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Key figures of the CEPC @ CDR

e Tunnel~100 km
« CEPC (90 — 240 GeV)

- Higgs factory: 1M Higgs boson

» Absolute measurements of Higgs boson width and couplings
« Searching for exotic Higgs decay modes (New Physics)
- Z & W factory: ~ 1 Tera Z'boson

» Precision test of the SM
* Rare decay
* Flavor factory: b, c, tau
* QCD studies

« SPPC (~100 TeV)

- Direct search for new physics

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

« Heavy ion, e-p collision...

8/3/2022 ECFA high-precsion mini WS
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Detector & Software
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Physics
Parameters
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Tracks & calorimeter hits

>

Full simulation reconstruction Chain with Arbor, iterating/validation with hardware studies
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Clear Higgs Signature in all SM decay modes

Massive production of the SM background (2 fermion and 4 fermions) at the full Simulation level
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Right corner: di-tau mass distribution at qqH events using collinear approximation
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Excellent physics potential

Higgs 4 Electroweak Fit: S and T Oblique Parameters
Final Precision of Higgs coupling measurement (7-parameter Fit) A5F " T T T T
states i Current (68%) ——— ]
= LHC 300/3000 fb~' ] ]
0.10f ]
qq, Po— m CEPC 240 GeV at 5.6 ab™" wi/wo HL-LHC ]
ag P ]
] == 0.05F .
6 107 [ ]
= I ]
L ]
o) ~ 0.00f 1
2 [ ]
© [ :
, QO -0.05F .
HU, vy @ 1072 [ ]
T .
-0.10F ]
Ww, 77, [ ]
2y [ ]
> 10_3 -015b e e
-0.15 -0.10 -0.05 000 005 010 0.15
Il ffH Kp K¢l K¢ Kg Kw Kt Kz Ky
S
70 OVERVIEW OF THE PHYSICS GASE FOR GEPC Observable Current sensitivity Future sensitivity Tera-Z sensitivity
BR(B, — ee) 2.8 x 1077 (CDF) [438] ~ 7 x 10719 (LHCb) [435] ~ few x 10710
Particle Tera-Z Belle IT LHCb BR(B, — uu) 0.7 10°° (LHCb) [437]  ~ 1.6 x 101 (LHCb) [435] ~ fow x 10710
b hadrons BR(Bs — 77) 5.2 x 1073 (LHCb) [441] ~ 5 x 10~ (LHCb) [435] ~107°
Bt 6 x 1010 3 x 10 (50ab~'on T(45)) 3 x 1013 Ry, Rg- ~ 10% (LHCb) [443, 444]  ~few% (LHCb/Belle IT) [435, 442] ~few %
BO 6 x 1010 3% 10 (50ab ' on T(45)) 3 x 103 BR(B — K*77) - ~107° (Belle II) [442] ~107°
B, 2 % 1010 3% 10% (5ablonY(5S))  8x 1012 BR(B — K*vv) 4.0 x 107° (Belle) [449] ~ 1075 (Belle II) [442] ~ 1078
b baryons 1 % 1010 1% 1013 BR(B, — ¢vp) 1.0 x 1073 (LEP) [452] - ~ 1076
Ay 1 x 1010 1% 1013 BR(Ab — Avﬂ) - - ~ 1076
had BR(7 — u7) 4.4 x 107# (BaBar) [475] ~ 107 (Belle II) [442] ~ 1077
o hadrons . BR(r — 3u) 2.1 % 105 (Belle) [476]  ~ few x 107 (Belle II) [442]  ~ few x 1010
g+ (2; y 1310 72'3%:‘253 3.9 > 107% (BaBar) [464] ~ 1073 (Belle II) [442] ~ 101
" * 0 BR(Z — pe) 7.5 x 1077 (ATLAS) [471] ~ 1078 (ATLAS/CMS) ~107% — 1071
Di 3 x 1010 BR(Z — Te) 9.8 x 1075 (LEP) [469] ~ 1075 (ATLAS/CMS) ~ 1078 — 10711
A 210 BR(Z — Tu) 1.2 x 107® (LEP) [470] ~ 107% (ATLAS/CMS) ~ 1078 -10"10
Tt 3 x 101 5 x 101° (50 ab=! on T(45)) ) . " ) ) . . -
Table 2.5: Order of magnitude estimates of the sensitivity to a number of key observables for which the tera-Z factory at CEPC might have interesting capabilities.
The expected future sensitivities assume luminosities of 50 fb—* at LHCb, 50ab—" at Belle II, and 3ab—' at ATLAS and CMS. For the tera-Z factory of CEPC we
have assumed the production of 10'? Z bosons.
8/3/2022 ECFA high-precsion mini WS 6



CEPC Accelerator TDR Design

Higgs | w lzon | zan
Number of IPs 2
Beam energy (GeV) 120 | 80 | 455
Circumference (km) 100
Synchrotron |1!di.1tion 173 034 0.036
loss/tum (GeV)
Crossing angle at IP (mrad) 16.5 x 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) 174 87.9 461.0
Synch. radiation power (MW) 30 30 16.5
Bending radius (km) 10.7
Momentum compaction (107) 1.11
B function at IP 8,*/8,*(m) | 0.3610.0015 0.36/0.0015 0.2/0.0015| 0.2/0.001
Enuttance x/'v (nm) 1.21/0.0024 0.54/0.0016 0.18/0.004 | 0.18/0.0016
Beam size at IP /g (um) 20.9/0.06 13.9/0.049 6.0/0.078 6.0/0.04
Beam-beam parameters 5 /5 0.018/0.109 0.013/0.123 0.004/0.06 | 0.004/0.079
RF voltage Vir (GV) 2.17 047 0.10
RF frequency far (MHz) 650
Harmonic number 216816
Natural bunch length &, (mm) 272 I

Bunch length & (mm)

Damping tune 7/ 5/ ¢ (ms)

‘\'\mr'\l Chromatici+-

R 3353“ 5

es\g“ -

+9.5/840.5/425.0

I-—301 -1161| -513/-1594

363.10/ 365.22

(ttbar) Higes l W | Z
[Number of Ips 2
Circumference [km] 100.0
SR power per beam [MW] 30
Half crossing angle at IP [mrad] 16.5
Bendmg radius [kim] 10.7
Enerey [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 84.1 803.5
Momentum compaction [10-5] 0.71 0.71 1.43 14
Beta functions at IP (bx/by) [m/mm)] 1.04/2.7 0.33/1 0.21/1 ).13/0.9
Emittance (ex/ey) [mmn/pm] 1.4/4.7 0.64/1.3 0.87/1.7 '!" 1.4
Beam size at IP (sigx/sigyv) [um/nm] 39/113 15.-.3 D es'\g“ _35
Bunch length (SR/total) [mm)] 2.212.9 224 o ed 2.5/8.7
Energy spread (SR/total) [%o] 0.15/0 2 ‘mpr v.07/0.14 0.04/0.13
Energy acceptance (DA/RF) [%] 2.3 202 ) 1.212.5 1.3/1.7
Beam-beam parameters (ksix/ksiy) 0.071 .. 0. 01\ 0.11 0.012/0.113 0.004/0.127
RF voltage [GV] 10 2.2 0.7 0.12
RF frequency [MHz] 650 650 630 650
HOM power per cavity (5/2/1cell)[kw] 04/0.2/0.1 1/0.4/0.2 -/1.8/0.9 --/58
Qx/Qv/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 0.9 097
Lununosity per IP[1e34/cm”2/s] m m 16 Ql.“ )

Bemw ‘ D
20‘8 0.065 0.040 0.028
\& eell) 046 0.7% 1.04
!k\
Natural energy spread (%) 0.100 0.066 0.038
Energy spread (%) 0.134 0.098 0.080
Energy acceptance 138 0.90 0.49
requirement (%)
Energy acceptance by RF (%) 2.06 147 1.70
Photon number due to
32 5 .023
beamstrahlung s 0.050 s
Beamstrublung lifetime 20/80 400
quantum _lifetime’ (min)
Lifetime (hour) 0.43 1.4 4.6 I 2.5
F (hour glass) s 0.94 0.99 —
Llluunosm IP (10%em’sh) ( 3 ) 10 17 [ ( 32 )
7 include beam-beam simulation antTEal lattice T S—
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CEPC TDR Parameters - S0MW upgrade

tthar | Higgs w Z
[Number of IPs 2
Circumference [km] 100.0
SR power per beam [MW] 50
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
Bunch number 58 415 2162 19918
Bunch spacing [ns] 2640 385 154 15 (10% gap)
Bunch population [1010] 20 14 13.5 14
Beam current [mA] 5.5 27.8 140.2 1339.2
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 0.87/1.7 0.27/1.4
Betatron tune v, /v, 445.10/445.22 445.10/445.22 266.10/267.22 266.10/267.22
Beam size at IP (ox/oy) [um/nm] 39/113 15/36 13/42 6/35
Bunch length (SR/total) [mm] 2.2/2.9 2.3/3.9 2.5/4.9 2.5/8.7
Energy spread (SR/total) [%] 0.15/0.20 0.10/0.17 0.07/0.14 0.04/0.13
Damping time (ms) 14/14/7 44/44/22 156/156/78 849.5/849.5/425.0
Energy acceptance (DA/RF) [%] 2.3/2.6 1.7/2.2 1.2/2.5 1.3/1.7
Beam-beam parameters (Ex/Ey) 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] 650 650 650 650
Longitudinal tune vs 0.078 0.049 0.062 0.035
Luminosity per IP[1034/cm?/s] 0.83 8.3 26.6 191.7

8/3/2022
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CEPC: operation scenario

« CEPC emphasize on the Higgs factory & Z factory

 Upgradable:

- In energy: to 360 GeV
- In SR beam power: 30 to 50 MW

« Tentative Operation Plan & Yields (2 IP, with 50 MW)

- 2vyearinZ: 100 ab™, 4 Tera Z Boson

- 1yearin W:6 ab”, ~ 100 Million WW events

- 10 year in Higgs: 20 ab™, 4 Million Higgs

- ~b5years at top: 1 ab™, 0.5 Million ttbar events, 150 k Higgs

8/3/2022 ECFA high-precsion mini WS



Anticipated Higgs precisions at 20 + 1 iab

240GeV, 20ab™ 360GeV, lab™
ZH ZH wH eeH
any 0.26% 1.4% \ \
H - bb 0.14% 0.9% 1.1% 4.3%
H- cc 2.02% 8.8% 16% 20%
H-gg 0.81% 3.4% 4.5% 12%
H - WW 0.53% 2.8% 4.4% 6.5%
H - ZZ 4.17% 20% 21%
H- 1t 0.42% 2.1% 4.2% 7.5%
H-yy 3.02% 11% 16%
H - uu 6.36% 41% 57%
Brypper(H = inv.) 0.07% \ \
o(ZH) * Br(H - Zy) 8.5% 35% \
Width 1.73% 1.10%

8/3/2022 ECFA high-precsion mini WS



Massive Boson Separation

> | CEPCCDR [lzzovwas | C ! ' Cbﬁc Preiﬁiminary:
S ool Cwwovag 0.06] ot [N 22440 (ud) Cleanned
o L 1 [ WW=lvgg (ud) Cleanned
~ i |:|ZH—}VVC]C| | .
> 0.05- | |ZHyvqq (gg) Cleanned
< ' !
= ]
- q) _
0.02 . G 0.04 i 1
i Lo : : -
o §
~ 0.08 - fh B .
D j
i 1 < i
0.01 . 002t L ]
0.01 | T — ]
0 — s 0 — e
60 80 100 120 140 160 60 80 100 120 140 160
. e
g [ ] mBoson [GeV]
Peizhu Lai & CEPC CDR  WW sample: using uvqq sample, CEPC-RECO0-2017-002 (DocDB id-164),
Plot: the visible mass without the muon CEPC-RECO-2018-002 (DocDB id-171),
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BMR V.S. benchmark accuracy

I n
T T T
14
. l |
I 1.2—'I
> z 'F
s (vwH, H—bb) g
3 2—| I | | - Q 08
2 I _ 5]
< i <
Fron 1
NN ' i
: 0.4
% II;I.II 1](: .1115.1..20 oli"1|0"'
BMR [%%]

« Boson Mass Resolution: relative mass
resolution of vwvH, H—gg events

- Free of Jet Clustering
- Be applied directly to the Higgs analyses
» The CEPC baseline reaches 3.8%

8/3/2022
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l CEPC F’renmmary_ [
§ 1.5
o(qqH, H—inv) | & o(qqH, H—Tm)
- é :
Assuming 1 05l |
BR(H—inv) = 10% ] -
20 30 40 0 10 15 20
BMR([%] BMR([%]
BMR=2% | 4% | 6% 8%
o(vvH, H—bb) 2.3% 26% | 3.0% | 34%
o(vvH, H—inv) 0.38% 0.4% | 0.5%  0.6%
o(qqH, H—1T) 0.85% 09% 1.0%  1.1%
50005 H‘L B ]
1000% fﬂ

NL':qm“[GEV]
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Jet Flavor Tagging for Higgs measurement;

good & significant potential to improve

b| 0.8675 0.0887 0.0437

0.1136 0.6263 0.2601

true
Q

g| 0.041M 0.1007 0.8582

| |
b c g
identified as

Compared to Baseline, Ideal FT
improve the H->bb, cc, gg
Measurements significantly.
Especially at qgH channel.

(up to 2 times.)

8/3/2022
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25 L =100/fb

Top property measurement 2 - With only the optimal sqrt{s} |

i “Top mass uncertainty = 13 MeV

* 360 GeV runs open a door to measure top
properties in high precision that hadron
colliders cannot reach g

ool S PP R
17147 17148 17149 1715 17151 17152 17153

* Currently we study the top mass and width oo T

measurements using the tt threshold method at
~360 GeV

* One order of magnitude better precision than the

g 8

hadron collider is expected =

* Asingle run at the energy where the tt xsection
varies most largely in a given top mass range is
found to provide the best performance

The peak indicates
---------------------------------------- the-optimal-sgrt{s}
for the top mass

EERERE

* A quick energy scan with low luminosity to find the

optimal energy point before data taking with the full
luminosity is proposed

* More studies are ongoing for the simultaneous

EEEY

measurements of the top mass, width and alpha_S - .
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Top mass measurement: different

schemes

8 v/s scheme
={340,341,342,342.5,343,343.5,344.5,345}

Graph
1:— o(m.)/ 20.06 17.56 14.93 12.93
MeV

08—

0.6—

---------- e We incorporate Luminosity Spectrum(LS) by a simple
| Gaussian function with CEPC LS (~0.5GeV, provided by
Yiwei Wang) as the energy resolution at the moment.

04—

02—

L1 E L1 1 1 ‘ L1
17152 17153

miGeY Statistical Uncertainty ~ 10 - 20 MeV
12.5£b- per point o (m, ) :-0.0200625 0.0200625 With 1/10 of the data.

0_ |- ‘ 1 1 11 ! 1 L1 I ‘ 1 1 I 1 1 ‘ L L
171.47 171.48 171.49 171.5 171.51
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Input: EWPO @ future e+e-

A: absolute error
O: relative error

*: from current data

8/3/2022

ILC250 (ra.re.)| ILC-GigaZ FCC-ee CEPC CLIC380
Aa-! 0.0178* 3.8(1.2)x10-3 0.0178* 0.0178*
Amw/ MeV 2.4(0.5) 0.25(0.3 1
amy/Mev | 2. B ST 2
Amy / MeV 14 2.5(2) 5.9 78
Alw/ MeV 2 2.8
Arz/ MeV 2.3* (1) 2.3
AA. 14(4.5)x105 | 1.5(8)x10-5 0.7(2)x10-5 0.00064
AA, 82(4.5)x10-5 3(8)x10-5 2.3(2.2)x105 0.0040
AA. 86(4.5)x10-5 3(8)x10-5 0.5(20)x10-5 0.000070 0.0057
AA, 53(35)x10-5 9(51)x10-5 2.4(21)x10-5 22x105 0.0038
AA. 140(25)x105 | 20(50)x105 | 20(15)x10-5 0.0020 0.0020
AGhad t.b.u. t.b.u. 4 pb 5 pb 37 pb*
5Re 0.0011 0.00054 0.0003 0.0006 0.0027
SR, 0.0011 0.00028 0.00005 0.0001 0.0027
5R: 0.0011 0.00045 0.0001 0.0002 0.006
5Rb 0.0011 0.00070 <0.0003 0.0002 0.0018
R 0.0050 0.0030 0.0015 0.0011 0.0056

ECFA high-precsion mini WS

breakdown for CEPC and CLIC yet to be done

16




SMEFT global fit (effective coupling precision)

precision reach on effective couplings from SMEFT global fit

| HL-LHC S2 + LEP/SLD a

| M CEPC 240GeV 20/ab + 360GeV 1/ab .

B (+ HL-LHC, CEPC Z—pole & WW threshold) .
% 107" —107
s -
. 18
S (02l .
g L L ' l I l |
a= - ]

107 107
6gyr ogy" ogy  6gfl 69y o9 9/ 69y 6917 Ok, Az

» 28-parameter fit projected on Higgs couplings and anomalous triple
gauge couplings.

» 597 ~ 6gp"” from theoretical constraints (gauge invariance & custodial
symmetry) and EW measurements.

» Non-negligible improvement from a small data sample at 360 GeV.

Jiayin Gu (i) Fudan University

updated CEPC SMEFT fit results



SMEFT global fit (reach on new physics scale)

95% CL reach from SMEFT fit

Bl HL-LHC S2 LEP/SLD included —
r| Il CEPC for all scenarios a

Z-pole + WW threshold
L + 24OGeV(20.'ab) + 360GeV(1/ab) + HL-LHC
light shade: individual fit (one operator at a time) I

solid shade: global fit
1 0
0 I [ | | i I
O.Vc O.Vb

On oWW Oge oHW Oug OGG O,, O, 0Oy, Osw OWB Or oHe Ouq OHq OHu OHd Oy

10°

NATo] [Mev]

—_

-—

» 20-parameter fit (assuming flavor universality in gauge-fermion
couplings).

» See next page for the operator basis.

Jiayin Gu (P& i) Fudan University

updated CEPC SMEFT fit results



Summary

« CEPC, a precision & upgradable Higgs/W/Z factory, and a Discover machine!

4 M Higgs, 100 Million — 1 Billion W, 1 Million Top, and 4 Tera Z.

For Higgs precision measurements, secures the precisions ~ 1 order of magnitude
better compared to HL-LHC

Boost the precision on EW, etc, by at 1-2 orders of magnitudes.

Top mass be measured to an statistical uncertainty accuracy of ~o(10) MeV

* Lots of challenges:

8/3/2022

Beam energy calibration,
Beam polarization,
Luminosity Spectrum,
Luminosity Measurements,

Theoretical uncertainties...

ECFA high-precsion mini WS 19
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Backup

ECFA high-precsion mini WS
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Challenge: Beam condition

 Beam energy calibration

- ~0.1 MeV at Z pole
- ~sub MeV at W threshold
- ~ MeV at Higgs operation

- ...with nature beam energy spread of ~ o(1E-3)

« Beam polarization monitoring

- Transverse... (essential for the Resonance depolarization Method) and
even longitudinal...

 Beam Luminosity Spectrum Monitoring, especially at top

8/3/2022 ECFA high-precsion mini WS



D6 operators

Op = 5(0ulH?])?
Oww = g*|HI? We,, Wea-1v
Opg = ¢'*|H|* By, B*

Onw = ig(D*H)To8(D¥ H) WA,

Oug = ig' (D*H)T (D" H)B,..

Oga = 95|HI* G}, G

Oy, = yulH|?g Hug + h.c. (v t0)
Oyd = yd|H|2_(_JLHdFt’ + h.c. (d — b)
OJ’e = ye|H|21LHeR + h.c. (e > 7, pn)

1
O3w = 379€apc WS ng e

Ow = 9(H' 2D, H D" W2,

Op = L (H'D,.H)8" B,..

Owg = gg9'H' 0?HWE, , B
Or = L(H D H)?
Oue = (iy" L) Cryull)

OHg — IH]L E:HE[_’}/‘U’BL
O;-IE — iHTUaHiHELO'a’)/'uf[_
OHQ = ;"H]L E,:Hél?’)/'u ern

Ohg = iHt D HagLv#q1
Oy = iHrUaHiHEILGa’Y“qL

OHU — jHT H}IHEJR’Y“ Up
OHd — ;"I‘fr E)Ha;:;’)/“ dR

» SILH’ basis (eliminate Oww, Ows, One and Op,)
» Modified-SILH’ basis (eliminate Oy, Og, Oxe and O},) (used here)
» Warsaw basis (eliminate Oy, Og, Opw and Opg)

Jiayin Gu (i 5)

Fudan University

updated CEPC SMEFT fit resulis
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