additional 1.54 GeV linac (section 4) S bl LS

The three schemes design can meet the requirement of the Z mode of FCCee.
50MeV  1.1GeV 4GeV 200MeV 1.1GeV 1.1GeV 4GeV 10GeV etyiedisabout12, e g

Thermionic Gun 10nC/ ) GoGey
£ gun 6.3 nC s o
= —1
i linac 154 Gey Insc £45GeY  hend  Ninac 154 Gov
Section 1 Section 2 Section 3

Non-conventional target Scheme

»The energy of electron bypass transport line (EBTL) is from 4GeV to 1.1 GeV
* Reduce the survey design difficulty of the positron source

* Better compatibility between baseline scheme and alternative scheme

vIn this case the starting energy of the C-band accelerating structure of the alternative
scheme can be 1.1 GeV just after damping ring;

v . . . One solution is the hybrid target scheme: GeVe ,________..
For the alterpatlve schem_e or lower emttance (no smaller than 10 nm) baseline scheme, « Use a thin crystal radiator to provide a huge
only the design of the third acceleration section (TAS) need update and other parts can photons flux
basicallyv fixed. * Spent the charged particle between radiator &
converter <111>W

Amor hous
*» Use amorphous target as converter Crystal B

»The deflection direction of the EBTL is from horizontal to vertical, the distance
between EBTL and main linac is from 2 m (H) to 1.2 m (V) * The hybrid target scheme can largely reduce the PEDD for the FCC, with the cost of
lower positron yield

* It is very promising to use the hybrid scheme when the incident electron beam energy
can be 18.5 GeV.

* Easier layout design to avoid the interference with energy analyzing station,
transport lines between the Linac and damping ring, waveguide and positron source

* Reduce the tunnel width and maybe no need to increase the height (3.5m)
~ »8 normal accelerating structures are replaced by 10 larger aperture accelerating

structure (same type in PSPAS) at the beginning of the second acceleration
section (SAS) to reduce the risk of beagross

2020 CEPC International Workshop
26 -28 October 2020




Injection Schemes: Updates and Alternatives

Recent progress on CEPC plasma injector

HTR e- acceleration

Start-to-end simulation performed, linac and CPI requirement updated
Detailed error analysis is ongoing, multi-parameter effects are under
consideration

Linac can not meet the CPI requirement yet, both sides work on it

For plasma acceleration, increase the plasma wavelength and lower
the TR will be the effective methods

e+ acceleration

New methods are studied
Fix the baseline parameters at the end of 2020
EA and related linac design will start as soon as baseline fixed

Experiments affected by COVID-19, but much better now

Test facility for PWFA is crucial and under consideration

Feasibility report > CDR - TDR: it's a long way to go

2020 CEPC International Workshop
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Efficiency ~22%, Energy Spread~1.6% (not well optimized)

positron ballistic injection scheme

CEPC Plasma Injector Experimental Platform

Facilities: Shanghai S-XFEL facility for electron acceleration and FACETII at SLAC for positron ]

» Plasma experimental station: preliminary set up on Shanghai Soft XFEL facility
Vacuum system: installation & testing
o Light path
« Beam diagnostic system




SCRF

B st cirani [0 st chtaanie [T 680 0s & colt cavity
R ——

New RF Staging & By-pass Scheme for CEPC

Stage 1:  HW/Z and H/W upgrade

Oy Tang m i [_;I
-om .- -
. e Ting Stage 1 (H/W run for 8 years): Keep CDR RF layout for H(HL-H)/W and
* TDR design of CEPC SRF system is aiming to fulfill requirements of improvements over CDR: AR Il - i s Covr s N oo e WIE 7
. . . . aie [ wasde [§ initial operation for energy calibration and could reach CDR luminosity.
- hlgher lumanSIty atH (52 X 10%vs 29 x 10:“) — RF basma”y no change . .- —~ - Minimize first phase construction cost and hold Higgs priority.
oL w . = - ~re ,,Lz_m,‘; Stage 2 (HL-Z upgrade): Move Higgs cavities to center and add high
& h|gh4uml for Z (102 X 103‘ Vs 32 X 1034) - RF Stag'ng and bypass scheme E wwe [ current Z cavities. By-pass low current H cavities. International sharing
. e . . - N, (modules and RF sources): Collider + 130 MV 650 MHz high current
- assuring compatibility for top-pair production — reserved tunnel space = . cryomodules.
“ . PO RO [ Stage 3 (ttbar upgrade): add ttbar cavities (international sharing):
- capability to handle 50 MW SR power — reserved tunnel space, RF staging and bypass scheme - -G Collider + 7 GV 650 MHz 5-cell cavity, Booster + 6 GV 1.3 GHz 9-cell
s - - - cavity. Both low current, high gradient, high Q. Nb;Sn@4.2 K or others.
» New RF layout and parameters optimization at each energy with the new schemes is ongoing. - _—. mm T oo e e
e ’1_’1"“ « 8 I ode switching with unrestricted RF perfo t
SRF layout, configuration, parameters, specifications and cost will be upgraded and re- —— . | iech et G A ol oidaiiee
+ 8 i i hnol risk and i tional
base"ned accordingly. an ,[-,-J,AFFZ_T Sy :‘—.]TJ,M mﬁ:s:::r:;;nstruct on cost, technology and international
CEPC SCRF R&D Progresses IHEP 650MHz 2cell and 1.3 GHz 9-cell Cavities
LaER ey sy
LI AR
Q, "
* .. 10’(‘ "i 1‘0 13 o o 30
CEPC 2 zcell)lefsasrghtﬁel-slflgtrzrmme with wep 136k smge cotl s P wemianez 200 General superconducting cavity test £, (MVIM) > Collider ring 650Mhz 2 cell cavity
7 ) $ite., ) e cryomodule in IHEP New SC Lab '
L “?E'é-f%ﬁ{‘ g‘:‘:(ﬁ' ! ' '..”.'.‘ Six o R AL L LT -
: o0 | EP#120C "-ﬂ‘::._-.. w £ AL PRl ...\
I [T “vFuc L 3 a /o oseE
P ‘::~ 1t s Madtipacting '...
Gradune [Nw i =T : ’. R ' A2 :x:‘::::. .\
5 R N .
1.3GHz fine grain single cell: i) Booster 1.3GHz 9 cell cavity N asos 500" 56" 1600 owe ‘afee eadd

1) 46MV/m
2) 43MVIim@Q01.3X1010

L e T ——— ~————ce
General superconducting cavity test
cryomodule in IHEP New SC Lab

SC cavity vertical test temperature mbnitor
system established

Eoee (MVim|

Eace (MV/m)

650 MHz 2-cell cavity reached 6E10@22MV/m after N-infusion, which has exceeded CEPC Spec (Q=4E10@Eacc=22MV/m) .
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Layout of CEPC cryogenic syst

1.3GHz cavity
cryomodule

Booster part

Cryogenics

Booster ring:

> 1.3 GHz 9-cell cavities, 96 cavities
» 12 cryomodules

Layout of CEPC Double Ring

> 3 cryomodules/each station

> Temperature: 2K Saturated He Il
Collider ring:

» 650MHz 2-cell cavities, 240 cavities
> 40 cryomodules

Crvo-statior Refrigeration : 4X18kW@4.5K
J Circumference: 100km

RY Seathom (1555)

-abuuué;ggb‘

Collider part

; 650MHz cavity cryomodule
» 10 cryomodules/each station

> Temperature: 2K Saturated He II
IR magnets:

> 4 1R magnets, 32 Sextupole magnets, 36 cryomodules Py )

L%

18 cryomodules/each cryo-station
Temperature: 2K Pressurized He II / 4.2K helium
Detectors:

LTS Solenoid: 4.2K Helium

Y ¥

L%

A test cryomodule with two 2-cell 650 MHz
superconducting cavities will be operated in
e PAPS system in 2021.

2020 CEPC International Workshop
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SCREF PAPS PAPS SRF Facility Status
IHEP New SC Lab under Construction (Status in Nov. 2019)
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NCRF: linacs and DR

Tranditional thermionic triode gun Pulse compressol FLUX concentrator

Parameter | Value |

Type Thermionic Triode Gun SLED water 30°C
Cathode Y796 (Eimac) Dispenser temperate =
Beam Current (max.) A 10 RO IETBSINENE =

i Filling time 780 ns
High Voltage of Anode kV 120 ~ 200 =

; . ystron output
Bias Voltage of Gnid v 0~-200 power 80 MW
Pulse duration s 1 Pulse width 4ps :

= = The mechanical )
ulse repetition 100 Hz design of FLUX The finished FLUX

rate

concentrator concentrator

Accelerating structure ! '

-

Parameters Values Unit . . . Bunch length 5mm
No. of Cells 8442*%0.5 - Damplng ng RF caVlty —

Bunch number 2
Phase advance 2n/3 rad
Total length 3.1 m Synchtron tune 0.062
Length of cell (d) 34.988 mm — Beam current 10mA
Disk thickness (t) 5.5 mm 3
Shunt impedance (Rs) 60.3~67.8 MQ/m
Quality factor 15465~15373 -
Group velocity: Vg/c (%) 2% ~ 0.94% -
Filling time (tf) 784 ns
Attenuation factor (1) 0.46 Np

Power (@30MV/m) 74 MW

- ‘ ‘.Y‘




CEPC 650MHz High Efficiency Klystron Development

Faclllty CEPC hlgh power and hlgh effi clncy test facility (lab) is located in IHEP

Established ngh eﬁimency klystron collaboration consortium” | including THEP &

K I t IE(Institute of Electronic) of CAS, and Kunshan Guoli Science and Tech.
ys ro n s * 2016 -2018: Design conventional & high efficiency -
= 2017-2018: Fabricate conventional klystron & test ey cnend
* 2018 -2019 : Fabncate 1* high efficiency klystron & test Centre frequency (MHz) | 650+-05 650+/-0.5
st ¢ 2020-2021 : Fabncate 2* high efficiency klystron & test Output power (kW) 800 800
1 k‘lyStron prOtOtype * 2021 -2022 : Fabncate 3" high efficiency klystron & test Beam voltage (kV) 20 _
i — e L ETE TS " Beam current (A) 16 -
Pl : : A Tt . Efficiency (%) ~ 65 >80
Bl | TS On March 10, 2020, the first CEPC650Mhz

i
klystron output power has reached pulsed power of

800kW (400kW CW due to test load limitation),
efficiency 62% and band width>+-0.5Mhz.

3nd Klystron of 80% efficiency

2nd Klystron of 77% efficiency M
i M %  Multi-beam klystron

High efficiency klystron
(2nd Kklystron) gun

2020 CEPC International Workshop



Collid I T T T ST The most important issues ar€Cost & Power Consumption. >
o I e r Dual aperture 2384 2392 = @ * Make the magnets compact and simple.
* Aluminum wire 1s used for the excitation coils.
£y *4 ® *
Single aperture S R il * Dual aperture magnets save nearly 50% power consumption.

M a g n ets Total lmgth [km] 715 59 1.0 25 80.8 * Consider the combined function magnets.

Power [MW] 70 202 46 22 34 * Increase the coil cross section and decrease the operating current.

Dual Aperture Dipole(DAD) Dual aperture quadrupole prototype(DAQ)

, Y 7

S gap heeneen
- sukes 0o ruduee the s
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The two spertures have
different pelarities
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The fields in the two apertures are coupled.

Dipole measured by a hall probe system
* The DAQ prototype with F/D polarity has a strong cross talk effect which results 1n large bl and b3

LOng DAD component and the field harmonics varies when the field 1s not symmetric. especially when the trim co1l 1s
added. The further modification is in progress.
* The mechanical design of the long DAD has been completed. The physical and * Another solution with the same polarity in the two apertures is initially designed. This kind of quadrupole
mechanical design review was performed in July 2020. with 8 coils can work but consume much more power.

< |
S

Sextupole

Two single aperture
sextupoles are installed
side by side

* The design of combined dipole and sextupole magnet with aluminum bus bars is accessible. The center
dipole field and sextupole strength 1s basically consistent with the design value.

30mm

350mm
I 1

* The long DAD was designed and will be manufactured. The water cooled coils 1s used and the anodizing
treated face is used for coil insulation. Two quadrupole magnets locate side by side A sextupole magnet has been redesigned and the

+ Nearly Ik effect between the tw el :
et o elethemneen e e mechanical is in progress. The prototype is planned.

32



Booster
Magnets

Two kinds of the subscale prototype magnet with and
without iron cores have been designed and developed.
The field quality of the magnet without iron cores reaches

the specifications.
s A

Field reg : dipole magnet without iron cores

The CosO (CT) coil 1s a conventional
measure for high field superconducting
magnets, it is the first time for design of
the high precision low field magnet.

o
-

i The CT coil dipole magnet was tested in the lab.

e The CT coil dipole magnet without iron cores has high precision and good

) = reproducibility field both at low and high field level, which is satisfied with
The field uniformity in GFR is about 0.3% at the requirements. The full-scale CT dipole magnet has been designed on the
low field level of 28Gs and 0.1% at high field basis of the good test results of the subscale prototype magnet and wil]B!?e
level, which can not meet the requirements. fabricated in the Jun. of next year.
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Electro-Magnetic Separator

Layout of RF region

The Electro-Magnetic Separator is a device consisting of perpendicular electric

and magpetic fields. One set of Electro-Magnetic Separators including 8 units,
totalill be need for CEPC. ,

g8 ¥ uE ks ale

structure drawing of Electro-Magnetic Separator




To greatly squeeze the beam for high luminosity, compact high gradient final focus
quadrupole magnets are required on both sides of the IP points in CEPC collider

Special Magnets

ring.
CEPC IR Sup ercondu cting Magn ets Facility: CEPC IR SC magnet test facility (lab)
is located in Keye company joinly with IHEP
_ Superconducting QD coils Superconducting QF coils

Option1: Iron-fiee design of QDO (CDR) Gl cuter radin 31 Swm . SPINS DN NN (XD W AR

Heom ppe 1excs rodhm Ve, ewir
rades ees PO s

2D Fies ke

ere Is iron yoke around the quadn:pole coil

shaokd ol ontor rnban 1) e

2D flux fines for QFL. Since the distance between the two
Hibes vome, ey sathn Tam apertures is larger enough and there is iron
Option2: QDO design with iron Room-temperature vacuum c J = ~ - of Qqﬁf,f%g :m,snt:tl:d et e
_ ) . with a clearance gap mm -
QF1 Integral field harmonics with shield ... -J:
- * -
Min. distance ool M P O:e ‘:ftuQFl
Ce ; between perture
M Magneticq Width of L R n By/B,@R=13.5mm (Peak field
gradient length | Beam stay (mm) 2 10000 _ 380
it bl /e | (m) | clear (mm) 3 108 . S
|- = | 10 -0.34 CentralIMa Min
| 14 0.002 ral viagnet ;
Qpo| 136 | 20 | 1951 7261 = oy o il B
B2 net ient] length
a/m) | (m clear (mm) beams
gt l ey +-hegy—~or— Cem (mm)
: ' QF1| 110 | 148 270 146.20




Beam Instrumentation

Item Method Parameter Amounts
Beam position Stripline BPM Resolution : 30um < 140
Beam current ICT 2.5%@1nC-10nC 42
Linac Beam profile YAG/OTR Resolution: 30um 80
Beam emittance Q+PR 10% 3
Beam energy & spread AM+PR 0.1% 3
Average current DCCT Resolution S0uA@0.1mA- | 1
30mA
Damping
ring Beam position Button BPM Resolution : 20um @ SmA TBT | 40
Tune measurement Frequency sweeping | Resolution:0.001 1
ltem Method Parameter Amounts
Measurement area (x X ¥)
3 2 X
Turn by Button electrode BPM | - 20mm &10mm
Beam turn Resolution: <0.02mm
position Measurement time of COD: <4s 1808 ’
monitor Measurement area (x X ¥)
Bunch by :
:::ch ¥ Button electrode BPM +40mm X +20mm
Resolution: 0.lmm
Measurement range: 10mA / per bunch
Bunch current BCM 2
Relatively precision: 1/4095
Dynamic measurement range: 0.0~1.5A
Resolution:50uA@0.6-SmA
Average current DCCT . ) 2
Linearity: 0.1 %
Zero drift: <0.05mA
Booster
Beam size Double slit in.terferometer Resolution:0.2 pm 2
x ray pin hole
Streak camera
Bunch length Two photon intensity Resolution:1 ps 2
interferometer
Frequency sweeping .
Tune measurement method Resolution:0.001 2
DDD Resolution:0.001
Beam loss monitor optical fiber Space resolution:0.6m 400
Feedback system TFB Damping time<=3ms 2
Feedback system LFB Damping time<=35ms (50ms) 2

Storage
ring

ltem Method Parameter Amounts
Measurement area (x Xx Y)
2 X
Closedorbit|  Button electrode BPM | - 0mmX +10mm
Beam Resolution: <0.6um
position Measurement time of COD: <4s
monitor Measurement area (X X Y)
Bunch by '
::;ch’ Button electrode BPM | +40mm X +20mm
Resolution: 0.lmm

Measurement range: 10mA / per bunch

Bunch current BCM . . 2
Relatively precision: 1/4095
Dynamic measurement range: 0.0~1.5A

Average current DCCT Linearity: 0.1 % 2

Zero drift: <0.05mA

Double slit interferometer

Beam size . Resolution:0.2 pm 4
x ray pin hole
Streak camera

Bunch length Two photon intensity Resolution:1ps@10ps 2

interferometer

Tune measurement

Frequency sweeping method

Resolution:0.001

DDD Resolution:0.001
i .12
Beam loss monitor PIN-diode Dynamic range:120 dB
Maximum counting rates>10 MHz
TFB Damping time<=47ms 2
Feedback system
LFB Damping time<=100ms 2

« To reduce the budget of BI system, due to a large number
of monitors and the high price of commercial products. Such as
BPM and beam loss monitor
 Key technologies of beam diagnostics. Beam instrument at
IP and beam feed back system

« Easy to maintain and upgrade

36



BPM electronics version 2.0

Beam Instrumentation

CEPC beam instrumentation R&D

e Beam position monitor system

BPM feed-through V2.0

— BPM electronics
— Feed through R&D

— BPM at interaction point (IP)
e Beam loss monitor

e Feedback systems Application of BPM electronics in BEPCII

$mm

Optical fiber based BLM test in BEPCII beam instrumentation of IP
- ’; kL ; i :u;_ -;i: 8% on electrodes size; .
— — T |

3 4 5 |
! ‘

| \
‘ RESOR W25 6 3 98 I 00 RSMA 5 \
1, EDRAASE (32 A 400=m)
2, MAERES (42X #100um)
3, BPRARS (4% 3425000m)

2020 CEPC International Workshop



Many others... Not less important

> Injection / Extraction
» Vacuum

» Mechanics

» Alignment

» Civil Engineering

» High-Field Magnets

2020 CEPC International Workshop
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Many others... Not less important

> Injection / Extraction

» Vacuum .

» Mechanics “\aw

> Alignment sﬂm ato(
> Civil Enair- \Q ce\e‘

> Hig' 0 PG

2020 CEPC International Workshop
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Issues, Challenges and Perspectives

Issues requiring further beam dynamics studies I

» Design for maximum energy efficiency.

» Attainable vertical emittance in presence of various errors and with colliding beams, and further luminosity
optimization. Alignment tolerances and alignment system.

» Complete impedance model, with an evaluation of transverse multibunch resistive-wall instability and single-bunch
longitudinal microwave instability. Ion and electron-cloud instabilities with mitigation measures. Design and
performance of a bunch-by-bunch feedback system. Interplay of impedance and beam-beam effects.

» Finalisation, integration & completion of beam optics, incl. tuning flexibility, injection & extraction systems.
Design for different numbers of collision points. Dynamic aperture optimization.

A\

Collimation / masking and machine protection strategy.

Y

Specification of beam instrumentation and the required measurement precision/accuracy.

A\

Optimization of the injector complex (higher-energy linac versus pre-booster, linac pulse)

Energy calibration resonant depolarization process

2020 CEPC International Workshop



Issues, Challenges and Perspectives

Issues requiring further beam dynamics studies I1

> Interaction region optimization and shielding of the hard synchrotron radiation including radiation from the
final quadrupoles.

Further off-momentum dynamic aperture optimisation to maximize beamstrahlung lifetime.
Operational scenarios supporting higher luminosity and shorter beam lifetimes with more frequent injections.
Single-bunch beam instabilities with highest bunch charge.

RF system changes for collider and booster, with associated modified optics configuration.

YV V V VYV V

Machine protection and radioprotection.

More info in talk FCC-ee issues and FCC-hh key issues by F. Zimmermann

Challenges

» Consolidation and Realization of the on going Accelerator R&D

> Industrialization and the participation of the industries in the process from the beginning —

2020 CEPC International Workshop
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Issues, Challenges and Perspectives

Perspectives ....some dose of fantasy and exoticism

monchromatization for s-channel H production

e

BAE EAE
L B
BAE  B4AR

::::::::::

gy = const.
M.A. Valdivia, F.Z., 2019

&y = Ke&x

2020 CEPC International Workshop

important for e*e

question of superperiodicity example 4 IPs K. Oide

A A
L A B B

G L @ G

mQ, +nQ, =p mQ, +nQ, =2p mQ, +nQ, = 4p

resonance condition for lattice errors (DA) and for beam-beam

26 -28 October 2020



Issues, Challenges and Perspectiver 666°
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monchromatization for s-channel H productic~ 66%
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&y = con ﬂo \)0 \ sﬂ ex, c . condition for lattice errors (DA) and for beam-beam
M.A. Valdivia, F.Z.,
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....... But when theorists are more
confused, it's the time for more,

not less experiments.
(Nima Arkani-Hamed Cern Courier March 2019)






