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Yields ~ Xsec * Lumi * Time
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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 fh~! data are used for comparison. [2]

Higgs 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
Iy 20% 1.7% Iy 49 MeV 2 MeV
o(ZH) 4.2% 0.26% Miop 760 MeV O(10) MeV/
B(H —» bb) 4.4% 0.14% Mz 2.1 MeV 0.1 MeV
B(H — cc) - 2.0% Iy 2.3 MeV 0.025 MeV
B(H — gg) - 0.81% Ry 3x 107° 2x 1074
B(H - WW~) 2.8% 0.53% R. 1.7 %102 1x10°3
B(H — ZZ*) 2.9% 4.2 » 2x10°3 1x10°4
B(H — 7+77) 2.9% 0.42% R, 1.7 x107* 1x10~*
B(H = vv) 2.6% 3.0% A, 1.5 % 10-2 3.5 x 103
B(H — ptp) 8.2% 6.4% A, 43x 1073 7x 1070
B(H — Zv) 20 8.5% Ay 2 x 1072 2% 1074
Bupper(H — inv.) 2.5% 0.07% N, 2.5x10°3 2% 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.
 Flavor Physics, sensitive to NP of 10 TeV or even higher.

 Sensitive to varies of NP signal.

Most Recent

Citeable @ Published @
Papers 659 394
Citations 10,003 7,575
h-index @ 49 47
Citations/paper (avg) 15.2 19.2
— Citeable — Published
301
173
164 146
115
65
28 24
17 16 2 1 1
4 1-9 10-49 50-99 100-249 250-499
Citations
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Performance requirements

To reconstruct all kinds of Physics Object

|dentification & Measurements
Objects:
* Lepton, Photons, Kaon,
e pi-0, Tau, Lambda, Kshort,
 Heavy flavor hadrons,

o Jets

» Missing energy/momentum
* Exotics...

Massive Four in Standard Model:

Z & W: ~70% goes to a pair of jets
Higgs: ~90% final state with jets (ZH events)
Top:t—->W+b

A

J’-a’a"gfgfs‘I

qq Strategy: make all the possible

gg' measurements in each

different channel and combine
the resultl

TT, UM
WW, ZZ, QI

AR

I w aq Z boson
: . decay
Requirements: Final state

- 1-1 correspondence

Excellent pattern. Reco. & Object id
- Larger acceptance, Excellent intrinsic
resolutions, Extremely stable...
Be addressed by detector design, technology,

and reconstruction algorithm

Future of High Enegy Nuclear Physics @ CCNU 4



Flavor Physics

Particle BESIII  Belle II (50 ab~! on Y(45)) LHCb (300 fb=!) CEPC (4xTera-Z)

B° BV - 5.4 x 1010 3 x 1013 4.8 x 1011
B* : 5.7 x 1010 3 x 10" 4.8 x 10!
BY, BY - 6.0 x 108 (5 ab=! on Y(59)) 1 x 10'3 1.2 x 10!
BF - - 1 x 10! 7.2 x 108
AY A - - 2510 " 110"
DY D% 1.2x 108 4.8 x 1010 1.4 x 1015 8.3 x 10!
D= 1.2 x 108 4.8 x 1010 6 x 1014 4.9 x 10!
DF 1 x 107 1.6 x 100 2 x 1014 1.8 x 10%
AF 0.3 x107 1.6 x 100 2 x 104 6.2 x 1010
= 3.6 x 108 4.5 x 1010 1.2 x 101
25/10/2024 CEPC WS@Hangzhou



« Extremely rich physics & strong

Flavor Physics @ Z pole

competition from Belle-ll & LHCb .

2

 Comparative advantages of a
Tera-Z

V.S. Bellell, Access to
particles heavier than Bs,
large boost

- V.S. LHCb, much lower yields d

25/10/2024

(2 orders of magnitudes)

Better Acceptance, better s
reconstruction of neutral final

state (photon, missing energy,

and even Klong, neutron) and

Jet Charge — Jet Origin
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~ 40 benchmarks

s s 7 (Goy)  Pusameter bt Current CEPC Estimation Key detector Relovant
of intercst precision Precision method performance Section
1 Z — ppa 912 - BR upper limit - <ax 100 Fast simulation brbsnd 12
Missing encrgy
2 Cir 10 f5 Tracker
2 B — Kit[—+ pp) 91.2 - BR upper limit - <1071 [261 Fast simulation . 12
Vertex
A : 10 Tracker
3 Z—ata 91.2 - BR upper limit - O(1071%) [109] Guesstimate PID 9
Tracker
4 Z—wtae 91.2 - BR upper limit - 0(10-9) (109 Guesstimate PID 9
ECAL
B 5 K0t ~ 0(107) Tracker
st~ 6 e
5 b sTtr 91.2 : BR upper limit . BL_i‘% :,iri‘__ Nog([;n ) 71]  Fast simulation ]M\‘";:’;-: N 4
B, — rtr O[107%) Mt
Tracker
6 Z 5 py 912 - BR upper limit <25 1077 [150] ©(1079) (109 Guesstimate PID 9
ECAL
Tracker
7 Z —+ Iy 91.2 - BR upper limit < 1.4 107 (150 107 — 1071 [100] Guesstimate PID 9
ECAL
Z s Th < 6.5 x 10-8 O(1077) [108, 109] Epeam
8 Z v re 912 - BR upper limit <50% 1078 105-107] ©(107°) [108, 109 Guesstimate Tracker 6
Z e < 75x 1077 1% 107% [110] PID
Tracker
9 T pa 912 - BR upper limit 7x 1074 [259] <35 %1078 Fast simulation ) 12
b Missing encrgy
T i =21 x107%
il 27 % 10-3 .
10 T 91.2 - BR upper limit il [150] O(107"%) (108, 109] Guesstimate Tracker 8
T epp <27x10 Lepton ID
T pee <l8x10°*
Tracker
Ty <4410
1 Jﬂ 912 - BR upper limit 5.3 x 10-3 [150] ©[1071%) (108, 109] Guesstimate Lepton ID 8
T ey <34
! ECAL
Tracker
12 B. oo 912 [Vl () /n BRZ 30% [267] O1%) [63] Full simulation Lepton ID 3
Missing energy
Jet origin 1D
Tracker
. . ; s ot [ . Vertex
13 B, - v 912 - o) /n BR < 5.4 x 10~ [150] < 2% [35] Full simulation 4
Missing encrgy
™ (8) 16 18 (1
14 91.2 - 5 x 10718 [150] £1 % 10718 [108] Guesstimate - 8
lifetime
15 912 . (MeV) £0.12 [150] £0.004 £0.1 [108] Guesstimate - 8
Tracker
16 T i 91.2 - BR 4% 107 [150] 3% 107" [108] Guesstimate Lepton ID 8
Missing energy
relative (stat. only)
- = 0.71 £0.17 £ 0.18 [268] Ry S 5% Tracker
1 b clv 912 - R = 38)  Fa 1 3
! . e Ry, = 0.242 + 0.076 [269) Ry 04% ast shmtiation Vertex
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r,=6 2.3 ns™" [150] () = 0.072 ns™" \'rrt:-x
18 912 e (=-28:) T's, A AT, = 65.7+4.3£3.7 ns™" [270] (Al,) = 0.24 ns™ [45)  Full simulation I 5
= 87+ 36+ 21 mrad [270] al,) = 4.3 mrad Lifetinae resolution
i ad (2 o) = 4.3 8 Jet origin ID
BR™ = (1.59 £0.26) x 10°° (16%) o(BR)/BR™ = 0.45%
B0y g0 BR™ = (5.5 +0.4) < 107% (7%) a{BR)/BR™ = 0.19% ECAL
- BRY™ = (5124 0.19) x 1075 (4%) o(BR)/BR~ = 0.18% Tracker
q 0 Fa 91.2 P “ [15 ! 3 a E 5
19 g*—, s 91.2 a BR, Acy 00— 334 0.22 [150] olal) = & @ot-oms) Fast simulation BN ]
o 0.314 £ 0.030 o(CF7) = + (0.004-0.005) Jet origin 1D
= o(S4p) = £ (0.004-0.005)
20 H - shsd,dbuc 240 - BR upper limit - 0.02%—0.1% [32] Full simulation  Jet origin ID 10
21 H — ss,uu, dd 240 - BR upper limit - 0.1% [32] Full simulation  Jet origin ID 10
R Tracker
o fermi 08203 2 arders of mag )
22 ete - t(B)j 240 - FCNC constraint coefficients bwo-lermion, LEC [10-203] 1-2 orders of magnitude g0 g inulation Missing enersy 10
four-fermion, LEP2 [204, 205] improvement compared to LEP2 N
Jet origin ID
WW — 38.9 4 0.53) % 10
2 #ae 240 Vil Vi) ‘ 7) o <0.5% [194 Full simulation  Jet origin ID 10

WW —+ (- un)vgq

relative ~ 1.4%

25/10/2024

CEPC WS@Hangzhou

Access to non-seen

Orders of
magnitudes
Improvements

Multiple sqgrt(s

Non-inclusive +
long wishlist -> to
be addressed In
phase Il flavor WP
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Bs—Phi vv
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CP measurement with Bs—J/psi Phi

ATy = T, — Ty, ¢ = —2arg(—VisVip /Ves Vi)
SM: small CPV phase ¢
Contributions from physics beyond the SM could lead to much larger FlaVOU r taggl ng power

values of ¢;.
e A B A pE——————— * LHCb: 3~4% ) 33ponieen
g 9IF T LHeBLARG » CEPC: 15% (Previous 5 kaon (+NN) i
I " ctormn 3 estimation) -
é 90 — _E * B factory: ~30% : Ks
89;— —; i “
- . * For Bs: ——rf—
88 :_ G}) _: + OSlepton -
N ] * OSkaon i PG
87 ] * SS kaon hesc K= ) 0skaon (+NN
. * A naive algorithm b XTI
8601 . N S developed to validate B 0s muon
_40 -35 30 the robustness of the 05 vertex'tharde B os clectron
q)s [mrad] estimation 05 charm
g 20;_ T T T T T T -//E
5 }2: CEPC base"neﬂ/ i1 = With adecent Pid, the effective tagging power on jet
a3 o E Charge can be 5-6 times better than LHCb, which can
§ wp Preliminary 3 compensate the statistic difference between LHCb &
S LHCD ) E CEPC.
4 E
gzv/( T « Strong motivation to higher Luminosity at Z pole
04 0.6 0.8 1

Particle identification efficiency
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Jet origin id

Hao Liang, Yongfeng Zhu, Yuzhi Che, Yuexin Wang, Huiling Qu, Cen Zhou, etc

PHYSICAL REVIEW LETTERS 132, 221802 (2024) Eur. Phys. 1.C  (2024) 84:152 THE EUROPEAN )
2 https://doi org/10.1140/epjc/s10052-024-12475-5 PHYSICAL JOURNAL C S

Regular Article - Experimental Physics
Jet-Origin Identification and Its Application at an Electron-Positron Higgs Factory

Hao Liang®,'>" Yongfeng Zhu,*" Yuexin Wang®,"* Yuzhi Che®,"? Mangi Ruan®,'>" ParticleNet and its application on CEPC jet flavor tagging

. Chen Zhou®.** and Huilin Que™*
Institute of High Energy Physics, Chinese Academy of Sciences, 19B Yuquan Road, Shijingshan District, Beijing 100049, China 1a . 23 . . 23 e 4 Lb . 23
2Uni\'e/‘.w'l,\' of Chinese Academy of Sciences, 19A Yuquan Road, Shijingshan District, Beijing 100049, China Yongfeng Zhu » Hao Liang™", Yuexin Wang™, Huilin Qu°, Chen Zhou™", Manqi Ruan
3State Key Laboratory of Nuclear Physics and Technology, School of Physics, Peking University, Beijing 100871, China ! State Key Laboratory of Nuclear Physics and Technology, School of Physics, Peking University, Beijing 100871, China
4China Center of Advanced Science and Technology, Beijing 100190, China 2 Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China
SCERN, EP Department, CH-1211 Geneva 23, Switzerland 3 University of Chinese Academy of Sciences (UCAS), Beijing 100049, China

4 EP Department, CERN, 1211 Geneva 23, Switzerland
® (Received 16 October 2023; revised 26 April 2024; accepted 1 May 2024; published 31 May 2024)

To enhance fhﬁ: 501§n}1t1? dls?(jvm?/ power of hlgh—‘energy cglllderv experiments, VYE propose and realize Received: 15 November 2023 / Accepted: 23 January 2024
the concept of jet-origin identification that categorizes jets into five quark species (b, c,s,u.d), five © The Author(s) 2024

antiquarks (b, Z‘.E.RAZI). and the gluon. Using state-of-the-art algorithms and simulated voH, H — jj

events at 240 GeV center-of-mass energy at the electron-positron Higgs factory, the jet-origin identification

simultaneously reaches jet flavor tagging efficiencies ranging from 67% to 92% for bottom, charm, and

strange quarks and jet charge flip rates of 7%-24% for all quark species. We apply the jet-origin

identification to Higgs rare and exotic decay measurements at the nominal luminosity of the Circular

Electron Positron Collider and conclude that the upper limits on the branching ratios of H — 5. uit. dd and .

. . .
H — sb, db, uc, ds can be determined to 2 x 107 to 1 x 1073 at 95% confidence level. The derived upper httpS.//arXI V. Org/abS/23 1 0. 0344 0

limit for H — s5 decay is approximately 3 times the prediction of the standard model.

https.//arxiv.org/abs/2309.13231
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Geo. & Tools

b - o738
b - o.167
C - 0.015
C- o015
57 0.003
v _
,g S - 0.002
U - 0.002
U - 0.003
d - 0.003
d - 0.003
G - 0015
:
b
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0.015
0.015
0.003
0.003
0.003
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0.003
0.003

0.014

b

0.034

0.026
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0.020

0.018
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C

0.026

0.034
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0.741

0.018

0.021
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0.013

0.025
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0.005

0.003

0.037

0.032

0.541

0.101

0.044

0.132

0.111

0.093

0.053
!

s

0.003

0.004

0.032

0.037

0.104

0.543

0.132

0.043

0.093

0.113

0.053
1

5

0.002

0.003

0.026

0.010

0.030

0.085

0.375

0.062

0.083

0.226

0.043
!

u

Predicted
« Jet origin identification: 11 categories (5 quarks + 5 anti quarks + gluon)

0.003

0.002

0.010

0.026

0.082

0.028

0.057

0.368

0.223

0.079

0.044

u

0.002

0.002

0.009

0.016

0.062

0.044

0.079

0.166

0.261

0.076

0.033

d

- Jet Flavor Tagging + Jet Charge measurements + s-tagging + gluon tagging...

0.002

0.003

0.017

0.010

0.045

0.062

0.168

0.084

0.080

0.265

0.035

d

0.018

0.018

0.043

0.043

0.092

0.092

0.109

0.108

0.110

0.110

0.661

G

0.7-0.8
0.65-0.7
0.6-0.65
0.5-0.6
0.4-0.5
0.35-0.4
0.3-0.35
0.25-0.3
0.2-0.25
0.15-0.2
0.1-0.15
0.09-0.1
0.085-0.09
0.08-0.085
0.075-0.08
0.07-0.075
0.06-0.07
0.05-0.06
0.04-0.05
0.03-0.04
0.02-0.03
0.01-0.02
0.009
0.008
0.007
0.006
0.005
0.004
0.003
0.002
0.001

* Full Simulated vvH, Higgs to two jets sample at CEPC baseline configuration: CEPC-v4 detector,
reconstructed with Arbor + ParticleNet (Deep Learning Tech.)

« 1 Million samples each, 60/20/20% for training, validation & test

20/10/2024
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Performance with different PID scenarios &
H—sSS measurements

1.0 105 10
--.--*----*llll e — Upperlimiton uH—)ss
efffiavor tagging With L=, K=, KE:’S id. — 10X H-—>ss
e () e e —— 104 W—’qq . CI}
0.81 TSR Bl Z - other b4
"y, o
o Z-ss g
3
_, 10 H - bb/cc/gg =
0.6 (= o
o
S vwWH @ 240 GeV i
n 10? 3
_______ C g
0.4 g o
T —
) 10! £
FE
8
0.2 o
100 o
00 T T T T I 10_1
b c s u d 0.0 0.2 0.4 0.6 0.8 1.0
S

Flavor tagging: type that maximize {L_q+ L _q_bar, L _g} Remark: current jet flavor tagging efficiency &
jet charge flip rates are projections of the
If quark jet: jet charge ~ compare {L_q, L _q_bar} 11-dim arrays produced by Jet origin id
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Benchmark analyses: Higgs rare/FCNC

10° 5

1071 4

1073 -

10—

Kb KC

Kg Kw K¢

I Relative accuray, HL-LHC S2
B Relative accuray, CEPC

B 95% CL upper limit, CEPC

Kz Ky /Bss

Bug Bdd Bsb Bab Bu

Improved by ~3 times
Improved by 1-2 orders of magnitudes

20/10/2024

Presumably... firstly quantified

TABLE I: Summary of background events of
H — bb/cé/gg, Z, and W prior to flavor-based event
selection, along with the expected upper limits on Higgs
decay branching ratios at 95% CL. Expectations are
derived based on the background-only hypothesis.

Bkg. (107) Upper limit (107°)

H Z W| ss wa dd sb db wuc ds
151 20 2.1(0.81 0.95 0.99 0.26 0.27 0.46 0.93
50 25 0 |26 3.0 3.2 05 06 1.0 3.0
26 16 0 [4.1 46 48 0.7 09 1.6 4.3
Comb. | - - - ]0.75 0.91 0.95 0.22 0.23 0.39 0.86

(28] J. Duarte-Campderros, G. Perez, M. Schlaffer, and
A. Soffer. Probing the Higgs-strange-quark coupling at
eTe™ colliders using light-jet flavor tagging. Phys. Rewv.
D, 101(11):115005, 2020.

[50] Alexander Albert et al. Strange quark as a probe for new
physics in the Higgs sector. In Snowmass 2021, 3 2022.

[59] J. de Blas et al. Higgs Boson Studies at Future Particle
Colliders. JHEP, 01:139, 2020.

[60] Jorge De Blas, Gauthier Durieux, Christophe Grojean,
Jiayin Gu, and Ayan Paul. On the future of Higgs, elec-
troweak and diboson measurements at lepton colliders.
JHEP, 12:117, 2019.
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Particle id with dE/dx + ToF

10 1
5 | Kim dE/dX
8 8 | = K/m TOF
7 75 2o
S i dEAXETOE
6 6 : -
5 ~ S H
4 L ¥ R W 1 R S
3 3 —— s e :
1= =
2 2 e :
C \"'--..___“- o
1 1F et st
0 0_ iiiilil'——-_i.. N J'_i_iiJ'Iz
1 10 10
p (GeV/c) p (GeV/c)
Eur. Phys. . C (2018) 78:464 THE EUROPEAN CrossMark
https://doi.org/10.1140/epjc/s10052-018-5803-3 PHYSICAL JOU RNAL c
Regular Article - Experimental Physics

Monte Carlo study of particle identification at the CEPC using

TPC d E /dx information

F. An'>%, S, Prell?, C. Chen?, J. Cochran?, X. Lou?*#, M. Ruan'®

! Institute of High Energy Physics, Chinese Academy of Science, Beijing, China

2 Department of Physics and Astronomy, Iowa State University, Ames, 1A, USA 14

3 Physics Department, University of Texas at Dallas, Richardson, TX, USA
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Sep. power

(S),, (dE/dx) (S, (dE/dx)

K* selection efficiency X purity

cosH
cosH

1 10 10* 1

10 10?
p (GeV/c) p (GeV/c)
(S) - (dE/dx + TOF) (S) K (dE/dXx + TOF)

cos0
cos0

0 10 20 30 40

A | | ’ P (GeV/c)

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

Nuclear Inst. and Methods in Physics Research, A 1047 (2023) 167835

Table 3

The K* identification performance with different factors, o,,, = factor - 6,,,imics
with/without combination of TOF information at the Z-pole.

Contents lists available at ScienceDirect

Nuclear Inst. and Methods in Physics Research, A Factor 1. 1.2 1.5 2.
journal homepage: www.elsevier.com/locate/nima dE/dX EK (%) 95- 97 94.09 91 .1 9 87.09
purity, (%) 81.56 78.17 71.85 61.28
i i v %) 98.43 97.41 95.52 92.3
Requirement analysis for dE/dx measurement and PID performance at the m | dE/dx & TOF ek (
CEPC baseline detector ot purity, (%) 97.89 96.31 93.25 87.33

Y. Zhu, S. Chen, H. Cui, M. Ruan”

Institute of High Energy Physics, Chinese Academy of Sciences, 19B Yuquan Road, Shijingshan District, Beijing 100049, China
2 / 2 University of Chinese Academy of Sciences, 194 Yuquan Road, Shijingshan District, Bejjing 100049, China P( day
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Requirement on dE/dx & dN/dx

Y. Zhu, S. Chen, H. Cui et al Nuclear Inst. and Methods in Physics Research, A 1047 (2023) 167835
—T [ T [ T T T T T T T T T 1] A 3'47"'””"”“."'.!“_
— i 232 | o/l < 2.5-1.5(cos0)* |-
0.6 & 3- | +3.9(c0s0)" E
S5 _ | .
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a
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Fig. 12. The distribution of D® — z*K~ reconstruction performance as a function of Fig. 13. The distribution of ¢ — K™K~ reconstruction as a function of the factor
the factor defined in o The red/blue/green line corresponds to

o = factor oy doefinedo in :MM = f.acror “ Opprinsice 1HE red./blue/green line corresponds to the
the 0%/20%/50% degradation of dE/dx resolution. 0%/20%/50% degradation of the dE/dx resolution.

—» 3% dE/dx resolution in the barrel for E > 2 GeV tracks
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Lepton: inside jet

s e S

Compared to isolated lepton, the jet lepton

id performance is slightly degraded
(percentage level)

Giving the large hadron/lepton ratio in jet,

It would be beneficial to further improve
the jet lepton identification performance,
while identifying hadron decay (kink
finding) + converted photon are critical

25/10/2024
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Summary

Decent Pid is required
- For Flavor Physics, especially those with B/D measurements...

- For identification of Jet Origin, which will influence all physics
measurement with hadronic final state

- 3 sigma separation — 95% eff/purity in identifying the charged Kaons
Need Pid could be achieved using dE/dx (dN/dx) + ToF measurement

-~ 50 ps time resolution
- 3% dE/dx in the barrel region...
- Address the forward region which is current bottleneck

Alternative choices are welcome — while we need to understand the impact
on other performance especially PFA recon.

- i.e., Silicon sensor with Pid??

20/10/2024 Future of High Enegy Nuclear Physics @ CCNU

18



29/6/2021

Back up
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Updated result on sin? 6 erf Measurement

Table 2.

Sensitivity § of different final state particles.

Table 3. Cross section of process ¢*e” — (' calculated us-

VS/GeV Sot AYE Sof A, SofAj,

mg the ZFITTER package. Values of the fundamenial paramei-

70 0224
75 0.530
92 1.644
105 0.269
115 0.035
130 0.027

4396

—
P

435

(2]
N

39

=)

.
i

00
1.993
1.091
0.531

4.403 1.445
5269 2.616
5553 4.201
4.598 1.994
3.958 1.087

S OI‘A;_,B Sof A‘Il-'u Sof A?'H ers are sel 4s my = 91 1875 GeV, m, = 1732 GeV, gy = 125 GeV
a, = 0118 and my = 80.38 GeV.

= V5/Ce¥  ou/mb  og/mb ey/mb og/mb ere/mb g /mb

5.237 70 0039 0032 0065 0031 0058 0028

5.549 75 0.039 0.047 0.073 0.046 0.063 0.043

i 92 1196 5366 4228 5366 4222 5268 Verlfy the RG behaVIOr . US|ng

105 0.075 0.271 0.231 0.271 0.227 0.265 .
3.942 114 0042 0135 0122 0135 0118 0132 "‘-'1 month Of data tak”’]g
3.261 130 0026 0071 0068 0071 0066 0069

3.280 0.520

Expected statistical uncertainties on sin Gt ef f Measurement.
(Using one-month data collection, ~ 4e12/24 Z events at Z pole)
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B-charge flip rate: Bs oscillations

Opposite side B, - DIK~ or B, —» Din~
* p charged Leptons with impact param.

* p charged Kaons with impact param.

I

S —_
> K
* p charged pions with impact param. u
* p protons with impact param. ? 3 pt > .
i;‘% éd 0 +. -
@ p'-on'm
d
B* - DOty }
no +p—
D= K™7v u” Same side
T ud_ * pcharged Kaons with impact param
d . . oy
o+ o 0 uﬁ p charged pions with impact param.
_— d
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Jet Charge reconstruction

Percent of final charged leading particles of b jet and b jetPercent of final charged leading particles of c¢ jet and ¢ jet

e

o

u+ e+ H- e- e+ - e+
1.94%

K- 268% o5y

M- + +
1.94% . 1.94% 1.94% 001% 005% 267% 2_‘;2% p

2.73% 001%

e= . + e+
5.71% o 571% 5.71%
K- K+
15.78% 15.78%
= i+

pr- 30.15% 30.18% pr+
238, pr- 2374

4.34% 4.34%

b jet b jet c jet Cjet
@ The distribution of each charged particle of two jets is asymmetry @ The distribution of each charged patrticle of two jets is asymmetry
T o T o o Effective tagging power:

Bobar | 17.360% 17.350% | 3.369% 0.022% 2.759%  0.688%

A straight forward, leading particle based algorithm leads to effective
tagging power of 10%/20% for b/c-jet

(... we understand how the jet charge information eventually incarnated
into Leading final state patrticles... )

B- 17.350% 17.359% | 3.364% 0.022% 2.765% 0.689%

Bsbar | 3.355% 3.362% 0.652% | 0.004% | 0.545% 0.144%

Bc 0.022% 0.022% | 0.004% 0.00003% 0.004% | 0.001%

No 2.762% 2.762%  0.543% | 0.004% | 0.451% 0.121%

Can be significantly enhanced using Pt weighted, VTX charge, Kaon
information, etc

29/6/2021 ECFA Flavor 22
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0.001% 0.119%
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Physics benchmarks

CP measurement via Bs—Jpsi + ®: detector acceptance, VTX, tracker momentum, Jet charge

- Accuracy comparable to LHCb — strong motivation to go beyond Tera Z.

Addressing Flavor Anomaly

- Bs—®vv: Pid, momentum and missing energy resolution
* Percentage level accuracy anticipated
- Bc—Tauv: Tau inside jet, missing energy

« 1 order of magnitude better than current accuracy.
CKM measurements

- B0/Bs—2 piO/eta; EM resolution, Pi0 reconstruction

» 1 order of magnitude better than Belle II, or discovered for the first time, dependence
on detector performance quantified.

« Key input for alpha measurement -> need also Jet charge measurement
Multiple studies on LFV, LFU, Tau related. Exotic...

29/6/2021 ECFA Flavor



B Anomalies Indicating LFUV

20 Ayx* = 1.0 contours E
e 0 z_ e BaBarl2 _E
* . o :_ T.H(“.ITS _:
<ol . . | — . ]
& ¥ I ‘ 0.25 :_ 7 Belle15 _:
05 |1 : . E Bellel7 World ,'\\‘c1:=tgc - 7
|_§_| Data for B” and B+ modes 02— -]-ﬁﬁrgl;a:gg;ggsgdo %rcn'e;iictions ﬁﬁ-ﬁ%}ttfﬁ&iﬁfﬁffﬂf&és ]
Il SWM prediction [ RDy-oasszoos 'P?:: o
0.0 ‘ 0.2 0.3 0.4 0.5
0 5 10 15 20 R(D)
¢° (GeV?/c?)
Experimental SM Prediction Comments
Ry 0.74575074 £0.036  1.00 £0.01  my € [1.0,6.0] GeV?, via B~.
R+ 0.6970 52 0.996 & 0.002  my € [1.1,6.0] GeV?, via BY.
Rp 0.340 £ 0.030 0.299 £+ 0.003 B° and B* combined.
Rp- 0.295 £+ 0.014 0.258 £+ 0.005 B° and B* combined.

Ry 0.7140.1740.18

0.25-0.28

[Tanabashi et al., 2018][Altmannshofer et al., 2018].

Flavor Physics @ CEPC
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Analysis of B, — 7v, at CEPC*

Taifan Zheng(AiE)  Ji Xu(##)  LuCao(&8%)’ Dan Yu(T#H)' Wei Wang(£45)°  Soeren Prell’
Yeuk-Kwan E. Cheung(?lﬁ%ﬁf)l Mangqi Ruan(ﬁ)f%ﬁ‘)“

'School of Physics, Nanjing University, Nanjing 210023, China
’INPAC, SKLPPC, MOE KLPPC, School of Physics and Astronomy, Shanghai Jiao Tong University, Shanghai 200240, China
Insmul der Friedrich-Wilhelms-Universitit Bonn, 53115 Bonn, Germany
“Institute of High Energy Physics, Beijing 100049, China
D of Physics and A lowa State University, Ames, IA, USA

s

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,3|, 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, — 7v; can reach around 1% level at the nominal CEPC Z pole statistics of one trillion Z decays, assuming the
total B, = vy yield is 3.6 x 106. 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.

29/6/2021

Taifan, etc, Publis

Collaborate with Wei
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Fig. 10. (color online) Constraints on the real and imagin-
ary parts of Cy,. The red shaded area corresponds to the cur-
rent constraints using available data on b — crv decays. If the
central values in Eq. (9) remain while the uncertainty in
I(Bf = 1*v;) is reduced to 1%, the allowed region for Cy,
shrinks to the dark-blue regions. 5
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