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Yields ~ Xsec * Lumi * Time
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« Upgradable: Top factory (500 k ttbar)
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Papers

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

Lomonosov meeting@Moscow 4



Holistic Reco: Jet origin id

[} 0.745 0.033 0.025 0.004 0.003 0.002 0.003 0,002 0,002 0,017 ——.———.—----*----
. . e .
efffiavor tagging With £, K=, KB’S id.

b 10.170 0.026 0.033 0.003 0.004 0.003 0.002 0.002 0.003 0.018 Y I rL
0.8 - .. Pchargeﬂip With Ei, Kt, KJ'?;"S id-

c-o.015 0.055 0.036 0.031 0.025 0.009 0.009 0.018 0.043 | W=l o

¢ d0.016 0.015 0.032 0.037 0.009 0.026 0.017 0.010 0.043

5-0.003 0.002 0.020 0.102 0.030 0.080 0.063 0.045 0.092 0.6

0.003 0.003 0.018 0.020 0.102 0.084 0.028 0.045 0.062 0.094

True
n
1

u 40.002 0.003 0.020 0.011 0.044 0.131 0.055 0.080 0.174 0.111

u -0.003 0.003 0.011 0.019 0.132 0.043 0.062 0.178 0.081 0.111

¢d 40.003 0.003 0.012 0.019 0.112 0.092 0.082 0.207 0.079 0.112

¢d -0.003 0.003 0.020 0.012 0.092 0.112 0.219 0.076 0.113

G -0.015 0.014 0.024 0.024 0.052 0.052 0.043 0.041 0.034

T T T T T T T T T 0.0 T T T T T

Predicted
11 categories (5 quarks + 5 anti quarks + gluon) identification, realized at Full Simulated di-jet events at
CEPC CDR baseline with Arbor + ParticleNet

Published in PRL 132, 221802 (2024). Comment from the referee: "demonstrate the world-leading
performance of tagger”, "a "game changer" and opens new horizons for precision flavor studies at all
future experiments.”

https.//arxiv.org/abs/2310.03440

20/08/25  Hao Liang, Yongfeng, etComonosov meeting@Moscow https://arxiv.org/abs/2309.13231 5
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Impact on Physics: Higgs & W

. 10° 5
10 ] . - Accuracy
] I Relative accuray, HL-LHC S2  HocE
[ ReLatlve accura.y, FIEPC 10 wmm Ho bblgg .
. B 95% CL upper limit, CEPC mm -6
] mm W-qq
103
—
Q
o
10_2 -E ; 102
] -+J
C
]
o
10t
10
10°
1074 -
Kb Kc Kg Kw Kr Kz KygBss\Bua Bad Bsp Bab Bud Bas 10-1
0.0 0.2 0.4 0.6 0.8 1.0
Combined scores for H- cC
Improved by ~3 times « Compared to Conventional :

Improved by 1-2 orders of magnitudes - wH, H>cc: 3% — 1.7%

- Vcb: 0.75% — 0.5%
20/08/25 Lomonosov meeting@Moscow 6
- Applicable to Vcs, Vts, etc.

Presumably... firstly quantified

Relative Accuracy o(ZH) - Brysce (1072)



Updated result on sin? 6. erf Measurement

Table 2.

Sensitivity S of different final state particles.

V5/GeV sof A Sof A

s SofAl,

SofAj, Sof Ay, SofAb,

70
75
92

105

0.224
0.530
1.644
0.269
0.035
0.027

4.396
5264
5.553
4.597
3.956
3.279

4.403 1.445
5.269 2616
5.553 4201
4.598 1.994
3.958 1.087
3.280 0.520

4352
5.237
5.549
4.586
3.942
3.261

Table 3.

Cross section of process ¢*e” — 7 calculated us-
ing the ZFITTER package. Values of the fundamental paramer-
ers are sel as mz = 911875 GeV, m, = 1732 GeV, myy = 125 GeV,
ay, = 0118 and my = 80.38 GeV

V5/Ce¥  ow/mb  ag/mb oy/mb og/mb o /mb op/mb
70 0.039 0.032 0.066 0.031 0.058 0.028
75 0.039 0.047 0.073 0.046 0.063 0.043
92 1.196 3.366 4.228 5.366 4222 5.268
105 0.075 0.271 0231 0271 0.227 0265
115 0.042 0135 0122 0135 0118 0132
130 0.026 0.071 0.068 0.071 0.066 0.069

Verify the RG behauvior...

using

~1 month of data taking

Expected statistical uncertainties on sin? 9 ef f Measurement.

(Using one-month data collection,

Statistical Uncertainty

1072

10

10°¢

Uncertainty of sin?d™" at different energy

“~
- kY A
- “ ‘,( _ _‘
= ‘ .“ ‘_‘,- -
TS &

ol '
E i lepton
- b
- “'*:“':ﬂ"' C
"
1 1 I 1 L 1 1 I 1 1 1 | 1 1 1 L ‘ 1 1 1 | 1 1 1 1 | i S
70 80 90 100 110 120 130
Energy (GeV)

~4el2/24 Z events at Z pole)

S

92

105

115

130

TG
13x1075
1610
1 1
1.9%x107°

3.9x107°

s T
18x107°
R
g e

6.8x107°

23x107*

YAl [
1.8x 1075
el L
1.4%107°
27X 107°

5.4 % 107"

..+ Significant impact on Flavor Physics measurements, i.e., those with Bs oscillation...
20/08/25
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From specialized Models to LLM

1.0 10 1.0 1.0 10
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0.0 — 0.0 4 - : ! . — 0.0 4 : . : : — 0.0 4 : : . : — 0.0 4t
102 103 10 10% 108 107 102 103 104 10° 106 107 102 103 104 10° 106 107 102 10° 10 10% 108 107 102 103 104 10° 106
10 1.0 1.0 1.0 10
b jet cjet s jet ujet djet
-$- PN -$- PN -$- PN -¢- PN -$- PN
e parT | %87 parT | %87 parT | %27 parT | %8 ParT
9 -¢- LM -¢- LM -¢- LM -¢- LM -¢- LM
©
= 06 0.6 0.6 0.6 - 0.6
= *
fre=y
N ST -+ -¢-0-2 o Q X _e 1P S
2 + e 4\ + + ¢ \ * N f +‘~+~0’ \ + + N
SCEE RN \ 0.4 \ 0414 \ 041 & \ 0.4 == b
< T~ \\ \ \ \\ [\ \\ | T AN *- o
(] B Y . Q\ \ L \ \+ \ | N TN o
-y h \ 9=-b ~ o—-9 SP=e
- ~ \ ""\'- ==
0.2 Mk S-SRy 024! \+ \ 0.2 1 1 -8 0.2 1 ) RS e 0.2 1 89
- ;'~.‘ \$~ \ =S —p =g e
R T - T——e
b e S Y
0.0 oo : , : . — 0.0 4 : : : ; — 0.0 4 . : : : — 0.0 4 : : - : — 0.0 4w - ! - -
10? 10° 10* 10° 108 107 102 10° 10* 10° 108 107 10? 10° 10* 10° 108 107 10? 10° 104 10° 108 107 10? 10° 10* 10° 108

« Comparable result with different scaling behavior

 Para. Numbers: PN 360k, ParT 2.4M, BINBBT(Large . %é 73‘ PR
Language Base Model) 150 M .) Super Symmetry

Technologies
« More details at: https://arxiv.org/pdf/2412.00129

20/08/25 Lomonosov meeting@Moscow 8



Truth

Recent updates... preliminary

CEPC TDR ParT TruthID CEPC CDR PN TruthID (PRL) CEPC Current Best - CDR Difference
b 0.002 0001 0001 0002 0001 0001 0.012 b gpez abo: Booz 0.001 | G021 -0.02 -0.01
b 0001 0002 0002 0001 0001 0002 0.012 b 0.002° 0001, 0.002 §0:020 -0.01 -0.02
c 0.024 0.024 0.023 0.005 0.006 0.014 0.030 c 0i008"  0i009: OO IOREOIEE 0.09 -0.02 -0.01 .
¢ 0.820 0005 0023 0016 0006 0.030 c DC2SR0010 8 100008 e -0.02 0.08 103
S 0.002 0.001 0015 0.023 0.085 0.081 0.042 0.069 s GoRol [9.065 D042 S .’ 0.04
£ = —_— £
5 0001 0001 0015 0.087 0.023 0046 0076 0.070 - > S 0:0270 BO:US4 SRUCEINIEESE -_— =] -0.02 0.04 -0. 0
A
= F
U 0001 0002 0018 0006 0029 0114 (UGN 0044 0079 0183 0.085 u 0053 D085 0 114 -0.01 -0.02 0.06
0 0002 0001 0007 0018 0115 0031 0048 0202 0071 0.084 (0003 0003 0011 0021 0130 0041 0060 . L MU (S -0.02 -0.01 -0.01 0.07 0.02 -0.03
d o001 o001 o008 o016 009 0074 0072 RS SIGTR, | EE d 0003 0003 0013 0021 0109 0090 0083 0210 0281 0072 0.117 -0.01 -0.02 .o,o;li 0.08 ..0_03
§ 0001 0001 0016 0009 0074 0099 0233 0067 0079 0334 0087 d 0002 0003 0020 0013 0090 0109 0229 0076 0082 0258 0.117 -0.02 0.08 -0.03
g 0012 0012 0028 0027 0075 0075 0076 0.071 0.067 0.060 WUZLL] g @021 8023 tegS4 G034 TS S RINC SRR Ry R 052 0050
r— o P s PN 5 v % G G 5 ) N d d ) I S S
Predicted Predicted Predicted

* Current Best: ~ 10% improvements in M11

- Change Al architecture, with extend input variables

- Vertex optimization

 Todo:

- Scan on generator/hadronization models,

- Better reconstruction of intermediate particles (piO, phi, Lambda, Kshort, etfc)...
20/08/25 Lomonosov meeting@Moscow 9



Holistic approach

Provide all reconstructable for classification

: ————— -
- Reco: Jet origin identification
- Analysis: to distinguish the signal from the background
In the context of 1-1 correspondence/PFA, inputs =
- 4 momentum + Pid of all reconstructed particles  ———/ [
- Track impact parameters of reconstructed charged particles [

ttttttttttttttttttt

Potentially: parenting info ===
* Photon to Pi-0, pions to kaon...

patch sequence

» Color Singlet (from Z or H)

Uncertainties (as suggested by Vincent)

Text Scientific Symbol  Number Image

Challenge: high quality simulation, knowledge of Detector response & Theory/interpretation models...

20/08/25 Lomonosov meeting@Moscow 10



Holistic Analysis: vvH, H—2 jet

0.030

-0.025

- 0.020

- 0.015

- 0.010

- 0.005

Relative Accuracy a(ZH) ' Brz_ v Hoce

- 0.000

107 5
B hss
106 4 - hgg
w hbb
c [ hcc
< —— accuracy
@ 10°:
o
$ |
5 I
c
- 102 5
10! 4
100 -
0.0 0.2 0.4 0.6 0.8 1.0

H - cC likelihood
vvH, H—bb/cc/gg/ss measurements: 4 kinds classification

Entries per bin

107 5

106 E

[
o
u

=
o
-

=
o
w

102 -
10

100 -

hcc
hgg
hbb
hss
accuracy

il

0.0 0.2 0.4 0.6 0.8 1.0
H - ss likelihood

« Simplified analysis with irreducible background...

T
=
(=]

- 0.6

= =
N N

.
o

Relative Accuracy o(ZH) - Brz_ 5 y sz

* Accuracies: 2-6 times better than previous studies (include other bkgrd, BDT based,

etc)

» H-—ss: close to confirmation!

20/08/25
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Holistic approach + ACSI

B cut

cut + BDT
holistic

with ACSI

with ideal CSI
statistical limit

10t E

109 E

I
L]

1072 E

Relative precision
S
e

.
104 l l l

GNP Gl @ g9 LoD gl GG g qaakgg‘qaakbﬁ\

Holistic + ACSI: improves the accuracy by 2 — 6 times
ACSI makes a leap even from Holistic, but still has significant room to improve...

H—ss within the reach... https://arxiv.org/pdf/2506.11783
20/08/25 Lomonosov meeting@Moscow



Supervised learning: need High Quality MC

Train, Infer

B H7, H7
S 1074 B P3, P8
T —1 P6, P6
F BN H7, PS
S 1 H7, P6
v 1 P8 P6
E’ 10 %
4

VOH(bb) VH(gg) VWH(cE) VUH(sS)

The Holistic approach is in principle free from human intervene...
Human define the goal (the signal), Al serves as the mean...

20/08/25 Lomonosov meeting@Moscow 13



Flavor physics

CEPC:Tera-Z

T —+ jlee | | CEPCHIggS 5([Vial)
I Current (from WW —s lugq)
Honber [ZZ Estimation
T epp N Fast sllmuIaFlon 5(m. [MeV])
[EA] Full simulation(stat. only) (irom + — incl.)
T —+ EEE
T ey 5(7 [fs])
(from = — incl.)

Ty
7 — pXi o(¢s) [mrad] !
(rom B2 s 1)
T lvw

a(ATS) [ns] ™!
(from B2 — J /)

BY = ¢t
B o K07t~

o(T,) [ns]*
(from BY — J /1)

Bt - Ktrtr~
BY — 7t

R,_(relative)
(from A, — Ady)

BY — 7070

B 5 ata~

R (relative)
{from B2 — DI1w)

Bt - ata®

B? = guw

R yylrelative)

B, — 7w
(from B. — J/4lv)

w102 ™ 10rT 107t ot 1wt e A 107° 16-7 107° 1077 107! 07 1072 107! 10° 10t

BR BR

See the non-seen: i.e, Bc—tauv, Bs—Phivv https://arxiv.org/pdf/2412.19743
Orders of magnitudes improvements (1 — 2.5 orders...).
Access New Physics with energy scale of 10 TeV, or even above

20/08/25 Lomonosov meeting@Moscow 14



Direct New physics search

Higgsino
(Am=1GeV) }
uj.,‘?

Selectron
(massless LSP)

Smuon
(Am=30 GeV)

Stau
(Am=60 GeV)

L T
10t 2 10

eteyy

A!A,Aj E—/

Er71 ]

Thr
W LT

W — (*ra ‘F

paogn

HL-LHC

LHC

LEP

CEPC: Tera-Z
CEPC: 240GeV
CEPC: 360GeV

(3)
Crigu

(1)
Oty

Oredq

oy
o)
On
Or
OH\\ B

Onp

3)
o)

T

T T T . F T
10* 10t 107 s 107 10* 10!

[GeV]

Matter Origin, Dark matter...
Access to NP ~ 100 TeV...

https://arxiv.org/pdf/2505.24810

20/08/25
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Vr(h T)

Vi(h,T)

S| DM-nucleon cross-section (cm?)

Second-order
EWPT
mperatur:
drops
v

(hy=0

Smooth transition

The Higgs field h

New physics:
FOEWPT

Temperature drops

Vacuum cle.éég;-“-'fk/
The Higgs field h
1074t
LHC (2023) BR(h—inv) < 9.3%
10_42 | HL-LHC BR(h=inv) < 2.6%
= = Ll sy CEPC BR(h~inv) < 0.1%

10743

10744
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10—47

10748
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Summary

... Higgs factory has strong discovery power to NP, its detector &
reconstruction should and could have excellent performance...

Al could strongly enhance the discovery power of Higgs factory: 3 times &
more...

- Holistic approach

» Reco: Jet origin id, 'see'the quark & gluons...
» Analysis: Processing in principle free from Human intervene.

- + ACSI for full hadronic events
Multiple challenges need to be addressed... with intriguing prospects...

Precise Simulation is critical to utilize supervised learning, which request
profound understanding of relevant factors — be developed iteratively

To explore other methodologies: non/weakly-supervised, enhanced, LLM...

Lots more to explore, with unsupervised, LLM, ... rich interplay & synergies.

20/08/25 Lomonosov meeting@Moscow
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V.S. Hadronization models

1.0
om0 55,50 9.7 o e s b
e i L r r r ¥ "
: flavor tagging e PR . Herng /
- g Penarge fip (H7, H7), (P6, P6), (H7, P6) 25 . abstPythia = Herwig) 4 4 0 /!
N max(Pythia, Herwig) /

average number per event

0-0 T T T T T

 Much severer descriptions.. in exclusive measurements (i.e., specific hadron
generation, decay, etc)
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Fast/Full Simulation
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Pcharge flip for Delphes and GEANT4

Z->pp (91.2 GeV)
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1; ------- Full Simulation ;
e 1
E 1
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o E 3
) : E
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=102 E
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10° E
-0.05 00
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e e e e
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£ g ]
€ T ]
S 107E E
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10°: E
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E Delphes

1; ------- Full Simulation —
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F ]
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E h - T T T T T i

E e Delphes ]

1; ------- Full Simulation |
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S E
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S I
:é 102
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* Delphes ~ Perfect PFA (1 — 1 correspondence.. )
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Precision of Higgs coupling measurement (kappa0 fit)

Higgs

240 GeV, 20 ab™!| 360GeV, 1 ab~! m HL-LHC S$1/52
7H vH 7H | vwH | eeH o m CEPC 240 GeV @ 20/ab / + 360 GeV @ 1/ab
inclusive  |0.26% 1.40%| \ \ £ n
o
H—bb 0.14%| 1.59% [0.90%|1.10% 4.30%| =
©
H—scc 2.02% 8.80%| 16% | 20% o
H—gg 0.81% 3.40%(4.50% 12%
H—-WW 0.53% 2.80% (4.40% 6.50% Ko kil Kg K K, Ky K,
H77, 4 1797 20‘7 21? 10_1 Precision of Higgs coupling measurement (kappa3 fit)
i () 0 ()
= CEPC 240 Gev @ 20/ab
H — 717 0.42% 2.10%|4.20%|7.50% e e
H — vy 3.02% 11% | 16% e o s - e
p— _2_ b
H - L 6.36% 41% 57% L§10 B e
H— Zv 8.50% 35% 3
Brypper (H — inv.)|0.07%
1073
'y 1.65% 1.10%

BSM
Kp Ko Ky Kw K Kz K, Kk, BRGY kp
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Plus EW & SMEFT

Precision Electroweak Measurements at the CEPC

= Current accuracy

m CEPC: baseline

M; T; My R, R. Re R, R: APrg A% A A'rg Az N,
EWPT: Oblique Parameters
0'2 7\ T T T T T T H|
Current (95%) =========== .
Current (68%) ——— ,;"—
CEPC (95%) ==========- e
CEPC (68%) ———— 7 J

-0.2 T | P S S Y S S

Observable  current precision ~ CEPC precision (Stat. Unc.)  CEPC runs main systematic
Amy 2.1 MeV [37-41] 0.1 MeV (0.005 MeV) Z threshold Epeam 0.100
ATy 2.3 MeV [37-41] 0.025 MeV (0.005 MeV) Z threshold Ebveam
0.010
Amy 9 MeV [42—4 0.5 MeV (0.35 MeV) W threshold Ebeam
Al'y 49 MeV  [46-49] 2.0 MeV (1.8 MeV) WW threshold Epeam § 0.001
= 0.
Amy 0.76 GeV [50] O(10) MeV? tF threshold ‘-(‘]J)
AA,  49x107% [37,51-55] 1.5x107° (1.5x 107°)  Z pole (Z — 77) Stat. Unc. -% 1074
AA, 0.015 [37, 53] 3.5 x 107 (3.0 x 107°)  Z pole (Z — pp) point-to-point Unc. E 5
AA, 43 x107% [37,51-55] 7.0x107° (1.2x 107°)  Z pole (Z — 77) tau decay model 10
AA, 0.02 [37, 56] 20 x 107° (3 x 107°) Z pole QCD effects 10-6
AA, 0.027 [37, 56] 30 x 1075 (6 x 107°) Z pole QCD effects
AChad 37 pb [37-41] 2 pb (0.05 pb) Z pole lumiosity 1077
SRY 0.003 [37, 57-61] 0.0002 (5 x 107°) Z pole gluon splitting
SR 0.017 [37, 57, 62-65] 0.001 (2 x 107°) Z pole gluon splitting
JRY 0.0012 [37-41] 2 x 107 (3 x 1079) Z pole Ejpeam and t channel
SR, 0.002 [37-41] 1x107* (3 x 1079) Z pole Epeam
SR 0.017 [37-41] 1x107* (3 x 1079) Z pole FEheam
N, 0.0025 [37, 66] 2x1074 (3 x107%) ZH run (vvy)  Calo energy scale
95% CL reach from SMEFT fit
10l HL-LHC S2 LEP/SLD included —
F| @ CEPC for all scenarios 3
[l Z—fnla + WW threshold |
[l +240GeV(20/ab) + 360GeV(1/ab) + HL-LHC I 0]
light shade: individual fit (one operator at a fime) l I I O
_ H_sold shade: lobal I i 1
> - -
NE Tdidint
= - F g _ E
E Eo g " i ] ] 1
: L i | d 1 d |
0.1
Oy Oww Oss Oww Ouws Osc Oy Oy 0Oy, O, Osw Ows Or One Ong Ohqg Onu Ona Oy
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Color Singlet Identification

DRUID, RunNum = 0, EventNum = 5401 _ DRUID, RunNum = 0, EventNum =7

at full hadronic ZH event
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CSI: bottleneck for measurement at
fuII hadronlc events

= Z decaymode H —bb H-—ce H-—gg
— xifz:f;::i;f Zsetes  L5T%  1443%  10.31%

Z— T 1.06%  10.16%  5.23%

The Higgs— bb, c¢, gg measurement at CEPC Z —qq 0.35% 7.74% 3.96%
Z — v 0.49% 5.75% 1.82%

Yongfeng Zhu, Hanhua Cui and Mangi Ruan combination 0.27% 4.03% 1.56%

Institute of High Energy Physics, Chinese Academy of Sciences,
19B Yugquan Road, Beijing 100049, China
University of Chinese Academy of Sciences, Table 3. The signal strength accuracies for different channels.

194 Yuquan Road, Beijing 100049, China

E-mail: ruanmg@ihep.ac.cn

« H-—cc & gg measurements at qqH channel is much worse vvH channels, despite the
former has 3.5 times more signal statistic

« Reason: Failure of Color Singlet Identification — to distinguish the decay products of
each Color Singlet

- Z & H for 240/250 GeV Higgs factory
- Which Higgs boson for Higgs self-coupling (i.e., at vwvHH events at 500 GeV, etc)
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Advanced CSI using Al

o o & -
SYRCITIRD

| o IR 2 -
@ . .
Goo; E
S 0 O O S 0

-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5

Yongfeng, Hao, Yuexin, etc
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=

le2 3e2 1e3 3e3 1le4 3e4 1le5 3e5 1e6

the volume of training data
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Scalin

volume of training data is 12

Scale document down

volume of training data is 32

velume of training data is 1e3

s D 3 =) \
z 2 24
1 1 14
- -
e o o = o4 -
" ‘
5 5
-1 -1 -
) b
-2 -2 -2
-3 -3 -31
o s o8 s Yo 1o o5 Er) os 1o 1o B oo s o
cosé cosé cos8
»
L
volume of training data is 3e3 volume of training data is led volume of training data is 3ed
3 3 {"‘,Ejl\ 3 fe )]
2 2 2
1 1 1
s 0 o o
s 9
a -1 ‘ t .
=1 -2 -2
-3 -3 -3
e s () 05 o 1o 05 a0 as 10 1o N oo 05 1o
cosé cosé cos@
»
L
volume of training data is 1e5 volume of training data is 3e5 ok of training dsta & 166
3 . 3 3 .
2 2 2
1 1 1
N -
o e o
L}
o °
o - & -1 -
A
-2 -2 -2
- -a -
-to a5 [ s 1o -ia -os w0 os 10 1o o5 £ s )
cosé cos8 cosé
»
L

Lomonosov meeting@Moscow




A toy analysis: identify full hadronic ZH
signal from ZZ + WW background

540k ZH + 3.1M ZZ + 47 M WW full hadronic events (~ 5.6 iab), result scale to 20 iab

200 T 200
I 307 &
Call | ~
175 et W 175 RN
100 \Q
(9] \
— 150 4 — 150 + E 2.5 \
> > S \
w [} o \
O, 125 O 125 g \
] \

2 2 g7 \

100 100 (=)} \
£ £ e \
8 & £ \
o 75 o) 75 A n 15 \
wn 0] - \
o o g \
Q50 Q50 o \\

o 710 L %=
25 25 A VNzy el W
. i - Sae
0 T T ...I 2 T B T T T 0 T T T = T T T T T T T T T ‘ T \
0 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200 \e iefiC . .
cu CUt 4 BD hO\\St‘houst\c + (:t?c ¥ ‘dea\ CS

boson; mass [GeV] boson; mass [GeV] nolis

100

Holistic: use all the reconstructable info to category signal & different background
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1-1 correspondence reconstruction

Visible

Reco Trk Clu

> v
~o T v

Final state
particles

https://arxiv.org/abs/2411.06939

Computer Physics Communications 314 (2025) 109661

v .Well-reconstructed
Charged without cluster
T~ 0 v Charged without track

v | X .Charged with cluster lost
X |V Lost
X | Vv Fake (only increase multiplicity)
X | Vv Fake (energy double-counting)
v | X + [Charged

v 0 |Neutral

v —— 1-1 correspondence

v - = 1-n

v | » n-1

Contents lists available at ScienceDirect

Computer Physics Communications

journal homepage: www.elsevier.com/locate/cpc

=
COMPUTER PHYSICS.
c

Computational Physics
One-to-one correspondence reconstruction at the electron—positron Higgs
factory

Yuexin Wang ", Hao Liang >, Yongfeng Zhu®, Yuzhi Che ', Xin Xia®*, Huilin Qu¢,
Chen Zhou*, Xuai Zhuang “*, Manqi Ruan *“*

20/08/25
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Necessary studies...

 Beam induced backgrounds: comparative studies...

« Event building with realistic detector time response, including electronic pulse shape & time sequence...

e TPC & Tracker:

Dependence of dE/dx or dN/dx performance on the shifting distance & readout threshold/Noise
lon distortion VS shielding & possible correction

B-Field mapping

Mechanic stability

Low Pt track reconstruction

e Calorimeter

SiPM: response uniformity & Dynamic range, especially towards large Tile/Bar configuration in ECAL
Requirement on the Attenuation length for scintillating materials...
Homogenates in space & stability in time

Development of Energy & Time Estimator...

» Dead zone/dead channel tolerance

« Performance degrading with different Noise: rates, intrinsic, and radiation relevant ones

» Calibration Procedure & Monitoring methodologies...

20/08/25
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