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Introduction

« Higgs to fermionic final states represent ~ 70% of the
Higgs decays.

* Measurement of the Higgs coupling to fermions can
provide stringent tests of validity of SM.
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* Higgs to fermionic final states studied looking to 5

different production modes

* Qutline - only latest results using full Run 2 dataset:

e Coupling to third generation fermions:
« H— bb
- ttH
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» Simplified template cross-section (STXS) and
coupling interpretations
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» More info on Higgs to second generation fermions in Robert’s talk



https://agenda.infn.it/event/28874/contributions/169491/

ATLAS-CONF-2021-051

VH(bb) combination

« Best sensitivity for dominant H — bb decay in VH production due to high trigger
efficiency and background suppression when targeting V — lepton decays.

« VH(bb) final states studied by two analyses and significant overlap between the two

analyses .
Y Resolved analysis
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/
https://www.sciencedirect.com/science/article/pii/S0370269321001441
https://link.springer.com/article/10.1140/epjc/s10052-020-08677-2

VH(bb) combination: EFT interprefaﬁdn

» Parameterization of BSM effects using effective Lagrangian with dimension-6 operators in
the Warsaw basis: ZqMEFT = LM + Z ©) @(6)//\2

i

> c(6) = Wilson coefficient
N @(6) = dimension-6 operator
> A BSM scale

dependence on cl.(6)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/

Phys.Rev.D105(2022)092003

All-had H— bb analysis

$ * Analysis targeting boosted Higgs recoiling against a jet
| * Final state with two large-R jets: Leading Large-R Jet
At least one jet
pz450 GeV  Higgs candidate: QS’
2x b-tagged gg ‘O\’Ib ‘ <> @ @

VR track jets ° pT > 450 GeV m 60 GCV VRL
* 2 b-tagged VR track jets 20 2
T o <D | VRS -
v W — o -
o <® wn
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<) SRS
Fractional contribution for e E o . ' '
each signal production mode vent categorization
Process Jet pr range [GeV] « SR: SRL(SRS) in which the (sub-) lead. large-R jet is
250-450 450-650 650-1000 > 1000
SRL double b-tagged
gel - 0.56 050 039 * VR: to study multi-jet and V+jet model
VBF - 0.17 0.16 0.17
VH - 0.14 0.18 0.25 ° 11 1 1 1
s - 0l P Multl- jet production modelled using parametric
SRS function
F 0.28 0.46 0.43 . - .
%/gBF 0.07 0.19 0.21 - C—Rﬂ 1o Smdy top events;
e oo . « Requiring one hadronic top decay and one muonic

top decay
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.092003

Phys.Rev.D105(2022)092003

All-had H—>bb analysis- results
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.092003

VBF, H—bb analysis

VBE, H— bb all-had - Eur. Phys. J. C 81 (2021) 537

» Select events with 2 central b-tagged and 2 VBF-like jets

* Multi-jet bkg is suppressed and VBF purity is enriched .,
Main bkgs: QCD multi-jet and Z(bb)+jets

« VBF, H— bb + photon - JHEP 03 (2021) 268 T ias E
2 ] {s=13 TeV, 126 fb” ]

 Similar to the inclusive analysis but with an additional 5 goof- i E
photon ook s E

« Z(bb)+jets constrained directly from data

Photon

All Had.

Comb.
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Machine learning (BDTs and ANNSs) used to distinguish
signal from bkg and to define analysis categories.
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https://link.springer.com/article/10.1140/epjc/s10052-021-09192-8
https://link.springer.com/article/10.1007/JHEP03(2021)268

JHEP 06 (2022) 097

ttH(bb) analysis
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» Top-Yukawa coupling can be probed
directly with the 7H production

o(pp — H+X) [pb],

-
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» Strongest Yukawa coupling
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» Machine learning techniques used to classify the events and E 3

distinguish ¢##H and bkgs

11 +jets is the dominant bkg —constrained using CRs
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*lepton = electron or muon


https://link.springer.com/article/10.1007/JHEP06(2022)097

JHEP 06 (2022) 097

ttH(bb) analysis: results
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https://link.springer.com/article/10.1007/JHEP06(2022)097

arXiv:2201.08269

H — 7t analysis
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https://arxiv.org/abs/2201.08269

Conclusion

« Higgs decays into fermions extensively studied using Run 2 analyses

» Higgs decay into third generation fermions offers a unique opportunity to study the
Yukawa coupling with fermions

e Couplings to third generation fermions are very well established
* Good agreement with the SM predictions
* Cross-section measurements using the Simplified Template Cross-Section framework.

* Run 3 will offer exciting opportunity to further study fermion couplings — stay tuned!

G. Di Gregorio - ICHEP 2022
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STXS framework

* Framework for subdividing Higgs Boson measurements into orthogonal regions - STXS
bins [defined using generator level information]|

* (0 X B) measurement for each bin

« STXS bins chosen such that they:

 are defined by Higgs production modes;

e reduce theory uncertainties

ggF

tH

P [0,200]

* isolate regions potentially sensitive to BSM;

STXS stage 1.2 Higgs boson signal split according to

» production modes,

* number of jets

S

« invariant mass of the leading jets m

« Advantage: easy to combine different analyses. |

U
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Higgs candidate
reconstruction:

G. Di Gregorio

VH(bb) channel

Vector boson candidate reconstruction
e 7 — vD : Missing transverse momentum Eg”'“
< (-lepton channel (OL)
e W — [v: 1 charged lepton (e, u)
< 1-lepton channel (1L)

l,v

e Z — I : 2 charged leptons (ee, up)
. < 2-lepton channel (2L)

/ Increase py’ /
— <
\ ‘

b
Resolved analysis Boosted analysis
e Exactly 2 small-R jets e 1large-R jet (R=1)
(R=0.4) b-tagged [70% e 2 leading track jets
efficiency for b-jets] b-tagged [70% efficiency

for b-jets]
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EFT cross-section parametrization

» Parameterization of BSM effects using effective Lagrangian with dimension-6 operators in
the Warsaw basis: ZqMEFT = ZSM + Z © @(6)/A2

]

> c(6) = Wilson coefficient
b @(6) = dimension-6 operator
3 A BSM scale

 EFT cross-section parametrisation

Oprr = Ospyp + Oy + Oy

OFEFT _ 1
Osm

Linear term Quadratic term



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/

VH(bb) results

Resolved VH(bb) differential XS measurement

Resolved s1gnal strength measurement
T ‘ RN ‘
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Boosted VH(bb) differential XS measurement
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https://cds.cern.ch/record/2805712
https://link.springer.com/article/10.1140/epjc/s10052-020-08677-2
https://www.sciencedirect.com/science/article/pii/S0370269321001441

VH, H — bb combination ATLAS.CONF2021.051

1.2|||II||||IIIIIII|||IIIII|IIIIIIIIIIIIIIIIIII
ATLAS Simulation Preliminary
pp — WH — Iv bb, Vs = 13 TeV, 1-lepton selection
: —— Resolved only
—— Boosted only

0.8 — Qverlap

0.6

Fraction of total events

0.4

0.2

0
250 300 350 400 450 500 550 600 650 700
pY [GeV]

« Significant overlap between the VH(b)) resolved and VH(/h) boosted analyses

« In the combination drop resolved events with p¥>400 GeV and use boosted only in p}/ > 400 GeV


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-051/

All-had H— bb analysis: bkg contributions
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20
0

Events / 5 GeV
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ATLAS
Vs= 13 TeV, 136 fb
SR leading jet p.> 450 GeV

@ Higgs

---- Z+jets (x0.05)
----W+jets (x0.05)
---Top (x0.05)

— Multijet (x 0.005)

lII'lIIIlIII|III|III|IlIIIlIIIIIlIIIlIII

f_l_l:lIII|III|III|III|III|III|III|III|II

S XTLS

180 200
Jet mass [GeV]

Ttbar

* Modelled by Powheg+Pythia8

« Normalization constrained from CR,;
Single-top

* Modelled using Powheg+Pythia 8

Q/Z+jets
» Shape from Sherpa 2.2.8
 Fully floating during fit (standard
candle)

QCD
» Fit with a smooth function
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VBF, H— bb analysis: event categorisation

» Adversarial Neural Network (ANN) for event categorization

 Training performed between MC signal and data sidebands*

 Loss function to penalise m,,;, and score correlation

» Each channel is divided into 5 regions

o
o
o

© (s =13TeV, 126 f5" jyer

o
[}

N%rmalized Entries
=
()]

Ty
e
T

T ]
Data sidebands -

400 600

Entries/4 GeV
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140 160 180

° My

* Prjj

Lo

. (py - PP+ PF

* An(bb, jj)

* Ag(bD, j))

« tan™!(tan(A¢(bb)/2) / tanh(An(bb)/2))
njets

° min(AR(/'l(z)))

J12)
Ntrk

*70 GeV <my,;, <100 GeV and
140 GeV <my,;, <200 GeV
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ttH(bb) analysis: analysis regions

. Dilepton Single-lepton
Region >4j >4; >4; >6
SR>4?> CRBb {11 C]‘:{’3b {o CR’Sb hi SR‘>4?) CR‘>4b hi CR’>4b lo S:R'boosted
#leptons =2 =1
#jets >4 =3 > 6 =5 >4
Q85% — >4
Q77% - - > 2f
Lb-tag ’ =
Q70% >4 =3 >4 —
Q@60% - =3 <3 =3 — >4 <4 -
#boosted cand. — 0 >1
Fit input BDT Yield BDT/Yield AR}®E BDT




H — 77 analysis: STXS uncertainty

STXS bin SM prediction Result Stat. unc. Syst. unc. [fb]
Process m;; [GeV] pr(H) [GeV] Nijes [fb] [fb] [fb] Th. sig. Th. bkg. Exp.
= [0.350)*  [60,1200  >1 394 + 60 189 4390 | 220 +59 4152 4240
(=)
0 [120, 200] =1 47 £+ 11 17 £ 30 +18 +4 +4 +16
N [0, 350] [120,2000 >2 59 + 20 33 + 39 | 427 +10 +10 +93
l [200, 300] >0 30 £ 9 30.3 £ 11.0 | £8.6 +2.9 +0.8 +5.6
(=
+ [300, oo >0 7.7+ 3.0 9.35+ 3.80 | £3.50 +1.00 +0.22 +1.20
% 350, ool [0, 200] >92 55 4+ 13 143 £110 | +54 +58 +6 +71
EW (60, 120] > 2 33.1+ 1.1 32 £ 20 +17 +4 +2 +6
(350, oo >2 90.1+ 2.2 1+ 17 +13 +10 +2 +4
ttH 313+ 3.2 34 £ 37 +32 +7 +10 +8




