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Abstract

The Standard Model E! ective Field Theory (SMEFT) introduces higher-dimensional

operators to the Standard Model Lagrangian. This allows for the exploration of

deviations from its predictions in a systematic manner. The main focus of this

study is to examine the e! ects of SMEFT coe" cients on ttH(bb) which involves

the production of top-quark pairs in association with a Higgs boson and the subse-

quent decay of the Higgs into a pair of bottom quarks observables in the simpli®ed

template cross-section (STXS) measurements using advanced computational tools

EFT2Obs and NanoAOD-tools. These tools enable us to analyze the impact of

higher-dimensional operators and assess deviations from the Standard Model (SM).

This study is speci®cally designed to be used with CMS Run 2 Higgs combination.
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1 Introduction

Since the discovery of the Higgs boson with a mass of approximately 125 GeV in

2012 by the ATLAS [4] and CMS [5] Collaborations, these aspects of the SM are also being

studied and measured with increasing precision of the Higgs boson's main production

cross-sections and decay rates. All measurements of cross-sections for producing SM

particles at the LHC agree with theoretical predictions, considering both the uncertainties

of theory and experiment. Predictions for many Higgs decays have also been successful

for the Higgs boson production by gluon-gluon fusion (ggF), weak vector-boson fusion

(VBF), association with a weak vector boson (VH, where V = W or Z), and association

with a top-antitop pairs (ttH) [8]. The Standard Model (SM) predictions for many Higgs

decays have also been successful. These have enabled the couplings of the Higgs boson

to many SM particles, including the! , ! , b, W, Z, and t to be measured [6].

The main production processes in this studied is a pair of topquarks (ttH) and

the decay channels considered are those to bosons H! bb. Throughout this report, no

distinction is made between particles and antiparticles. The cross sections measurements

are performed in phase-space regions (particle-level bins) using the simpli®ed template

cross-section (STXS) [2] framework. The stage 1.2 of STXS is used, allowing for ttH

measurements. These measurements are then used to constrain anomalous couplings in

the Standard Model E! ective Field Theory (SMEFT) [6]. This framework describes the

SM as a low-energy manifestation of a more complete Beyond theStandard Model (BSM)

theory using additional higher-dimensional operators that modify the tensor structure of

Higgs boson couplings. There could be additional interactions beyond those in the SM, of

dimension 6 or more, which could be generated by the exchanges of massive particles as

yet undetected. These interactions might involve the Higgs ®eld alone, or in combination

with other SM ®elds or only other ®elds. They should all be analyzed together to enable

the indirect search for new physics beyond the SM via higher-dimensional interactions to

be as powerful and model-independent as possible.

2 Observable of Higgs and ttH to bb channel

Precision measurements of the properties of the Higgs boson are crucial in under-

standing the SM and discovering new phenomena not describedby it. The measurements
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must verify the SM's validity and con®rm fundamental physics consistency. Thedi! er-

ence between experimental results and the SM's calculations could indicate a discrepancy

between our current understanding of fundamental physics and reality. The Higgs bo-

son is under careful investigation as part of the ongoing Large Hadron Collider (LHC)

program. Furthermore, a proposal is to build lepton collider-based Higgs factories as a

potential advancement beyond the LHC. The main objective of these factories would be

to precisely measure the properties of the Higgs boson and explore any potential new

physics related to it.

In the SM, Higgs boson production at the LHC occurs four main mechanisms are

predicted for Higgs boson production in pp collisions: the gluon-gluon fusion, vector-

boson fusion, association with top quark. In this case, we only focus on ttH.

Figure 1: The Production of Higgs boson

3 Simpli®ed template cross-section (STXS)

The STXS refers to physical cross-sections that are de®ned inspeci®c regions of

phase space of the SM Higgs production processes. These regions are known as bins

and are based on the kinematics of the Higgs boson, associated jets, W and Z bosons,

and independently of the Higgs boson decay process. The criteria for selecting these
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regions are based on three factors: sensitivity to deviations from the SM expectation,

avoidance of signi®cant theory uncertainties in the corresponding SM predictions, and

approximately matching experimental selections to minimize model-dependent extrapo-

lations [?]. The STXS o! ers a more detailed understanding of how the Higgs is created

in di! erent situations for individual Higgs production modes in various kinematics re-

gions and reduces the theoretical uncertainties directly folded into the measurements.

They also allow for multivariate analysis techniques and provide a common framework

for combining measurements in di! erent decay channels and eventually between experi-

ments. The measurements in this report focus on the divisions de®ned by the stage 1.2

version of the STXS framework.

The kinematic cuts used to de®ne the bins are more straightforward than the ex-

act ®ducial volumes used in individual analyses for variousHiggs decay channels. The

STXS is inclusive in the Higgs boson decay. We measure these scenarios using common

categories that all analyses can employ. This approach allows for a subsequent global

combination of all measurements in di! erent decay channels and from ATLAS and CMS.

The SM branching ratios can be assumed as additional free parameters when combin-

ing measurements in di! erent decay channels. Although simpli®ed to allow for di! erent

measurements, the bin de®nitions are as close as possible to the typical experimental

kinematic selections or, more generally, the kinematic regions that dominate the exper-

imental sensitivity. The goal is to permit the use of advanced analysis techniques, such

as event categorization or multivariate techniques, to achieve maximum sensitivity while

still avoiding any unnecessary extrapolations and reducing dependence on theory predic-

tions and uncertainties folded into the measurements as much as possible. The second key

feature of STXS is that it is de®ned for speci®c production modes, using SM production

processes as kinematic templates. This separation into production mode helps reduce

the extent to which our measurements rely on any particular production mode over oth-

ers. Consequently, we decrease the impact of relying too heavily on speci®c theoretical

predictions.
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4 Standard Model E ! ective Field Theory (SMEFT)

L SMEF T = L SM +
Nd6!

i

ci

" 2
O(6)

i +
Nd8!

j

cj

" 4
O(8)

j + ... (1)

In certain theories that go beyond the SM, heavy particles can cause interactions that

involve more than the typical four dimensions. These interactions can help us understand

the makeup of these extensions. For example, the mechanism that explains the masses

of light neutrinos can be attributed to a higher-dimensional interaction that occurs when

massive particles are exchanged. It's interesting to note that the way neutrinos mix is

di! erent from quarks, which is a result of this underlying framework and could indicate

new physics beyond the electroweak interaction scale.

The Standard Model E! ective Field Theory (SMEFT) is a useful tool for eval-

uating a wide range of LHC and other measurements. It is based onthe assumption

that the quantum numbers of SM particles are correct, which determines the structure

of dimension! 4 terms in the Lagrangian. However, it is understood that thismodel is

incomplete. To account for this, the framework includes additional higher-order interac-
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tions that follow the symmetries of the SM. By analyzing Higgs data alongside electroweak

precision measurements, diboson, and top data, these interactions are constrained. This

analysis can be used to explore the possibilities of physicsbeyond the SM in a broad

and model-independent way. In¯uential ®eld theories provide a model-independent ap-

proach that can be systematically improved with higher-order perturbative calculations

to characterize the e! ects of BSM theories that reduce to the SM at low energies. In the

SMEFT, the e! ects of BSM dynamics at energy scales that are larger than theHiggs

vacuum-expectation-value can be described in terms of higher-dimensional operators.

These operators are constructed from the SM ®elds and respect its symmetries.

5 Parametrization of SMEFT for ttH

In order to constrain SMEFT coe# cients is to start with STXS measurements.

The coe# cients parameterize each cross section bins as a function ofthe relevant Wilson

coe# cients, and the best-®t values and associated con®dence intervals can be determined.

The cross sections parameterization can be obtained by Monte Carlo (MC) simulation,

incorporating an EFT Lagrangian model. This approach does not require a full detector

simulation of the events so that new models can be easily applied to existing analyses.

However, it is limited in assuming no change in experimental acceptance due to the non-

SM kinematics. The cross section for bin i can be expressed as the sum shown in (2),

where" int
i is the leading term in the EFT expansion, and" BSM

i is the SM-independent

term.

" SMEF T
i = " SM

i + " int
i + " BSM

i (2)

Dividing through by the SM cross section," SM
i , provides a scaling function for each

bin, ! i , which parametrizes deviations in the cross section in terms of theci parameters.

The general form of the scaling function is given in (3).

! i = 1 +
!

j

A i,j ci +
!

j,k

B i,jk cj ck (3)
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5.1 EFT2Obs

EFT2Obs is a tool that automatically parametrizes the e! ect of EFT coe# cients

using MadGraph5_aMC@NLO[1] with the SMEFTsim model [3]. This enables the calcula-

tion of cross sections and the de®nition of Higgs STXS, bridging the gap between the

theoretical framework of SMEFT and experimental data. Thesecoe# cients represent

deviations from the Standard Model and how they in¯uence particle-level processes by

introducing higher-dimensional operators. SMEFTsim allows for systematic exploration

of their e! ects on physical observables using EFT Lagrangian model. It also o! ers several

di! erent symmetry assumptions for the SMEFT operator basis, enable to explore var-

ious theoretical scenarios, including a fully ¯avor-general SMEFT, U(3)5-SMEFT with

non-Standard Model phases, and a Minimal Flavour Violating (MFV)version. Moreover,

EFT2Obs de®nes STXS through RIVET [?]. This is crucial for analyzing Higgs boson

production in di! erent channels and allows for a more detailed study of how SMEFT

coe# cients in¯uence Higgs production and decay processes. Rivet is a platform that pro-

vides the necessary infrastructure and tools for ttH STXS. These analyses help validate

event generator models and tunings with minimal e! ort and maximum portability. It is

designed to e! ectively scale to large numbers of analyses for truly global validationusing

an automated result caching system. Additionally, Rivet performs the STXS classi®ca-

tion and has been updated to implement the stage 1.2 scheme which is the ®rst version

for ttH. The bins de®ned for each production process are as ®gure 2.

Figure 3: EFT2Obs Process
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5.2 NanoAOD-tools

In real analysis, phase space is modi®ed by event selection.SMEFT prediction

produced for all ttH events might not represent the analysis phase space correctly. Since

it is costly and time-consuming to generate SMEFT events, we reweight SM samples

using Madgraph Matrix Element reweighting with NanoAOD-tools. In the sequences of

analysis, models are reweighted after generate the events and need to adjust simulated

MC event samples to better match the observed data. NanoAOD-tools are software

tools designed to work with CMS data in the NanoAOD format, which is a compact and

e# cient data storage format. In this work, we use POWHEG [7] as anevents generator

and use NanoAOD-tools to reweight events and coe# cient operators.

6 Compared measurement

The di! erence between ratio of the SMEFT cross sections and ratio of the SM

cross sections are shown in Figure 4 and indicate there are more sensitivity at high pT

which refer to EFT introduce shape e! ect especially noticable in largepT (H ) range.
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Figure 4: The comparison between the SM cross sections and theSMEFT cross sections

Corresponding to in terms of Wilson coe# cient cG at each bin ofpT in Figure 5,
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the di! erence between POWHEG events and with selection is growing up with pT and

acceptance e! ects become non-negligible in highpT of Higgs region.
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Figure 5: Parametrisation ofcG of EFT operators at pT (H ) in each bin in unit of GeV

By the way, Figure 6 shows the discrepancy of SMEFT operatorscH " and the SM

predictions. However, because of time limitations, the result is not to be explored.
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Figure 6: Parametrisation ofcH " of EFT operators at pT (H ) in each bin in unit of GeV
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Table 1: Parametrisation of EFT operators at each bin of the STXSfor POWHEG events

0 < pH
T < 60

1 + 0.02 cg + 0.12 cH " + 0.46 cHG + 0.02 c8
qu + ! 0.00 cuG + ! 0.00 cuH +

0.97 cg
2 + 0.00 cg cH " + ! 0.05 cg cHG + 0.00 cg c8

qu + ! 0.00 cg cuG +
! 0.00 cg cuH +0.00 cH "

2+0.03 cH " cHG +0.00 cH " c8
qu+ ! 0.00 cH " cuG +

! 0.00 cH " cuH + 0.15 cHG
2 + 0.00 cHG c8

qu + ! 0.00 cHG cuG +
! 0.00 cHG cuH +0.00 c8

qu
2+ ! 0.00 c8

qu cuG + ! 0.00 c8
qu cuH + ! 0.00 cuG

2+
! 0.00 cuG cuH + ! 0.00 cuH

2

60 < pH
T < 120

1 + 0.06 cg + 0.12 cH " + 0.53 cHG + 0.02 c8
qu + ! 0.00 cuG + ! 0.00 cuH +

1.27 cg
2 + 0.00 cg cH " + ! 0.05 cg cHG + 0.00 cg c8

qu + 0.00 cg cuG +
0.00 cg cuH +0.00 cH "

2 +0.03 cH " cHG +0.00 cH " c8
qu + ! 0.00 cH " cuG +

! 0.00 cH " cuH + 0.22 cHG
2 + 0.01 cHG c8

qu + ! 0.00 cHG cuG +
! 0.00 cHG cuH +0.00 c8

qu
2+ ! 0.00 c8

qu cuG + ! 0.00 c8
qu cuH + ! 0.00 cuG

2+
! 0.00 cuG cuH + ! 0.00 cuH

2

120< pH
T < 200

1 + 0.14 cg + 0.11 cH " + 0.64 cHG + 0.03 c8
qu + ! 0.00 cuG + ! 0.00 cuH +

2.51 cg
2 + 0.01 cg cH " + ! 0.04 cg cHG + 0.00 cg c8

qu + ! 0.00 cg cuG +
! 0.00 cg cuH +0.00 cH "

2+0.05 cH " cHG +0.00 cH " c8
qu+ ! 0.00 cH " cuG +

! 0.00 cH " cuH + 0.44 cHG
2 + 0.01 cHG c8

qu + ! 0.00 cHG cuG +
! 0.00 cHG cuH +0.01 c8

qu
2+ ! 0.00 c8

qu cuG + ! 0.00 c8
qu cuH + ! 0.00 cuG

2+
! 0.00 cuG cuH + ! 0.00 cuH

2

200< pH
T < 300

1 + 0.29 cg + 0.11 cH " + 0.76 cHG + 0.04 c8
qu + ! 0.00 cuG + ! 0.00 cuH +

5.67 cg
2 + 0.02 cg cH " + 0.06 cg cHG + 0.00 cg c8

qu + ! 0.00 cg cuG +
! 0.00 cg cuH +0.00 cH "

2 +0.07 cH " cHG +0.00 cH " c8
qu +0.00 cH " cuG +

! 0.00 cH " cuH + 1.00 cHG
2 + 0.02 cHG c8

qu + ! 0.00 cHG cuG +
! 0.00 cHG cuH +0.01 c8

qu
2 +0.00 c8

qu cuG + ! 0.00 c8
qu cuH + ! 0.00 cuG

2 +
! 0.00 cuG cuH + 0.00 cuH

2

300! pH
T

1 + 0.63 cg + 0.11 cH " + 0.89 cHG + 0.07 c8
qu + ! 0.00 cuG + ! 0.00 cuH +

17.94 cg
2 + 0.02 cg cH " + 1.10 cg cHG + 0.01 cg c8

qu + ! 0.00 cg cuG +
! 0.00 cg cuH +0.01 cH "

2+0.23 cH " cHG +0.00 cH " c8
qu+ ! 0.00 cH " cuG +

! 0.00 cH " cuH + 3.35 cHG
2 + 0.04 cHG c8

qu + ! 0.00 cHG cuG +
! 0.00 cHG cuH +0.04 c8

qu
2+ ! 0.00 c8

qu cuG + ! 0.00 c8
qu cuH + ! 0.00 cuG

2+
! 0.00 cuG cuH + 0.00 cuH

2
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Table 2: Parametrisation of EFT operators at each bin of the STXSfor POWHEG events
with selection

0 < pH
T < 60

1 + 0.04 cg + 0.12 cH " + 0.44 cHG + 0.02 c8
qu + ! 0.00 cuG + ! 0.00 cuH +

1.00 cg
2 + 0.00 cg cH " + ! 0.04 cg cHG + ! 0.00 cg c8

qu + ! 0.00 cg cuG +
! 0.00 cg cuH +0.00 cH "

2+0.03 cH " cHG +0.00 cH " c8
qu+ ! 0.00 cH " cuG +

! 0.00 cH " cuH + 0.14 cHG
2 + 0.00 cHG c8

qu + ! 0.00 cHG cuG +
0.00 cHG cuH +0.00 c8

qu
2 + ! 0.00 c8

qu cuG + ! 0.00 c8
qu cuH + ! 0.00 cuG

2 +
! 0.00 cuG cuH + ! 0.00 cuH

2

60 < pH
T < 120

1 + 0.07 cg + 0.11 cH " + 0.51 cHG + 0.02 c8
qu + ! 0.00 cuG + ! 0.00 cuH +

1.36 cg
2 + 0.00 cg cH " + ! 0.04 cg cHG + 0.00 cg c8

qu + ! 0.00 cg cuG +
! 0.00 cg cuH +0.00 cH "

2+0.03 cH " cHG +0.00 cH " c8
qu+ ! 0.00 cH " cuG +

! 0.00 cH " cuH + 0.21 cHG
2 + 0.00 cHG c8

qu + ! 0.00 cHG cuG +
! 0.00 cHG cuH +0.00 c8

qu
2+ ! 0.00 c8

qu cuG + ! 0.00 c8
qu cuH + ! 0.00 cuG

2+
! 0.00 cuG cuH + ! 0.00 cuH

2

120< pH
T < 200

1 + 0.14 cg + 0.11 cH " + 0.63 cHG + 0.03 c8
qu + ! 0.00 cuG + ! 0.00 cuH +

2.31 cg
2 + 0.01 cg cH " + ! 0.01 cg cHG + 0.00 cg c8

qu + ! 0.00 cg cuG +
! 0.00 cg cuH +0.00 cH "

2+0.05 cH " cHG +0.00 cH " c8
qu+ ! 0.00 cH " cuG +

! 0.00 cH " cuH + 0.40 cHG
2 + 0.01 cHG c8

qu + ! 0.00 cHG cuG +
! 0.00 cHG cuH +0.00 c8

qu
2+ ! 0.00 c8

qu cuG + ! 0.00 c8
qu cuH + ! 0.00 cuG

2+
! 0.00 cuG cuH + ! 0.00 cuH

2

200< pH
T < 300

1 + 0.28 cg + 0.11 cH " + 0.78 cHG + 0.04 c8
qu + ! 0.00 cuG + ! 0.00 cuH +

4.89 cg
2 + 0.01 cg cH " + 0.13 cg cHG + 0.00 cg c8

qu + 0.00 cg cuG +
! 0.00 cg cuH +0.00 cH "

2 +0.07 cH " cHG +0.00 cH " c8
qu +0.00 cH " cuG +

0.00 cH " cuH +0.89 cHG
2+0.02 cHG c8

qu+ ! 0.00 cHG cuG +0.00 cHG cuH +
0.01 c8

qu
2 + 0.00 c8

qu cuG + 0.00 c8
qu cuH + ! 0.00 cuG

2 + 0.00 cuG cuH +
! 0.00 cuH

2

300! pH
T

1 + 0.53 cg + 0.11 cH " + 0.94 cHG + 0.07 c8
qu + ! 0.00 cuG + ! 0.00 cuH +

11.66 cg
2 + 0.02 cg cH " + 0.86 cg cHG + 0.00 cg c8

qu + 0.00 cg cuG +
0.00 cg cuH + 0.01 cH "

2 + 0.15 cH " cHG + 0.00 cH " c8
qu + 0.00 cH " cuG +

0.00 cH " cuH +2.28 cHG
2+0.04 cHG c8

qu+ ! 0.00 cHG cuG +0.00 cHG cuH +
0.02 c8

qu
2 + 0.00 c8

qu cuG + 0.00 c8
qu cuH + ! 0.00 cuG

2 + 0.00 cuG cuH +
! 0.00 cuH

2
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7 Conclusions

The studies of SMEFT in parametrizing the dimension-6 operators of ttH channel

in the STXS measurements show the critical role that SMEFT plays in extending the ca-

pabilities of the SM. While the SM has been a remarkable framework for understanding

particle interactions, it leaves numerous fundamental questions unanswered. SMEFT,

with its introduction of higher-dimensional operators, steps forward as a bridge to the

experiment and a theoretical framework that allows us to systematically probe deviations

from SM's predictions. The study has mainly focused on the ttH(bb) channel, where the

production of a top-quark pair accompanies a Higgs boson. Within this channel, SMEFT

has demonstrated its sensitivity and power. We have employedadvanced computational

tools such as EFT2Obs to parametrize the e! ects of SMEFT coe# cients and systemati-

cally explore their in¯uence on observables. Our ®ndings reveal that the ttH(bb) channel

is grounds for probing new physics phenomena. Sensitivity in the highpT (H ) region

suggests deviations from the SM. Moreover, acceptance e! ects are signi®cant, especially

at high pT , emphasizing the complicate between theoretical predictions and experimental

realities. We also value reweighting techniques to align MCsimulations with POWHEG

events for precision in data analysis. This precision will be used in CMS Run 2 Higgs

combination and guide future experiments.
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