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Introduction

e The SM has been successful, compatible with all experimental measurements, and no
evidence of light states are present till now

e This indicates BSM physics may reside at somewhat higher scale

e This motivates to interpret deviations from the dim=4 SM Lagrangian predictions in

terms of an EFT:

Lsyerr = Lsu + % S Ci( ) 01(36)

e There can be 59 independent set of operators in dim=6 EFT expansion
e In this work, we focus on operators related to the tHq process and mainly affecting
top-quark interactions which can be a sensitive probe for new physics having

close relation to EWSB



SMEFT operators affecting tHq production

e Symmetry assumption, to focus on top quark related operators

U(3); xU(3)e xU(2)g x U(2)y x U(3)g =U(2)* x U(3)®

e Relevant operators (Warsaw basis)
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e The operators affecting HWW vertex are found not to be much sensitive and are constrained

mainly by EW precision data
e 5 operators are relevant
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Constraints on Wilson Coefficients
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relevant and recent

% There exists constraints from global fits of operators

=

Most relevant experimental data

— >~

~

Higgs data Top data
ttH, tHq, tHW| [single top, ttZ,ttW, tZq, t W

(JHEP 04 (2021) 279, JHEP 11 (2021) 089)

% Some recent measurements sensitive to the chosen operators are not included
% Wetryto find acomplementary approach of constraining with a subset of data which are most

Calculation of expressions of observables

SMEFTatNLO
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MadGraph+Madspin
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Variation of cross-section with C{?)

v

Vary WCs to get list of cross-section

Polynomial Fit

:

\ o) (C) = gl 43 CiB; + >i<j CiCivij

TMINUIT with MIGRAD |«

Cip — —0.79117

X2 minimization

Best-Fit values

Cot — 0.9711
|C<(;)C)2 — 14“:88

¢t — —3.771

Cw — —1.36117%




Constraints on Wilson Coefficients (continued)

« Fits are carried out for both linear and quadratic order in WCs
% Both for individual operator at a time or combined fit of all operators

% Quadratic fits was seen to put much stronger constraints

Information Matrix (Iij) (Phys.Rev.D 95 (2017) 7, 073002)

sm e eft) eft) t) ejt
Lij = E [Zm 1 6,1 - (7'7t,-¢i.'l (Us,, : as"zp)) ( 5"f; t+ Zl m{l ) ( f:i{’ + Zl' Cr 7"'{”))):“

Diagonal entries for each dataset Normalized to 100

% Provides a quantitative measurement of the 0(3) nggz) G Cw On
information about the parameters that one

can derive from a set of observations tH 157 156 164 [ﬁ] 18.5

ttH 2.4 04 3.7 (921 1.2

— . tj (79.6 | 0.4 04 0.8 184

Relative size of Relative effect a

normalised entries of given dataset puts on vV 23 [553)(41.6 ) 0.6 04

diagonalised I;; different operators tZ 150.1 I37.2] 0.2 0.003 124

tW (64.0 | 0.7 0.1 0.002 @ 35.1




Implications at the LHC

What effects can we see in the distributions at the LHC?

= Unlike other processes like ttH, ggH etc., tHq poses the
bw— tH scattering sub amplitude (JHEP 10 (2019) 004)

- Thisresults in an energy growth for specific operators

> We use H—bb decay mode

- We consider both leptonic and hadronic decay mode
of Top-quark

Simulation

SMEFTatNLO || MadGraph —»| PYTHIA8 |—»{ Delphes

Event selection

- One reconstructed Higgs Jet
e For boosted region, tagging CA8 fat-jets with two b-like subjects

and [100,150] mass window
e For non-boosted region, using combination of AK4 b-jets

- Oneisolated lepton (for leptonic final state)

- Onereconstructed Top Jet (for hadronic final state)
e Using HEPTopTagger, in boosted region

- Atleast one extra AK4 jet with pT>30 GeV
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Distributions at reconstructed level (Leptonic final state)

Non-boosted (pT(H) <300 GeV) Boosted (pT(H) >300 GeV) Selections
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Distributions at reconstructed level (Hadronic final state)
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Estimation of backgrounds (Leptonic final state)
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% We have considered the following
backgrounds:
— 2
tt, ttH, ttZ, ttbb, ttW, WH g
% Following selections were imposed 2
(2]

1 HJ + 1 lepton+ > b — jet+ > 1 Other jets

7/

« Significant excess of events can be
observed at 300 fb! luminosity
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Estimation of backgrounds (Hadronic final state)
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% We have considered the following
backgrounds:

ttH, %, ttbb, ttZ, ttW

% Following selections were imposed

1 HJ + 1 Top — J+ > 1 Other jets

« Significant excess of events can be
observed at 300 fb! luminosity
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s Top quark interactions have important footprints of EWSB

s Within SMEFT framework, these interaction can be probed through tHq process

% Using various relevant and recent measurements, the set of operators are constrained

% The implications at the collider are studied using the best-fit values

% Distinguishable deviations from SM can be visible

% A signal background simulation shows promising signal significance in pT-binned
analysis 300 fb™’
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Angular distributions (hadronic final state)
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ttH, tHqg measurements used in fit

Process observable £ (fb™!) Value Ref.
ATLAS ttH, H — bb I 79.8 0.790:55 Phys. Lett. B 784 (2018) 173
ttH, H — ZZ(4¢) p 79.8 < 1.77 at 68% CL  Phys. Lett. B 784 (2018) 173
ttH, H — Multilepton m 79.8 156005 Phys. Lett. B 784 (2018) 173
CMS ttH, H — bb I 35.9 012500 JHEP 03 (2019) 026
ttH, H — ZZ(4¢) m 137 0.1673% Eur. Phys. J. C 81 (2021) 488
ttH, H — Multilepton T 35.9 123t JHEP 08 (2018) 066
tHq + thW, combined o 35.9 0.9 pb Phys. Rev. D 99, 092005 (2019)

« Dedicated ttH, tHg measurements are not generally used in previous fits
s Important for operators related to top-Higgs coupling



Singletop measurements used in fit

Process observable £ () Value
tj (t-channel) Ttot(t) 35.9 130419 pb gggs(.zl(_ﬁg.)s
tj (t-channel) Ttot (t) 35.9 7112 pb 135042
CMS | tj (t-channel) (1/0)do/d|yt*| 2.3 0.64+0.14(bin 1) . _
55 £ 0.12(bin 2) 6-004

0.18 £ 0.08(bin 4
(1/0)do /d|yt| 35.9 0.58 £ 0.15(bin
0.53 £ 0.08(b1n 6
0.5 £ 0.09(bin 7)
0.47 + 0.09(bin 8)
0.26 & 0.02(bin 9)
ATLAS | tj (t-channel) Oot (t) 3.2 156+28 pb JHEP 04 (2017) 086
tj (t-channel) Ttot (t) 3.2 91+19 pb

(

O 50 £ 0.12(bin 3
(
(

Eur. Phys. J. C
80 (2020) 370

vvvvvv




ttV measurements used in fit

Process  observable L (fb™!) Value
ttZ Ttot 36.1 0.95£0.13 pb  phys. Rev. D 99,
ttW Ttot 36.1 0.87+0.19 pb 072009 (2019)
ATLAS ttZ (1/0)do /dp% 139 0.0018 4 0.0013(bin 1) Eur. Phys. J. C 81

, (2021) 737
0.0055 £ 0.0025(bin 2)

0.0053 % 0.002(bin 3)

0.0057 + 0.0015(bin 4)
0.0022 + 0.00085(bin 5)

0.0006 + 0.0004(bin 6)
0.0006 + 0.00025(bin 7))

CMS ttZ Ctot 35.9 0.9940.14 pb JHEP 08 (2018) 011
ttW Ctot 35.9 0.77+0.17 pb JHEP 08 (2018) 011
ttZ Tk 77.5 0.95+0.08 pb JHEP 03 (2020) 056
ttZ  (1/o)do/dpZ 74t 0.004 4+ 0.001(bin 1)  JHEP 03 (2020) 056

0.005 = 0.0009(bin 2)
0.0022 £ 0.0005(bin 3)
0.0003 + 0.0001 (bin 4)
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tV measurements used in fit

Process observable £ (fb™1) Value
tZq(lt,2¢) o 138 622173 fb  JHEP02(2022) 107
CMS | tZq(1,2¢) Tot 138 26.1126 fl,  JHEP 02 (2022) 107
tW Otot 36 89+13 pb JHEP 11 (2021) 111
tW Ctot 35.9 63+7 pb JHEP 10 (2018) 117
tZ 1/odo /dp% 138 0.1 £ 0.035(bin 1) JHEP 02 (2022) 107

0.1 % 0.03(bin 2)
0.035 £ 0.015(bin 3)
0.01 £ 0.0075(bin 4)
ATLAS tZ Ttot 139 97+15 pb JHEP 07 (2020) 124
tW F 3.9 947:32 pb JHEP 01 (2018) 63




Fisher Information Matrix

— (Phys.Rev.D 95 (2017) 7, 073002)
Iij((—j) — _E [azf(xc)} —> {(X|C) is the distribution of the experimental

dc; Oc; measurements X given the true values of WCs C

=> The smallest achievable uncertainty can be obtained by the Cramer-Rao bound

~1
Cy 2> Iij

- Considering f(X|é) a Gaussian distribution, the FIM can be expressed as.

I‘l_) =F [Zm 1 6;," ('Y-m,i_-) (ag;':m) Ussrp)) (ﬁ$§{t + Z[ (eft ) (3&:? + Zl' “ Gy e{;')))]

) ) r N
(3) i _ _ i
C¢Q 212.4 1.9 1.8 1.0 55.5 223.5 Example:
) CgEsZ)) —-1.9 0.02 —1.5 —1.6 —0.9 —1.1 Results for
C = Ca -1.8 -—-15 -0.03 1.1 —0.8 —1.2 single-top data
Cis -1.0 -1.6 1.1 0.12 —-0.8 2.3
Ciw | 5.5 —-09 —-0.8 —-0.8 —40.1_ —51.5
I i . v,
Basis FIM Eigen-values

-> Single-top data mostly affects 0;2 and Cyw



Higgs-Jet reconstruction

¢ Fat jet reconstruction % Ordinary jet reconstruction
e Used Fastjet3.3.4 and Delphes e-flow objects e Anti-KT algorithm, R=0.4
e CAalgorithm, R=0.8 e pT (jet) > 30 GeV, |n| <4.0

e pT (jet) > 300 GeV, |n| <4.0

Higgs jet reconstruction

% For the non-resolved category, Higgs

® Inresolved category, pair of b-jets giving
bosons can be reconstructed as a fat jet

invariant mass closest to 125 GeV are

I
|
|
: identified
|
= Fat-jets > MDTagger | | ® If 100 GeV <m(bb) <150 GeV, assign the

! resultant 4-momentum to Higgs-Jet
P
|
. Higgs Jet |«— b-matching | |
s & |
|

L For b-matching. sub-jets are matched with b-quarks of the event
A Used AR <0.3, |n|<2.5

A Also cross-checked the procedure by confirming presence of b-hadrons inside the

tagged b-jets
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Warsaw Basis - |

JHEP 10 (2010) 085

X3 (PB and (P4 D2 ,¢,2 (p3
Qe | fABCGHGE G || Q, (plp)® Qe (') (lpere)

G | FABCGIGEGSH | Qo | (¢'o)O(ely) || Que | (#0)Gud)
Qw | KWIWIWS | Qoo | ('DH0)” (¢'Dyp) | Qap | (910)(Gpdre)
Q| KWW Iow ke

X2 902 ,'/)2 X @ ,¢2 (P2 D
Qo | ¢'0GAG* | Q| Gome)roWl, | QR | (¢liDue)(pr*l)
Qi | ¢'0GAGCY™ | Qb | (o*e)pBu | QX | (0Dl o)(r'vH)
Qew oty W;fu W Quc | (Gpo WAy ) Gﬁu Qe (¢l B u ) (Epr*er)
Qv | PeWLW™ | Quw | (Go™u)dWL, | Q% | (¢'iD,¢)@*a)
QeB olp B, B*" QuB (30" ur)P Buy gg (‘P*’i B,f ) (qp"'l'}'"qf)
Qp | ¢0BuB” | Qi | (%" Td)pGh | Qu | (¢'iD,e)(Eru,)
Qows | ¢reWLB* | Qaw | (Go™d) o WL, | Qua | (¢'iD,¢)(dyr*dyr)
Qe | P'T'oWLB*™ | Qus | (%0"d)0Bu | Quua | i Dup) @y dy)




Warsaw Basis - ||

JHEP 10 (2010) 085
(LL)(LL) (RR)(RR) (LL)(RR)
Qu (Lyule) (L") Qe (EpYuer) (€ er) Qe (L yulr) (Es7 er)
aq (@ V9 )(@s7"qt) Quu (TpYuter) (s us) Qiu (Lryuly) (s 7" ue)
9 | @)@ ) | Qu | ([pnud)(dertd) | Qu | Gyl (deydy)
QY | Gmb)@re) | Qu |  @Ee)@aru) | Qe | (@ua)(Erer)

Qfg) (l-p"!'u"'llr) (@7*7'q) || Qed (€pyuer) (Js")'" dy) gt) (TpYugr) (s ur)
Sg (ﬁp'Yu“r)(Js'Y“dt) S;?;) (‘7p7pTA9r)(ﬁa7“TAU¢)

O | @nTAu) @y TAd) || Q%) | (@ruar) oy de)
QS} (q-p'YpTAQr) (d—s'Y“TAdt)

(LR)(RL) and (LR)(LR) B-violating
Qedg (Ber)(dsdl) Quug e [(d2)TCub] [(g¥)TCIE]
Qi | @u)en(@d) | Quu ePejx [(g9)Cqf¥] [(ul)Cel]
Qf:l,)qd (BT u,)en(qETAd,) || Qqqq e*PVe jkemn [(g29)TCP*| [(g™)TCIy]
Q| (Berein@u) | Quua £987 [(d2)TCuf] [(u7)TCe,]
Qlows | Bower)em(@a u)
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