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CIRCULAR ELECTRON POSITRON COLLIDER (CEPC)

* Phase |: Circular Electron-Positron Collider (CEPC)

* Higgs Factory, CM energy ~240 GeV (ZH threshold), peak
luminosity >3 X 1034 cm™s, 2 interaction points (IP)
—> Higgs precision measurements (mass, width, branching
ratios, couplings, etc.)

* Operation at 91/160 GeV —> EW precision measurements

* Phase Il: Super Proton-Proton Collider (SppC)

* Discovery machine, center-of-mas energy 50 - 100 TeV, peak
luminosity ~1 X103 cm™s?, 2 IP = energy frontier for New
Physics

e Other possible collision modes: ep, eA, pA or AA

19-20 September 2019 LumiCal Design for CEPC, H. Zhu



HIGGS PRECISION MEASUREMENT

* Higgs coupling deviations from the Standard Model (SM)
predictions parameterized as:
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ELECTROWEAK PRECISION MEASUREMENTS

* Precision measurements with reduced uncertainties:

Ry. A% 1, sinf %f / myz.mw,N, -

Present data CEPC fit
a,(M32) 0.1185 = 0.0006 [23] +1.0 x 1074 [24]
Aal® (M2) (276.5 = 0.8) x 10~ [25] +4.7 x 107 [26]
mz [GeV] 91.1875 =+ 0.0021 [27] +0.0005
m, [GeV] (pole) | 173.34 = 0.76., [28] 0.5, [26] +0.20p£0.5¢, [29, 30]
m;, [GeV] 125.14 + 0.24 [26] < +0.1 [26]
my [GeV] | 80.385 = 0.015,y, [23140.004,, [31]| [(£3exp = 1e) X 1073 [31]
sin” 0% (23153 = 16) x 10~° [27] (£2.3cxp £ 1.5¢) X 1077 [32]
I', [GeV] 2.4952 + 0.0023 [27] (£5exp = 0.8) X 10~* [33]
R, =T}/l 0.21629 = 0.00066 [27]  [£1.7x 107
Ry = Tyaa/Ts 20.767 + 0.025 [27] +0.007
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PROJECT TIMELINE (IDEAL)

CEPC Project Timeline
o

& g & S S S
v (2% v v v v

Construction SPPC

(2022-2030)

Alternatives: ep/eA

Government Approval —--
& * 2019-2021 Big Science cultivation :
2 : ; . Operation
° * Site selection, geological surveys
8 and civil engineering design
. * Key technology demonstration &
@ system verification * 2022 MoU, international collaboration
§ * 2021 Release of Acc. TDR * 2023-2027 Tunnel & infrastructure construction
g * 2016.6 R&D funded by MOST * 2022-2027 Acc. components mass production;
,‘2‘; + 2018.5 15t Workshop outside of China 2028-2030 installa'tio.n, qlignment & calibration,
S « 2018.11 Release of CDR followed by commissioning

* 2023 Decision on detectors and release of

¢ 2013.9 Project kick-off meeting
e 2015.1 R&D funded by IHEP
* 2015.3 Release of Pre-CDR

detector TDRs; 2024-2030 detector construction,
installation and commissioning

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

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

HTS Magnet R&D Program --
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MACHINE DESIGN

Energy ramp

10 GeV

Booster

Inject
njzstor 100 km

45/80/120 GeV

Collider
Ring
100 km

Vs =90, 160 or 240 GeV
2 interaction points

45/80/120 GeV beams
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DETECTOR CONCEPTS

Baseline

Full silicon

L/
4

7 £
v ‘
p ILD-Like

| Detector height 1100 cm

Yoke 100 cm

Magnet z= £ 300 cm
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Preshower

DCH Rout =200 cm
DCHRin = 30cm
CalRin = 250 cm

Cal Rout = 450 cm

IDEA



LUMINOSITY MEASUREMENT

* High precision required for Higgs & EW -
precision measurements . )
* Detection of Bhabha elastics scattering = 2
* QED process, theoretical error to <0.1%

 Triggering on a pair of scattered )
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PRECISION REQUIREMENT

* Luminosity measurement by counting

. . . . 2
Bhabha events in a fiducial © region 5 = Moma” f 1 L
1N o anin. eznacc

» +tacc
o E oVis

. . . )

* Dominant systematic uncertainty 5 co000.
i

detector spatial

AL/L~2)0/0

* To achieve precision: AL/L<10-3
e LumiCalat z= £1m, 0

3
$
13
500007 3
11 resolution
40000 i‘ / \

30000 1

+in= 30 mrad

200001 Fiducial
— AB =15 urad orAr=15pum 10000 vregion
e Error due to offsetonZ - 0.1 mm re , ,
onz orAr=ARx6=3pum e ?5%8u_Rob1in)

Offset on the mean of spatial resolution = offset on 6.,
—dominant luminosity error
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BEAM CROSSING ANGLE

— 50.1
] o 8 50.05 - Bhabha eey
* BHLUMI theoretical precision <0.05% & sof
* O elastic e*e” scattering dominant 49954
4991
* E(e*) = E(e7) = Epearyy Open Angle =1t rons)
e CMS(e*e”) boosted by the beam crossing ¢}
49.754
e e® boosted ~16.5 mrad off ring-center syl
49.7 49.8 49.9 ES%) (Ge\%)i
—>back-to-back offset > e lost into beam-pipe
Bh7abha et e Open angle —Tt Bhabha e~ @detector r-¢, z=1m
CMS - ;60
10 8- Lab frame > 40
- 20
10%] 0
-20
103
. | | | -40
007 0 607 002 0,05 .04 6.05 P anyranyr S0 40 60
0O.Angle(P2,Q2) Rad X (mm)
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BOOSTED BHABHA EVENTS

BHLUMI to simulate colliding e*e” back-to-back

Boost CEPC crossing angle of 33 mrad

Boost BHLUMI e*, e* to CEPC = Eis larger by ~0.01%
Ebeam =50 GeV —> boosted E = 50.0068 GeV

— 100

y (mm

* Boosted LO Bhabha (e*e”, noy)

e et and e” detected in fiducial .
acceptance of r>20 mm

* r-¢ plotted in bands (every 45 deg in ¢) g
e Event loss 163 nb = 98 nb (50 nb after
selection) o

* Loss is SIGNIFICANT PNSEERS . JEEERE T

10080 60 40 20 0 20 40 60 80 100

e LumiCal with a small innerr, in OVAL X (mm)
shape if feasible Hits on detector x-y planes @z=1m
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TRACKING RING

Diamond rings Fine segmentation of
IP 0<100 um ID hits above/below edges BGO crystal
\\ﬂ for calibrati

Silicon wafers
e N . of micro-strips

‘\ ______________________________
~ ﬁ Use diamond FJ} :
IP is measured by T cotror
pen To calibrate

Fiducial
region

e Three Point Tracking
e |P + Diamond — calibrate strip position
* Diamond + LumiCal = measure IP size

e Calibrate offset of the mean of error at inner radius

e Silicon strip resolution ~'5 um, error on mean much smaller
to reach 1 um — possible to reach AL/L ~ 0.01 % (challenging)
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DETECTOR TECHNOLOGIES

« Luminosity precision™ e* detection at inner radius of fiducial

* Silicon strip can reach required precision
* Alignment precision difficult to reach 1 um

* Wide strip (~2mm) CAN NOT reach 10 um resolution
e A stand-alone LumiCal CAN NOT calibrate its offsets to IP

L3 Silicon layer + BGO

Lumihosity
BGO
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SILICON-TUNGSTEN

e Detector assembly:

* First layer: high resolution tracking
for electron hitr, ¢ position

* Energy resolution: Si-wafer
detector for charged particles; MIP
of Landau ionization charge; EM
shower = # of charged particles

« et /y Identification:
* Photon without hit on Si-wafer,
fragmentation after ~1 X, e
* Photon ID: EM shower without hitff)-;"'i” -
on 1st layer

* photon spatial resolution:

calorimeter segmentation
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SYSTEMATIC UNCERTAINTIES

AL/L~103 @ Higgs

Parameter unit | limit (Fiducial) | limit (LEP style)
AECM MeV 120 120
E.- — E.- MeV 120 240
Yo
seam 20% Effect cancelled
(TEBEIM
Axp mm 0.1 1
AZ|p mm 1.4 10
Beam synchronisation | ps 1 15
Oxp mm 0.1 1
Ozp mm 1 10
Tin um 13 10
shoner mm 0.15 1
Adp mm 1 1
Ay, mrad 6 6
f 0'_;-;_.'-'.l-----'..'-----.'--:.'-:.'-'..'_' Zc’ﬁ
F bt @240GeV 5
< - l <
-0.002 - .
[ e Fiducial E ]
—0.004 - , Argy=1.0mm 1 ]
[ ¢ Ar,,=20mm 1 ]
0.006F « Ar=40mm | B=AE/Ecy
000005 0.007 0.0015 0.002
19-20 B, ir

AL/L~10* @ Z-pole

Parameter unit | limit
AECM {_ MeV _4}
E,+ —E - MeV | 11
O peun Negligible up to
OEpcam at least factor 2
Axp mm | 0.5
Azip mm | 2
Beam synchronisation | ps | 3
Cup mm | 0.5
O-pp mm_| 7
Fin um 1
O omwer mm | 0.2
AdLC m 80
AP mrad | 0.8
0.004F & @240GeV T
0.002 |- " >
Of- 'Hd'u?:n'ar"'@"'® """""" .
_0.002 '_ o Arg,=1.0mm . _:
T 2.0 mm
~0.004 -_ o Arg,=4.0mm ! _
NEPEPEE B B B B B
-0.06 -0.04 -0.02 0 002 004 006

Ar,, (mm) 16



INSTALLATION SCHEME

* No easy solution to install all the critical components in the
interaction region with high precision; inspired by the
Remote Vacuum Connection (RVC) developed by SuperKEKB
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CAVEAT

* LumiCal (20 cm long, radiation length of >20 X,;) mounted on
the quadrupole and inserted together into the interaction

region, BUT too much material in front LumiCal position
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MOVING LUMICAL CLOSER TO IP

529.00 . 155.00 _ i
Interface to machine

.i_ 255.00 = e | ; £ '
i 130.00 e E |
- ST - - LK e =

2103
22

B ——————— ] 77777777 777A | |
4 vs(AsEE KR | T s S | B '
i : G — nid || 3

1 700.00 / .

LumiCal
coverage: 30-100 mrad

* New: LumiCal with reduced weight mounted on the
beampipe instead, together with a supporting structure to
mitigate the deformation of the central beryllium beampipe
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RE-ESTIMATION
LOW angle Bhabha on x-axis

Beam crossing: 33 mRad one electron detected (+x side)

= Boost off ring center (+x axis) the other electron (-x side)

- offset 16.5 mrad maximum is boosted into beam-pipe
(electrons on x-z plane) NOT counted for Lumi measurement

'RING CENTER

4

N

! BOOST A&
v e*e each offset
Proposal: 16.5 mRad
Insert Crystal Scint. LumiMaon on outgoing pipe Very hot region, (lm)
to trigger/back-to-back for Bhabha <50 mrad on x-axis Low angle Bhabha
with one electron lost into beam pipe boosted outward
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SUMMARY

* CEPC proposed as a Higgs Factory for precision Higgs (& EW)
measurements, with the possible upgrade to SppC

* HIGH LUMINOSITY PRECISION required for Higgs & EW precision

measurements — challenges on LumiCal design (in the
crowed interaction region)

* Revised LumiCal design toward TDR
* Design evaluation, uncertainty re-estimation, detector R&D

* Currently involved institutions: IHEP, VINCA, SINCA, NCU ...

Any interest to join and help us?
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CEPC NOVEMBER WORKSHOP

THE 2019 INTERNATIONAL WORKSHOP
ON THE HIGH ENERGY CIRCULAR
ELECTRON POSITRON COLLIDER

November 18-20, 2019
Institute of High Energy Physics, Beij China
https://indico.ihep.ac.cn/event/9960

IHEP, Be

ijing:

November 18-20

https://indico.ihep.ac.cn/event/9960/

19-20 September 2019

Scientific Program
Committee

Paolo Giacomelli (co-chair), INFN
Jianchuan Wang (co-chair), IHEP
Franco Bedeschi, INFN

Maria Enrica Biagini, INFN
Daniela Bortoletto, Oxford
Shikma Bressler, Weizmann

Joel Butler, FNAL

Nathaniel Craig, UCSB

Sarah Eno, U. Maryland

Angeles Faus-Golfe, LAL

Jie Gao, IHEP

Yuanning Gao, PKU

Sebastian Grinstein, IFAE/ICREA
Joao Guimaraes da.Costa, IHEP
Sven Hememey\r, IFT/IFCA /
Sten Hou; |IPASTY ¢
Shan Jin, NJU APTAL,
Ivan‘Koop, BINP

Weidong Li, IHE!

Michelangelo Mangano, CERN
Dave Newbold, RAL

Carlo Pagani, Milano

Maxim Perelstein, Cornell
Jianming Qian, U. Michigan

Qing Qin, IHEP

Aurore Savoy=Navarro, IRFU-CEA
Makoto Tobiyama, KEK

Chris Tully;-Princeton

Liantao Wang, U. Chicago

Frank Zimmermann, CERN
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Local Organizing
Committee

Gang Li (co-chair), IHEP

Mangi Ruan (co-chair), IHEP
Jianchun Wang (co-chair), IHEP
Qinghong Cao, PKU

Xin Chen, THU

Yaquan Fang, IHEP

Jibo HE,

Song Jin,

Haibo Li, IH

Jianbei Liu, UBTC
Xin'Shi, IH!

Meng Warlg, SDU
Yueh?ug Xie, CENU
Haijun.Yang, SJTU
Chunxu Yu  NKU
Hao Zhang; IHEP
Huddgiag Zhang, IHEP
Lei Zhang, NJU

Yujie Zhang, BUAA
Hongbo Zhu, IHEP
Huaxing Zhu, ZJU

Conference secretaries:
Lin Bian

Mali Chen

Wanyu Niu

Yaru Wu

Email: cepcws2019@ihep.ac.cn
Tel: +(00)86-1088236054
+(00)86-176 1043 0906
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FUTURE COLLIDERS

Il Proton collider

M Electron collider

1 Electron-Proton collider
mmmms Construction/Transformation

Preparation

Possible scenarios of future colliders

vears  oyears IICPENYERY 500 GeV
20km tunnel

m tunnel

Japan

GAAAN CepC: 50/150/240 GeV SppC aim similar to FCC-hh

100km tunnel 16/2.6/5.6 ab!
11 years
350-365 GeV FCC hh: 150 TeV =20-30 ab-1
FCC-ee:

8 years 10 years 1.7 abt
g Y 90/160/250 GeV

100k | 150/10/5 ab-1 11 years
00km tunne : FCC hh: 100 TeV 20-30 ab-1
—— FCC hh: 100 TeV 20-30 ab

8 years

China
=

HL-LHC: 13 TeV 3-4 ab-! HE-LHC: 27 TeV 10 ab-!

2 years 6years |LHeC:1.2TeV L
B 5c 1 ab-10 ’ FCC-eh: 3.5 TeV 2 ab- ‘

CERN
A

> years IALCICI CLiC: 380 GeV 1.5 TeV 3 TeV
| L] ]
11 km tunnel 1.5 ab1 2.5 ab1 5 ab1

29 km tunnel 50 km tunnel

13/05/2019  UB
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PRECISION ON HIGGS COUPLINGS

4, b, 75

R ®
4&1(1((,(100000/
8@0 (% C}JO 500 C}d)o /‘YOO ‘?000 G])O ee?qo 663656646

o - N
eff
gHWW_ 1.8 1.3 6.7 > 10 49 > 10 6.3 7.0 - 10 > 10

3(1317?_ 17 13
g%ffzy- LI 24 11 16 11 23 30 17 11 12 ENO
g;’,fgg - 14 17 20 28 17 23 29 28 23 27 QK ‘
g?}f, -1 17 11 12 11 14 14 11 11 11 18

1 1N K
g}equb - 27 > 10 »
g~ 16
g?,ﬂ;m - 12
8g1z[x10%] - 13 > 10 -2
Sicy[x10%] - 13
Az[x10%] - 11 10 1(
0

SMEFT ND (%) not measured at HL-LHC
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|AC RECOMMENDATIONS

Report:

The Second Meeting of
the CEPC (SppC) International Advisory Committee

November 20, 2016

CEPC still looks like a Chinese project owned by China. It is important to find a
mechanism that allows the international community to take some sense of
ownership. In order to get international support and participation, the scope of the
CEPC project must be clear, and its science case and future opportunities must be
powerful and attractive to the international community.

It 1s critical to get CEPC onto the regional strategic plans such as the European
Strategy (ES) and the PS5 in the U.S. through grassroots community support. LP
2017, LHCP 2017 and TIPP 2017, which will take place in China in 2017, will
bring significant parts of the international community to China and will provide
opportunities to build relationships with potential international partners.

To enhance international participation, the IAC believes that CEPC working

lgroups should be co-led by a Chinese and a foreign member, and advises to set up
an International Steering Committee for the R&D phase.
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CHINA TO INITIATE BIG SCIENCE PROJECTS

ENGLISH.GOV.CN

THE STATE COUNCIL
THE PEOPLE'S REPUBLIC OF CHINA

HOME STATE COUNCIL PREMIER NEWS POLICIE

>> LATEST RELEASES

China to initiate big science
projects

Updated: Mar 28,2018 6:57 PM  english.gov.cn

China will play an active role in significant international scientific research projects,
as planned by the State Council.

Since China is keen to enhance its innovation competence and have influence in the
international arena, it regards organizing big science projects as a powerful tool to
solve key global scientific issues and aggregate cutting-edge scientific resources, as
well as to construct a global innovation governance system. In that, scientific
diplomacy will help to enhance cooperation with other countries.

The short-term goal for the big science project plan is to cultivate three to five
projects by 2020, and select and initiate one to two big science projects, then form a
nascent mechanism of organizing big science projects.

By mid-century, a slew of such projects will be incubated, and China will play a big
role in global scientific innovation governance system while continuing to make
contributions to solving major global scientific issues.
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