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Background and motivation
The puzzle of SM

Shaposhnikov conditions:

1. Baryon Number Violation
Baryon asymmegry
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Background and motivation

Recent excesses

a. 95.3 GeV dipohoton channel 2.8c CMS 2018.

arXiv: 1811.08459.

b. 95.4 GeV dipohoton channel 2.96 CMS 2024.

arXiv: 2407.07546.

C. 95.4 GeV dipohoton channel 1.7c ATLAS 2024,

arXiv: 2405.18149.

d. 100 GeV ditau channel 3.16 CMS 2022.

arXiv: 2208.02717
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Background and motivation
N2HDM-F and Collider phenomenology

ttS > (0.3 fb can be covered at 5 c on HL-LHC?

X125 (Mabs = 109, XEn.125 = 85.77)
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N2HDM-Flipped

The N2HDM
The Scalar potential Doublet part The Coupling
wrom =l 4 T+ 5L, 0 = 0T L+ ) +?1( P2+ 2( 1 ,)? Higgs to massive gauge bosons
_ =1
+ t t + T T _|__5[( t )2 + ] 2 1! !
311 2 2 412212 1 2 :__123+3_1’ _2’
2 -1 2 3 3 —1 3
+— 2+§6 4+?7 " 2+?8 1, 2| Singlet part
Higgs to up type quarks and leptons
6 scalars o A + YA =1
- - = (4 37 1 2 I, =2
CP even Higgs pseudoscalar charged Higgs —( + )/ —3
1 3 1 3 2 !
12 parameters o a % Higgs to down type quarks
( 23) 12 ' effective couplings and mixing A i L
2 2 matrix elements representation = ~(y 2% 5 ), =2
2 ! 2 (1 57 ) =3
2

¢, = cos(x) and s, = sin(x)
.
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N2HDM-Flipped

Parameter space scan

The selection of parameters

mass of excess candidate H,

mass of SM-like H,

mass of CP-even H;, pseudoscalar 4
mass of charged *

coupling of H, to boson, top quark

mixing matrix elements
VEV ratio of two doublets
VEV of singlet

Z, breaking parameter

95< | <96GeV
, = 125.09 GeV
300 < < 1500 GeV

3

580 < 1+ <1500 GeV

07< 2

2

sign( 23) =1, —-1< ;<1

<10 07< % <12

2

08<tan <10
1< < 3000GeV

1x103< %,<5x10%GeV?

The constraints

Perturbative unitarity.

Vacuum stability.

B physic.

Electroweak precision observables.
Direct search for Higgs.

SM-like Higgs Measurements.



N2HDM-Flipped

Surviving samples

Gluon fusion process Higgsstrahlung process Three channel excesses
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MC Simulation

Signal and background
dominant decay channels
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MC Simulation

Cross section 1in two channels

MadgraphS aMC@NLO SM value

Effective coupling . 2 .-Br( .
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MC Simulation

Event generation and pre cuts

: @lion signal and@
Event generation

Particle generate Particle decays Detector effect
MadGraphSaMC@NLOV3.6.2} PYTHIA v8.2 Delphes v3.5.0
CEPC 4th card
Pre selections
Basic cuts cut

calculate ()=2 = 10 GeV
( ) < 2! ( 1 2) = 04

recoiI:\/ - 2+—_2\/_ ++ -
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MC Simulation

Cut based analysis on 7z channel

Z boson
\:

Measurement precision

vE

The cut flow with = 20ab™?
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MC Simulation

Cut based analysis on bb channel

The cross section can comparable The cut flow with = 20ab™?!

N\

10! . = without select b jet Cross section [fb] Measurement
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How to improve precision?

xsec 1s set to 0.2 SM value for signal
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MC Simulation

Event distributions for other observables
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The Application of ML

Feature structure Cut-based analysis
Particle level

Lepton
7 ©/b
( U g o e ) ( Y y et )
Event
( y ) ) )
( ) ] pooo )
& Construct Jet
A\ ( y ) 1) (ta91 ) ’ 1---)
n( ] y y )
Extract
Detector
Missed and need ML to use
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The Application of ML

ML p erformance in J et tagging Advanced ParT! and MIParT? + particle level feature

Performance in QuarkGluon tagging

Aceuracy .
0.860 i Detailed performance

[ Original 7] Fine-tuned
(.855 -
: ACC AUC
(0.850 -
_ 0815- ParT 0.849 0.9203
=
7 08407 MIPaT 0.851 0.9215
™ (.835
ParT.fit 0.852 0.9230
(1.830 -
(.825 - MIParT.f.t 0.853 0.9237
(1.820 -
<
1. arXiv: 2202.03772 1

2. arXiv: 2407.08682
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The Application of ML

ML in 7z channel The ML performance
5
Input features N e || — | =
+= i —— MIParT (AUC =0.9979) X[ —— MIParT
Event level: =104 £ 86 ENTTTTTTTT T G 59
® Recoil mass: *§ g i
® Invariant mass: 2103 E 065,108 | 2L
e, 6, = L
® Average azimuthal angle: = N V= (0.6, 55 S0 (0.6, 2.84)
. = o | (0.65, 2.62)
® Average pseudorapidity: =+ /2 %0102 ] 22
3 £ |
Particle level (max length=50): = . = I
10 P NN T TN T T TN NN TN M N AN M A M B AN RO PR T T N TN T N T T TN N M A M O S R A
® Transverse momentum: 0.0 02 04 06 08 10 0.0 02 04 06 08 L0
Signal efficiency Signal efficiency
® FEneragy:
® Renormalized : /( '+ ?) Performance comparison
® Renormalized E: /( 1+ 2
. (_ ) Method Signal efficiency background Measurement
® Regularization = - refection rate prec1s1on [%]
® Regularization : = — Cut based < 0.15 > 2777 ( 6.2 )
® Angular separartion: 2 + 2
) Chfrge' C ' \/( ) ‘) Part 016 T58%
® Partilce kind. MIParT < 0.65 > 1087 < 26 >
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The Application of ML
ML in bb channel

The ML performance

Background rejection rate

Performance comparison
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ParT (AUC =0.9915)
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S
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Cut based 0.64 43.3 1.07
T 28%
ParT 0.75 108 0.78 /
MIParT 0.78 98.1 < 0.77 >
~—
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The Application of ML

CEPC detect range for surviving samples

<50
without ML Signal significance
10 RGN
8 . 10! %
e =2(+ ) 1+— —
6 2
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4 5 Measurement precision
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—1.6 —-0.8 0.0 0.8 1.6 —NO —0.8 0.0 0.8 1w
= For the surviving samlples
101 2=,
e
3 Max precision [%]
bb channel - - s Channel M?{ crofsbs
: = 5 section []  without ML~ MIParT
=
= T 1.03 2.3 1.0
10° = 2.8 0.86 0.63
—1.6 —0.8 0.0 0.8 1.6 —1.6 —0.8 0.0 0.8 1.6
o ay
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The Application of ML
CEPC detect range for benchmark

High-precision detection range has been significantly increased

Measurement precision [%]

MIParT
Cut based MIParT [-0.54, —0.38]
i II' “\ § A TT
Ill \\\ 1 E bb
10t \ 10t F - N »
o \ B = 100 b
B III \\\ : g ;
% - s 0.044 fb
- \\\ % 10—1 :
O IS | 100 S 5 O 0.018 fb
10° ¢ 4 - 10 B S 0
- 0.2 1.4 ] 0 » PR O | SCRRE T
AN TR T T [N T TN T TN N T A A S B B S R Sy 8 S 10_2 oo Iy Wy T T
16 —08 00 0.8 1.6 —1.6 =08 000 0.3 1. —-1.6 =08 0.0 0.8 1.6
7] 03] aq

tan =2,cos , =+v2/2,andcos( — ;)=0for ;=—0.46
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The Application of ML

CEPC detect range in signal strength

S — 77 with MIParT

0.5 ¢ _
04 F N
i :BI"SM(h95 7 bb)

c 03 F -
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E’_:/ 0.9 L nZ’ =0.016 B

M i i
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Conclusion

MCresultin & = - (- * 7)

t CEPC with =2 -1sh : -
process at CEPC wit 0 abshows CEPC detect range in our method

Particle level features and MIParT network oo
. .. . 1% detcted
can 1mprove measurement precision Channel | significance precison
covered
e §$—17:6.2% — 2.6% (158%) - =0.016 =0.96
e S—bb: 1.07% — 0.77% (T28%) . =0.0042 =0.13
Based on arXiv: 2510.24662 Thanks!
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N2HDM-Flipped

e Constraints from perturbative unitarity: The con- Br(S ~ ) [A) Br(5 — &) A

0.0 0.2 0.4 0.6

straint require the eigenvalues M} _,, of the 2 — 2
scattering matrix Mo_,» satisty

[M5_o| < 8 (8)

tan/3
tan/3
tang

at tree level [39].

= Constraints from vacuum stability: The package DT M oshe LisTer e es s
of EVADE [40, 41] is used to test the stability at o
tree-level. a(gg — S) [pb™']

o Constraints from B physics and electroweak preci-
sion observables: The global fit result of Ref. [42]
on oblique parameters and flavour constraints at 20
level are used.

tan/3

« Constraints from Higgs Searches and SM-like Higgs
Measurements: For the additional scalars direct
search constraints, the effective coupling approx-
imation is exact to interface to the HiggsBounds-
5.10.0 package [43] at the 95% confidence level
using.  For the SM-like Higgs Measurements,
HiggsSignal-2.6.0 package [44] use 109 degrees of
freedom data to calculate the x of this model and.
The SM x? is 85.8 and

| ARG PRI ALTY

0 L1 L1
-1.6 -038

0.0 0.8 1.6

tanf
tanf

AX® = XNzupM—F — Xém < 6.18 (9)

T T T T e T

Ca=T7 v Lvov v by b1

0
is required. 1.6 —08 00 08 16

PN T T T N B

-16 -0.8 0.0 0.8 1.6
o @ o
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Background and motivation

Accuracy

ML 1n jet tagging

Accuracy

(L8600

[ Original [ZZ] Fine-tuned

(1.855 1

0.850

0.845 1

(1840 1

(1L.B35 1

(L8301

0.825 4

0.820 <

AUC

=== MIParT

=== MIParT-L f.t.

LOG

arxXi1v:2407.08682

Performance on

QuarkGluon
ACC | AUC
ParT 0.849 | 0.9203
MIPaT 0.851 | 0.9215
ParT.ft | 0.852 | 0.9230
MIParT.f.t | 0.853 | 0.9237
ML can enhance the light

Higgs search potential?

Advantages

1. Deal multiple features big data

2. Feature interaction extraction
capability

3. Balance signal efficiency and
background rejection rate

4. Automation, high efficiency

Disadvantages

Black box



The Application of MIParT
The Application of ML

More features + advance ML = improve?

Our features

Accuracy advance ML

(1.560

1 [ Original JLZZ] Fine-tuned
Event Particle 0.855 -

) ) yrore (.850 4

1 ) 1"'(1 1 l"') {}.Sﬂﬁ"

(L8410 1
¢, , ,..) Interaction ——

Lepton

A\
Accuracy

Jet 0.830 1
/
0.825 -

(, , ,tag,..) 0.820

Cut-based features ML features

ML performance!

1. arXiv: 2407.08682
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The Application of MIParT
CEPC detect range for benchmark

—
-
—

—t
-
o

Measurement precision [%]

< 1% measurement precision [—1, 0]

0.3 1.3

5%

—-1.6 —0.8 0.0 0.8 1.6

'

1

fb

Cross section

[—0.54, — 0.38]
< 50 signal significance
A
= tt with MIParT
I (O AR I——" tt without ML
& 7
100 _\ bb with MIParT

= bb without ML
i 0.041 fb

10_1 s
:_._._._\_._._._._/?afﬁ‘iiﬂ%lﬁl_./’ 0.015 1o

10—2 (I T N T A W (N T A (I T I T N

—1.6

—0.8

0.0
831

0.8

tan =2,cos , =+v2/2,andcos( — ;)=0for ; =—0.46

1.6
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MC Simulation

The Application of ML

Sig —

Bkg —

Detector

ML-based features

—> ML ——

Result

( ! )7 /( 1 + 2)1 -----
N\
T Compute interaction
] ) ] ] jooad ( ] ] oo ')
Particle level
® Event level
N\ /I\
Extract |
® > ( o
Jet level
FaStJet S ( ’ y y ot )
Reconstruct

) P Cus T

Cut-based features
1
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MC Simulation

The Application of ML
ML-based features
H T G 70 o+ )
N
T compute interaction
—> ML ——
] ] ) ] yrr ( ] ] I ')
particle level
n event level Result
Vv ) ) pooo
N /I\
I
Extract
® it > (., , ,..) —> Cuts —  °
Y . | ! lreconstruct jet level
FaStJet S B ( ) ’)
Detector Cut-based features
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