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« Higgs i =519, 2 TVIAH G EABIHH L EH. .
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Higgs _L LHC

Muon Detectors Tile Calorimeter

Liquid Argon Calorimeter

4 I
Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

CMS DETECTOR

Total weight : 14,000 tonnes
Ovesall diameter : 150 m
Overall length ~ :287m
Magneticficld  :3.8T

STEEL RETURN YOKE
12,500 tonnes

SILICON TRACKERS
Pixel (100x150 ym) ~16m? ~66M channels
Microstrips (80x180 ym) ~200m? ~9.6M channels

SUPERCONDUCTING SOLENOID

MUON CHAMBERS
‘Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
‘Endcaps: 468 Cathode Strip, 432 Resistive Plats Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
‘Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PHWO, crystals

HADRON CALORIMETER (HCAL})
Brass + Plastic scintillator ~7,000 channels

05/08/2020
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B) Weighted Events / 1.5 GeV
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ILC (a):
FCC (b):

CEPC (c):

CLIC (d):
05/08/2020

2013 S AR W IS ( TDR ~H#5KED
2019 FEE MM & Wiy ( CDR ~ #I2B ¥t &)
2018 58 i & 1 TH i

2013 F58 it & T i

IOPP Forum

25



Science at CEPC-SPPC

b Tu n n EI ~ 1 0 0 km FERMILAB-CONF-13-037-APC

THEP-AC-2013-001
SLAC-PUB-15370
CERN-ATS-2013-032

° CEPC (90 - 250 GeV) arXiv:1302.3318

- H IggS faCtory 1 M H |ggS boson Report of the ICFA Beam Dynamics Workshop

“dccel F Li Circul,
« Absolute measurements of Higgs boson width afff'¢8Uptih %’s :;i‘;’)y inear vs. Circular”
'U. of Geneva, Geneva, Switzerland

*  Searching for exotic Higgs decay modes (New Physics)
Alain Blondel Alex Cha o Weiren Chou Jie Ga o Daniel Schulte® and
- Z & W factory: ~1 Tera Z boson
2 SLAC, Menlo Park, California, USA
3 Fermilab, Batavia, Illinois, USA

Kaoru Yokoya
* Precision test of the SM g B, Chin
, Geneva, Switzerlan
® KEK, Tsukuba, Japan

« Rare decay
- Flavor factory: b, ¢, tau and QCD studies February 15, 2013

- SPPC (~100 TeV)

- Direct search for new physics

- Complementary Higgs measurements to CEPC g(HHH), g(Htt)

« Heavy ion, e-p collision... Complemen tary
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proton - (anti)proton cross sections
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LHC 3

110°
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-27 23:35:47.2
Run/Event: 195099 / 137440354

e J

WE FOUND 1T/
WE FOUND THE
HIGGS BOSON/

Specific Final State...
. Overlap with lots of PU events
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Higgs @ CEPC

Number of events
Sab~!

for

45 x 10

—15 % 10°

: I\’] fllsil];l —

T T4 4 1000 NG F 74— Higgs

S x 108

. fusion

A EEAUIE : Higgs K T IO, A aH . 22
in 100 150 200 fjtl 300 350 400 ‘ tl:%—‘&ﬁ?ﬁj\i t[ﬁ = o
Vsice A Higgs L7 BEAT 48 & ( LRI AL & 4L )
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Z—2 muon,'\;\;\;{;.

_ /—2 muon
2 H—>WW*—>eevv
~1%

ZH—4 jets
~50% - ||

SN
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Relative Error

Higgs $i-1H)

Precision of Higgs couplingmeasurement(Contrained Fit)

= LHC300/3000 b~

m CEPC 250 GeV at 5 ab™" wi/wo HL-LHC

Relative Error

o HH I ==K

Precision of Higgs couplingmeasurement (Model-IndependentFit)

==
1

m ILC 250+500 GeV at 250+500 fb~" wiwo HL-LHC { |

m CEPC 250 GeV at 5 ab™" wi/wo HL-LHC

0.1

1073

K Ko Kg Kw Ko Kz K, K, Br(inv) kr

N PRI HARES £
Run 1: 10° A, RZEBCK, TR Higgs i
LHC ~0(10?) SRR
Run 2/HL: 10"
CEPC 10° ~o(1) AJRIRME, XM, X Higgs ¥ 9 &
i BER R ot 1 Xt e AL
At TeV BEXWELHEAT 14
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CEPC Project Timeline

i i
N 4y o\
& i &
Construction
{2022-2030)

Government Approval | -

'
| » 2019-2021 Big Science cultivation |

|+ Site selection, geological surveys |

| and civil engineering design | I 2 z
Key technology demonstration and + 2022 Acc. TDR, Mol, international collaboration
e 2023-2027 Tunnel & infrastructure construction
*  2023-2027 Acc. components mass production;

* 2016.6 R&D funded by MOST l 2028-2030 installation, alignment & calibration,
= 2018.5 1*t Workshop outside of China | followed by commissioning

= 2018.11 Release of CDR . 2023 Decision on detectors and release of

| detector TDRs; 2024-2-3- detector construction,

| system verification |

20129 CEPGSPPC Concept s
.

* 2013.9 Project kick-off meeting | installati q e
« 2015.1 R&D funded by IHEP installation and commissioning

* 7015.3 Release of Pre-CDR

« 2018.2 1# 10T SCdipole magnet

* 20T5C dipole magnet R&D with Nb;5Sn+HTS or HTS
* 15T 5C dipole magnet & HTS cable R&D /

HTS Magnet R&D Program

05/08/2020 IOPP Forum 32



CDR @ 2018

» Baseline Accelerator, Detector, operation scenario

- 1 Million Higgs boson in 7 years

_ CEPC
- 6 E 1 1 Z bOSO nin 2 yea rs Conceptual Design Report

Volume | - Accelerator

- WW threshold scan: 1 year (1E7 W bosons)

Conceptual Design Report

 Baseline simulation tool:

- Quantify the physics potential & comparative advantages

August 2018 October 2018

- Guide the design/optimization of the facility & the detector

i
Pythia N 8 >
Fragmentation “R
zd econstructe:

MCParticle — = “Simulation

MokkaPlus
G4-Simulation

Simulated
Detector Hit: Tracks & calorimeter hits

CEPC collider ring (100km)
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We know very little about the Higgs.

What model says.

h
5

What we know now

IOPP Forum
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Shape of Higgs Potential

Landau-Ginzburg Higgs Tadpole-induced Higgs Coleman Weinberg Higgs  Pseudo-Goldstone Higgs

|

VRV V

V(¢) =—m*eTo+ A(¢'9) = —i*VTo+m’sle V() =Me'9)’ +e(49)? log% V(¢) = —asin®(¢/f) + bsin*(¢/f)
Fundamental  Partial Fund. Conformal  Full Composite

Shape of Higgs potential: very different!
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15t Order EWPT has profound implications for cosmology

Primordial
Black Holes

05/08/2020 IOPP Forum
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Real Scalar Singlet Model

s :
| 2
: current
l3 0.100 E_HL—LI.-IC e
S
o 0.010¢
- ]
o P A
o CEPC
N 0.001} ek
i - - L
10-41 S S 1TeV = SPCC / FCC-hh / ILC 1 TeV
0.5 1.0 1.5 2.0 2.5

hhh coupling: Az/Az sm
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BB ) B R B 1E A Higgs 1)

- HE, PHEEesERYES2 (2016.8) ¢ CEPC 23R E AL A FE 1)
B H

o HA: FRMHES) ILC £ H AR X

. EUSPP(ZOZO): IEGHE T Higgs L) RARKIHEN K i m i S 2
HHER @i e = ] Be = I o AL

(My) remarks: Fabiola Gianotti, CERN DG, June 2020
[ Strategy gives a direction for future collider(s) at CERN (FCC). Prudent: feasibility study first.
O Intensified accelerator R&D to prepare alternatives if FCC feasibility study fails
L No consensus in European community on which type of Higgs factory (linear or circular)

If FCC feasibility study successful and project approved > FCC-ee is natural choice at CERN
O ILC: - compatible with ESPP if timely (otherwise conflict of resources with next collider at CERN)

- are ILC and FCC-ee complementary enough in terms of physics? No consensus

L Chinese colliders (CepC, SppC):ldirect competition|9 if CepC goes ahead, Europe would go

directly to FCC-hh (if feasible)
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/NG

o PRERIIES T B BEAAE KBRS, A — RV EHK
. KELZGR AR Higgs : e bR IR0, Al EIR R LS S A
R WA ER SR RIEME 148, A IREr

o EfHT Higgs T.) RJ{E HL-LHC )3t - RIEHE T FRATH bR UERETL . %5
& Higgs IR, 2R K E GV FEXHENL L0 KB 0. EBRME I
Hix 2~ IEff T Higgs ), H a3 CEPC . CEPC HIFIARTERAN
NG R EIGEE A /K, EAEE Higgs FiFiX—& 1, #fsx
HEn) R, PR B A ) A A

o CEPC —EAEM, 4 BN A SRR TAPE SO, 4 R E 1o T e s
B ML T R AT K 2e b 4 B bR R R . TR R LK
AKAE T AN, sl — RIS AR MR IR, (BB SRR
T, CEPC FliH 1 2030 4 ¢ 41 2 FROF T 1 R A8
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Origin of
EW symmetry

breaking

Higgs

physics @
@ Early
% Universe

Origin of
matter

EW Phase
Transition

Possible links with inflation, dark energy, ...
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AYEH: Everything
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CEPC ] BeH 2 itXl

%0 @S Charm

« SPPC: Ji¥X#E, FOREE 100TeV, @it LHCi— /&%
o BARFmENH T CEPC BIMRIG R, DLAAHCHE AR R UES
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