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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.
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~ 40 Flavor benchmarks @ Multiple sqgrt

5 Observable/physics N . Estimation - Relevant
No. Process V3 (GeV) paramotes of mterest Current precision CEPC precision rethod Key performance soction
Tracker
1 B® - K=0r+r— 91.2 BR - < 0(107%) [80] Fast simulation Vertex 4
Jet origin ID
i Tracker
2 BY — ¢rtr— 91.2 BR - < 0(10%) [80] Fast simulation Vertex 4
Jet origin ID
3 Bt o Ktrtr— 91.2 BR < 2.25 x 1073 [145] < 0(107) [80] Fast simulation 1
4 BY —rtr— 91.2 BR < 6.8 x 1073 [145] < 0(107%) [80] Fast simulation 4
BR . . relative (stat. only) ) : Lepton D .
P < 30% 2
5 B. —» v 91.2 (VasD < 30% [307] O(0.5%)* [64] Full simulation Missing energy 3
Jet origin ID
Tracker
0 _3 relative (stat. only) ‘ ‘ertex
6 B — ¢vi 91.2 BR < 5.4 x 10 [145] <1%" [37] Full s Missing energy 4
PID
} +0.17 £ 0.18 [308] relative (stat. only) } ‘Tracker
7 B. = J/ytv 91.2 Ry/y relative £24% < 25% < 2.5%° [40] Fast simulation Vortoe 3
0 (=) relative (stat. only) . v Tracker .
8 BY - D{Vew 91.2 R - 2%+ [40] Fast simulation Vorto 3
+0.076 [309] relative (stat. only) B Tracker .
9 Ay = Acty 91.2 Ry, Telative 1% 2 0s%e 140] Fast simulation e 3
o(Ts) = + 2.3 ns™ 1 [145] o(T,) = 0.036 ns—1* T“/”’“;“”
10 BY = J/vé 01.2 Te, AT., ¢o o(AT,) = +4.3+ 3.7 ns~! [310] 0.12 ns~1* [56]  Full simulation Ll‘mm:'r;’;lmion 5
(ds) = £36 + 21 mrad [310] 2.2 mrad* Jet origin ID
BR, Acp o(BR)/BR = 16% . o(BR)/BR? = 0.25%* ECAL N
0 070 CP 5] 'ast simulation 5
1" BY o 912 (@) o(c®) = + 0.22 [145] o(ad9,) = +0.01+ (33 Fast simulation Jet origin ID
12 BO st o1.2 :5:) o(BR)/BRH0 =7%  [145]  o(BR)/BR*" = 0.1%" [33] t simulation 5
BR. A o(BR)/BRT™ = 4% o(BR)/BRT™ = 0.1%*
13 Bt - xta0 91.2 EC‘X)C” o(ci’) =+ 0.030 [145] a(c+;) = £0.003* [33]  Fast simulation
o(stp) = £ 0.030 o(SEp) = £0.003° Jet origin 1D
—8 5] < —10 5 5 . ‘Tracker
14 T eee 91.2 BR <2.7x 1075 [145] < 0(10719) [151, 154] njecture Lapton 1D 7
15 T eup 01.2 BR <2.7x 1078 [145] < 0(10-19) [151, 154] Conjecture fiine? 7
i . = : Lepton 1D
. . 8 B 10 N Tracker
16 T = pee 91.2 BR < 1.8 x 1078 [145] < 0(10719) [151, 154] Conjecture Lepton ID 7
‘Tracker
17 T = py 91.2 BR < 4.4 %1078 [145] < 0(10710) [151, 154] Conjecture Lepton 1D 7
ECAL
Tracker
18 T ey 91.2 BR < 3.3x 1078 [145] < 0(10719) [151, 154] Conjecture Lepton ID 7
ECAL
19 T = ppp 01.2 BR < 2.1 x 1078 [145] < 0(1019) [151, 154] Conjecture Tracker 7
= g Lepton ID
20 T — incl 01.2 ™ (8) +5 x 10716 [145] +1x 10718 [151] Conjecture - 7
lifetime
: + 0.004 (stat.) . .
T o m. v 5] 3 o ctu -
21 — incl 91.2 - (MeV) +0.12 [145] + 0.1 (oym) [151] Conjecture 7
Tracker
22 T tww 91.2 BR +4 x 1074 [145] +3 x 107° [151] Conjecture Lepton 1D 7

Missing energy

Access to non-seen

No. Process V5 (GeV) p‘z:;';e‘:liﬁ:::z; Current precision CEPC precision E;::‘;Z‘;" Key performance 22‘;“::‘
23 Zsata 91.2 BR - < 010719 [154) Conjecture “;Icée’ 8.2
Tracker
24 Z-oatr 91.2 BR - < 0(1079) [154] Conjecture PID 8.2
ECAL
Tracker
25 Z o py 912 BR <25 x 1075 [145] < 0(10-9) [154] Conjecture PID 8.2
ECAL
Tracker
26 Z = J/by 91.2 BR < 1.4 %1076 [145] <1079-1071° [154] Conjecture PID 8.2
ECAL
Eveam
27 Zo T 912 BR <65 x 106 [194-196] < 0(10-9) [151, 154] Conjecture Tracker 8.1
PID
Eveam
28 Z e 912 BR < 5.0 x 1070 [194-196] < 0(10-9) [151, 154] Conjecture Tracker 8.1
PID
Epeam
29 Z = pe 912 BR <7.5x 107 [194-196) <1x 1079 [191) Conjecture Tracker 8.1
PID
30 Z— ppXiny 91.2 BR - <3x 101 [201] Fast simulation it 11
Missing energy
. e . 106 e Tracker
31 7 pXiny 912 BR <7x 1074 [209] <35 x10 Fast simulation 11
Missing energy
32 Hosh 240 BR <1072 [311] < 0.02%—0.1% [34] Full simulation  Jet origin ID 9
33 H—sd 240 BR - < 0.02%—0.1% [34] Full simulation  Jet origin D 9
34 H—db 240 BR <1072 [311] < 0.02%—0.1% [34) Full simulation  Jet origin D 9
35 H — uc 240 BR - < 0.02%—0.1% [34] Full simulation  Jet origin 1D 9
36 H—ss 240 BR < 0.3% [312, 313] <01% [34 Full simulation  Jet origin ID 9
. , <35% <01% [34) \ i
37 H = uu 240 BR . <560 314 e < 101 Full simulation  Jet origin ID 9
359 < 01% 3
38 H—dd 240 BR . 5236;/[031” NKOJL/“;: 4 Full simulation  Jet origin ID 9
two-fermion, LHC [221-223] 1-2 orders of magnituds Tracker
: . . ) wo-fermion, L1 225 -2 orders of magnitude § ’ 5 i p
39 cte otq 240 cross section four formion, LEP2 226, 227] _ improvement compared to LEp [220]  Fast simulation  Missing cnergy 9
Jet origin D
£0.5 x 103 (inclusive)
< 3
40 WW = fugq 240 Vsl £0.6 x 10~3 (exclusive) [145] S 2021073 [209] Full simulation  Jet origin 1D 9

oS |
£1.2 x 10-2 (average) L=2ab

Table 10: Summary of flavor physics benchmarks. The related physics parameters of interest for some benchmarks are listed in
brackets, such as the CKM matrix element

Vep| and the CKM angle . The symbol X in benchmarks No. 30-31 denotes the particle
related to NP with subscripts "inv” representing the invisible particles. The CEPC precision of some benchmarks marked with stars
(*) are extrapolated to the statistic of 4 Tera-Z, and the CEPC precision of Higgs rare and FCNC decays (benchmarks No. 32-38) is
statistical only.

* Non-inclusive + long
wishlist -> to be addresse
in phase Il flavor WP stud

» Orders of magnitudes improvements
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b — svv

Lietal. '22
Current Limit Detector SM Prediction
BR(B" — K"vp) < 2.6 x 1077 [3] BELLE (3.69 £0.44) x 107° [1]
BR(B” — K*'vp) < 1.8 x 1077 [3] BELLE (9.19 4+ 0.99) x 107° [1]
BR(B* — K*vp) < 1.6 x107° [4] BABAR (3.98 £0.47) x 107 [1]
BR(B* — K**wp) < 4.0x 107 [5] BELLE (9.83 + 1.06) x 107° [1]
BR(B, — ¢vi) < 5.4 %107 [6] DELPHI (9.93 £0.72) x 10°°

* Also these modes can be greatly enhanced by new physics responsible

for the B anomalies

see e.g. LC Crivellin Ota '15

* A Tera Z can measure B, — ¢vv with a percent level precision:
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B, — tv

1.0

» Key observable to test the LFU 0.8}

anomalies in charged-current B decays = 4|
Alonso et al. '16 Cg
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 SM prediction for the BR ~ 2%, beyond Ro-
the reach of LHCb —— -

o(w)/u/% for Tera-Z

e Tera Z could measure with percent level
accuracy (thus providing also a percent 10"
level accurate measurement of Vep) ;

Zheng et al. '20
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Summary of rare B decays
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Figure 17: Projected sensitivities of measuring the b — s77 [71], b — svv [35] and
b — crv [37, 63] transitions at the Z pole. The sensitivities at Belle II @ 50 ab™! [6]
and LHCb Upgrade IT [17, 72| have also been provided as a reference. Note, the LHCb
sensitivities are generated by combining the analyses of 7+ — 77~ 7= (7")v and 7 — pvw.
This plot is adapted from [37].

Ho et al. '22
CEPC flavour WP, in preparation

CEPC Flavour Physics Lorenzo Calibbi (Nankai)
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Summary of the tau and Z prospects

Measurement — Current [126] FCC [115] Tera-Z Prelim. [127] Comments
Lifetime [sec] +5x 10716 +1x 10718 from 3-prong decays, stat. limited
BR(T — (vv) +4 x107%  £3x107° 0.1x the ALEPH systematics
m(7) [MeV] +0.12 +0.004 + 0.1 7 (Prack ) limited
BR(T —3u) <21x107% 0O(10719) same bkg free
BR(T — 3e) <2.7x107% 010719 bkg free
BR(7F = epp) <2.7x107% (10710 bkg free
BR(7% = pee) < 1.8x107%  O(10710) bkg free
BR(T = py) <44x107% ~2x107? O(1071Y) 7 — 777 bkg , o(py) limited
BR(T —ey) <33x107% ~2x107° Z — 177 bkg, (p,) limited
BR(Z — 1) <1.2x107°  O(1079) same 7T bkg, 0(pirack) & 0(FEpeam) limited
BR(Z — Te) <98 x107%  O(107?) 7T bkg, 0(ptrack) & 0(Epeam) limited
BR(Z — pe) < 7.5x 1077 10~5 — 10-10 O(107?) PID limited
BR(Z — nn™) O(10719) 0 (Pirack) limited, good PID
BR(Z — ntn—n") O(107?) 77 bkg
BR(Z — J/1y) < 1.4x 1075 10-9 —10~1° 00y+77 bkg
BR(Z — py) <25x107° O(107?) 777 bkg, o(piracc) limited
From the Snowmass report: The Physics potential of the CEPC
CEPC Flavour Physics Lorenzo Calibbi (Nankai) 10



Lepton Flavour Violation in Z decays

Mode LEP bound (95% CL) LHC bound (95% CL) CEPC/FCC-ee exp.

BR(Z — pe) 1.7 x 1075 |2 7.5 x 1077 [3] 1078 10710
BR(Z — Te) 9.8 x 1075 [2] 5.0 x 107% [4, 7] 1079 T
BR(Z — 1) 1.2 x 107> 6] 6.5 x 1075 |4, 5] 107° M. Dam ‘18

« LHC searches limited by backgrounds (in particular Z — t7):
max ~10 improvement can be expected at HL-LHC (3000 /1b)
« A Tera Z can test LFV new physics searching for Z — 7 £ at the level

of what Belle II (50/ab) will do through LFV tau decays (or better)
LC Marcano Roy '21

- Tu)MT > uuy BT gee BT oy BTy BET - Wy

LsverT = Lsm + Z CPRY) + — Z cPQY + 0 (Ag)

100

}uT
eZ

(1) ur (3) ur
@l @l

CEPC Flavour Physics Lorenzo Calibbi (Nankai)
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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

18/07/2024 ICHEP@Prague 12
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Jet origin identification: 11 categories (5 quarks + 5 anti quarks + gluon)

Jet Flavor Tagging + Jet Charge measurements + s-tagging + gluon tagging...
Full Simulated vvH, Higgs to two jets sample at CEPC baseline configuration: CEPC-v4 detector,

reconstructed with Arbor + ParticleNet (Deep Learning Tech.)
13

1 Million samples each, 60/20/20% for training, validation & test
ICHEP@Prague
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Particle Net: IO

Variable Definition

features @"_rdi"ej@ Q‘iﬂt”r‘fa N difference in pseudorapidity between
+ + ’? the particle and the jet axis
( EdgeConv Block / i \ Ad difference in azimuthal angle between
the particle and the jet axis
. = :
I logpr logarithm of the particle’s pr
e Linear logE logarithm of the particle’s energy
EdgeConv Block |@ Iog% logarithm of the particle’s pr relative to the jet pr
\ RoLU Eog% logarithm of the particle’s energy relative to the jet energy
p ¥ i l, AR angular separation between the particle
EdgeConv Block ’ Linear ' and the jet axis (1/(An)2 + (Ag)?)
[ BatenNorm | do transverse impact parameter of the track
r ¥ \ ReLU dOerr uncertainty associated with the measurement of the d0
Global Average Pooling l z0 longitudinal impact parameter of the track
¥ : L'":ear : z0err uncertainty associated with the measurement of the z0
Fully Connected | BatehNorm | charge electric charge of the particle
256, ReLU, Dropout = 0.1 isElectron if the particle is an electron
¥ o . e
isMuon if the particle is a muon
Fully Connected isChragedKaon if the particle is a charged Kaon
1+1 isChragedPion if the particle is a charged Pion
\ Re"-u / isProton if the particle is a proton
Softmax i isNeutralHadron if the particle is a neutral hadron
isPhoton if the particle is a photon

Table 3. The input variables used in ParticleNet for jet flavor tagging at the CEPC.
* Input: measurable information of all reconstructed jet particles

e Output: 10(11)-likelihoods to different categories
18/07/2024 ICHEP@Prague 14



11-dim migration behavior

Let the jet be identified as the
category with highest likelihood:

Pid: ideal Pid — three categories

- Lepton identification
- Charged Kaon identification
- Neutral Kaon identification

Patterns:
-~ Diagonal at quark sector...

- P(g—q) < P(g—9)...
- Light jet id...

18/07/2024

True

b - o.738
b - 0.167
C- 0015
C- 0.015
S - 0.003
S - 0.002
U - 0.002
U - 0.003
d - 0.003
d - 0.003
G - p.015
.
b

0.167

0.737

0.015

0.015

0.003

0.003

0.003

0.002

0.003

0.003

0.014

0.034

0.026

0.740

0.055

0.020

0.018

0.019

0.011

0.012

0.020

0.025

ICHEP@Prague

0.026

0.034

0.057

0.741

0.018

0.021

0.012

0.020

0.020

0.013

0.025

Al-

0.005

0.003

0.037

0.032

0.541

0.101

0.044

0.132

0.111

0.093

0.053
1

S

0.003

0.004

0.032

0.037

0.104

0.543

0.132

0.043

0.093

0.113

0.053

S

0.002

0.003

0.026

0.010

0.030

0.085

0.375

0.062

0.083

0.226

0.043
1

u

Predicted

0.003

0.002

0.010

0.026

0.082

0.028

0.057

0.368

0.223

0.079

0.044

0.002

0.002

0.009

0.016

0.062

0.044

0.079

0.166

0.261

0.076

0.033

0.002

0.003

0.017

0.010

0.045

0.062

0.168

0.084

0.080

0.265

0.035

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
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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
--.--_._""*"T. 104 W—’qq L 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

18/07/2024 ICHEP@Prague 16



Benchmark analyses: Higgs rare/FCNC

10° 5

1071 5

1073 -

10—

Kb KC

Kg Kw K: Kz Ky /Bss

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

B 95% CL upper limit, CEPC

Bug Bdd Bsb Bab Bu

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

18/07/2024

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
voH |151 20 2.1[0.81 0.95 0.99 0.26 0.27 0.46 0.93
ptp H| 50 25 0]26 3.0 32 05 06 1.0 3.0
ete"H |26 16 0 |41 46 48 0.7 09 16 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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Events / 0.01

Recent update at more benchmarks

101

10t
109

10° 10° - 2
R Accuracy ‘:‘\ — I-Sita::).cléncertalnty (20ab_1)
= — K
H=cc o Uyved/s
104 pm H-bbl/gg 4 = 104 H(t)Vqqother
- B 1%} . wWoth
mlm Z-qq ;’ [ 4fot?1eret|‘ Higgs
Em W-qq I 2f
103 o —
5'3 g 103 https://www.arxiv.org/pdf/2406.01675
N g
102 T
> c
g > 107
| -
= L
O
9
<
cu
2
4J
i)
[}
o

10°
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Combined scores for H- cc Combined scores for y)vcb

1071

 From Jet Flavor Tagging to Jet Origin ID:

- vvH, H—cc: 3% — 1.7% (Preliminary)

- Vcb: 0.75% — 0.45% (muvqq channel. evqq: 0.6%, combined 0.4%)
18/07/2024 ICHEP@Prague 18
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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-
ers are sel a8 my = 911873 GeV, m, = 1732 GeV, myp = 125 GaV |

a, = 0118 and my = 80.38 GeV.

Ab
of App

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

4396 1.435
5.264 2.598
5.553 4.200
4.597 1.993
3.956 1.091
3.279 0.531

SofAj, SofAs, §
4403 1445
5269 2616
5.553 4.201
4598 1.994
3.958 1087
3.280 0.320

4.352
VsfGeV  op/mb  oy/mb oy /mb oyfmb e /mb opymb
5.237 70 0032 0032 0066 0031 0058 0028
5.549 75 0.039 0.047 a.073 0.046 0.065 0.043
92 1196 5386 4228 5366 4222 5268 V f th RG b h 1 H
4,586 erity tine enhavior... using
105 0.075 0.271 0.231 0271 0.227 0.265 .
3.942 15 02 0135 0122 013 0118 013 "‘-'1 |||Onth Of data tak|ng
3.261 130 0026 0071 0068 0071 0066 0069

Expected statistical uncertainties on sin? 9 ef f Measurement.
(Using one-month data collection, ~ 4e12/24 Z events at Z pole)

e}

10~

10

Statistical Uncertainty

10~

18/07/2024

. . ept '
Uncertainty of sin’g}; at different energy
“\ J.
= Y LAl o 2 s | e S
- A A
C " L i 75 2 i i e R e
N "\ “' "‘" ’,-
T ! ok 92 Ges = | mpieGin=S b ar e
= ’ N -5 =5 -5
: . ) lepton 105 1.0x 10 2.4%10 1.4% 10
B et i b 115 OIS | GEbRil=2 | 2y s
L RN c
"y . 130 Sl | iy ] Gehalies
1 1 I 1 | 1 1 I 1 1 1 | 11 1 1 | 1 I 1 1 ‘ 1 1 1 1 I L
70 80 90 100 110 120 130
Energy (GeV)
ICHEP@Prague 19



B-charge flip rate: Bs oscillations

Opposite side B, - DIK~ or B, —» Din~

* p charged Leptons with impact param.

I

* p charged Kaons with impact param. 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
o+ o 0 uﬁ * pcharged pions with impact param.
_— d

18/07/2024 ICHEP@Prague 20



Summary

» Higgs factory: immense science...

Flavor Program: reaching to NP of 10 TeV energy scale

« Jet origin id: efficiently separate different species of colored SM particle

A “game changer” and opens new horizon for precise flavor studies at all future

experiments

« Significantly impact on physics

Higgs: improve H—ss, uu, dd, sb, uc, sd, db by 3-100 times, and H—cc by 2 times
Flavor: Improve Vcb precision by ~50%, effective tagging power for b-jet > 40%...
EW: Weak mixing angle...

QCD: Fragmentation relevant - Road Map wanted: towards better hadronization
models + experimental validation (from both current data + GigaZ + TeraZ) +
applications

NP: ...

 Long term version: 'see' gluon + quarks, as we see photon + leptons

18/07/2024
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Back up
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True

b - o.738

M11 2 with charged hadron

0.167 0.034
b - 0.167 0.737 0.026
C - 0015 0.015 0.740
C- 0015 0015 0.055
S ° 0.003 0.003 0.020
5- 0002 0003 0018
U - 0.002 0003 0019
U~ 0003 0002 0011
d- 0003 0003 0012
d- 0003 0003 0020
G- 0015 0014 0025
\ ; .
b b c
18/07/2024

0.026

0.034

0.057

0.741

0.018

0.021

0.012

0.020

0.020

0.013

0.025

ol -

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

S

0.002

0.003

0.026

0.010

0.030

0.085

0.375

0.062

0.083

0.226

0.043

u

Predicted

0.003

0.002

0.010

0.026

0.082

0.028

0.057

0.368

0.223

0.079

0.044

0.002

0.002

0.009

0.016

0.062

0.044

0.079

0.166

0.261

0.076

0.033

0.002

0.003

0.017

0.010

0.045

0.062

0.168

0.084

0.080

0.265

0.035

0.018

0.018

0.043

0.043

0.092

0.092

0.109

0.108

0.110

0.110

0.661

G

Baryon #
d rx

b - o.748
b - 0.158
C - 0.016
C - 0.015
S - 0.003
v _
|§ 5 - 0.003
U - 0.002
U - 0.003
d - 0.003
d - 0.003
G - 0.015
1
b
A
\\g /

0.159

0.749

0.014

0.016

0.002

0.003

0.003

0.002

0.002

0.003

0.015

Charge

14-bar Prague

0.034

0.025

0.752

0.053

0.021

0.019

0.016

0.009

0.010

0.016

0.024

0.024

0.034

0.053

0.749

0.019

0.023

0.009

0.016

0.016

0.009

0.024

ol -

0.004

0.003

0.040

0.034

0.607

0.107

0.032

0.102

0.076

0.075

0.051
1

S

0.003

0.005

0.034

0.041

0.110

0.609

0.104

0.032

0.074

0.076

0.050

S

0.002

0.003

0.020

0.008

0.020

0.057

0.378

0.062

0.087

0.210

0.042

u

Predicted

0.003

0.002

0.008

0.020

0.056

0.019

0.057

0.371

0.201

0.083

0.042

0.002

0.002

0.008

0.017

0.044

0.041

0.093

0.202

0.335

0.086

0.040

0.002

0.003

0.017

0.009

0.041

0.043

0.197

0.094

0.086

0.330

0.041

0.018

0.017

0.038

0.039

0.077

0.078

0.108

0.108

0.110

0.110

0.657

G

M11 3 with charged hadron and K: Ks

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



Performance requirements

« To reconstruct all kinds of Physics Object

- ldentification & Measurements
- Objects:
* Lepton, Photons, Kaon,
e pi-0, Tau, Lambda, Kshort,
 Heavy flavor hadrons,
 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+Db

18/07/2024 ICHEP@Prague

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

24



Performance V.S. Jet Kinematics

=dh=Ep =Ah-E, =—h—E =—A—E;, —A—Ey =h=Ep —h-E, =—h—E; =—A—E; —A—Ey
——P, P, —o—P. P, —o—P, ——P, P, —o—P. P, —o—P,
1.0 1.0 A
’*___‘..--t—'—"‘-'ﬂ——"——*—-k"—‘—‘-“'—-*-.._‘____‘\ Amm— e ————— dp e = o e h—— e A
’ ~
X A
B e it et OO
0.8 4 “," &g_‘\ 084 4 e P " & A
' A
/ AN
‘z,/*...-A—--A——-i-—-'l---k——i-—‘——i---i-——i-—-b“h‘\\\‘ S hmmm h—————————— e N
0.6 - x A 0.6 -
Ry et S o e e S SR Tt Ll
0.4 - A o~y o VT 0.4 M---mm----- gt =T ST L
oA ke Al b k----m--=-kEameezzos R S
K A
0.2 1 02 =—————— —9
‘\R_ﬁ_ - — o : —— :F >
0.0 T T T T T T T T T T T T T T T 0.0 T . . . .
-0.9-0.8-0.7-0.6-0.4-0.3-0.1 0.0 0.1 0.3 0.4 0.6 0.7 0.8 0.9 45.6 viH ® 240 GeV 100 180 250
COSB)et jet energy [GeV]
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Performance @ Z and Higgs

- k=g, for H g.forH =—#-g.forH —a—g,forH =—-a-g4forH
=P, for H P.forH —&—P;forH P, forH ——PyforH
-@—¢, for Z g.forZ -—-e-g;forZ -—-e—g,forZ -e-g forZ
0P, for Z P.forZ —e—P;forZ P,forZz —e—PyforZ

S Tl ks e T i, Sl e
‘s”‘:"" me * ""“‘u%

N S S e e e
(o7

1.0
---+--. ‘ 1.2
efffiavor tagging fOr Z and Higgs
- I.O_
0.8 1 Pcharge fiip for Z and Higgs
0.8 A
0.6 1
0.6
0.4 0.4-
0.2 1
0.2 1
0.0
1.1
0.0 . T : : :
1.0
b c s u d
0.9

e M10 instead of M11

18/07/2024

—-a=eZ/el! gZ/eh —h-cZ/el

- - -
oy St R el T
""*-‘":"“" = - 1 ";‘*--:"‘!"':#\'i

~

L
=

Ot i
*f

0.9-0.8 0.7 -0.6 -0.4 -0.3-0.1 0.0 0.1 0.3 0.4 0.6 0.7 0.8 0.9
C0SBjet
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V.S. Hadronization models

1.0
v (40,17, 75,50 97,75 0] o pythias b
e i L r r r r .
™ ﬂavortagglng + lllll dummm + Herng ,
0.5 "\ Penarge fip (H7, H7), (P6, P6), (H7, P6) 25 L. abs(Pythia—Herwig) 4 100 /)
N -E’ max(Pythia, Herwig) /
(O]
>
)]
| -
)]
0.6 o
| .
()]
0
£
2
0.4 r
p ST >
o
(U]
>
O

0.0 T T T T T 1 1 1 | T T |+ T
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Fast/Full Simulation

1.0

0.8

0.6

0.4

0.2

¥
Pcharge flip for Delphes and GEANT4

0.0

Z->pp (91.2 GeV)

A.U./0.001 mm

A.U./0.001 mm

PFO, leosel L10.0,0.3), E CI0, 50) GeV
T ——

T E
E = Delphes E
1; ------- Full Simulation —
107 3
102 3
10° E
-0.05 0.05
DO [mm]
PFO, lcosl (107, 0.8), E LI0, 50) GeV
e e e e
E = Delphes
15 ------- Full Simulation —
10" E
102 3
103 3
5 ;
-0.05 0.05

A.U./0.001 mm

A.U./0.001 mm

PFO, lcosel (10.3, 0.5), E C 0, 50) Gev
R e e

E Delphes
1: ------- Full Simulation —
107" E
102 E
107 E
P ]

-0.05 0.05
DO [mm]
PFO, Icosel (10.8, 1.1), E L0, 50) GeV

— T T T T T T g
E e Delphes ]
1; ------- Full Simulation |

* Delphes ~ Perfect PFA (1 — 1 correspondence.. )

18/07/2024
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B-charge flip rate: Bs oscillations

0.6

Branching Ratio (BR) of b/b to b hadrons
Bl 0.1%<BR<1%
N 1%<BR<10%
BB 10%<BR<20%

o
U

o
>

left: from b/b,  right: from opposite side of B2/B?

charge flip rate
o
w

o
N

0.0-

* Flip rate ~ 15%, Eff. Tagging power > 40%

18/07/2024 ICHEP@Prague
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V.S. Hadronization models

1.0
v (40,17, 75,50 97,75 0] o pythias b
e i L r r r r .
™ ﬂavortagglng + lllll dummm + Herng ,
0.5 "\ Penarge fip (H7, H7), (P6, P6), (H7, P6) 25 L. abs(Pythia—Herwig) 4 100 /)
N -E’ max(Pythia, Herwig) /
(O]
>
)]
| -
)]
0.6 o
| .
()]
0
£
2
0.4 r
p ST >
o
(U]
>
O

0.0 T T T T T 1 1 1 | T T |+ T
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Percentage (%)

75

5.0

25

0.0

-jet: leading b-hadrons & flip rates

Percentage of b hadrons by Whizard & Herwig

Charge Flip Rate w of b hadrons by Whizard & Herwig

Percentage Difference (Whizard - Herwig)

45%
—e— Percentage by Whizard
—e— Percentage by Herwig 40% .
—e— w by Whizard
—0— i
35% w by Herwig
30%
3
25%
20%
15%
10%
—
S s s s 2 8 s NS N NP ) Slov 1) 40 4n 1) &
R S I R S R S RO T A T N S S A LN Y RO ° 40 e
R o S > N
PN ) A4 7 i
LA b/ Zp* N\
Particle Names mes
*
B2*(5747)°~Br/B
Difference in Percentage of b hadrons between Whizard and Herwig Difference in Charge Flip Rate w of b hadrons between Whizard and Herwig
6% 4.28
5.78 419
5.65 4% 3.84
3.6
3.08
4%
2%
3.43 169
147
El
2
o
- 196 * 014 o1
b ™ 008 TS [
© -0.3 0. -0.33
N
101 o5 <
l B 065 063 B
04 036 03 28 3 151 153
a2 - -1.66
o l . I =5 . [ s
g -2.26
g 28
O AN T o
—4%
-2% -1 -2.0
-3.17
-5.68
—6% -5.78 =
~4% -3.97 B
PR VIR S L & P S S R S S SE e e
A R IR I O I I I A R R A I LR O SR R A R
o %@“ @@“ % o 6\9 & o o & o &
s 5

Particle Names
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Percentage

20%

18%

15%

10%

2%

-jet: leading c-hadrons & flip rates

Charge Flip Rate w of ¢ hadrons by Whizard & Herwig

Percentage of ¢ hadrons by Whizard & Herwig

—e— Percentage by Whizard
—e— Percentage by Herwig

= s o S . x « « N N . x « N < o

S N0 N 35 S S S v N S N N S 0 S5 \ NS S 3 S 4
& &S O P & & & PP & & P PP
A\ W\ N\ o Y N\ x\ § O A\ .\ » Ay (\, ¢\ @, }
9 9 oY oY oS ¢ S 0 9T 8 oF L 40 &«

Particle Names
Difference in Percentage of ¢ hadrons between Whizard and Herwig
3.18
223
2%

136
123 122 115 114 111 109

0.73 0.61 048
| | I e

el

0% —
z ot s 1
T o0e -0.74
B
9
= 2%
=
o
S
c
o
£ %
£
o
o
I
]
]
g 6%
a

-8%

Particle Names
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12%

10%

8%

2%

—e— w by Whizard
—e— w by Herwig
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Percentage

-jet: leading s-hadrons & flip rates

Percentage of s hadrons by Whizard & Herwig Charge Flip Rate w of s hadrons by Whizard & Herwig
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Towards one-to-one
correspondence (Totoro)

1.0
_________ ——
efffiavor tagging fOr Delphes and GEANT4
_._
0.8 1 Pcharge fiip for Delphes and GEANT4
0.6
0.41 Te==
" \/‘—'/'
0.0 T T T T
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A.U./0.5 (GeV)

Arbor + Al: @ Boson Mass Resolution

(240 GeV
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BMR: impact on critical measurements
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BMR decomposition @ CDR baseline

« 1%t Ultimate Precision ~ 2.8

with CDR baseline3™, HCAL
19.7% nd ] ]
= Tracker resolution o« 2" HCAL resolution dominant
B ECAL resolution . . . . .
b the uncertainties from intrinsic
1.4% - Photon E > 0.2GeV detector resolution: need beftter

B Charged Pt > 0.2GeV HC A L
Neutral Hadron E > 2GeV
9.5% u Acceptance |Cos6)| < 0.99
= charsea Haron rragmens © - 3% | @@ding contribution:
" Separation Confusion Confusion from shower

B Unidentified

Fragments (fake particles),
need better Pattern Reco.
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Preliminary: ldentify & veto charged
shower fragments using Al

lcosél <1, Optimal BMR = 2.88%
T T T T

| | I I I I I I D.g
0.034_— 5 08
0_032_— #E <10 GeV __ non-r=
o " . _
%0.03_— ] E - 0.5
: : - 0.4
0.028— _
i i . L 0.3
0.026_— . - 0.2
| | | | | | | | | | 1 1 T
04 0.6 0.8 1 non-f= f= - 0.1
score cut pred _
Trained at 12E4 events, score > 0.75
efficiency ~83%
Test & Applied at 4E4 events purity ~95%
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A.U./0.5 (GeV)

... At Bosons ...

AU./0.5 GeV
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1-1 correspondence: preliminary

nCluHit '=0 & E > 1 GeV & |cosB| < 0.9

[WRclelm 0.000 0.000

0.000 0.000 0.000 §0.000 0.000

Trace of M6x6

0.8

0.6

truth

|cosB|

0.976 - 0.4

0.2

anti-n

10°
pred

Energy (GeV)
[ ]

Next step: to improve the neutral hadron reco & to optimize the detector configuration

10!
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Tree topology o\f
particle shower \ .

THE EUROPEAN

CrossMark
PHYSICAL JOURNAL C

Special Article - Tools for Experiment and Theory

Reconstruction of physics objects at the Circular Electron 15¢cm
Positron Collider with Arbor l———p

fangi Ruan'?, Hang Zha Gang Li', Chengdong Fu!, Zhigang Wang', Xinchou Lou®
‘incent Boudry”, Henri Vid ladislav Bﬂlagums. .]ea[l-(.‘laude Brient?, Peizhu Lai’,
Bo Liu "4, Fenfen An'*, Chunhui Chen®, Soeren Prell*, Bo Li’, Imad Laketineh®

"Lt of High Encrg Physics. B | 20 GeV Klong reconstructed @ ILD Calo

< Labor ¥ . e, Palaiseau, Fra

: 2 high i physcs, ! Curves indicating expected particle
e de Pysiqe! Ly PG s, Beting. . trajectories (from MC-truth)

Department,
of Chinese Acaden
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Arbor branch: sum of distance between neighboring cells
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Validation: Arbor Branch
Length Vs MC Truth

? ' —— Arbor Branches

i lH | —— Charged MCParticle
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Arbor: successfully tag sub-shower structure

Samples: Particle gun event at ILD HCAL (readout granularity 1cm?® & layer thickness 2.65cm)

Length:
Charged MCParticle: spatial distance between generation/end points
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Z—2 muon,'\;\;\;{;.

_ /—2 muon
2 H—>WW*—>eevv
~1%

ZH—4 jets
~50% - ||

% \
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CMS Experiment at LHC, CERN

Data recorded: Thu Jan 1 01:00:00 1970 CEST
Run/Event: 1 /1201

Lumi section: 13




V.S. Multiplicity

1.0 A1

0.8 -

0.6 -

0.4 1

0.2 -

0.0

-A-&p -—A-E; —A-E, -A-Eg
—o—P, —o—P, —o—P, P, —o—Py

-A-&,

A a4 4 A
~~-"‘\\

VWH, 360 GeV, multiplicity, lower — higher

e ...many patterns need further understanding & towards further optimization...

-A=-&p, =-A—E; =—A-E; =-dA-€, -A-§&y
——P, ——P. —o—P, P, —e—Pg4
1.0
i bl LU LT ST S
---‘\\
A--———A———__‘____ TA
-
0.8 - L SO
-y T A
Tk ——— S~o
*---*‘N *\\
b SN
~
0.6 \\
vwH @ 240 GeV \
\
Ao \
A--"=== S
* :‘:.__*===*___ N
0.4 - Bk L A
i\\A
N
A
A
S
0.2 1 W
—8—¢—eo——
0-0 T T T T T T
multiplicity, lower - higher
18/07/2024

ICHEP@Prague

45




ol ot

e 1
e g O]

, PID studies with beamtest data Xin Xia (IHEP)

* FD characteristics of different beam particles
* Imaging capability of high granularity calorimeter ()
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BDT method using 4 classes of 24 input discrimination variables.

+ Electron
Muon

= Pion

-10

-5
log10(MuLike)
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90

- electron
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: pion
:I | R
1 10 10°
Energy

Test performance at: Electron = E_likeness > 0.5 ;
Muon = Mu_likeness > 0.5
Single charged reconstructed particle, for E > 2 GeV:
lepton efficiency > 99.5% && Pion mis id rate ~ 1%

18/07/2024

Entries/0.25 GeV

Entries/0.25 GeV

CEPC Preliminary
AT j Ldt=5ab"
—4— CEPC Simulation
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https.//link.springer.com/article/10.1140/epjc/s10052-017-5146-5
CEPC-DocDB-id:148, Eur. Phys. J. C (2017) 77: 591
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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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Kaon

K/ SRHAT K/m dE/dx
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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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dE/dx Resolution (%)

Pid performance

Separation Ability K* selection efficiency X purity

3-4_ L SN RER SREE MRS AR RALE RRRE RS RN AR
3.2 | 6/ o< 2.5-1.5(cosB)" |-
3F +3.9(cos0)’ | N

08| (e) ] 1 o

: ] | : S
26k ; -
2.4 F ] 4]
02 f . 1T T
L 0 Lol L W, 424 T
1 -10-8 6 4-2 0 2 4 6 8 10

(R-R Yoy P (GeV/c)
factor 1. 1.5 2. (b)

ek (%) 95.97 91.19 | 87.09

dE/dx | purityk (%) | 81.56 71.85 | 61.28

dE/dx ek (%) 98.43 95.52 | 92.3

& TOF | purityk (%) | 97.89 93.25 | 87.33

3% of dE/dx & dN/dx + 50 ps ToF: eff/purity of Kaon reco > 95%
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2-body decay particles and tau leptons

CEPC CDR
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Fig. 7 All reconstructed mass distributions of Kg and A. They are fitted with double-sided crystal ball
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