: h:izﬁs% DY / i .
CEPC: facility & perspective
on CPV relevant studies

o™
>
T 2 hd

J ,':n.,.
e Lz .
- Mangi Ruan

L

o

AT
2

26/8/2023 Find CPV@USTC



What is a (CHF + SppC)

- &
S

B .

e Circular Higgs factory (phase 1) + super pp Collidéf

(phase Il) in the same tunnel
pp collider

gN—wgf Higgs Facto ry @ ,(Aﬁlg%%rggors for a Higgs Factory: Linear vs. Circular
2% Fermilab

US(Central tmezone

YR HEHD LB UE F

2012-11-15 HF2012 Institute of High Energy Rfrysics
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Accelerator at 2023

m Accelerator physics

® Superconducting RF

™ RF power source

® Cryogenic system

™ Magnets

W SC magnetsin IR

® Magnet power supplies

B Vacuum system

o Instrumentation

® Control system

W Mechanical system

“ Radiation protection
Survey and alignment
Linac and sources
Damping ring

Whole Wire Critical Current Density (A/mm?, 4.2 K)

10* ‘
N
) - |
COUNBTI S0 | \
\ WREBCO B_L Tape Plane 2017
., Teme—ag ————
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F o Nb5SN: Internal Sn RRP®
I st Nb;Sn: High Sn Bronze
L N IBS 2016 Nb-Ti: LHC 4.2 K
Nb-Ti lse ult/INUMAC MR1 4,22 K
" High-J, Nb;Sn = Iron-based Superconductor 2019
s = = = = Iron-based Superconductor 2025
'°";e focess e Iron-based Superconductor 2022
10 \b;Sn e Iron-based Superconductor 2016
5 10 15 20 25 30 35 40
January 2017 Applied Magnetic Field (T)
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Platform for key technology R&D

&D facility

v

. * Magnet R&D
* Mechanical & alignment
« Klystron Test

* SRF test hall

Magnet R&D |

Bt 1 lly 1 P @Y

.....

Accelerator key technology R&D platform was established:
» SRF cavity and module » High efficiency Klystron
» High precision magnet » Mechanics and alignment [
> Vacuum assembly & Coating >1§9%r%5§§}, géa,%%,i, " CEPC Accelerator
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TDR review: HK June 2023

1 Executive Summary

Five years after the completion of the CDR, the draft TDR. for the CEPC accelerator has been prepared. The
TDR will be completed taking into account the feedback from this Committee. The key technologies for CEPC
have been developed. Prototypes meeting or exceeding the specifications are available. The CEPC team is on
track to launch an engineering-design effort. After a site has been selected, the construction of the CEPC could
start in 2027 or 2028. The Committee endorses this plan.

The Committee wishes to congratulate the CEPC team on the excellent progress. The Committee is im-
pressed by the amount and quality of the work performed and presented.

The next section provides answers to the different charge questions, the following sections contain comments
and recommendations related to the individual presentations.

26/8/2023 Find CPV@USTC 5



Key figures of the CEPC-SPPC

e  Tunnel~100 km
« CEPC (90 — 240 GeV)

- Higgs factory: 4M Higgs boson

» Absolute measurements of Higgs boson width and couplings
« Searching for exotic Higgs decay modes (New Physics)
- Z & W factory: ~ 4 Tera Z boson

* Precision test of the SM
* Rare decay
* Flavor factory: b, c, tau
* QCD studies
 Upgradable to ttbar threshold (360 GeV) : 1 M t/t-bar

«  SPPC (~ 100 TeV)

- Direct search for new physics
- Complementary Higgs measurements to CEPC g(HHH), g(Htt)

« Heavy ion, e-p collision...
26/8/2023 Find CPV@USTC
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Detector & Software

Physics
Models

Whlzard ‘¢
Parton

" Pythia
-~ _Fragmentation
o " Fast
 MokkaPlus
‘\'\‘\\.\‘Qg-Simulati/q,n/’"

Simulated
Detector Hits

Nl

- 4-—> Detector Hits

Find CPV@USTC

Physics
Parameters

<>

Physics Object

e

MCParticle — — — “Simulation * —» Reconstricted

Particle

/<>

Tracks & calorimeter hits

>

Full simulation reconstruction Chain with Arbor, iterating/validation with hardware studies
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AU./0.8 GeV

A.U./0.067 GeV

Reconstructed Hig
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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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Physics study: 2023

Chinese Physies C Vel 13. No. 1 {2019) 013002

Precision Iliggs physics at the CEPC*
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CEPC Higgs White Paper
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Particle Physics: Yifiag Wase's

Table 2.1: Precision of the main parameters of interests and observables at the CEPC, from Ref. [1] and the

references therein, where the results of Higgs are estimated with a data sample of 20 ab~!. The HL-LHC

projections of 3000 fb~! data are used for comparison. [2]

W, Z and top

Observable

HL-LHC projections

CEPC precision

Observable

Current precision

CEPC precision

My

20 MeV

3 MeV

My

9 MeV

0.5 MeV

Ty

20%

1.7%

Ty

49 MeV

2 Mev

o(ZH)

4.2%

7 026% N

Miop

760 MeV

O(10) MeV

B(H — bb)

4.49%

N 0.14%

Mz

2.1 MeV

0.1 MeV

B(H — ce)

2.0%

'z

2.3 MeV

0.025 MeV

B(H — gq)

0.81%

Ry

3x 1072

2 x 10~4

B(H —» WW*)

2.8%

0.53%

1.7 x 1072

1x 1073

R.
B(H — ZZ*) 2.9% 4.2% R, 2x10°3 1% 104
B(H —7r77) 2.9% 0.42Y% R, 1.7x 1072 1x 1074
B(H = v7) 2.6% 3.0% A, 1.5 % 1072 3.5x 1077
B(H — ptp~) 8.2% 6.4% Ar 43 x 1073 7x 1075
B(H — Zv) 20% 8.5% Ap 2x10°2 2% 1074
Bupper(H — inv.)  2.5% 0.07% N, 2.5 % 1072 2x 1074

Scientific Significance quantified by CEPC physics studies, via full simulation/phenomenology studies:

» Higgs: Precisions exceed HL-LHC ~ 1 order of magnitude.
* EW: Precision improved from current limit by 1-2 orders.

768 results
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Citation Summary
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 Flavor Physics, sensitive to NP of 10 TeV or even higher.

* Sensitive to varies of NP signal.
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Performance requirements

» A clear separation of the final state particles

- Identification of Physics Objects, isolated & inside jet

« Single final state particle object, i.e., Leptons
« Composited objects:

- Twolthree final state particles: Pi-0, K-short, Lambda, Phi,Tau, D meson...
- Jets
- Improving the E/P resolution for composited objects, especially jets

« BMR (Boson Mass Resolution)

- < 4% for Higgs measurements
- Much demanding for Flavor/New Physics Measurements
« Pid: Pion & Kaon separation > 3 0 ~ ( 3% dE/dx (dN/dx) + 50 ps ToF )

« Jet: Flavor Tagging & Charge Reconstruction

* Flavor Physics: EM resolution, momentum resolution...

26/8/2023 Find CPV@USTC 11



AU. /0.5 GeV)

Design of experimental facility and technical requirements

Requirements
boson mass

resolution
(BMR ~3%)

Challenges
» Support Particle flow with
» High granularity
» High precision

0.07 T
[ CEPC []zz - vwqg (ud) Cleaned ]
[CJww — uvag (ud) Cleaned |
DZH — vvgg Cleaned E

0.06F-
0.05F

0.04f-

0.02f-

0.01-

0.03F-
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Detector study: 2023

Vertex detector R & D ( 3- 5 um reso.)

0.0,

= CEPC JadePix-1
004 —o— 16x16 pm?
o 33x33 pm?

Detector ¢

f ‘
0.03}-

- m—
i
il §
A 0.02- £
e
il £
| 5
. I Segt &
jw; | 001+ < -
i §4
1 1 "‘:. 1 1 L ]
- -0.04 -0.03 -0.02 -0.01 0 001 002 0.03 0.0¢
e X% mm]

Novel detector design based on
PFA calorimeter. Aim at
improving BMR from 4% to 3%

PFA scintillator-W ECAL 4D crystal ECAL
= - T \

b

Key parameter World-class level

Detector

PFA based EM shower ~20%/\E <3%/NE
EM calorimeter E resolution
PFA based Single hadron ~50%/E ~40%/\E

Hadron calorimeter  E resolution

I
%
El

3.25m
3.85m

1.75m
2.05m

2.1555m
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Hadron Yields

Particle  BESIII  Belle IT (50 ab™! on Y(45)) LHCb (300 fb~1') CEPC (4xTera-Z)
BY, BY - 5.4 x 1010 3 x 1013 4.8 x 1011
B* - 5.7 x 101° 3 x 1013 4.8 x 101
BY, BY - 6.0 x 10® (5 ab™! on Y(59)) 1 x 10" 1.2 x 10"
B - - 1 x 10 7.2 x 103
Ay, AP - - 2 x 10" 1 x 10"
DY D% 1.2 x 108 4.8 x 1019 1.4 x 10'° 5.2 x 101
D* 1.2 x 108 4.8 x 1010 6 x 10 2.2 x 10!
DF 1 x 107 1.6 x 1019 2 x 10 8.8 x 1010
A 0.3 x107 1.6 x 1010 2 x 10 5.5 x 1010
T 3.6 x 103 4.5 x 1010 1.2 x 10"

26/8/2023
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CPV at Higgs/Z factory — Comparative
advantages

« V.S. B/C-Factory (Belle Il, STCF, BES Ill)

- Larger Boost
- Precise Vertex reconstruction
- Abundant heavy hadrons: Bs, Bc, Lambda_b

- Access to high mass exotica...

« V\.S.LHCDb, etc

- Cleaner collision environment ~ much lower background
- Much better detector performance

* Neutral Final State: Photon, Pi-0, Missing energy, etc
« Jet Flavor & Jet Charge
« Acceptance...

26/8/2023 Find CPV@USTC
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Chinese Physics C  Vol. 45, No. 2 (2021) =
S 00
E
Analysis of B, — 7v, at CEPC”
~0.2} |
Taifan Zheng(HARTE)"  Ji Xu(f%%)  LuCao(&%)’ Dan Yu(TFH)' Wei Wang(T45)”  Soeren Prell’
Yeuk-Kwan E. Cheung(3#%5)'  Mangi Ruan(jt & 75)""
'School of Physics, Nanjing University, Nanjing 210023, China =041 ]
’INPAC, SKLPPC, MOE KLPPC, School of Physics and Astronomy, Shanghai Jiao Tong University, Shanghai 200240, China
*Physikalisches Institut der Rheinischen Friedrich-Wilhelms-Universitit Bonn, 53115 Bonn, Germany L n
“Institute of High Energy Physics, Beijing 100049, China -0.2 -0.1 0.0 0.1 0.2

5Departrnem of Physics and Astronomy, lowa State University, Ames, 1A, USA

Re [Cy,]

Abstract: Precise determination of the B, — Tv; branching ratio provides an advantageous opportunity for under- . . . . .

standing the electroweak structure of the Standard Model, measuring the CKM matrix element |V,p|, and probing Flg‘ 10. (COIOI’ Onhne) Constraints on the real and magin-
0,0) (1,0) new p!lysics models. In this paper, we discuss th.e potentiz.ll of measuring the process B i with 7 decaying ary parts of CV2 . The red shaded area CDlTGSpOHdS to the cur-

Figure 12.1: Sketch of the unitarity triangle. 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 rent constraints using available data on b — crv dccays. If the

B, — 7v; can re:dch f:round 1/; level at the Tlommal CFP.C Z pole statistics of one l]'llllol? Z decays, assumu?g the ccntral Va]ues in E q. (9) remain Whl].e the unc crtalnty in

total B; — 7v; yield is 3.6 10°. Our theoretical analysis indicates the accuracy could provide a strong constraint on ) o B

the general effective Hamiltonian for the b — crv transition. If the total B, yield can be determined to O(1%) level I (B:: -7 vr) 18 reduced to 1% o, the allowed region for CVZ

1 1 0, . .
of accuracy in the future, these results also imply |V;| could be measured up to O(1%) level of accuracy. shrinks to the dark-blue re gions.
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(b) Efficiency and purity performance along with vis-
ible energy

(a) Efficiency and purity performance along with polar
angle 6, parameters fixed.

(b) Efficiency and purity performance along with vis-
ible energy

(a) Efficiency and purity performance along with polar
angle 6, parameters fixed.
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. Inside jet
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........ ] : mis-id to muon(single) :
—_ 3 __ mis-id to electron(single_}_
1 X iy .
~— mis-id to muon(jet)
Q
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Compared the single particle sample, the jet lepton (at Z->bb sample at sqrt = 91.2 GeV)
Performance will be slightly degraded — Due to the limited clustering performance (splitting
& contaimination).

At the same working point, the efficiency can be reduced by up to 3%; while mis-id rate
increases up to 1%. Marginal Impact on Flavor Physics measurements as Bc->tauv.
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Events/GeV

Vcb from W decay

— peW, W — T(u)re W, W — TVrqq, T —
T 1 pvqq cbub cld/s) u(d/s)| b ub c(d/s) u(d/s)| e2v had.wr|TTqq ppqq Higgs others
106 4 T Tvgq w/o slections 403K 363 24.2M 24.2M|7.73K 74 4.2M 4.2M |8.66M 31.4M [2.18M 4.47M 4.07M 2.06G
— By, > 12GeV 37.9K 330 22.6M 22.6M 559K 56 2.98M 2.97M | 133K 687K | 422K 2.82M 645K 186.3M
— Ry, > 0.85 35.3K 302 21.1M 2LIM 501K 46 2.73M 2.73M |1.55K 43.2K | 266K 1.82M 308K 128.8M
10° — cos(f.,,) 35.3K 302 21.1M 21.1M [5.01K 46 2.73M 2.73M |1.55K 43.2K | 266K 1.82M 308K 128.8M
gy cos(fL,) < 0.20 328K 283 19.6M 19.6M 47K 42 2.57M 2.57M|1.26K 39.9K | 156K 1.03M 183K 92.6M
ond isolation { veto  |32.8K 283 10.5M 19.6M|4.7K 42 2.57M 2.57M|1.26K 39.9K | 154K 526K 138K 43.9M
10% | multiplicity > 15 [32.8K 283 19.5M 19.4M| 4.7K 42 2.56M 2.55M |1.23K 39.6K | 153K 522K 118K 185K
Missing Pr > 9.5 GeV/e |31.5K 264 18.7M 18.6M 438K 37 2.4M 2.30M |1.18K 37.2K | 136K 118K 92.6K 97.7K
Miogs > 65 GeV/c?  [204K 254 18.1M 183M 415K 32 2.33M 2.35M| 978 36.0K | 132K 112K 85.3K 24.5K
10° Mios <88 GeV/c? 241K 193 14.3M 14.1M 349K 23 1.87M L85M| 641 247K [5.62K 115K 6.76K 431K
Micts rocoit < 115 GeV/c?|20.2K 184 13.0M 13.1M|2.96K 23 172M L73M| 505 22.6K [3.57K 6.86K 536 3.02K
Mpus, <75 GeV/e? |19.6K 184 12.9M 13.0M 2.95K 23 1.72M 1.73M| 505 22.6K [3.56K 5.78K 414  3.0K
102 ] My, >12 GeV/c?  |19.6K 184 12.9M 13.0M | 27K 18 1.54M L55M| 416 195K |2.08K 5.16K 390 181K
o (%) 488 50.6 53.5 53.7 349 250 367 369 | 0.0 01 |01 01 00 00
kin 170 (0.7) (8.1) (0.0) (0.0) | (1.5) (12.5) (0.1) (0.1) | (0.0) (0.0) | (0.0) (0.0) (0.0) (0.0)
. brer o 514K 4 279K 571 | 632 0 407 65 | 0 14 | 67 28 0 0
107 5 . o) 128 13 00 00 82 00 00 00 |00 00|00 00 00 00
brere (0.4) (1.3) (0.0) (0.0) | (0.7) (0.0) (0.0) (0.0) | (0.0) (0.0) | (0.0) (0.0) (0.0) (0.0)
0 50 100 150 200 250
Mjets
* Purity >99.5% at Eft. 50% for uvqq and 34% for T(u2v)vqq
* Main backgrounds include:
s W —c(d/s)
* upqq
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c-likeliness

b quark @ Z-pole

0.4 0.6
b-likeliness

0.2

c-likeliness

Vcb from W decay

¢ quark @ Z-pole

b-likeliness

c-likeliness

uds quark @ Z-pole

0.4
b-likeliness

o
0.6

quark \ tag by by c1 o q 2
b 0.47 0.378 0.0197 | 0.0965 | 0.00397 | 0.0315
c 0.00042 0.078 0.298 0.373 | 0.0682 | 0.182
uds 0.000104 | 0.00477 | 0.00145 | 0.054 0.538 0.401
* wvqq

» Statistical (relative) error: 1.5%, 3.4E-4, 3.4E-4
* |V.p| Statistical error: 0.75%

* evqq

* statistical (relative) error: 1.7%, 3.7E-4, 3.7E-4
* |V,p| Statistical error: 0.85%

26/8/2023
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Events
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fvqq
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Jet charge measurement using Leading
jet particle & weighted jet charge

effective tagging power

1.000 CEPC b jet (HFJC* baseline VTX)
CEPC ¢ jet (HFJC* baseline VTX)
0.735
A CEPC b jet (HFJC)

0.510 ¥V CEPC cjet (HFJC)

CEPC Bs—=J/Y®
0.327
>
- Belle sin (201)
@
=
. % 0.184 BaBar B0—ccK*®
0—DD-
0.082 LHCb B°=D*D
LHCb Bs*—+J/W@
0.020
LHCb BO—+J/WKs®
0.000 ATLAS B9=JNVOD

ad I X 1V > hep-ex > arXiv:2306.14089

High Energy Physics - Experiment
[Submitted on 25 Jun 2023 (v1), last revised 13 Jul 2023 (this version, v3)]

Eff Tag POWGF: ) Jet charge identification in ee-Z-qq process at Z pole operation
~ 40%/20% fOr C/b Jet Hanhua Cui, Mingrui Zhao, Yuexin Wang, Hao Liang, Mangi Ruan

Wlth 45 Gev e ne rgy Accurate jet charge identification is essential for precise electroweak and flavor measurements at the high-energy frontier. We propose a novel method called the Leading Particle Jet

Charge method (LPJC) to determine the jet charge based on information about the leading charged particle. Tested on Z - bb and Z - cc samples at a center-of-mass energy of
91.2GeV, the LPJC achieves an effective tagging power of 20%/9% for the c/b jet, respectively. Combined with the Weighted Jet Charge method (WJC), we develop a Heavy Flavor Jet
Charge method (HFJC), which achieves an effective tagging power of 39%/20% for c/b jet, respectively. This paper also discusses the dependencies between jet charge identification
performance and the fragmentation process of heavy flavor jets, and critical detector performances.
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Measurement of a using BO — 2pi0

* B = 1w [JHEP12(2022)135] L. 2o v o mBCEij.,Im .
 Z-factory advantages _ 1o _:ﬁ > :: _:i
* Lower bkg level & better Neutral final state 2 | Comnaoratkg| 2 | - Gombiraarii g
reconstruction (vs LHC) 3 10 ‘g i
* Larger boost of b-hadrons (vs B-factory) 2 ol i o
» Complementary with B-factory in 1ot
* extracting S2p L S

48 5 52 54 56 58
* reducing mirror solutions in a My [GeV]

* Tera-Z precisions - -
Paramet(()e;s Tera-Z Projection _ - Bosnm data (WA) —e—t CKM fit
JBDG/B 0 045% Tera-Zprosp. ~ =~ [ﬂ+ﬂ-,ﬂ+ﬂ0,ﬂ:0ﬂ0 oraZ w/o CS\?A
ogro/B* 0.19% @ [n'n 7l nln g W CSSA
opi— BT 0.18% 1.0 T TR T T T T T R T
a0, + (0.014-0.018) sl ]
* o(a) = 0.4° o0 + (0.004-0.005) g N [
° Prospects Ogt- + (0.004-0.005) % 06 "\‘_ E
T I
* Direct extraction of S20 via n° Dalitz decay or & 04 N
photon conversion h R
0.0 T L L ]
70 75 100 105 110
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AT, [ns!]

Bs—J/po

Y L S e

: —— Theory predictin 3 LHCb(HL-LHC) CEPC(TeraZ) CEPC/LHCb
883 — LHCb (HL-LHC) _

- — CEPC(TeraZ) 1 bb statics 43.2 x 1012 0.152 x 1012 1/284
88.2;— P - T T« ' _CEPC{W'T"""Z)—; Acceptancexefficiency ™% 75% 10.7
wib 7 \ E Br 6 x 10~ 12 x 10~ 2

' g [ =7 e \ g Flavour tagging 4.7% 20% 4.3
8F \,_______ - e Time resolution (exp(—%Amgofz) 0.52 1 1.92
879 f_ \ / _f scaling factor & 0.0014 0.0019 0.8

SN a . o(¢s) 3.3 mrad 4.3 mrad
878 ~ |- -

S IR L ) 3

40 -35 -30
¢, [mrad]
<> 3 : T T T ] > 3.5 s T T U T T
8= s i g 3 -0 E
ch) 2.5 L . T(g 3 o _._Ai—* .
o 1 8 ast i ¢ Bs - ]/ - ppuKK [2205.10565]
‘g 1.55_ - ‘g 2— = * ¢s = —2Ps
5 s L5f ] * 0(¢s) = 4.3 mrad
1_ - - E 1 o —msan e * o(Al) = 0.24 ns™
7 AY E 0sf 3 + o(T,) = 0.072 ns”
% ;2 o4 006 o o W 0 0 W
Time resolution [ps] Tagging power [%o]

Time resolution ~ 0(10) fs
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Truth

Jet origin id using Particle Net

10° -
] B Relative accuray, HL-LHC S2
3 Bm Relative accuray, CEPC
‘ BN 95% CL upper limit, CEPC
1072
10-2 5
1073 4
10-4 -
Kp Kc Kg Kw K¢ Kz KY Brss BruuBrddBrsb BrdsBrdb Bruc

Prediction

H — ss: be limited to 3*SM using vvH + |IH at 20 iab
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Higgs to di-tau measurements

106 § I T T T T T T T T T T T T T T | T T T T | T T T T § [ E T T T T : T T 1 1 ‘ 1 1 1 i | 1 1 i 1 | 1 1 1 1 | : ! I T I T T T T I T T T T I
: —sig —77 ] H —sig  —ZzZ ] i
10°k ShlEc N Do Rt ke e B0 il 5000
: ZH —Others ] i l | WW —Others ]
YT TR s, SR SRS SS——— S—— - 4000 |- e N [E RO SO SO A
g ; 13 [ ] §
E?- 103 - - g 3000 . ] a‘ : ! !
9 F E r E ] o i ! !
2 E i i ; ] 3 H ! ! T
5 [ = - 1 3 P ]
= B : . : : :
w10k | o @ 2000 [ 4 < P 1
| [[ | ! i : 05 Pl ]
1 |[‘| L1 | L1 [ L1 1 1 0 B E - = Ll { , , | L n 0 E i i . | , , , . | , , . . -I
0 100 150 0 50 100 ' 150 200 250 10 15 20
MgqlGeV] rrolGeV] BMR[%]
Table9 Extrapolated accuracy 8(a xBR )/(o x BR) inthe ILC 250 GeV E::.I;S};it{.if/;(z)ﬁzlz)oﬁi/smosz.ow.vssv.y THE EUROPEAN Ch:)m
Table 8 Combined signal strength accuracy (2000 b1 _ PHYSICAL JOURNAL C &
Regular Article - Experimental Physics
(o xBR )0 xBR) (%) CEPC ILC(L) ILC(R)
ppH 28 Luminosiy (ab™) 56 ) ) The measurement of the H — 7 7 signal strength in the future
eeH 5.1 . ete™ Higgs factories
E i Polarization (e=, %) - 08,-03)  (-08,03)
vy i
H 4 Dan Yu!, Mangqi Ruan'#, Vincent Boudryz, Henri Videau?, Jean-Claude Brient?, Zhigang Wu', Qun Ouyang',
qqH 0.9 Total Higgs LIEM  0.60M 0.40M Yoe Xut, Xin Chent’
Combined 0.8 Accuracy (%) 08 1.09 1.21 ! IHEP, Beijing. China

2 LLR, Ecole Polytechnique, Palaiseau, France

26/8/2023

3 Tsinghua University, Beijing, China
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CP violation in Higgs sector

* H—> 7177 [v.C. Wu2023] P JE ;‘\1 L“
» With 5 (2) ab™, 2.9° (5.2°) can be reached N N \

(a) Ho 1t~ = ntn™ +2» (b) H— 1t~ = rtalva—aly () H—= 1t~ = rtnlvny

20:;' \\Ilfll\\']il“.'\: 3_|\|||||‘||||\|\\\‘\\\||||||||||\|\|
18[ p+p ! - p+p
2 . 2.5
16 A —— 00
14 - --e-- A
g o cP
12 N -
— F . -
= 10 = = C ]
< 8i < %1 5: 1
6 1P P
4 L
E C O N A -
2r 2 3 C .
O:‘J-.1--[--[‘--\--1-‘{‘-]--;‘-[--1--L oLl l--|--]--\--.J-‘-l--r.-l‘--l--].--‘---l-_ O_ I Ll 1l l 111 | | - ‘ Ll L1 l Ll 1 | ll L1l ‘ Ll 1 | I— I~ | L | Lia |‘|“I‘r‘\‘+1 L\ ‘PFTTT’I L1 | L1 ‘ n
-06 04 02 0 02 04 06 -0.2-0.15-0.+0.05 0 0.05 0.1 0.15 0.2 0_0_2_0_ 5-0.+0.05 0 0.05 0.1 0.15 0.2

¢ o o
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Summary

« CEPC, especially its Z pole operation, provide excellent opportunities for CPV

- 1% level Vcb measurements;

- Alpha angle be determined to 0.4 degree;
- Comparable performance on Bs->J/psi Phi;
- Higgs CP measurements;

« Highly complementary to LHCb & B-factories

 PFA oriented detector design + Innovative algorithm leads to excellent detector
performance, which is critical for CPV relevant measurements

- PFA oriented design -> Object (Tau, lepton) finding inside Jet
- Particle identification

- Excellent EM resolution

- Jet origin determination

* Alot more to explore
26/8/2023 Find CPV@USTC
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Taus: isolated or inside jets

Va
(a) Z — qq.H — vt with two hadronic decay. (b) WW — tvgq with one leptonic decay.
(¢c) Z — bb, B, — tv with one hadronic dacay. (d) Z — bb, By — 71 with two hadronic decay mixed

together.
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Current Progress in LFU Tests

signal-hemisphere K+

Signal hemisphere
v K-
1|;-’0inf of "’
N closest ; r P ¢ ; el 1}
[SF \B, ey
— — O] PSS >0«
b-hadron ’ AB° =
jet
’/’ non-b jet/soft tracks
b-hadron jet thrust axis
bfi'lrust
Tag hemisphere tag-hemisphere
Neutral current b — s771 =
Charged current B, — Tv _ : Neutral current Bs — ¢vv
decays [Li and Liu, 2020]. decay [In preparation]
decays [Zheng et al., 2020b]. o IR
st < —6. . . .
Absolute precision < 107 °: Absolute precision ~ 10~7.

104 :
Absolute precision ~ 10~ =, ~ 103 — 104 improvement from
current limits.

Unique opportunities at the Z-pole

Lingfeng Li Flavor Physics @ CEPC Aug. 17, 2021 8/15



Bs—Phi vv

https://arxiv.org/pdf/2201.07374.pdf

-
T~ —
™~ T
<~ e v
- 5

I
W N

ZJ
S 7 W.:'SS W s 5
AY A
—

b :—‘_}_ u,c,t < S b ’U,?C,t Ay S

[

FIG. 1. The penguin and box diagrams of b — svv transition

signal-hemisphere

K+

b thrust

tag-hemisphere

Sensitivity (CEPC)
---- Upper limit (LEP)
B SM prediction

x

at the leading order. 10.0-
8.077

* Key ingredient to understand FCNC anomaly... g 6.0
» Critical Physics Objects: Phi (and charged Kaon), E 40
2" VTX, Missing E/P, b-jet at opposite side :
 Percentage level accuracy anticipated at Tera-Z o
0.0-=

10
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Bs—Phi vv

9
1.67%12 1.0 — = 5.0
---- Bkg fit - — Branch ratio sensitivity
---- Sig fit - - Benchmark value
—— S+Bfit 0.81 P 4.0
> 1.2 Mass cut 7 =
ﬁ t  Bkgdata L7 =
— | Sigdata 0.6 4 Q 3.0
\w 0.8 { S+B data (a4
= 0.4~ 20
3
0.41 021 —— ¢ reconstruction € X p 1.0
. [ S - - KaonPIDeXp
_‘_,_x..,_v_u--'q—:/-v—v-‘-'—‘-r* v A'::k
0.0 Lemzmzz ‘ e : : : : : : . ‘ ‘ : ‘ : :
1010 1020 1030 %0 To 20 30 40 30 60 0%0 T0 20 30 40 30 60
Mg +k- (MeV) K / 1t PID separation power (O) K / 1t separation power (0)
0.20 0.20
— Background — Background
—— Signal —— Signal
0.16 ---- Signal truth 0.16 ---- Signal truth L\ 2
Mg =1/ (Yo niis)
0.121 0.121 @ (1) 2
‘ ‘ i ; i—1
EC). 2 J?l’j!rsig - \/(Z p:ilé ‘f’sz - pqS) ’
0.08 0.08 .
g(i=1)y2 72
() s+ (ﬂfsig ) - i?urtag
EB — p - Esig + Egb 3
0.04] 0.04 ’ 2¢/s
/ 2 i) (1_1) 2
() = (pp. " — ps)?,
0.00 ] T 0.00
gS.O 30.0 35.0 40.0 45.0 50.0 0.0 5.0 10.0 15.0 20.0
Es, (GeV) q? (Gev?)

The separation power is defined as 2|pr —px|/(0xr +0K).

26/8/2023 Without loss of generality, we set o, = ox. Com- 32




Vertex

x1072 x1073
1.4
2.5
—— Swo(ds)
hn} 1.2 - SW—ru{ds}
2.0 = z 12 z 12
£ — 2Vl /21Vl
t 1.0 J J
[\0}
— e
ﬁ 1.5 3
> 0 081
= >
3 8
= 0 0.6
1.0 1 =
1]
v
0 0.4
=
1]
0.5 - b
0.2
00 T T T T T 00 T T T T T

2.2 2.4 2.6 2.8 3.0 2.2 2.4 2.6 28 3.0
Tr(M) Tr(M)

Similar performance dependence on CKM measurements at 240 GeV using semi-leptonic
WW events
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CPV relevant measurements

e \VVcb:

- Bc > tauv
- W decay

 Bs — J/psi Phi

 Bs — 2 pi0, to determine alpha angle
« Bs — Phivv

* Higgs measurements

26/8/2023 Find CPV@USTC



..ALICE ITS3...
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AT, [ns]

26/8/2023

92
91
90
89
88
87
86

—te  Theory prediction

s CEPC (Tera-Z, reallstlc PID)
mmmsm  CEPC (Tera-Z, Intrinsle PID)

= o nm CEPC (Tera-Z, perfect PID)
mmsmmmm CEPC (10-Tera-Z, reallstlc PID)
mmmmm  CEPC (10-Tera-Z, Intrinsic PID)
=1 n1m CEPC (10-Tera-Z, perfect PID)
mmmmm  ATLAS (HL-LHC)

mesmss CMS (HL-LHC)

mssmm  LHCb (HL-LHC)

Find CPV@USTC
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 Tr(MM) in the barrel
- 2.45 for baseline (?)
- 2.55 for 8 mm inner radius (9 mm )

 Compared to Baseline:

- 10 mm beam pipe with silicon outside/inside
improves the accuracy of g(Hcc) and |Vcb|
measurement by ~20%

 Vin:

- Pro: I
» Closer to the IP with same beam pipe radius s al /:M*"’H‘*:\
« No multiple scattering to the 1° layer I // \\
 Loose the material constrain of beam pipe: more £, Nl

efficient cooling, etc = : j X

- Challenges: / —— new design \
 Vacuum level 2 j —*—baseline \
« Radiation tolerance sl | | |
« Power & Signal — Wireless? B e cost - '
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Kaon

K/ SRHAT K/m dE/dx
| - — K/n TOF
— K/n dE/dx+TOF

[a——y
—]

lJJ,.!rI‘]If[]I .lfltl_l

[a——y
—

T

il

I T lll lli I

separation /G
S = N W A U & 0 0 O

[ (]

i :i'l' 4

TIIIWIIIIIIII]I]IIIIIIIIIIIIIJ

vitrFe i il I CTT Ill lli e

/
t
+
L
i

separation /G
S == N W A U &N 0D

[
=]
(¥

1 10 10? 1 10

p (GeV/c) p (GeV/c)

Highly appreciated in flavor physics @ CEPC Z pole
TPC dEdx + ToF of 50 ps

At inclusive Z pole sample:

Conservative estimation gives efficiency/purity of 91%/94% (2-20 GeV, 50% degrading +50 ps ToF)
Could be improved to 96%/96% by better detector/DAQ performance (20% degrading + 50 ps ToF)

Eur. Phys. J. C (2018) 78:464
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Dedx at truth level: Differential

14 T T L | LEES | 24
H -0.5 . . F
S 10 ] S § 2
=] [ ] = = E
S 8 (a) Bl © ° 1'8:
8 F ] 8 8 1.6"
C 6- o L 5
ﬁ aF 3 § 1.4+
w “f LLJ w
- r o r T 1.2
2r 1 C neEE' r
0 50 100 150 200 250 300 350 i 10 20 30 I 2
n h (mm)
(a) (b)
2 B N . — 34_Tl ,,,,, e
—_ L 03 ] —_ [ 4 ):
L o5 O/l 2.05+0.8(BY " ] L3821 6/l < 2.5-1.5(cos)* |-
§ [Ny T 5 3| +3.9(cos0)"® |-
— 24 1 -— L 1
22 M © 712 328 (e) } i
(0] r ; ! + B (7)) E | 1
& 2.3 ) " Ap _ g 2;6: A/f‘/
x | V. f x atetitelT |
Q 2.2; ’+ "rf‘_J!,' ‘ 1 ] E 24 I“.‘I /ﬁ \} ‘.“I‘ )
% - I ";FF‘%%L,}HH i % w‘\ \(\\\(}.‘
i Lo 29 ¥ .
2.1_..“1 " Lol L MR . N T .| " L n L
10 102 103 *1 *05 0 05 1
B’y coso
(d) (e)
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2.5% relative accuracy of
dE/dx at truth level, in barrel
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Pid performance

Separation Ability

UL L

[Ty [r P rrrrrr[rrre

K* selection efficiency X purity

T3 o«
-10-8 6 4-2 0 2 4 6 8 10
(R-R, )/op P (GeV/c)

factor 1. 1.2 1.5 2.

ex (%) 95.97 | 94.09 | 91.19 | 87.09
dE/dx | purityx (%) | 81.56 | 78.17 | 71.85 | 61.28
dE/dx ek (%) 98.43 | 97.41 | 95.52 | 92.3
& TOF | purityk (%) | 97.89 | 96.31 | 93.25 | 87.33

Nuclear Inst. and Methods in Physics Research, A 1047 (2023)
Find CPV@USTC
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DY — 1K~ reconstruction

€ (%) p (%)

Imass — masspo| < 0.01GeV/c? 90.39 2.16
IMP > 0.02 mm? 79.12 5.04

vertex fitted x? < 5.15 72.62 15.36

dis of vertex to IP > 0.305mm 69.24 28.41
PID 68.19 89.05

-g. 1 T l T T T I T T T l 1 T 1 I T 1
T T 1 T = 5 : § :
- gttt Zosf” - 3/3.8% Of - -
O —— S+B Fit | d E /d 1
= i : : e sig Q | : X
> - : g - bkg § |
o : i i ] i - % :
LTS TR} | AS——————— AT W————— g |
S =
= r Zoal
) @2 |
= ' . . S
e 200 3 E g : N § 5
m g ‘ . H +M i
........... | ": T e | . "I..VI B L T T, g :
850 1855 1860 1865 1870 1875 T |
2 CQ 0.2 L 1| l L L 1 l I L L L I L
mp, (MeV/c?) 0 2 4 6 8
— *
factor (o-actual factor 0-intrinsic)

fitted mass : 1864.259 + 0.025 MeV/c?
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2.5 Tracker Scenarios

Gaseous main Tracker

/ / / ‘ ‘
VTX MDiI Beam Pipe Extra Silicon RICH, etc

e Our understanding to Beam background & MDI design not fully converged
- Beamstrahlung background seems to be very challenge to gaseous tracker

| will discuss mainly the 1* scenario (Left) :
- Tracker inner radius of 25 cm to have good Pid in fwd region

 The 2.5 scenario: Silicon Tracker with Pid (like AMS, with much better precision...)
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BMR [%]

BMR VS upstream material

F msoseeens aver - SISO 30L
- R igtaxr 5 _ “DLayer
37— s, C . 50Layer
B I ;Eti;ii \»\‘\‘\\}\ 485 BOS000000 60Layer 5
— ke __ S B e
- -—*-5—\-5%-:\— BN ?&f::;r .\\\}Q‘gﬁ\ : _ 100?;?;
36— 6
B g\ =
- - \\ S5 2
35— TN S — <
B o :_ ge“”?
: {‘%\gﬂ\ . - y‘;&f&
34 — \;\;x k,;\‘& 3.8 i_ yﬁf
e 3.6/— x,,»’f, =
B MR C o
33 A SR S 34
B \\ il
: I ILT | I | L | | | | | | ! | | I 3.2 I L L L 1 1 1 | 1 1 1 ‘ 1 1 1 | 1 1 1 |
0 05 1 15 2 0 2 4 6 8 10

Scale Factor of Tracker Material

« Baseline: 10% X0 material in the barrel region.

 Would be great to half the upstream material.
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Fig. 7 All reconstructed mass distributions of K 2 and A. They are fitted with double-sided crystal ball

functions

26/8/2023

Find CPV@USTC 45



Kshort & Lambda

=9 1— —_—
DR | -
(] |- +m =
o [ - - !
W .
0.8 3 S
[~ * i
:t:t:t o
- :*__+_ + -
0.6 o
| 5 e:
— 4
0.4 =
02F T < .
TS P =
0 [ 1 1 ] 1 | ] 1 ] 1 | 1 L ] 1 J
0 10 20 30

Reconstructed energy/GeV

(a) K
Fig. 9 Energy dependence of eg and P

26/8/2023

egorP

Find CPV@USTC

0.8
0.6}
0.4

0.2

T

++;:i+++-+++++HH #

M T
++++‘Hf

I 1 1 1 1 I

10 20 30
Reconstructed energy/GeV

(b) 4

46



Kshort & Lambda

Table 3 K g and A reconstruction performance

Particle K9 (%) A (%)
R 81.3 70.1
€T 40.6 27.3
P 92.4% 86.4%
er - P 0.751 0.606
er- P 0.375 0.236

Table 4 Estimation of K g and A reconstruction performance assuming ideal PID

Particle Kg A

R 82.4% 89.1%
eT 41.2% 34.7%
P 97.2% 94.6%
R - P 0.801 0.843

eff T = eff R*Br(X->all tracks)
e - P 0.400 0.327
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Yields ~ Xsec * Lumi
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