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Introduction

: . ~88% Gluon fusion (ggF) ~7% Vector-boson-fusion (VBF)
- With the data collected during the run-2 i

g9

of LHC, the focus of Higgs analyses has 1N !
moved to the measurement of the properties g t
of the new particle ~4% Higgs-Strahlung (VH) ~1% Association with tt (ttH)
- Measurements of Yukawa couplings to g W,z M
. . . Q000 Q -
fermions is part of this effort >V\“AZN< : ~F
: : T
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o H—cc: NEW RESULT ! s W 1z
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- Associated production with W and Z %10 —_—
N - Tt =
o H—1T D — e
. CC _
- Results from the combination of run-1 and L 22z .
run-2 data 107
o H=up Z Yy -
- Updated results from the analysis of the full run-2 _3!.__--—-—-——"___—-_-
10°F :
dataset <Y E
o ttH - -
o |
- Analysis of the main decay channel H—bb qoabr o Lo b b b o b oo Loy
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Simplified Template Cross Sections (STXS)

Production modes cross sections are measured separately, and each is categorised in
bins of truth quantities ( pT(H), Njets, mjj )

Bins are designed to optimise the signal sensitivity with the given integrated luminosity,
and minimise the theoretical uncertainties
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H—bb in associated production o Phys. .G 81 (2021) 178

. 40 ATLAS o Data E

- Events categorised based on the number of charged leptons il =§1 H = bb (u=1.17) -
(0,1 ,2 - |e VVH, VIH, ”H, Wlth |=e,|J.) 305_ 243 jets, 2 b-tags [ B-only uncertainty

- Dijet mass analysis —

- Multivariate discriminants to optimise the signal sensitivity D5 elghied by Hiass S5 E

o Based on event kinematics, jet tagging and missing transverse
momentum

- Combined VH signal significance is 6.7 o observed,
with 6.7 o expected

* VH cross sections times the H—bb and V—leptons are

Events / 10 GeV (Weighted, B-subtracted)
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H—bb in boosted topology ohys. Lett. B 816 (2021) 136204

« VH with p1(V)>250 GeV, events with 0,1,2 leptons (e,) Large — Rjet
S i—k R=1
o Exclusive channel interesting also due to its sensitivity to X e

possible New Physics

- Higgs reconstructed as a single Anti-kt jet
with R=1.0

o Two b's then identified with a pr dependent radius parameter

- Observed (expected) signal significance is 2.10 (2.70)
o Signal strength p=0.72+0-39¢ 3¢

2 VR track — jets

¢  HighprWorZ
py > 250 GeV

STXS measurement in two pr bins
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VBF H—bb and H—bb y-tagged

arXiv:2011.08280v1
JHEP 03 (2021) 268

- Select events with two jets and two b-tagged
jets
H—Dbb:
o Two categories forward and central, based on the
tagged jets
o Sensitivity boosted by the usage of a NN + ANN
classifier trained on signal MC and mp, sidebands
H—Dbb y-tagged:

o The search in association with a high-energy
photon
benefits from a significant reduction of the multi-jet
background

[ J
Events / 8 GeV (Weighted, Bkg.-subtracted)

Weighted Events / 10 GeV (Bkg.-subtracted)
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ttH, H—=Dbb

ATLAS-CONF-2020-058

H—Dbb analysis updated with the full run-2 luminosity
Analysis with 2 channels, single- and di-lepton

o Single-lepton includes dedicated category targeting boosted topology

o Events further categorised in 11 signal regions based on pt(H)

Signal and bkgnd distributions for 1-

and 2- lepton channels

T T I T T
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Multivariate discriminants to identify signal events
Inclusive signal strength u = 0.43

ttH production mode observed via the combination of all decay channels with 36-80 fb-

(stat.)¥d39(syst.) with observed significance 1.30
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Signal strengths in STXS pTH bins
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H—cc in associated production ATLAS.CONF-2021-02"

- Recent update of the search for this decay, using the full run-2 luminosity of 139 fb-1
o Search in VH associated production with W,Z bosons, decaying into 0-, 1- and 2-leptons (e or )

- Multivariate discriminant for c-tagging and b-tagged jets veto
o Analysis fully orthogonal to VH with H—=bb

- Signal and VZ, VW signal strengths extracted from the fit of the mcc distribution after the
subtraction of the other backgrounds

- The observed(expected) significances of VW—(cq) and VZ—(cc) are 3.8(4.6) and 2.6(2.2) o, respectively
 An upper limit of 26(31+12.g) is observed (expected) on

Events after B-subtraction / 10 GeV

the signal strength y, at 95% C.L. pvHEe) = —9+ 10(stat) £ 12 (syst.)
- The Ikcl modifier of the Yukawa coupling can be constrained Hvwi(cq) =0.83 £ 0.11 (stat.) +0.21 (syst.)
to Ikcl<8.5 (9.4)observed(expected), at 95% C.L. My zce) = 1.16 £ 0.32 (stat.) + 0.36 (syst.)
TATLAS Proiminay’ '~ om ] AU I R L U A BN
4000~ (5 - 13 Tev, 139 fo" B VH 68 =) ATLAS Preliminary VH,H - cc Vs=13 TeV, 139 fb 2:13.15 grgefI;Tmary E: ;(;
- 0+1+2leptons B VZ(—> cc) (u=1.16) - — Total — Stat. (Tot.) ( Stat., Syst.) - DT e Expected
| 1+2 c-tags, All SR I VW(- cq) (4=0.83) ]| VH,H —ct —— Observed
- X B-only uncertainty _| + " RN R
3000 sn: vn‘-ll(—::;) ng - oL =T -8 _gg (-13 iy gxl:gtz)nx o
Obs.= 35 x SM
20000 B 1L — ® — -16 3: ( ﬂg , ‘:gg tlepon | fp
O = 50 % oM
1000 2L H—et—— -4 2 (55,1 2lepton
Obs.— 40 x SM
Gomb. D P R Combinaten
C | | | | | | l: T e T e e e Obs.= 26 x SM -
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m,, [GeV] VH, H — ¢t 95% C.L. limit on uVH(cE)
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H—=TT

Phys. Rev. D 99 (2019) 072001

- Analysis of all decays combinations (leptonic, hadronic)

T 08F o
of the two taus . ewor ]
L - >K Best fit 7]
. : . : : : >z 0.6 . —
- Signal region further divided in two main categories A S ]
VBF and boosted, based on the presence o4 E
of forward separated jets and on the tau pair 0.2F -
PT £ >~ -
» Observed(expected) significance is 4.4(4.1) with 36 fo-1 =~ 4% E
of run-2 data, that give 6.4 (5.4) in combination with =2 0 2 4 6 &8 10
o9 b
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x10° ] x10° ]
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m 150 e 7
3 E - 1 TepThae 343 12 (0 112
- = : 1 e e B.79 23 (v 200,
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SearCh fOr the H_’IJ-H deCay Phys. Lett. B812 (2021) 135980

- The H—puu decay offers the best opportunity to measure the Higgs interactions with a
second-generation fermion
- Events are categorized in 20 mutually exclusive categories
o Di-lepton mass fit in the 110-160 GeV region
o Correct for muon QED FSR

o Background modeling from core function (LO DY mass shape) convolved with di-lepton mass dependent
resolution x empirical functions, category dependent

- Result improve by a factor ~2.5 previous ATLAS result, with a factor ~2 coming from the
Increased int. luminosity an additional ~25% from analysis improvements

o Signal strength p=1.2+0.6 corresponding to an observed(expected) significance of 2.00 (1.70)

700IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII |IIII|IIII|IIII|IIII IIII|IIII

> i i
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g 500F H — uu, In(1 + S/B) weighted ... Bkg. pdf —= |
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2 3005 =
5 - = ggF O-jet categories —&— 04 £16 (=15, £0.3)
©  200F —
= — - ggF 1-jet categories —e— 24 12 ( £1.2, £0.3)
100:— —

] - ] ggF 2-jet categories |—fo— -06 =12 ( £1.2, £0.3)
(@)]
X
f-? VBF categories - 1.8 +1.0 ( £1.0, £0.2)
2 Combined Fs 12 +06 (=06, 2%
0 . 206 (=06, (]

| 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
110 115 120 125 130 135 140 145 150 155 160 10 _5 0 5 10 15 20

my, [GeV] Signal strength
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Combination and couplings measurement . .s.conrz00.027

Results from the combination of all production modes
and decay channels, with up to 136 fb-! of run-2 data

All main production modes have been observed with
a significance larger than 50

Multiplicative factors k can be applied to SM cross
sections and BR to constrain the couplings

o E.g. Kr, Ky for fermions, vector bosons
STXS measurements updated using the best
possible granularity

o Compatibility with the SM hypothesis corresponds
to a p-value psm=95%

KF VS Ky Production mode cross sections

\\\‘\\\\‘ ‘\\\\‘\ |IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
1.3 ATLAS Preliminary f gg"st";'t“e - ATLAS Preliminary —e— Total Stat. EmmSyst. | | s
-1
F Vs=13TeV,245-139 10" ... Observed 68% CL 1 Vs=13TeV, 24.5- 139 fb
1 2; m, = 125.09 GeV, |yH|<2.5 —— Observed 95% CL ]| my = 122'09 GeV, IyHl <25
TTL Py =45% 1 Py = 86% Total Stat. Syst.
r b |
1 1; N ggF H==H 1.00 =+007( +005, +0.05)
r ] VBF | 115 9 ( +o13, go)
1; ]
B i WH == 120 193 ( 5%, 10
0.9 . ZH == 0.98 02( iom, U1
r ] |
N ] ttH+tH = 1,10 0N o oy
0.8f - ;
‘ ‘ ‘ ‘ T I|III|III|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
095 1 1.05 11 115 06 08 1 12 14 16 18 2 22 24 26
« Cross-section normalized to SM value
V
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STXS parameters

ATLAS Preliminary Total Stat.  Syst
Vs=13TeV, 139 b i
B,,/By. === 107 313 ot o0e
My =125.09 GeV, |y | <25 | 12 1041 0!
— 0, +0.57 ,+0.48 +0.30
Py, = 95% BBz I—EI—| 077 ‘oo (To2s 012)
|—0—| Total Stat.
== Syst. | SM 0 03 ! ™ :
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i +0.22 0.19 0.10,
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1-jet, p¥ < 60 GeV = = 0.61 93 (1958, +019)
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i H +0.45 , +0.42 +0.15
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gg—H x By, > 2-jet, m; < 350 GeV, pff <120 GeV ~ |—=ee—] | 0.30 +0.45 (£0.42, *0.16)
j +0.46 0.41 0.21
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+0.40 0.37 0.15,
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+0.56 0.52 0.20,
300 < p! < 450 GeV |—ga—|| 039 “ohe (Coae 010
H L 1 +1.44 ,+1.33 +0.55,
pff 2450 GeV I -| == 1 176 L2 (05 040
f +0.99 ,+0.95
< 1-jet |—EE—|I 1.00 g9 (_ogsr *0:29)
> 2-jet, m, <350 GeV, VH veto |I—E-E—| 229 T (1M 40€2
> 2jet, m, <350 GeV, VH topo ——— 0.65 108 (1079 1024
99~HIG x Bz | 3 - G I 1064 4059 +0.26
2 2-jet, 350 < m; <700 GeV, p < 200 GeV |—E-T—| 0.81 556 (052 _021)
> 2-jet, m =700 GeV, p'’ < 200 GeV |T-a-| 116 1038 (1029 4019
. H +0.44 ,+0.41 +0.18
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———y 2a6 12 (18 9%
755 p¥ < 150 GeV —— 170 oL (1058 1020,
qq—HIv x By, 150 < p¥ < 250 GeV 1 10.93 +0.83  +0.42
<p¥< I—E-E—|I 146 575 (Loes —0.32)
v +0.79 ,+0.71 +0.34
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.74 .54 X
pY <150 GeV . | 0.19 ﬁ_gz i3_§7, tg_gg)
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pY 2250 GeV == 141 463 (L0590 023
—e— 72 97 (9T 0
I 64 (“06as 0.
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{tH x By, Y I 1060 ,+059 4014
120 < p' < 200 GeV |—1m—| 1.00 ‘521 (Zo50r —0.10)
H +0.53 , +0.52 +0.10,
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| 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1
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Combined measurements interpretation  ias.conr20m0.05

- STXS can be interpreted in the framework of ATLAS Preliminary — 68 % CL
. . Vs=13TeV, 139 fb~1 seeeeme 95 % CL
SM Effective Field Theory (EFT) = 125.00 GoV, Lyl < 25— Linear
Noe Nog , SMEET A = 1 TeV Linear + quadratic
_ Ci ~(6) Y H®
Lsmerr = Lsm + Z,: A20i + j A4Of +..., Al b (10)| ot
Model independent parametrisation of Chg| .0 e—
possible BSM contributions to the g e
couplings with d=6 and d=8 operators S T
—-0.2 —0.1 0 0.1 0.2
- Constrain d=6 operators (in the "Warsaw" 2 AR SR
: CHw, HB, HWB, HDD,uW, uB
basis)
_ - _ cll T —
o Eigenvector decomposition to determine the Hu,Hd Ha'"
combinations of ¢; coefficients that the STXS a2 | e

.. N CHG,uG, uH,top
anaIyS|SlssenS|tlvetO T T T S

° MatrixelementdependonIinearci/AZand 8] T

] o C[-:?W,HB,HWB,Hw,UW,uB ............ P S —
quadratic cicj/A\4
. . . @&
o d=8 operators and their interference with d=6 not CLG,uG,uHtop o
considered ano ———
HI®)
o Contribution of quadratic terms not negligible
[1] S
CLit) He (x0.1)

e AIIfittedValuescompatibleWiththeSM ’ \\\\\H\\M\\\\\\\\M\\\|\\HM\HM\HM\HM\H
. -10 -8 -6 4 -2 0 2 4 6 8 10
expectation (=0)

Parameter Value
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Summary

- ATLAS has made significant progress
in the measurements of Yukawa couplings to ATLAS-CONF-2020-027

uarks and leptons > R ) B AN ]

: P £ I ATLAS Preliminary N

£ 1= s=13Tev,245-139 1" .43

- All major production modes have been observed Lf|> - my=125.09GeV, ly |<25,p, =84% & = 3
> — —

Egu_ 10” e SM Higgs boson W —

- Higgs coupling to 3rd generation fermions has : .
been confirmed 102 o |

= X p =

— T -

- Significant improvements in the analysis 0o _
of the couplings to 2nd generation S o . =
fermions ¢ and u o m,(m,,) used for quarks 7
-4 —

o Couplings to muons figuring as measurement, not as - 10 SO | , | | E
limit, for the first time E 141 .

© 12F -

. . . L o .

+ Measurements of STXS and interpretation in the ~ * S { ___________________________ .1
EFT framework give access to possible New BSM : } ]
Physics 08, . .~ . . =

107" 1 10 102

- No significant deviations from the SM have been Particle mass [GeV]

observed up to now
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H—bb photon tagged

- Signal and backgro

Stefano Rosati
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EFT coefficients

- EFT coefficients combination, eigenvalues
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Constraint on H-charm couplings modifiers

- The H—cc result can be interpreted in terms of a constraint on the H-c
couplings modifiers

* The Ikl modifier of the Yukawa coupling can be constrained to Ikc|<8.5 (9.4)
observed(expected), at 95% C.L.
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