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Introduction

(d  Higgs boson properties (mass, production rates, spins)
— predominantly constrained from the bosonic couplings BR m ~ 125 GeV

d  H couplings with fermions: Hff ~ Yukawa couplings in Standard model
(SM):

A H — 3rd generation fermions (7 or b-quarks) offer a unique

tau/anti-tau
6%

charm/anti-charm

opportunity to probe v, , due to large branching fractions. 3%

ZZ
3%

(d  Main experimental challenges
2 photons,

Z+photon

1) Degradation of the mass resolution due to neutrinos in leptonic 7 decays Ziphotcn
K eac

and B Hadron decays
i1) Quark or gluon jets are the sources of 7, mis-identification. t lepton decay modes
ii1) Significant QCD multijet backgrounds for H— bb/ 7,7,

Ton
~17%

d  Ample use of machine-learning(IM1L) based algorithms make these decay
modes feasible by both ATLLAS & CMS experiments.


https://indico.cern.ch/event/1109611/timetable/?view=standard#578-higgs-decays-to-bosons-at
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Measurements of Higgs boson decays to z-lepton final states from CMS

arXiv: 2204.12957

1
1 1
+ — H — 77 deacy allows direct coupling of Higgs to fundamen i ' .
: y pling 28 : t?l fermions : Submitted to EPJC
1 — Neural network based DEEPTAU algorithm used to identify 7, :
. . . , , 1
i — All 4 dominant production modes included ggk, VBE, VH & ttH !
i — Results interpreted in the common Simplified Template Cross Section (STXS) version 1.2
1
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Measurements of Higgs boson decays to z-lepton final states from CMS
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. Interpretation of results in STXS - framework
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" CB

qqH < 2 Jetor m, [0,350]
N

4 [0.200] CB
qqH =2 Jet m. [350,700] NN
4 [0.200] CB
qqH =2 Jet m, [700,] NN

(0 cB
qgH =2 Jet m, [350,<] NN

— Neural network (NN) based analysis is more sensitive than the cut based (CB) one
— NN targets — bhest possible separation of individual STXS bins and backgrounds at a same time
— Constraining power depends on the individual separations among the categories

arXiv: 2204.12957
Submitted to EPJC
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Measurements of Higgs boson decays to z-lepton final states from ATLAS

Network (RNN) based algorithm
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— All major production modes included : ggF, VBF, VH and ttH
— Hadronic tau decay (7, ) identified by a Recurrent Neural
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arXiv:2201.08269

gluon fusion + gg — Z(— qq)H ' VBF + V(- qq)H

' Submitted to JHEP p p — H — 77 cross-section is
: measured to be 2.94 + 0.21(stat)+
0.37 — 0.32(syst) pb
o 10'E ATLAS H — 1t cross-sections (ly, | < 2.5)5
o = Vs=13TeV,139fb" e Observed —Tot. unc. — Stat. unc. 3
QL Py=9% — Expected [] Theo. unc. —
X E = : 3
o} E ! | I .
10?7 £ | | w =
10 | | S
= ' e
5 4 Lo ii
o o ! 1
= 2 i 1 .
A SIS O I
g 3 : r* I
1= 0 * L : L1 1 L 1 ! I :
N(ets): >1 1 >2 >0 >0 =2 :: 22 >2 '
p,(H) [GeVI: [60, 120] [120,200] [200,300] [300,e[ [0, 200] h
m; [GeV: [0,350° [0, 350] (350, [ } 60, 120]  [350, o[ |

. . . . .. 1
—Differential cross section, measured in a reduced set of bins in I
STXS stage-1.2 framework |
— Corresponding uncertainty is about 20% for the most precise bin :


https://arxiv.org/abs/2201.08269

H— bb

TV CMS Experiment at the LHC, CERN s
ATLAS Data recorded: 2017-Oct-24 05:30:27.213248 GMT
EXPERIMENT Run / Event /LS: 305518 / 207815469 /107 4
Run: 280950

Event: 2059211291
2015-10-04 07:25:29 CEST




Inclusive boosted Higgs production and decay to bb from CMS JHEP 12 (2020) 085

A Suitable to measure Hbb Yukawa coupling (y,)
(d  Highend pHT can resolve loop-induced contributions to the ggH process from new particles on.
(d  His reconstructed using a large radius AKS (jet radius 0.8) jets.

137 b (13 TeV)

Jet soft drop mass (m, ) used to extract signal * [800, 1200] GeV| CMS
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________________________________________________________

' Observed Signal strength: |
mg, (GeV) ! :
Significant reduction of tt background i i


http://dx.doi.org/10.1007/JHEP12(2020)085

Inclusive boosted Higgs production and decay to bb from ATLAS

Events / 5 GeV
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a
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H is reconstructed by a large radius jets.

Events contained two fat jets

At least one should have the two B- hadron decays, used for

Higgs candidate reconstruction

Jet mass used to extract signal

T T

ATLAS
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---- Z+jets (x0.05)
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— Multijet (x 0.005)
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STXS Signal strengths in differential signal region
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Phys. Rev. D 105, 092003

Signal strengths in the inclusive region. Rates for
QCD, Z+Jets, tt processes float freely

Result

12524

Ktz Mg
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Observed 0.8 3.2

1.0x3.2
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T
. ATLAS

®  Fit

LA L L R B

T

~Is=13TeV, 136 fo’

— 95% C.L. Upper Limit

LI i B R B

First cross section measurement of pTH >
1000 GeV from ATLAS

o(p,'>1TeV) =

=2.3+3.9 (stat.) = 1.3 (syst.) £ 0.5 (theo)
fb


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

Higgs boson decay into b-quarks in VH production (VH — bb) from ATLAS ATLAS
(Resolved analysis) | gur. Phys. 3. C 81 2021) 178 PremenT
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! . .
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https://link.springer.com/article/10.1140/epjc/s10052-020-08677-2

Higgs boson decay into b-quarks in VH production (VH — bb) from ATLAS

Analysis Overview
— Tagged by leptonic decay of vector boson (W or Z)
— Targets the high p.. Higgs regime (> 250 GeV)

In Different analysis categories

T T T
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Phys. Lett. B 816 (2021) 136204
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— Observed (expected) signal significance : 2.1 (2.7) std. Dev.
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https://www.sciencedirect.com/science/article/pii/S0370269321001441
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.121801

Higgs boson decay into b-quarks in associated production with a top-quark pair ATLAS
,(ttH — bb) from ATLAS arXiv:2111.06712 b

"""""""""""""""""""""""""""""""""" [ Submitted to JHEP

' Analysis Overview I + I
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ttH— bb results from CMS using 2016+2017 data CMS-PAS-HIG-18-030


https://arxiv.org/abs/2111.06712
http://cds.cern.ch/record/2675023?ln=en

Higgs boson decay into b-quarks in associated production with a top-quark pair
(ttH — bb) from ATLAS
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Submitted to JHEP
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;1 ttH— bb results from CMS using 2016+2017 data CMS-PAS-HIG-18-030
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https://arxiv.org/abs/2111.06712
http://cds.cern.ch/record/2675023?ln=en

Summary

— From Run-I to Run-1II we benefited in terms of and
and moved from

— Higgs decays to 3rd generation fermions have been studied by
ATLAS & CMS collaborations.

— These are important inputs to the

— Differential measurements provide more sensitivities towards
individual production modes.

All the analyses target STXS (v-1.2) common framework.

— Till now,

— Run-II data analysis is not yet over, more results to come soon.

— More precise physics interpretation will come in the upcoming
Run-3 — Stay tuned!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
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Higgs boson decay into b-quarks in associated production with a top-quark pair
(ttH — bb) llSiIlg 2016 + 2017 Data from CMS CMS-PAS-HIG-18-030

35.9 fb™ (2016) + 41.5 fb™ (2017) (13 TeV)

E Analysis Overview I (]:MIS }:: I P E Tt ¢ [ 7 & & & |
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