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Higgs Properties

» Higgs — Milestone for the SM
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Higgs Properties

« Higgs — Milestone for the SM

« Current Measurement @LHC
« Couplings
« Higgs Mechanism
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Higgs Properties

 Higgs Self-coupling - Shape of the Potential

« Key for EWSB/EWPT

* 40% precision - a mea
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Phys. Rev. D 88 (2013) 055024 N,
JHEP 12 (2022) 148; 10 08
arXiv: 2407.11847
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Higgs Properties

* Trilinear Higgs Self-Coupling Measurement

« Higgs Pair Production
JHEP 10 (2012)112 » Qptional: Recoil against hard jet I \
2407.14716  » Higher order corrections s

« Single Higgs production )

9 9999099000000 @ -~~~ -~~~ H

« NLO correction depends on Higgs self-coupling
JHEP 12 (2016) 080

» Probe Higgs coupling w/o Higgs ;

« 1, Scattering - Goldstone equivalent

Phys.Rev.Lett. 123 (2019) 181801 L’

JHEP 10 (2021) 099 jjip--.(' -—--
Phys.Rev.D 105 (2022) 053009

« Electroweak precision measurement

Ogsm = Osy (1 + (1 — DC; + (6 — 1Cy)

My 5.62 x 10~
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JHEP 04 (2017) 155
Phys. Lett. B 817 (2021) 136307
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4.55 x 1076
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Current Status of Higgs Pair

e Current Measurement at the LHC

- ggF + VBF
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Particle Transformer

 ParT — SOTA for Jet Tagging icmt 2022/arxiv: 2202.03772
« Used by CMS In h(bE)h(T+T_) to reconstruct m,; nuovo cim.c 47 (2024) 5, 250
« Better than commonly used CPU consuming algorithm
« Quark Flavor tagging in ILC project arxiv: 2410.11322

e Evolution:

« ParMAT arXiv: 2406.06638
« MIParT arXiv: 2407.08682

Accuracy /#params FLOPs \

PFN 0.772 86.1k 4.62M
P-CNN 0.809 354k 15.5M
ParticleNet 0.844 370k 540 M
ParT 0.861 2.14M 340 M

ParT (plain) 0.849 \ 2.13M 260M J
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EvenTransformer (ET)

e Based on ParT icmL 2022/arxiv: 2202.03772

« Extensions
« The whole event as extremely fat Jet
« Tagging the whole event

- Signal vs Background = Process Tagging

Process Label]

L blocks
AL
7
Particle Particle Particle At?lazs At(t:la:.s
Particles = Attention Attention f == === === Attention Bclan 1lz>n Bfn 112>n
Block Block XL -1 Block ¢ ¢

Interactions =

(a) Particle Transformer

(Embedding) (Embedding)
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EvenTransformer (ET)

* Input Features

« Low-level information — From detector simulation (Delphes)

« Particle Flow Objects
« Tracks — Displaced Vertices
« Energy Deposition in Ecal and Hcal

* Auxiliary ng her-level information — Testing on Trying not using these
« Slim Jet - AR = 0.5
« FatJet- AR =1.0
« No B-tagging information
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Higgs Pair to 4b

 Processes — Non-resonant Higgs Pair

*gg >hh ->bbbb
* bb + 2jets

 bbbb

bbh

tt

tth

ttbb

* ZZ

e zh
« Multi-class Classification

po) > 20 GeV,

Process
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Cross Section [fb]
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5.67%x108
2.48x10°
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 Training on 2.5M/process data



Model Results

« Confusion Matrix - on validation

« Cross Entropy Loss Function

Major QCD Background N
For Higgs Pair to 4b
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Model Results

 Confusion Matrix — on validation set
« Weighted Cross Entropy — Overcome the large 2b2j background
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Model Results

1 — on test set

« Efficiency and Relative Error on a(HH) vs. Threshold
* For K)

< m oN

(%) Aduaid1y3 |eubis
o < -

Relative Error and Signal Efficiency vs Threshold

o e e’ e e

(%) 10113 9Alle|RY

Relative Error (%)

0.0

0.6
Threshold

0.4

0.2

12

ycwu@njnu.edu.cn

12/14/24



Model Results on ¢ and k;,

- With different K; - Not optimized for other k;,

3.0 1.0
Lint =300 fb~?! Lint = 3000 fb~?!
— -- 95% CL K; in [-7.29, 14.27],68% CL k; in [-4.55, 11.07], €¢=53% —-- 95% CLK; in [-3.01, 9.42],68% CL k, in [-1.47, 7.79], € =53%
25 — -- 95% CL k; in [-6.78, 13.65],68% CL k, in [-4.14, 10.63], £ =50% —-- 95% CL K; in [-2.70, 9.12],68% CL kj in [-1.28, 7.59], £ = 50%
95% CL k; in [-3.53, 10.01],68% CL kj in [-1.86, 8.17], &€=30% 0.8+ 95% CL K, in [-1.02, 7.30],68% CL k; in [0.06, 6.48], € = 30%
—-- 95% CL K; in[-2.11, 8.43], 68% CL K, in [-0.83, 7.19], £=20% —-- 95% CL K; in [-0.05, 6.59],68% CL K in [0.46, 6.05], £ =20%

—— HH Cross Sections

—— HH Cross Sections
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Compare with other Results

 Studies on 4b channel

« DNN JHEP 12 (2020) 115; 2004.04240
« 2 hidden layers, each with 200 nodes
* Inputs: information from reconstructed objects
« Comprehensive backgrounds

« SPA-NET (Symmetry preserving attention Network)
« Compared with Cut-based and DNN-based analysis
« Two networks
« Pairing of the 4b into two Higgs
« Classification of Signal/background
* Inputs: List of jets (pr,n, ¢, m) and b-tag
« Only QCD 4b background

JHEP 09 (2024) 139; 2401.14198



Limits on k;

« Compared with Other Results
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Summary

 Higgs Self Coupling Measurement
« Higgs Pair in 4b channel

- Attention Mechanism — ParT
 Train on full event — event classification

 Improved over current phenomenology studies
« Depends on different working points w.r.t signal efficiency

« On progress — Results might change
 Improve on different «;

« Experiments on the model Thanks for your o
 Tuning for other tasks Atte nt I O n !
. Fu”y end-to-end ThankS fOI' the

* Interpretability — Attention Map
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