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20 Circular Electron Positron Collider (CEPC)

0 The CEPC was initially proposed in 2012, as a Higgs (Z/W) factory in China.

d To run at +/s ~ 240 GeV, above the ZH production threshold for ~1M Higgs; at the Z pole for ~Tera Z, at
the W*W- pair (possible tt pair) production threshold.

O Higgs, EW, flavor physics & QCD, BSM physics (eg. dark matter, EW phase transition, SUSY, LLP, ....)
O Possible Super pp Collider (SppC) of v/s ~ 50-100 TeV in the future.

The CEPC Program : #x =z »¥ =2 wH
Booster IP 2 E] Mi’ L MN_

100 km e*e- collider

Z Mass WW threshold
160

3 Tesla 1 y!ear 7 years
2 Tesla : W: 2 x 107 events
(2.6 ab) : 108 events
(5.6 ab-)
0[0) 240 28

Center of Mass Energy [GeV]

~
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Positron Ring | | Electron Ring

o

ete” Higgs (2) factory
Ring length ~ 100 km

Luminosity per IP [1034cm-2s1]

2 0

Also, Z and W factory
IP 1 2 IPs

planned
CEPC Accelerator: Yuhui Li
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The CEPC Physics Program

Latest

Operation mode ZH Z W*W-
Vs [GeV] ~240 ~91.2 158-172
Run time [years] 7 2 1

L /1P [x10%* cms?]

5.0

115

15.4

Event yields [2 Ips]

1.7%106

2.5x1012

3x10’

The large samples from 2 IPs:
~10° Higgs, ~2x107 W, ~7x10*! Z bosons

\ ;

CEPC Conceptual Design Report:
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Volume 2 — Physics & Detector, arXiv:1811.10545
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CEPC Physics Performance (CDR)

e*e annihilations at the CEPC « CEPC can make detailed study of various physics processes
 Higgs bosons are detected via recoil mass of the reconstructed
Z, allowing for model independent & full investigation of the

Higgs and any new physics that Higgs may reveal
« Very challenging events with missing neutrinos and jets are
well reconstructed and identified
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et ) CEPC Physics Performance (CDR)

Order of magnitude improvement in precision = Unknown / discoveries

CEPC (&S HE S SN SIS CEPC YJHassS NS IBELL
EbHL-LHCEEIS$2S 5-10 (= RIS EIRSZI5-100F

Precision Electroweak Measurements at the CEPC

Precision of Higgs coupling measurement (7-parameter Fit)

1 0.010 m  Current accuracy
0 LHC3 00/3 OOOfbil 1 s CEPC: baseline and improve Is
# CEPC 240 GeV at 5.6 ab ' wi/woHL-LHC . 0-001
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10 Precision EW measurements,

K, KK, K, Ky K, K, K, _
Flavor physics (b, c, tau),

Study of QCD,
Probe physics BSM. 8

{Precision Higgs Physics at CEPC)
FIRPEYIEEE2020FERETMISIEE
Chinese Physics C, 43 (2019) 043002
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What we know from LHC
LHC upgrades won't go much further

Standard Model prediction
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First Order Phase Transition

increasing time

current
E CEPC
0.001 "
o o
3 S
1 0—4 i o o 1TeV = SPCC/FCC-hh/ILC 1 TeV
0.5 1.0 1.5 2.0 2.5

hhh coupling: As/Az sm

Orange = first order phase transition, v(T )/T_, > 0
Blue = “strongly” first order phase transition, v(T )/T_ > 1.3
Green = very strongly 1PT, could detect GWs at eLISA

Huang, Long, LTWV, 1608.06619
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Extrema can evolve airmrerently as 1 evoives 2>
rich possibilities for symmetry breaking 23
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Analysis of B.>tv,_at CEPC =& |Vcb|~0(1%)
T. Zheng et.al., CPC 45, No. 2 (2021)
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Chinese Physics C  Vol. 45, No. 2 (2021)

Analysis of B, — 7v, at CEPC*

Taifan Zheng(A3E)  Ji Xu(#&#) Lu Cao(# )’ Dan Yu(F#H)' Wei Wang(F45)  Soeren Prell’
Yeuk-Kwan E. Cheung(3#%)'  Mangi Ruan(t. & #)""
'School of Physics, Nanjing University, Nanjing 210023, China
“INPAC, SKLPPC, MOE KLPPC, School of Physics and Astronomy, Shanghai Jiao Tong University, Shanghai 200240, China
3Physikalisches Institut der Rheinischen Friedrich-Wilhelms-Universitit Bonn, 53115 Bonn, Germany
Institute of High Energy Physics, Beijing 100049, China
sDepartmem of Physics and Astronomy, lowa State University, Ames, [A, USA

Abstract: Precise determination of the B, — 7v; branching ratio provides an advantageous opportunity for under-
standing the electroweak structure of the Standard Model, measuring the CKM matrix element |V|, and probing
new physics models. In this paper, we discuss the potential of measuring the process B, — 7v; with T decaying
leptonically at the proposed Circular Electron Positron Collider (CEPC). We conclude that during the Z pole opera-
tion, the channel signal can achieve five-o- significance with ~ 10° Z decays, and the signal strength accuracies for
B. — v, can reach around 1% level at the nominal CEPC Z pole statistics of one trillion Z decays, assuming the
total B, — 7v; vield is 3.6 X 108. Our theoretical analysis indicates the accuracy could provide a strong constraint on
the general effective Hamiltonian for the b — crv transition. If the total B, yield can be determined to O(1%) level
of accuracy in the future, these results also imply [V,,| could be measured up to O(1%) level of accuracy.

Flavor Physics

Test of Lepton-Flavor-Universality (LFU)
L.F. Li, T. Liu, JHEP 06 (2021) 064

Experimental SM Prediction .
— — Ry & Rp.anomalies
Rk 0.7457099° 4 0,036  1.00+0.01 [4
0,12 o at level of 2-3c
Ry 0.6970-12 0.996 + 0.002 [5] :
Rp 0.340 + 0.030 0.299 + 0.003 R, = BROB = KOty
Rps 0.295 + 0.014 0.258 + 0.005 BR(B — K(ete)

: : . BR(B — D*rv)
b->s t*1~ is motivated to address LFU violating 7o = 5rm—=pmn,)

puzzle involving 3 generation lepton directly.

signal-hemisphere

K+

Channel SM prediction for BR
BY - K*'7 77~ (0.98+0.10) x 1077 [11]
B, — ottr™  (0.86 £0.06) x 1077 [11]
BT - K7~ (1.20+0.12) x 107 [11]
B, = 1t~ (7.73 +£0.49) x 1077 [12]
O ‘ O 1 O 3 tag-hemisphere
| M Bellell
| | LHCDb
0.001 || M Giga-Z

B Tera-Z -
H 10xTera-Z |, ..

¥

Sensitivity on BR

BO—>K*OU 12

B*sK*tr

Bs— @1t Bs—1r
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CEPC White Papers

White papers

« To promote the physics study at TDR & to converge to the Physics
White Papers

* Physics white papers:
- Physics handbooks for new comers: PostDoc/Student
- Official references for the physics potential

- Guideline for future detector design/optimization
» Higgs white paper published in 2019
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i CEPC Study for Snowmass: Physics (17 Lol)
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Lepton portal dark matter, gravitational waves and collider phenomenology
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Showmass — Letters of Intent
14 CEPC-Related Detector Lol submitted

https://indico.ihep.ac.cn/event/12410/

Detector R&D
Conveners: Joao Guimaraes Costa, WANG Jianchun, Mr. Mangi Ruan (IHEP)

15:00 CEPC Detectors Overview Lol 1’ PFA Calorimeter 1’

CEPC Detector Overview LOI . ie : mg " " . — . . .
Speakers: Haijun Yang (Shanghai Jiao Tong University), Dr. Jianbei Liu (University of Science and
SNOWMASS21-EF1_EF4-IFS_IF0-260.paf Technology of China), Dr. Yong Liu (Institute of High Energy Physics)

Speakers: Joao Guimaraes Costa, Mr. Mangi Ruan (IHEP), WANG Jianchun Material: Slides @

Material: | paper Slides )

High Granularity Crystal Calorimeter 1’

Speaker: Dr. Yong Liu (Institute of High Energy Physics)
Material: | paper Slides

IDEA Concept 1’
Speaker: Franco Bedeschi (INFN-Pisa)
Material: Paper

. , Muon Scintillator Detector 1’
Dual Readout Calorimeter 1 ) . ) ! )
Speaker: Roberto Ferrari (INFN) Speaker: Dr. Xiaolong Wang (Institute of Modern Physics, Fudan University)

Material: | paper Material: | document %)

Drift Chamber 1’ Vertex Lol 1’
Speaker: Franco Grancagnolo Speaker: Prof. Zhijun Liang (IHEP)

Material: | paper Material: Slides ﬁ

mu-RWELL (muons, preshower) 1’ MDI Lol 1’

Speaker: Paolo Giacomelli (INFN-Bo) Speaker: Dr. Hongbo ZHU (IHEP)
Material: | paper Material: | slides )

Time Detector Lol 1’

Speaker: Prof. Zhijun Liang (IHEP)
Material: | slides )

TPC LoI 1’

Speaker: Dr. Huirong Qi (Institute of High Energy Physics, CAS)
Material: = slides 'Ej

Key4hep 1’

Speakers: Dr. Weidong Li (&#EFT), Dr. Tao LIN (&#EFR), Prof. Xingtao Huang (Shandong University), Solenoid R&D _LOI 1
Wenxing Fang (Beihang University) Speaker: Dr. Feipeng NING (IHEP)

Material: Slides ﬁ Material: Slides ﬁ




Requirements of CEPC Detector

The physics motivations dictate our selection of detector technologies

Physics Detector Performance
Measurands )
process subsystem requirement
ZH.Z —wete . utu~ mp, o(ZH A(l/pr) =
o A il + )_ Tracker —5(,.~\/£ i 0.001
H — p'p BR(H — p"pu™) 2x107° & H(GaV) sin?/Z 6
H — bb/cé/qgg BR(H — bb/cé/gg) Vertex Ore =

A 10
5D LGV xsm7 g M)

) ) . ECAL A E =
H —qq, WW*, ZZ*  BR(H — q3, WW*, ZZ*) y
HCAL 3 ~ 4% at 100 GeV
AE/E =
H — Af“f BR(H — Ajrmjr’) ECAL 0.20 N
020 50,01
E(GeV)

® Flavor physics

® EW measurements = High precision luminosity measurement, 6L /L ~ 104

= Excellent PID, better than 2c separation of n/K at
momentum up to ~20 GeV.

16




L

C#6 Conceptual Detector Designs

(Baseline Design) o
Magnet Particle Flow Approach 2T Magnet et

(3T/2T)

IDEA concept
(also proposed for FCC-ee)

Yoke + Muon (RPC or p-RWELL) Preshower (u-RWELL)

LumiCal

PFA HCAL Yoke + Muon (u-RWELL)

PFA ECAL

Si Pixel Vertex The 4t Concept

SIT TPC SET
D ETD

PFA HCAL
Partially Yoke

Magnet (3T/2T)

PID (DC+ToF)

FST concept
(Full Silicon Tracker)

Crystal ECAL

Silicon Tracker
(Transverse bar)

17
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@76 The 4t Conceptual Detector Design

> IRHFARICEPCERNER S 5 BEFEESTERINES + S =PID + RIS SHERS
+ B SR N TSR TaFE6EzEZE

. Advantage: the HCAL absorbers act as part
Solenoid Magnet (3T /2T)
M +Yok PFA HCal m
uon+Yoke a otween L & ECAL of the magnet return yoke.

Challenges: thin enough not to affect the jet
resolution (e.g. BMR); stability.

Transverse Crystal bar ECAL

gl

Advantage: better n0/y reconstruction.

Challenges: minimum number of readout
channels; compatible with PFA calorimeter;
maintain good jet resolution.

| Drift chamber
that is optimized for PID

Advantage: Work at high luminosity Z runs

Challenges: sufficient PID power; thin enough
not to affect the moment resolution.

Si Tracker Si Vertex

18



= CEPC R&D: Machine Detector Interface (MDI)

Crossing angle: 33 mrad,
Focal length: 2.2 m

300 T
AY /7
A arccos0.99 /'
\ /
200} \\L/ \,/
\ /
\ /
\ /

100
€
S 0
<
-100
II \\
’ \
-200 //\ A
K arccos0.99
’ \
~300 . 4 . b s
ars —4 -2 0 2 4 6
S(m)
Beam Pipe

¢ 28—20 mm, Be thickness: 0.85—0.35 mm

Vertex: Zhijun Liang

Final focusing magnets (QDO, QF1) with
Segmented Anti-Solenoidal Magnets

MDI: Haoyu Shi
& many more

Cable

LumiCal: Suen Hou




<zl CEPC R&D: Silicon Pixel Chips

2 layers / ladder R,~16 mm Goal: o(IP) ~5 pum for high P track

CDR design specifications
= Single point resolution ~ 3um
* Low material (0.15% X, / layer)
= Low power (<50 mW/cm?)
» Radiation hard (1 Mrad/year)

CPV4 (SOI-3D), 64x64 array
~21x17 um? pixel size

Silicon pixel sensor develops in 3 series:
JadePix / MIC, TaichuPix, CPV

% TaichuPix-2, 64x192 array

JadePix-3 Pixel size ~16x23 um?2 25x24 um?2 pixel size

Lower
chip

Tower-Jazz CiS process
~5um, power 52.8mW/cm?

Full size TaichuPix-
3 to be used for
prototyping ladder

MOST 1

20



=

\ 3
B
s

A\

CEPC R&D: Time Projection Chamber

Baseline main tracker
o(r-¢) ~100 pum

| MOST 1

‘e
.
.
.
.
.
N
.
.
.
.
.
*.
.

- W

T PN AaIC S

S e TV
P 1 S
TP TR ] .y

iPower <2.5 mW/ch 4

TPC Prototype + UV laser beams Low power FEE ASIC

Test of Prototype TPC &g

| A\ . I
| v
el _, 3 i ml - e —
1 :
= )

Challenge: lon backflow (IBF) affects the resolution.
It can be corrected by a laser calibration at low
luminosity, but difficult at high luminosity Z-pole.

F hi16
12l Ed=200Wcm . E‘=200V!cm s VMesn = 400V 150E- Entries 21076
. T B L - Mean 4.106
.- L wob- Std Dev 0.1005
3 r * T2K gas E # / ndf 155.7 /153
= 10~ . 350 Prob 0.4245
s [ = Ar/iC4H10(95/5) = Constant 4252+36
< L 300 Mean 4.106 + 0.001
© S E Sigma  0.09818 + 0.00049
n_lzl L 250
5 o ) . 200F-
¥ : ! IBF'Gain: 5 ot 98.42M
[ 1 ] ;
4—r_’_/_,/| : 100~
i 15000 1 5000 £
i s - : y Xy o T R T T T E
-8"%\ e : ] 520 230 240 250 280 270 280 200 300 ittt el
| \ Viem [V] 2 25 3 a5 5 55 6
- \ \ X pOSI[I)n (um)
— \ Hi .
TPC: Hui . o, < 100 um for drift length of 27cm o1
. uirong Qi



2 CEPC: Drift Chamber for Particle ID

€ Both TPC & DC in the two designs have good PID, with dE/dX or dN/dX (cluster counting).

@ The FST solution needs a supplement PID. A combination of different PID detectors is also possible.

€ Aim is to for have 2c ©t/K separation for P<~20 GeV/c. _ <«

/K dN/dX
/K dE/dX

o i i
:n.
..___.I“""' -

Drift chamber between the outer layers of FST. The dN/dX method
Is more efficient. It is a joint R&D effort with the IDEA DC. But the
DC can be optimized for PID only, not its tracking capability.

I’J-‘H mm —=—,,

Sep.Power [Arb Unit]

Time of flight detector, e.g. LGAD. The time resolution ~20-30 ps
today. Resolution of 10 ps is possible by the time of CEPC. - ot - m

M GeV/
Other options, e.qg. al:?é{&}i RICH, will also be considered. omentum [GeVic]

2 s Simulation & Recons. _ Raw signal
IHEP-NDL LGAD-V2 =)
Pixel size 1.3X 1.3 mm? 228 DI
(G oA W = < 2 - Detected
o Flleli et ! ‘ i c
2 ..
“' o, =10 ps n _
1 ¥
|
- ™ 0.5 WMP , X
i s e e e T T I T T T T D
- o Im.,n.._,.,. v el - 0 5|0 1[|]0 15|O 2(|)0 25‘0 380 35|0 4(|)0 45J0 500

Drift Chamber: Mingyi Dong 22



CEPC R&D: PFA Calorimeters

Calorimeter options E—
Chinese institutions have been T EcaL |
focusing on Particle Flow calorimeters |
R&D supported by MOST, NSFC

and IHEP seed funding ‘
analog! digital

—

analog

Micro

Silicon Scintillator ‘MAPS ‘Scmtlllator‘ RPC ‘ GEM ! megas

s - - SN T

Elechromaanetic ECAL with Silicon and Tungsten (LLR, France)
9 ECAL with Scintillator+SiPM and Tungsten (IHEP + USTC)

SDHCAL with RPC and Stainless Steel (SJTU + IPNL, France)
Hadronic SDHCAL with ThGEM/GEM and Stainless Steel (IHEP + UCAS + USTC)

L ith ciniIo+iM nd alesstl (IHP +C + J) E

Crystal Calorimeter (LYSO:Ce + PbWO)

longitudinal
g Dual readout calorimeters (INFN, Italy + lowa, USA) — RD52

granularity




KCe? ) CEPC R&D: ScW-ECAL Prototype ,,
* Goal of ECAL+HCAL-+... ScW-ECAL Prototype -)ESCECAL prototype with 6700 channels

Tungsten 4% BMR, e.g. in (Z—>vv) (H—QgQ) el
i} ,

- 32 active layer (EBU), 22 x 22 cm?, ~22X,

- Scintillator (2x5x45mm?) + MPPC S12571

O & -~ Embedded FEE (192 SPIROC2E ASICs)
Silicon Scintillator _ ,
- It has been tested with cosmic rays & an
electron beam at IHEP (Nov. 2020).
MOST 1

Granularity: 5mm x 5mm
Position resolution: 1.6-1.8mm

N 2.4
100—: - ) B
221~ ~+data
50 T
£ E ol +MC
£ s L
= 5t
% ’ | i WBE; ’-:-
8 &
1GevV > 5 i st
== - g [ . +t
particle ] - N +hadptptpdrrtt
] . -
-100— J— B
T — 14—
10050.---.-.&%"*-&% I,—,—,—.u—|—|—|—-,.-|—r|‘—|—l'-..h TllllllllllIIII|IIII|IIII|IIII|I
Positioy 00 " 5" 'sg 100 150 200 250 300 0 10 15 20 25 30

/ -
M Layer position [mm] LayerlD

24



= CEPC R&D: High Granularity Crystal ECAL

_—

B

,ﬂ*
I k'l\

Busic Madule

Crystal Scinﬂllatfr (eg. B6O, LYSO.)

Goal

« Comparable BMR resolution
as with the Sci+W ECAL.

* Much better sensitivity to
v/e, especially at low energy. tﬂg

1x1x40cn ﬁ
\Photodeuc?ors (eg. FPMT, SiPM. )/'

Sty
/ /

;“'T 1560 0 ) 1 Incident [E 4
particles ' E | s das Fe
e~
Timing at two ends for positioning along bar. Bench Test Test board for KLauS-5.in BGA package

Significant reduction of number of channels. )
_ Recon. Algorithm

Design Idea Energy & time matching I
solves ambiguity =

MC Simulation

120/ H [
- SiW ECAL “ Crystal ECAL K ‘L
- wHuies TUuuU Il 300 h_Zdxz_ step h_2dxy step
10| Mean 123.6 200l | Mean 121.7 ~ : )
C | RMS 11.23 - | RMS 16.76
80 | 2/ ndf 116.2/ 61 o |22 /at 101.8/10
ool Constant 100.1+£5.0 T | Constant 227.8+12.3
F | Mean 126.34 0.1 C | Mean 124.6 +0.0
C | sigma 526 + 0.1 00— | g
o LS9 3526 +0.130 ~ [Sigma 122140047
- S0
- SiW ECAL : Crystal ECAL
0 1 I 1 lonn b VIS | Bl | | ) IV ISP AN PP I /il L v [TV
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200

Invariant Mass / GeV - Invariant Mass / GeV o; s it o 5 _. L ﬁ '
Calorimeter: Yong Liu 25



3 batch testing platforms built
(USTC, SJTU, IHEP)

HCAL

Uniformity within ¥15%

Steel

Scintillator RPC MPGD
AHCAL SDHCAL

* AHCAL with Scint.+SiPM (USTC, IHEP, SJTU)
- Prototype in production, size 72x72x100 cm?3, ﬁ
- 40 layers, Fe+Sct+SiPM+PCB=20+3+2=25mm,

- 12960 Scintillators, cell size 40x40 mm?2
- SiPM: HPK 14160-1315PS and NDL-1313-15S

* SDHCAL based on GRPC (SJTU) :>
Constructed 1x1 m? GRPCs, MIP Efficiency ~ 95.7% v

 SDHCAL based on MPGD (USTC, IHEP)

Constructed 1x0.5 m? RWell detector, MIP
Efficiency ~ 95.9%, count rate ~ 1.8 MHz/cm?

HBU:HCAL Basic Unit

Tested ~ 15k Scintillators
Light Yield: ~ 13 + 0.66

Efficiency ()
o
L]

— o b b e
5800 6000 6200 6400 6600 6800 7000
Applied voltage (V)

L. 107
Rate(kHz/cm™)



cevl CEPC R&D: Muon Detector

« RPC R&D applies to both SDHCAL & Muon. / WRWELL for PS & Muon \
* An alternative is u-RWELL technology. The concept was proved. e D
Currently focus mainly on industrialization and cost reduction. W ‘
 Scintillator Muon detector. R&D overlaps with Belle Il " i e
DLC layer (<0.1 ym)
Building a prototype detector EB R
Scintillator strips, improving quality & cost-reduction. ,:T:m/ | ' |
WLS fiber: purchased Kuraray, focusing on optical couplings. \
SiPM Hamamatsu S13360-13**CS, and MPPC option.
Top copper layer
—
;fe.‘-:";’; kapton—™ é = )
.H,x"' +
\ .. : Resistive foil (p)
- == G , = — N = Rl o ‘ Pre-preg — & =
| Se. strip B ) S t
L : NOT IN SCALE
Fil:ller:.'..- b Clbnnectl:urs

e Achieved c,~2ns,
Fudan U. Aim for 100-200 ps.

Muon: Xiaolong Wang
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76 CEPC R&D: Solenoid Magnet

End-caps Barrel yoke So I e n o I d Fel pe n g N I n g Rurherford Cable V N Stabilized R ul-eufmd.vw

cable

R&D

Alloy reinforced

7240
e | o i il TS L
I S 2
5080 ReCO ta “hili . — . ,
3 2 Pe HeBLO Stack (;,hlgv N Stabilized RefCD Stacked Moy renforced cable
HTS wpeoble _ R&D R&D
e £ »
. a4 e m—
4400 -
3600
T T T
Solenoid p = ggg ‘l)()r:b“:]m ]
5-module coil (4 layers) Cryostat vacuum tank 0.15 T o 2495 ik 7
| —— gap 649.5 mm _
1810 |  —— gap 749.5 mm I
w i 1
.é‘ 0.1F 1
Tracking volume =
500
s iR i e e e S 0.05 2
6983 5863 4143 2350 o(IP)

Main Challenges T
— M,,[GeV

0.08_---..[..]..,.

Low mass g e

v coil with 90 mm

0.07 coil with 200 mm ]
. coil with 400 mm

Ultra-thin (,(, . ae ]

BMR
.

HTS coil

£l High strength cable ™| PP
0.04 Fa®
Keep BMR ~4% -

0.03 L——— —_— L
0 500
Thickness[mm]




PR ERERFRIHN
Clrcular Electron Positron Collider

Member of CEPC Industrial P Consortium (CIPC)

CEPC=ML1R 3=
oA N Rod

TR 3

7 " : CEPC L i £:20181F £ RIS R K S A

Representatlves of enterprises in the Representatives of enterprises in the
annual meeting, in July. 26 , 2018 plenary meeting, in Nov. 13, 2018

A yas A
The CEPC Industrial Promotion Consortium (CICP) is established in Nov 2017. i B0RKEWRE
Till now, More than 60 companies joined CICP, with expertise on superconductor, Wiz Review of CIPC annual meeting
superconducting cavities, cryogenics, vacuum, klystron, electronics, power "
supply, civil engineering, precise machinery, etc. The CIPC serves as a
communication forum for the industrial and the HEP community.

yogenics workshop on TDR of CEPC CIPC working group meeting On June 4,2019
“'Nov 7, 2018, IHEP, Beijing, China

1) Superconduting materials (for 9)Electronics -&@@@ﬁ‘

cavity and for magnets) 10) SRF —_—

2) Superconductiong cavities 11) Power sources

3) Cryomodules 12) Civil engineering

4) Cryogenics 13) Precise machinery

5) Klystrons \ = ! | N
6) Magnet technology More than 40 companies y | ; N g f ) : » ‘ t ) ' ‘ ” l ‘ ‘ | | l ‘
7)Vacuum technologies first phase of CIPC, i
8) Mechanical technologies and 70 companies now.

&
GEERE gy gEEEm  DULRIS ,wr{{ﬁ

e RACiHG FeChOL oo ACTIONBOWER. s = E‘;‘[ﬂ? KAITENG SIFANG TR

@ @ Q) rEEr IR % oo Sy parmee Off

HZC PHOTONICS T BHAGREIRUNRLT PUSU
- @uszz: O YT T T R————
@ HHBNR S ::;‘. HDKYEE&Q“_ mg. SROMRHARR m Ib P Al 4

et 1/ ) . sy QRO

R cBvAC - W/
== 2 eI e semvranan o €) omam snssanuvenssunNAnan > CEPCFI it -2 2 CEPC kAL itk 25 = U\ éﬁi
AT ﬁiﬂ’.ﬁ?i'?lﬁjﬁzﬁ)iﬁ%ﬁ AR S FREAT & 5

é’ ispdioind e /M L & @ sT e E—— Representatives of CIPC Foundationsin  Representatives of enterprlses in the
(Eowarps L &2 C (%ﬁg 4 the plenary meeting, in Nov. 21, 2019 plenary meeting, in Nov. 19, 2019

6afrfRE, 2R
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e ) CEPC Project Timeline

> 2013-2025: Key technology R&D, from CDR to TDR, Site selection
> ldeal situation: Approval in the 15t Five-Year Plan (2026-2030)

CEPC Project Timeline

© S
N v
& 2

& & & &
Y v a 2%

Pre- .
. Construction
Construction

+ Site selection, engineering design,
technology & system verification

* Accelerator TDR, MoU,
international collaboration *  Tunnel and infrastructure construction

* Accelerator components production;

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

Installation, alignment, calibration and
commissioning
* Decision on detectors and release of

CEPC-SPPC Concept

* 2015.3 Release of Pre-CDR installation and commissioning
* 2018.2 1% 10T SC dipole magnet * 20TSC dipole magnet R&D with

Nb;Sn+HTS or HTS
*+ 15TSCdipole magnet & HTS cable R&D

I
I
I
I
|
I
1
|
I
!
|
|
I
!
|
» 2013.9 Project kick-off meeting detector TDRs; Construction, :
|
I
|
I
I
|
|
I
I
|
|

HTS Magnet R&D Program 30




el CEPC Site Selection
(Riktthllk: FEEDS. BRA. R, #AH. KT, KVF > Site selection is based on geology,

. . | | electricity supply, transportation,
CEPC Site Selection  puypuypy environment, Local support &

(Red are actively progressing forward)

economy, ...
> Initial CDR study is based on Qing-
Huang-Dao site

1) Qinhuangdao, Hebei Province

2) Huangling, Shanxi Province

3) Shenshan, Guangdong Province

4) Huzhou, Zhejiang Province
5) Chuangchun, Jilin Province

6) Changsha, Hunan Province

< More invitations from local governments: Changsha, Changchun, ...

<+  BIPABTHSOHIRE: RERIFAERFENERNZE (EXRBHERNE~2028)

<+ KOTHEEERE, SHihREEER; ZCHMRAFEEIRAIBBRER (hEGSD)IRA
IESBFIHENEERFRFZHBIRRICIEHRS) ERCIESR, WHHERERREFHENR
YIRS, BARRENA{TESELESFIERITN, SbBFIERESISIEENESR.




cer) CEPC Site Selection

One of the best international image city of
China (mainland), the UNESCO Creative City of
Media Arts and the Culture City of East Asia.

Changsha site and its surroundings have slight
seismic activity in history, and are free of
active faults. The peak ground acceleration is
50 Gal (0.5m/s?) and the seismic intensity is VI.
The tectonic structure is stable.

Site located in the north of Changsha City,
* 15 km from Xiangjiang science town
e 20 km from downtown & international airport

Accessibility and transport conditions: The
existing transport and road network is sound
and complete, with convenient access to
downtown and airport. The site has open
landform, pleasant environment with
mountain and river, and complete supporting
facilities around.




G270 Summary

> CEPC E/RBELI + ZII + WIT, AEFEiENEREMENEXHET
> FRNHERCEPCHREY: B3R (EAFR) , B5EYIE, F)IE, QCDYIERFMIES
> R TR R, PRI RN R KRR AR T

> BRNIES CREBATRAENS 7 SINEEHEE:

> RINIRBEERERC R, ZE2HEREEISHK, FEHA53mW/cm?;

> REINGAEITPCIRIBHENN, RS FHFF10060K; (KINEE, SEREREHBFFASICER, ~2mW/ch

> EINRSIEFRE N EF A SBEIEENS TR EREM SRR, REMERYHFF2E=XK
> B 7T —&5CEPCHEFFFIE:

> HE: Jts (2017.11, 2018.11, 2019.11), _E;iF§ (2020.10), ##M (2021.4), = (2021.11)

HELEHTKE (2015i-)
>EGN: 5 (2018.05), Fi# (2019.04), T ZE (2022.05 ?)
> EE: ZNEF(2019.09), LLEIFX (2020.04, online)

>2ERAN: RS, BEx, PRk, WEE
> CEPCRIERATRA LIFiRLitd, AT —RIIEEHRE, BiFARPRRSS5!
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Recent CEPC Workshops

Workshop on the Circular The International Workshop on the .
THE 2018 INTERNATIONAL WORKSHOP }( bl U . e ( . “. reular El Posi P lli The 2020 International Workshop
ON HIGH ENERGY CIRCULAR Electron-Positron Collider Circular Electron Positron Collider

on the High Energy
ELECTRON POSITRON COLLIDER S EU EDITION 2019 Circular Electron Positron Collider

Oxford, April 15-17, 2019
Institute of High Energy Physics, Beijing, China Roma’ MB)’ 24-26 2018

https://indico.ihep.ac.cn/event/7389 University of Roma Tre
Submissions of abstracts are encouraged.

October 26-28, 2020
Shanghai Jiao Tong University, Shanghai, China

https:/findico.ihep.ac.cnfevent/11444/

International Advisory A Local Organizing
Committee \\ Committee

Young Kee Kim, U. Chicago (Chair) 7 Jianming Qian, Michigan (Chair}
Bary Barish, Caltech X

Hesheng Chen, IHEP

Michael Davier, LAL

Eckhard Elsen, DESY

Brian Foster, DESY/U. Hamburg

Rohini Godbole, CHEP, Bangdom

David Gross, UC Santa Barbara

Next CEPC International Workshop
at Nanjing University, Nov. 8-12, 2021
You are very welcome to participate
https://indico.ihep.ac.cn/event/14938/

9.\ 1) & - -
W@%ﬁ@ﬂmﬂ@wl lilor/shopRonBthel lgh Encrfy-Biveunlor Eﬂﬂw @ollicer m 7.020)
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https://indico.ihep.ac.cn/event/14938/

BB ARAIKIEHISZ

or ,
IHEP Dongguan Campus, October 22-23, 2021
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el CEPC Accelerator Baseline (CDR)

Baseline: 100 km, 30 MW; Upgradable to 50 MW, High Lumi Z, ttbar

A very active accelerator R&D program towards a TDR ~ the end of 2022

http://cepc.ihep.ac.cn/CEPC_CDR_Voll Accelerator.pdf
EBTL

Electron By-pass Transport Line

I AdA «M-a««eeeq«««« FAC 4444444

10 GeV

P — e —
] 22wy 1 Gev
. 0 R | 21 Mv/

o SHB ——" 21 MY/m E‘\ﬂef:r:n Solenoid " 4GeV
5u

‘ 1 Kiys. 2 Aceel, Stru 21 (3) Klys. 84 Accel. Stru. 3Klys. 6 Accel. Stru. 19(3) Klys. 76 Accel. Stru. 29 (4) Klys. 116 Accel. Stru.

eiectron

ESBS FAS PSPAS SAS TAS

CEPC Accelerator Chain and Systems

Energy ramp
10 GeV 10 GeV

L5 Booster Yoke/Muon
= et 100 km Booster
45/80/120 GeV = _
s -
2 -
Q
£ i
L) - Booster and CEPC U =P
Collider 1 - SPPC 4
Ring P
100km - B Vs = 90, 160 or 240 GeV Lumicl F— ]
2 interaction points Cryostat Shielding —
L L L L | 1 L L L I 1 L L L | L L L L | 1 L L L | 1 L L L
SPPC 6 meters wide 1000 2000 3000 4000 5000 6000
45/80/120 GeV beams CDR provi collider collider Z [mm]
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CEPC Accelerator Design Improvement

CDR

Higes | W [ z o | zop
Number of [Ps 2
Beam energy (GeV) 120 | 80 [ 455
Circumference (km) 100
Synchrotron radiation - )
lo}ss turn (GeV) L73 0-34 0.036
Crossing angle at IP (mrad) 16.5 = 2
Piwinski angle 3.48 7.0 23.8
Particles /bunch N, (10') 15.0 12.0 8.0
Bunch number 242 1524 12000 (10% gap)
Bunch spacing (ns) 680 210 25
Beam current (mA) 17.4 87.9 461.0
Synch. radiation power (MW) 30 30 16.5
Bending radius (km) 10.7
Momentum compaction (10°) 1.11
B function at IP 8,*/8,* (m) | 0.36/0.0015 0.36/0.0015 0.2/0.0015 | 0.2/0.001
Emittance x/y (nm) 1.21/0.0024 0.54/0.0016 0.18/0.004 | 0.18/0.0016
Beam size at IP & /g (Lum) 20.9/0.06 13.9/0.049 6.0/0.078 6.0/0.04
Beam-beam parameters & /5 | 0.018/0.109 0.013/0.123 0.004/0.06 | 0.004/0.079
RF voltage Vs (GV) 2.17 0.47 0.10
RF frequency frr (MHz) 650
Harmonic number 216816 “
Natural bunch length o (mm) 2.72 | es‘g
Bunch length o= (mm) “ D
Damping time 7,/ 5,/ 7z (ms) se\‘ 049.5/840.54250 |
[ Natural Chrom~* Ba c0l  [-491/-1161] -513/-1594

363.10/365.22

20\ 8 0.065 0.040 0.028

v (deell) 0.46 0.75 1.94
[ Natural energy spread (%) 0.100 0.066 0.038
Energy spread (%) 0.134 0.098 0.080
Encr_g}-' accep‘tjzfl.lcc 135 0.90 0.49
requirement (%)
Energy acceptance by RF (%) 2.06 1.47 1.70
Photon number due to 5 2 5
beamstrahlung 0.082 0.030 0.023
Beamstruhlung lifetime 0/20 - 400
quantum lifetime’ (min)
Lifetime (hour) 0.43 1.4 4.6 | 2.5
F (hour glass) PN 0.94 0 99 oy
Luminosity/ TP (10*em?st) (3 ) 10 17 [ &2 l

T include beam-beam simulation altPPeal lattice

ttbar Higes | W Z
[Number of Ips 2
Circumference [km] 100.0
SR power per beam [MW] 30
Half crossing angle at IP [mrad] 16.5
Bending radius [km] 10.7
Energy [GeV] 180 120 80 45.5
Energy loss per turn [GeV] 9.1 1.8 0.357 0.037
Piwinski angle 1.21 5.94 6.08 24.68
Bunch number 35 249 1297 11951
Bunch population [10"10] 20 14 13.5 14
Beam current [mA] 33 16.7 84.1 803.3
Momentum compaction [10”-5] 0.71 0.71 1.43 1.43
Beta functions at IP (bx/by) [m/mm]| 1.04/2.7 0.33/1 0.21/1 0.13/0.9
Emittance (ex/ey) [nm/pm)] 1.4/4.7 0.64/1.3 e n 0.27/1.4
Beam size at IP (sigx/sigv) [um/nm] 39/113 157 d DeS\g 6/35
Bunch length (SR/total) [mm)] 22/20 ' o\’e ..0/4.9 2.5/8.7
Energy spread (SR/total) [%] ¢\ \mp Ny 0.07/0.14 0.04/0.13
Energy acceptance (DA/RF) [%] 02 1.6/2.2 1.2/2.5 1.3/1.7
Beam-beam parameters (ksix/ksiy) 0.071/0.1 0.015/0.11 0.012/0.113 0.004/0.127
RF voltage [GV] 10 2.2 0.7 0.12
RF frequency [MHz] 650 650 650 050
HOM power per cavity (5/2/1cell)[kw] 0.4/0.2/0.1 1/0.4/0.2 -/1.8/0.9 -/-/5.8
Qx/Qy/Qs 0.12/0.22/0.078 [ 0.12/0.22/0.049 0.12/0.22/ 0.12/0.22
Beam lifetime (bb/bs)[min] 81/23 39/18 60/717 80/182202
Beam lifetime [min] 18 12.3 55 80
Hour glass Factor 0.89 0.9 0.9 7
Luminosity per IP[le34/cm”2/s] 0.5 (50) 16 ( 1155

67%

259%f



Cer ) CEPC SCRF Test Facility
CEPC SCREF test facility (Lab): Beijing Huairou (4500m?)

® N-doping and
5 Nb;Sn oven

-

\ Inspection,
pre-tuning

Module test
One per 2 wks
o

Cavity VT :
oyt -
® 4 cavities / wk 8 cavities & couplers,

=
/\%\ﬁ =l 1 string! 2 wks
A I N

SC New Lab will be available in 2021

{ - : e R /s
\ e

New SC Lab Design (4500m?)

“EH | vawe

Sl -
i i

Crygenic system ha" in Jan. 1 6, 2020 Temperature & X-ray Second sound cavity Helmholtz coil for Vertical test dewars Horizontal test cryostat
mapping system quench detection system  cavity vertical test




6, CEPC R&D: High Q SCRF Cavities

> Booster 1.3 GHz 9-cell SCRF cavity: Q = 3.4E10 @ 26.5 MV/m (FRiRiEX)
> Collider ring 650 MHz 2-cell SCRF cavity: Q = 6.0E10 @ 22.0 MV/m (&)

> IHEPHHIRYEESINER: EREfatR SR EIFEE ¥ CEPCAYZITHEIR Q = 3 E10

Vertical test of 650 MHz 2-cell cavity

Vertical test of 1.3 GHz 9-cell cavity
1.0E+11 1.0E+11
, - = = [ 1] 000 .0000 .“.JZ
Q 060 06000 00000 %0 L0 i SN Q Multipacting ‘R
AL IHEPTEIBEJ:E}REEIJ]*IEE; 9E10@30 MWm (650MHz 1-cell BH) P
mll r .. .
1.0E+10 | : :’_ ! i‘t 3.9E1U@30MWm
i = i CEPCHIF:
- _ _ ”
15, - ;nim _ 20K Q, = 3.0E10 @ 22 MV/m
25 o]
B 65054-FG MER: At 2K
g «
0 . 0 9F A er0ss1e | Q, = 3.9E10 @ 30 MV/m ‘
- | Y CEPCIZ il H #x 1.5E10@37.5MV/m 2000 2500  30.00
i [ | Y CEPC CDRiE#HS Q, = 1.5E10 @ 37.5 MV/m
Medium-temperatut Frrnrrnnere e N NN N NN N R R NN NN R R NN S .

adopted to reach Q: 0 5 10 15 20 9% 30 95 10 45



CEPC R&D: High Efficiency Klystrons

BRI ERCEPCINERAIXBIZIIRAZ—
BV REEFNEINR, &XRELIEREE] 700 kW (CW)

800 kW (Pulsed mode), FE#aH#ZIXE] ~ 62%

0 BIARBEEFENCEHAEINI, BEERIFE

AWidFEs (PAPS) i

R AES

AT, RITEER: ~77%

0 SRARFAERITERM, = ~80.5%

B RAENE R 40



HTS SC Magnet (12T)

13 |

RESEARCH INTERNATIONAL

Field (T)

- Fr
12 Tesla PrIEE S v oo e
12 L % ! g PAGWIL N,
— - - T - - - - - - —- ot T ;;"u-: 5 Gl - - ———rﬂ*- ——————
. - .. e *.“ *y *
- ' ' . “ “ ’ % HOME / NEWSROOM / RESEARCH NEWS / PHYSICS
* # *
LA o . * *

a* *a e *h e . . i | contact
Domestic Superconducting Dipole Magnet Reaches 12 Tesla

—
—
!
*

GUO Lijun

- LPF1-U test after the 2"d thermal cycle
6865A& 1247T @ 4.2K
- Two apertures - 2*@ 14 mm

AEAARNEHHEFEE SR E

The high-field superconducting magnet team of Institute of High Energy Physics (IHE ¢ E IH%‘JE% wmwmm

Sciences has made progress in a new round of performance tests that ended on Jurni

magnet developed by the team exceeded 12 T (Tesla) in two apertures at 4.2 K, react
performance capacity of the superconducting wire. This magnet, including its design Eﬁgalzﬁﬁm

coils, and related equipment and platform, is based on domestic technologies.

—_
o
|

SR EFiER

At present, the magnetic field record for a dipole magnet without aperture is 16 T an
69196
for Nuclear Research (CERN). The record for a single-aperture dipole magnetis 147 2021-06-16 21:26:21

A AL 6 S 16 H & (135 FhE

)R R R AL ERBA SRR (R

BT 6B A NS, RSHES

A E B T A H— 1 MBS
HEBEHHGESM wopyeaminR, B

220516 7107154, 9K (B R 2699 B ) FARANFLZMR

IR 12455 HI(T, Tesla)HiHaBEE,

w
|

»  Coil 1" - NbTi
s Coil 2" - NbTi
+  Coil 3" -Nb,Sn
*  Coil4"-Nb,Sn
»  Coil 5" - NbTi BES0

FiE &R BEE w8

co
|

BEAZ (0.5 MPa EEEEL)

— 4 A = < ol \
= B : REB T MR R IERERI85% L L
e T s v Coil 6 - NbTi FBRATCALAN (18 KAE) 168, 25 °
HR A0 SHENB LR F-shell S ORI SR -l R DL ERCH BT, R R T e chERR R A | R 4l 11843
6 W (0 BEEE, mHESstER et ¢ T TPCRRETT ARV S

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 : i i
AEEEERT AT B, FATREE SIS il T — A B
Traini ng h|5t0|'y B, 0 SR R A B BT RS LRI TR I E SRS ) BEER K

Qingjing Xu. | 41
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CEPC R&D: Full Silicon Tracker

Full Silicon Tracker Concept

Replace TPC with additional silicon layers
FST IC’YOUh Rad length up to 7% FST2 IC’YOUh Rad length up to 10%

Proposed by Berkeley and Argonne

Drawbacks: higher material density and limited particle identification (dE/dx)
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A 3x3 towers ECal-size prototype has
been built, waiting for testbeam.
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160 scint. fibers 160 Cherenkov fibers
Tower: 20 rows X 16 columns

Dual Readout Calorimeter & SCEPCAL

Dual Readout calorimeter

Timing layer o, ~ 20 ps

ECAL layer oz/E~ 3%/E

in the IDEA design

@ e e e e
© @ e e e e )

Combining Crystal ECal and DR Calorimeter
by Eno, Lucchini, and Tully et al. (arXiv:2008.00338)

/
M SCEPCAL E2

N Dual readout HCAL\

Scintillating fibers
@=105mm

Cherenkov fibers
@ =1.05mm

Brass capillary

ID =1.10 mm,
OD =2.00 mm

LYSO Ce crystal (~1X)
3x3x54 mm3 active cell
3x3 mm? SiPMs (15-20 pm)

Solenoid

PbWO crystals

Front segment (~6 X,)
Read segment (~16 X,)
10x10x200 mm? Crystals e ex Lo -
5%5 mm? SiPMs (10-15 pm) : ' —

T T
~1A 0.16A, B8A,
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vl CEPC Accelerator: Plasma Injector

CEPC Plasma Injector V2.0 o.... .e—},_

beam @D T - 10GeV 45GeV s
IHEP, THU, BNU Ny 3, I ~ PWFAI | — .
beam .ei'>l— =" Sl PwrAll ——
Booster Requirement — 2 coy p11.2nC, 2.4 GeV p1 45GeV
Witness — ] 4 ee
Energy (GeV) 45.5 peam p1 ooy o pall s n iy R
Bunch Charge (nC) 0.78 ° chrge e
Bunch length (um) <3000 S B S T i s 68 25
o FHE TAE S 100 B ) g
Energy Spread (%) 0.2 WEFR, SHERFRUEHEE T :
en (um-rad) <800 bahniE, MEBI30%, HEEN1.6% - | Y - S0 5
Bunch Size (um) <2000 W. Lu, et al., arXiv: 2012.06095v2 xloo i
~150 4 = _l.l.|25

Plasma dechirper exp. at THU Ko

UV Laser IR Laser
266nm @300fs 800nm @30fs

Interaction
Chamber

Coil1

| == ‘l‘l‘\’rJ||||||||| :Ij

|| =t ot LN B B
RF Gun #Jiiajnjj:c Triplet1 Chicane Triplet2

Experiment Goal:

1. Decrease the energy spread from 1% to 0.1%

2. Study Hollow channel impact on beam quality & pcriment

200 100 0




cevl CEPC Accelerator Design Improvement

» High luminosities at H and Z factories

.. . . . CDR v L*=2.2m, 0c=33mrad, px*=0.36m, fy*=1.5mm, Emittance=1.2nm
* Optimization of parameters, improving scheme

dynamic aperture(DA) to include errors and  (piggs)
more effects

— Strength requirements of anti-solenoids (peak field B,~7.2T)
— Two-in-one type SC quadrupole coils (Peak field 3.8T & 136T/m)

e New lattice for h|gh Iuminosity at nggs Hig%l ' v L*=1.9m, 0c=33mrad, px*=0.33m, py*=1.0mm, Emittance=0.68nm
. luminosity — Strength requirements of anti-solenoids (peak field B,~7.2T)
* New RF section layout ?;Ilfem‘; — Two-in-one type SC quadrupole coils (Peak field 3.8T & 141T/m)
. 128s i
e More detailed study of MDI with room temperature vacuum chamber & Iron yoke

e (Optimization of the booster design and
m%gnets 5 CDR Change of IP chamber  High luminosity

. . Be pipe: 28mm, SCQ Beam pipe:20mm Be pipe: 28mm, Beam pipe:17mm
* A new alternative design of the LINAC - .

injector & olIE g e o~ g 07 g
g g - =rl ° . ’ g 8 fe O - N ;
* A new plasma injector design — e — P ==
* Injection design — ———
° e [ 50

» Accelerator Review Committee (ARC)

o Recommended by the IAC, established &
met in November, 2019

o Next ARC meeting will be held in Nov., 2021 L.
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CEPC Accelerator Design Improvement

CDR

Higes | W [ z o | zop
Number of [Ps 2
Beam energy (GeV) 120 | 80 [ 455
Circumference (km) 100
Synchrotron radiation - )
lo}ss turn (GeV) L73 0-34 0.036
Crossing angle at IP (mrad) 16.5 = 2
Piwinski angle 3.48 7.0 23.8
Particles /bunch N, (10') 15.0 12.0 8.0
Bunch number 242 1524 12000 (10% gap)
Bunch spacing (ns) 680 210 25
Beam current (mA) 17.4 87.9 461.0
Synch. radiation power (MW) 30 30 16.5
Bending radius (km) 10.7
Momentum compaction (10°) 1.11
B function at IP 8,*/8,* (m) | 0.36/0.0015 0.36/0.0015 0.2/0.0015 | 0.2/0.001
Emittance x/y (nm) 1.21/0.0024 0.54/0.0016 0.18/0.004 | 0.18/0.0016
Beam size at IP & /g (Lum) 20.9/0.06 13.9/0.049 6.0/0.078 6.0/0.04
Beam-beam parameters & /5 | 0.018/0.109 0.013/0.123 0.004/0.06 | 0.004/0.079
RF voltage Vs (GV) 2.17 0.47 0.10
RF frequency frr (MHz) 650
Harmonic number 216816 “
Natural bunch length o (mm) 2.72 | es‘g
Bunch length o= (mm) “ D
Damping time 7,/ 5,/ 7z (ms) se\‘ 049.5/840.54250 |
[ Natural Chrom~* Ba c0l  [-491/-1161] -513/-1594

363.10/365.22

20\ 8 0.065 0.040 0.028

v (deell) 0.46 0.75 1.94
[ Natural energy spread (%) 0.100 0.066 0.038
Energy spread (%) 0.134 0.098 0.080
Encr_g}-' accep‘tjzfl.lcc 135 0.90 0.49
requirement (%)
Energy acceptance by RF (%) 2.06 1.47 1.70
Photon number due to 5 2 5
beamstrahlung 0.082 0.030 0.023
Beamstruhlung lifetime 0/20 - 400
quantum lifetime’ (min)
Lifetime (hour) 0.43 1.4 4.6 | 2.5
F (hour glass) PN 0.94 0 99 oy
Luminosity/ TP (10*em?st) (3 ) 10 17 [ &2 l

T include beam-beam simulation altPPeal lattice

ttbar Higes | W Z
[Number of Ips 2
Circumference [km] 100.0
SR power per beam [MW] 30
Half crossing angle at IP [mrad] 16.5
Bending radius [km] 10.7
Energy [GeV] 180 120 80 45.5
Energy loss per turn [GeV] 9.1 1.8 0.357 0.037
Piwinski angle 1.21 5.94 6.08 24.68
Bunch number 35 249 1297 11951
Bunch population [10"10] 20 14 13.5 14
Beam current [mA] 33 16.7 84.1 803.3
Momentum compaction [10”-5] 0.71 0.71 1.43 1.43
Beta functions at IP (bx/by) [m/mm]| 1.04/2.7 0.33/1 0.21/1 0.13/0.9
Emittance (ex/ey) [nm/pm)] 1.4/4.7 0.64/1.3 e n 0.27/1.4
Beam size at IP (sigx/sigv) [um/nm] 39/113 157 d DeS\g 6/35
Bunch length (SR/total) [mm)] 22/20 ' o\’e ..0/4.9 2.5/8.7
Energy spread (SR/total) [%] ¢\ \mp Ny 0.07/0.14 0.04/0.13
Energy acceptance (DA/RF) [%] 02 1.6/2.2 1.2/2.5 1.3/1.7
Beam-beam parameters (ksix/ksiy) 0.071/0.1 0.015/0.11 0.012/0.113 0.004/0.127
RF voltage [GV] 10 2.2 0.7 0.12
RF frequency [MHz] 650 650 650 050
HOM power per cavity (5/2/1cell)[kw] 0.4/0.2/0.1 1/0.4/0.2 -/1.8/0.9 -/-/5.8
Qx/Qy/Qs 0.12/0.22/0.078 [ 0.12/0.22/0.049 0.12/0.22/ 0.12/0.22
Beam lifetime (bb/bs)[min] 81/23 39/18 60/717 80/182202
Beam lifetime [min] 18 12.3 55 80
Hour glass Factor 0.89 0.9 0.9 7
Luminosity per IP[le34/cm”2/s] 0.5 (50) 16 ( 1155

67%

259%f



CEPC Accelerator R&D: Towards TDR

CEPC 650MHz 800kW klystron: high efficiency (80%), fabrication will be completed in 2021, test in 2022
CEPC 650MHz SC accelerator system (cavities and cryomodules): to complete test cryomodule in 2022
High precision booster dipole magnets: to complete full-size magnet model in 2021

Collider dual aperture dipole, quadrupoles and sextupole magnets: *- ¢) plete full-size model in 2022

in 2
SC magnets including cryostats: to complete sh~~* of TDR ‘“_uzz

ral
Vacuum chamber system: to =~ fo¥ P\CCe\Eun and costing test in 2022

MDI mechanic syste P\.‘m.!?-?connection removal to be tested in 2022
Collimator: to complete model test in 2022

Linac components: to complete key components test in 2022

Civil engineering design: to complete reference implementation design in 2022

Plasma wakefield injector: to complete the electron accelerator test in 2022

18KW@4.5K cryoplant: industrial partner
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el CEPC R&D: High Q SCRF 650 MHz 1-Cell Cavity
> IHEPT‘EIBa:J:E)T\EEIJJ*iA,?: 9E10@30 MV/m (650MHz 1-cell &%)

1011 I
: a0 * “ 3, 9E10@30MV/m _
| mEm o 24\, _ _
.‘.‘IOIO.."..:AAA / 1 CEPCE*ZR
O |
_ 20K Q, = 3.0E10 @ 22 MV/m
Ql 3
B 65054-FG Mizte5 R -
® 650S5-FG
® 650S7-LG —_
10" | A 650S8-LG Tay PSS QO = 3.9E10 @ 30 MV/m
| Y CEPCIzE i H b5 1.5E10@37.5MV/m 1
CEPC CDR¥EHr . Q, = 1.5E10 @ 37.5 MV/m
0 5 10 15 20 25 30 35 40 45
E . (MV/m)
0 1 2 4 5) 6 8 9 10
| | | IVC(MV)I ] | | |
0 20 40 60 80 100 120 140 160 180

peak (mT) 48



G, CEPC R&D: 650MHz SCRF Module

> EEHRERAZSMINES (PAPS) RISZIFF, IEEHAEI—S®8524650MHz
2-celliBS iR EM{4HRI650MHzIELH, FFISIECEPCARIKEEIEAR.

Gate valve

HOM coupler

HOM coupler

EAEMNMESERIIER E A E AN ETHRERIhR
H R KRS (5kwW) F R AR (LKW

650M szl%‘*%% (400KW) HB 5 as
HAEEBERKFBEERZ—
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onnection to LHC (UL)

Commtm"‘“";i-.. o

1
—

Layout of the HL-LHC Magnets and Contributors

China will provide 12+1 units CCT superconducting magnets for the HL-LHC project

HL-LHC Magnet and HTS SC Magnet

Domestic Collaboration for HTS R&D

Applied High Temperature Superconductor Collaboration (AHTSC)

» R&D from Fundamental sciences of superconductivity, advanced HTS
superconductors to Magnet & SRF technology.

» Regular meetings every 3 months from Oct. 2016

» Goal:

* Increasing J_ of iron-based superconductor by 10 times.

After more than 1 month test and training at 4.2K, both apertures reached the design currentar  « Reducing the cost of HTS conductors to be similar with “NbTi conductor”

ultimate current, and the field quality is within the limit.

| 41K

800 * Ap. 1. quench

700 ‘ =Ap. 1. reached

2

600 4 Ap. 2.quench
-~ ‘ = Ap. 2 reached
<500 1
- |Ultimate current
B 400 B e
|- Nominal current A

300 i ]

200 ‘ S

o0 | emons | ;

0 - —1
70 80 90 100 110 120 130 140

Test at IMP Quench number

2020EE RN EMHL-LHCIB SRR (2%2.6T)
IZZJCERN, @& 7, BaiEfEitEitElR,

. Industnahzatnon of the advanced superconductors magnets and cavities

Proposal for
Strategic Priority Research Program
srzses | of Chinese Academy of Sciences (CAS)
{ Science and Technology Frontier
Research
for High Field Applications of High
Temperature Superconductors

FRIBEBR S F LT
360M RMB for 2018-2023

§ et Ranked No. 1 in 7 candidates

The Natlonal Key Research and
Development Program of China

PhEB AR
B AR FE R L

43M RMB for 2019-2024

ERHRTF (2019) 5§

RFHRERENG R
“AEHEROR KRR B WAE
2018 4F S5 H L3 A R

St el an s

BREFISEREHRARARZES(E, FHRE

AftER

BTk, S 7 EEH

.
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) HTS SC Magnet
104 - A NATIONAL
4.2K LHC insertion
" Nb-Ti quadrupole strand .A AB
r (Boutboul et al.
— 3 '2006)
¥ -
(o] L
< | _
" - \\ | (e -
€ ~~~<o__ | Expected |BS 2025
E S —— {
< 10° - % == gt
- C Mo - 55x18 filament B-OST strand with
= L ‘ 4 N X NHMFL 50 bar Over-Pressure HT. J. Jiang
2 L X K 5 ¥ M etal.
(O]
o = L 2
d
= B /‘v (short sample)
S ) N ——t
O Nb-Ti IEECAS *+ REBCO: B || Tape plane
TU 102 r . + \ \ [
9O C 4.22 K High Field \ REBCO: B 1L Tape Plane
= - MRI strand
S —
o i (tuvata) — s Bj-2212: 50 bar OP
cg ‘k . 1 ®
; _ [[1BS- Iron Based Supefconductor NbsSn: High J. meOmes Nb3Sn: Internal Sn RRP
o i Much lower cost an'd better \ = NbsSn: High Sn Bronze
_8 mechanical properties expected NbsSn:
= Bronze \ Nb-Ti: LHC 4.2 K
Prc%cess
10 | | ‘ | | [ i i
0 5 10 15 20 25 30 35 40

HREGEESHE, REIAHI30mm IBSIZ&EREK, Mitwtinik

Applied Magnetic Field (T)
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24T

Fabrication and test of
IBS solenoid coil at 24T

S -

Supercond. Sci. Technol. 32 (2019) GALTO1 (5pp)

Supsrconductor Science and Technology

https:/ /doi.ora/1 0.1086/1 351-5666, 2b09a4

Letter

First performance test of a 30mm iron-based
superconductor single pancake coil under a
24T background field

Dongliang Wang , Zhan Zhang 3 Xlanpln& Zhang

Donghui Jlang Chlheng Dong He Huang'~©, Wenge Chen’,
Qingjin Xu™® and Yanwei Ma'
! Key Laboratory nrAppumi uperconductivity, Insiitu Lenf[lml ical Engineering, Chinese Academy of |3

ng |m9 People’s Republic of Chin:

c'»r High Energy Physics, Chinese Ac .,‘ of Sciences, Beijing 100049, Pe(rpLe s Republic of 8

#High Magnetic Field Laboratory, Chinese Acader:
China

y of Sciences, Hefei 230031, People’s Republic of

100 .\'\m,
= . . 42K
= e —
5 oo -9 o
E
&
& 10+ B // tapes
E —a— Bal22 short tape

—e— Bal22 single pancake coil
1 1 . I . I . 1 . 1 . 1
0 5 10 15 20 25
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) HTS SC Magnet (16T)
LPF3 16T —#RE4{AMHE): Nb,Sn 12~13 T + HTS 3~4 T
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CEPC R&D: Magnets etc.

» Magnets, EM-separators, Vacuum Pipes, ...




