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Physics Motivation
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𝒕�̅�𝑯𝑯 provides
• direct measurement of the top-quark Yukawa coupling 𝑦! 
• measurement of trilinear Higgs self coupling 𝜆"

Cross	section	at	(N)LO	as	a	function	of	
self	interaction	𝜆.	arXiv:	1401.7340

~1fb	for	𝒕�̅�𝑯𝑯	at	14	TeV	

• 13 TeV: σ(ttHH) = 0.775 fb (NLO QCD)
• 14 TeV: σ(ttHH) = 1 fb (NLO QCD)
• Expected to have ~ 400 (3000) events at 

Run 3 (HL-LHC)

• Also important for the study of BSM (especially CHM)

12/17/24 Wei Wei (UC Davis)
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https://arxiv.org/abs/1401.7340


Physics Motivation
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• The	interplay	between	SM	HH,	VBF(HH),	ttH	&	ttHH	couplings	at	LO

• ttHH	has	access	to	both	the	top-Higgs	Yukawa	and	the	triple	Higgs	couplings	without	negative	interference

12/17/24 Wei Wei (UC Davis)

𝑦!
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CMS-INS-FTR-21-011

Snowmass	LOI

12/17/24 Wei Wei (UC Davis)

tt(SL)HH(4b) at HL-LHC, WP Snowmass 2022

CMS endorsed PhD (July 2020)

CMS endorsed PhD (January 2024)

http://cds.cern.ch/record/2804085?ln-en
https://www.snowmass21.org/docs/files/summaries/EF/SNOWMASS21-EF1_EF0_Chertok-199.pdf
http://hdl.handle.net/11449/193301
https://hdl.handle.net/11511/108713


Signatures
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• We look for ttHH in semi-leptonic and di-leptonic decays of top pairs and with both Higgs decaying  each into 
a pair of b quarks, using Run2 data.

SL	Channel	(BR=11.4%) DL	Channel	(BR=3.2%)

12/17/24 Wei Wei (UC Davis)
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MC & Data Samples
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MC Simulation

Signal:
• 𝑡 ̅𝑡𝐻𝐻(𝑏Y𝑏) 

𝒕�̅� + 𝑱𝒆𝒕𝒔 Background
• 5FS 𝑡 ̅𝑡 + 𝐽𝑒𝑡𝑠 (SL + DL) Powheg + Pythia8
• 4FS 𝑡 ̅𝑡𝑏𝑏 (SL + DL) Powheg-Box-Res + Pythia8 
• 𝑡 ̅𝑡4𝑏 Madgraph + Pythia8

Other Backgrounds:
• 𝑡 ̅𝑡𝐻 (SL + DL) Powheg + Pythia8
• 𝑡 ̅𝑡𝑍 Madgraph_aMC@nlo + Pythia8
• 𝑡 ̅𝑡𝑍𝑍, 𝑡 ̅𝑡𝑍𝐻 Madgraph + Pythia8

Real Data 

SL 
• Single Muon
• Single Electron

DL 
• Double Muon
• Double EG
• Muon EG

12/17/24 Wei Wei (UC Davis)



Baseline Event Selection for Both Channels

712/17/24 Wei Wei (UC Davis)



𝒕�̅� + 𝒃𝒋𝒆𝒕 Modeling
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• Model	𝑡 ̅𝑡	background	using	𝑡 ̅𝑡	(5FS),	𝑡 ̅𝑡𝑏Y𝑏	(4FS)	and	𝑡 ̅𝑡4𝑏	simulations

12/17/24 Wei Wei (UC Davis)

𝑡 ̅𝑡	(5FS) 𝑡 ̅𝑡4𝑏𝑡 ̅𝑡𝑏𝑏(4FS)

𝑡 ̅𝑡 + 𝑙𝑓
𝑡 ̅𝑡 + 𝑐𝑐

𝑡 ̅𝑡 + 𝑛𝑏

𝑡 ̅𝑡 + 𝑚𝑏

𝑡 ̅𝑡	background

𝑔𝑔	 → 𝑡 ̅𝑡𝑔 + 𝑭𝑺	𝒔𝒑𝒍𝒊𝒕𝒕𝒊𝒏𝒈𝒔𝑔A𝑏 	→ 𝑡 ̅𝑡𝑏 + 𝑰𝑺	𝒔𝒑𝒍𝒊𝒕𝒕𝒊𝒏𝒈𝒔

1. t ̅t 5FS: additional b-tagged jets come from PS. Lower precision	but	
accurate	tuning	to	data.

2. t ̅tb'b 4FS: t ̅tb'b described through t ̅tb'b tree MEs, better modeling of t ̅t +
b	jets events.



Event Reconstruction
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• Minimum	𝜒&	method	for	ttHH,	ttZH	and	ttZZ	

• BDT	jet	assignment	method	–	JABDT

• Graph Attention based jet assignment	–	GATJA

12/17/24 Wei Wei (UC Davis)

Private work (CMS simulation)Private work (CMS simulation)

https://publish.etp.kit.edu/record/21733


Analysis Strategy

1010

• Multi-classification	DNN	to	separate	events	into	one	output	node.

𝐵𝐿𝑅

Kinematics

BDT-based	event	
reconstruction	(SL)

Attention-based 
NN event 

reconstruction 
(DL)

𝑡 ̅𝑡𝐻𝐻

𝑡 ̅𝑡𝐻

𝑡 ̅𝑡𝑍𝐻

𝑡 ̅𝑡𝑍𝑍

𝑡 ̅𝑡𝑍

𝑡 ̅𝑡𝑏𝑎𝑟

Fully	Connected	
Layers

SL

DL

12/17/24 Wei Wei (UC Davis)

Private work (CMS simulation)

Private work (CMS simulation)



DNN Discriminators

1111

• Construct	final	discriminators	from	the	highest	output	score	of	DNN,	for	SL	(left)	and	DL	(right)

12/17/24 Wei Wei (UC Davis)

Private work (CMS data/simulation)
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Asimov Results - Simultaneous binned profile likelihood fit 
 

DL channel – Run2

SL channel - Run2

12/17/24 Wei Wei (UC Davis)
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Asimov Results - Simultaneous binned profile likelihood fit 
 • SL + DL Combined

12/17/24 Wei Wei (UC Davis)
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Summary
• 𝑡 ̅𝑡𝐻𝐻 is a critical and upcoming analysis at LHC Run 3 and HL-LHC
• Provides direct measurement of the top Yukawa and Higgs trilinear coupling, highly complementary to 

direct HH searches
• Full Run 2 result is important milestone for this physics program:

• We have created a robust analysis for both the SL and DL decays of the 𝑡 ̅𝑡 pair, along  with HH -> 4b 
to maximize the BR

• Prepare for Moriond this winter, publication in 2025

12/17/24 Wei Wei (UC Davis)
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Systematics

[3] CMS-PAS-FTR-21-010, 
http://cds.cern.ch/record/2804085?ln-en.
[10] LHC Higgs Cross Section WG 1610.07922 
[30] J. Alwall et al. JHEP 07 (2014) 079 [1405.0301]. 
[35] NNLO+NNLL top-quark-pair cross sections: ATLAS-CMS 
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/TtbarNNLO. 

Free	parameters
• ttH	rate
• ttbar	rate

QCD	scale	and	PDF+𝛼'	scale	

12/17/24 Wei Wei (UC Davis)

http://cds.cern.ch/record/2804085?ln-en


DNN Discriminators
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• Construct	final	discriminators	from	the	highest	output	score	of	DNN,	for	SL	(left)	and	DL	(right)

12/17/24 Wei Wei (UC Davis)
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