_ -
e
— - . c ~ _ - e ——— I " S I - = — ; - - 7 - »
" - . et o - c - - > e - a r— ‘ = S~ -
’ - ) ‘ ’ ' A , . |
—— i —* - .J-.- . : : ‘ . ‘ : - - < ) '
) PP - - P - - - i : : - : , R 7 AV ‘ = ==
- . m : : : ) v—d’“ - : <
— = - - — - - ~:
~ - N - - — —— - ¥
B —— :
- ~

_—
VS o -

- - B =" -
‘ -~ -
- — : -
.- - - - = - : -
. PO . -
- v — - — :
-t - = o~
- - W . : : -
‘ - - > -
c - — St —
~ - — -
: < > 5 -~ - - -
~ e - - .
L

Y — e
- e - -
. - — - T —— 2
 m——— - - - - -~
—— e -— - -

6 Sep. 2022

-—



Introduction 2/16

® Higgs boson plays a central role L TLAS A
un

in the Standard Model (SM). i

+ K, is a free parameter
SM prediction

® Electroweak symmetry breaking

4 Leptons Quarks

gives rise to massive W/Z bosons.
B - EnEs

Force carriers Higgs boson

® Yukawa couplings are introduced <1 k3

to provide massive fermions.

® Fiducial and differential cross section —

10 10°
Particle mass [GeV]

test of the Higgs boson properties and
probe for physics beyond the SM (BSM).

Nature 607, 52-59 (2022)


https://doi.org/10.1038/s41586-022-04893-w

Fiducial Cross Sections 3/16

Fiducial phase space defined to closely match the analysis acceptance
Less model-dependent measurements — aim at minimising
extrapolations and SM assumptions

Full phase space

Fiducial Inclusive fiducial cross section
phase space

Differential fiducial cross section

in bins of a variable (ptH, Njets, ...)

typically unfolded to particle-level quantities
— probe of pQCD, Yukawa coupling, BSM, ...




SM Higgs Production and Decay 4/16

Various production and decay modes can be probed by fiducial/differential cross sections.

Gluon-gluon fusion (ggF) Vector-boson fusion (VBF)
ZZ Others (YY, MM, -..)
3%

cC
TT 3%

6%

Associated production Associated production
with vector boson (VH) with top quark pair (ttH)

|3 TeV, my = |25 GeV



Latest Results from ATLAS

5/16

Focus on the results obtained with the full Run 2 data sample

Eur. Phys. J. C 80, 942 (2020)

JHEP 08 (2022) 027

H2>ZZ + HYy

arXiv:2207.08615

H—bb

Phys. Rev. D 105, 092003
ATLAS-CONF-2022-015
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ATLAS ~
2140 Preliminary ls=13TeV

_ Delivered: 156 fb"
. LHC Delivered Recorded: 147 fb
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https://doi.org/10.1140/epjc/s10052-020-8223-0
https://doi.org/10.1007/JHEP08(2022)027
https://doi.org/10.48550/arXiv.2207.08615
https://doi.org/10.1103/PhysRevD.105.092003
http://cdsweb.cern.ch/record/2805712

Fiducial phase space requirements

Leptons and jets
Leptons pr > 5 GeV, |n| < 2.7
Jets pr > 30 GeV, |y| < 4.4
Lepton selection and pairing
pp > 20,15,10 GeV
SFOC lepton pair with smallest |m,; — my,|
remaining SFOC lepton pair with smallest |m; — myy|

Lepton kinematics
Leading pair (ms)
Subleading pair (msy)

Event selection (at most one quadruplet per event)

Mass requirements 50 GeV< myy < 106 GeV and 12 GeV < my, < 115 GeV
Lepton separation AR(4;,4;) > 0.1

Lepton/Jet separation AR({;,jet) > 0.1

J /1 veto m({;,£;) > 5 GeV for all SFOC lepton pairs

Mass window 105 GeV < myy, < 160 GeV

If extra lepton with pr > 12 GeV  Quadruplet with largest matrix element value

Example of Definitions (H—ZZ)

6/16

Analysis selection

Leptons and jets
Muons
Electrons
Jets
Lepton selection and pairing
pr > 20,15,10 GeV
Leading pair (mq5) SFOC lepton pair with smallest |m; — myy|
Subleading pair (ms,) Remaining SFOC lepton pair with smallest |m; — myy|
Event selection (at most one Higgs boson candidate per channel)
Mass requirements 50 GeV< mq5 < 106 GeV and ms, < 115 GeV
Lepton separation: AR({;,£;) > 0.1
Lepton/Jet separation AR(u;(e;),jet) > 0.
m(£;,¢;) > 5 GeV for all SFOC lepton
dg|/o(dy) < 5 (3) for electrons (muons
105 GeV < myy < 160 GeV

Lepton kinematics

Impact parameter
Mass window

Vertex selection:

Similarity of the definition of the fiducial phase space to the analysis criteria



HoLL

® Four low-pT isolated leptons (e and M)
originating from the primary vertex

® Main background from ZZ continuum

® Fit to the distributions of my;

® |nclusive fiducial cross section for H—>ZZ

measured to be o, = 3.28 = 0.32 1b,
in agreement with the SM prediction

>
)
O
LO
Q\
T
~~
9p)
e
-
)
>
LLI

Eur. Phys. J. C 80, 942 (2020)

ATLAS

H—o ZZ" — 4]
Vs =13 TeV, 139 fb™

® Data
Higgs (125 GeV)
B 27
tXX, VVV
B Zijets, tt
7 Uncertainty

7/16


https://doi.org/10.1140/epjc/s10052-020-8223-0

HoLL

e Differential fiducial cross

©
—h
N

¢ Data
ATLAS [ Syst. uncertainties

H— ZZ* — 4] e MG5 FxFx K = 1.47, +XH
/s - 1 NNLOJET K =1, +XH
s=13TeV, 139 b memm RadISH K =1, +XH
. NNLOPS K =1.1, +XH
v XH = VBF+VH+ttH+bbH+tH
Total stat. @ syst. uncertainty
—#&— Fitted ZZ* Normalisation

p-value MG5 FxFx = 15%
p-value NNLOJET = 15%

e Example plots shown i |1

T

do/dp? [fo/GeV]
o

sections measured.

p-value NNLOPS = 8%

for pt4 and Njets.

—
O
32
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©
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\
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® The measurements are

Theory/Data

compared with different

N/N,,

SM predictions. Good | 60 80 120 200 350 1000

p* [GeV]

agreement is found. . -
p-value for nominal prediction

(NNLOPS): 8%

Eur. Phys. ]. C 80, 942 (2020) 8/16

¢ Data
3 ATLAS [ Syst. uncertainties

H— ZZ" — 4] e MG5 FxFx K = 1.47, +XH

Vs =13 TeV, 139 fb NNLOJET K =1, +XH
NNLOPS K =1.1, +XH

Total stat. @ syst. uncertainty
—&— Fitted ZZ* Normalisation

p-value MG5 FxFx = 81%
p-value NNLOJET = 88%
p-value NNLOPS = 77%

Theory/Data

N/N, .

p-value for nominal prediction
(NNLOPS): 77%


https://doi.org/10.1140/epjc/s10052-020-8223-0

JHEP 08 (2022) 027 9/16

HoYY

e Two isolated

¢+ Data ATLAS

Background /s=13TeV, 139 fb™
—— Signal + Background

(o)}
o
o
o
o

Events / GeV

Diphoton fiducial

50000 — —— Signal
b

photons

® Main background

fl"O m YY CO ntl n u u m igh ET"® <0.85 fb at 95% C.L.
~ % ttH-enhanced » <1.13fbat95% C.L B g9—H default MC + XH
s F|t to the mYY £ 5 SCETIib::qT + XH
g 1 2 3456 10 2030 102
: - : 140 150 160
distributions g [0

m,, [GeV]

Inclusive fiducial cross section for H—YY measured to be ¢;; = 67 £ 6 1b

in agreement with the SM prediction of 654 gy = 64 £ 4 1b


https://doi.org/10.1007/JHEP08(2022)027

JHEP 08 (2022) 027 10/16

HoYY

Differential fiducial cross section for H—YY, example shown for p1YY and Njets

H—yy,Vs=13 TeV, 139 f’ H—yy, Vs =13 TeV, 139 fb”

-¢- Data, tot. unc. - Syst. unc. ¢ Data, tot. unc. | Syst. unc.
== gg—H default MC +XH B8 gg—H default MC + XH
& gg—H SCETIib::qT + XH v gg—H Sherpa+MCFM+OpenLoops + XH
- 99— H RadISH+NNLOJET + XH - gg—H NNLOJET + XH
BB 99—H ResBos2 + XH 12 gg—H GoSam+Sherpa + XH
9g—>H LHCHWG woscrres + XH & gg—H STWZ, BLPTW + XH
« =+ XH = VBE+VH+ttH+bbH+1tH ==+ XH = VBF+VH+{tH+bbH +tH

dogy / dp!” [fb/GeV]

5 10 15 20 25 30 35 45 60 80 100 120 140 170 200 250 300 450 650 13000
p. [GeV]
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H—-77Z and H_}YY Combination arXiv:2207.08615  11/16

® Differential pp—H+X cross sections “F ATLAS i Hezz
H—ZZ*, H— vy Y H-—vyy
. : Vs =13 TeV, 139 fo ¢ Combination
in the full phase space were measured | ] Sytomatic ncerany
otal Uncertainty

MG5 FxFx K=1.47, +XH

by combining H=ZZ and H—YY. 20 N XHoVBE AT eBHot
® Binning for the variables were harmonised

and the results were extrapolated

...... ISLLLUALLA LR ARERARN RN SRR SRS et o N

from the fiducial to the full phase space

prior to the combination.

Theory/Data

10 20 30 45 60 80 120 200 300 ©650 13000
D TH [GeV]

e Example plot is shown for ptH.

Total inclusive cross section: 55.5J_“‘3L:g pb


https://doi.org/10.48550/arXiv.2207.08615

Indirect Constraints on K. and Kp 12/16

Constraints on the Yukawa couplings between Higgs boson and c¢/b quarks
relative to the SM predictions (Kc and K) derived from the ptH distributions
in the H2ZZ and H—YY final states

ATLAS % Standard Model  ----68% CL
H—-2Z*H —yy A Obs. H — zZ* — 95% CL
\s=13TeV,139fo" V Obs.H — yy

Shape + normalisation ' Obs. Combination
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PRL 118, 121801 (2017) arXiv:2207.08615



https://doi.org/10.48550/arXiv.2207.08615
https://doi.org/10.1103/PhysRevLett.118.121801

Constraints on SMEFT

® The SM Effective Field Theory (SMEFT)
[JHEP 10 (2010) 085, Phys. Rept. 793 (2019) 1]

is a model-independent framework

for characterising experimental deviations

from the predictions of the SM.

¢ Limits on the coefficients (cHg, etc.) obtained
from fiducial differential cross sections
on ptH, Njets, mjj, APj;, and pTi! for H—YY.

SMEFT / / / /
L: D C GO + CHWoHW + CHBOHB + CHWBOHWB

—|—CH§O;—|—C NOHW—|—C OHB—I_CHWBOHWB

JHEP 08 (2022) 027 13/16

ATLAS I Observed 68% CL

H—yy, s =13 TeV, 139 fb™ Observed 95% CL

SMEFT (interference only), A = 1 TeV —e— EXxpected 68% CL
Expected 95% CL

Parameter value

Fit one Wilson coefficient at a time


https://doi.org/10.1007/JHEP08(2022)027
https://doi.org/10.1007/JHEP10(2010)085
https://doi.org/10.1016/j.physrep.2018.11.002

VH, H—bbb’ 0 Leptcn ATLAS-CONF-2022-015 14/16

* Two b-tagged jets required.

® No electrons or muons required.

® The fiducial cross sections measured
for the Higgs boson production
in association with W or Z boson,

VH (V =W or Z), followed by H—bb.

—l
N

ATLAS Preliminary — SM prediction
(s =13TeV, 139 fb™ $ Data

|| Statistical unc.
I Systematic unc.

—l
)

Tot. (Stat., Syst.)

+4.3 ,+2.6 +3.4
5'5 -3.9 (—2.6 1 2.9 )

SM pred. 5.8 = 0.3 fb
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H
bb

Tot. (Stat., Syst.)
+0.8 ,+0.7 +0.4
1.9 -0.8 (—0.7 '’ -0.4 )
B SMpred. 1.5+ 0.1 b

150 GeV = ET"° < 250 GeV ET®® > 250 GeV

Particle level ET"" interval

Oy X B



http://cdsweb.cern.ch/record/2805712

H —) bb, Boosted Phys. Rev. D 105, 092003 15/16

e Hi '
Higgs boson with large s

SRL, pT>1 TeV

Lorentz boost reconstructed 801 ys= 13 TeV, 136 fb"

Events / 10 GeV

from single large-radius jet, 95% C.L. Upper Limit
allowing to explore high-pr o
region (ptH > | TeV)

® At least two jets required
(>450 GeV, >250 GeV)

® Main background

e
2
E
>
=
©
e
©
a

Data-bkg

80 100 120 140 160 180 200

from QCD multijet T Jet mass [GeV]

The 95% confidence-level upper limit on the fiducial cross section for Higgs boson
production with ptH > 450 GeV is |15 fb (18.4 fb expected from the SM).


https://doi.org/10.1103/PhysRevD.105.092003

Conclusion 16/16

® The Higgs physics entered the era of precision measurements.

® To be as model independent as possible, a lot of fiducial measurements
have been performed both inclusively and differentially,

which can easily be compared to theoretical models.
e Up to now, the measured values are consistent with the SM.

e Part of the inclusive and most of the differential measurements

are dominated by statistical uncertainties. Stay tuned for Run 3 results!
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Fiducial region definitions

Region definition

Diphoton two selected photons
VBF-enhanced at least two jets, m;; > 600 GeV, [Ay;;[ > 3.5

Niepton = 1 electron or muon with pé > 15 GeV
High EM E?S > 80 GeV, py > 80 GeV

tt H-enhanced  at least one b-jet and (Ng =0and N;j =24, orN, 2 1 AND N; > 3)



https://doi.org/10.1007/JHEP08(2022)027

H—-77Z and H_}YY Combination arXiv:2207.08615  19/16

ATLAS — SM o (pp—H, m,, = 125.09 GeV)
Y H—yy A H—-ZZ* QCD scale uncertainty

¢ Combined data Total uncertainty (scale ® PDF+a.,)

[ Systematic uncertainty

Total inclusive
Cross section

for pp—H

V\s=7TeV, 45fb"
Vs=8TeV, 20.3fb"
Vs =13 TeV, 139 fb™



https://doi.org/10.48550/arXiv.2207.08615

COnStI"aints ON Kc and Kb arXiv:2207.08615

Contours for K. and K, obtained from a simultaneous fit to the Higgs pt

fiducial cross sections in H2YY and H—=ZZ and to multivariate discriminants
used to identify VH events with H—=bb and H—cc.

ATLAS % Standard Model  ----68% CL ATLAS

H—Z2Z*H — yy, % Obs. Combination — 95% CL H—Z2Z* H— yy,
VH(bB), VH(cT) Bagy = 0

Vs =13 TeV, 139 fb

Y Standard Model ----68% CL

£ Obs. Combination — 95% CL
VH(bb), VH(cT) By, Profiled
Vs =13 TeV, 139 b

20/16


https://doi.org/10.48550/arXiv.2207.08615

VH, H—bbb’ 0 Leptan ATLAS-CONF-2022-015  21/16
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ATLAS Simulation Preliminary
0 lepton, 3 jets, 2 b-tag
150 GeV < EI'™° < 250 GeV
qa— Z(vv)H  gg— Z(vv)H [ qq— W(iv)H

ATLAS Simulation Preliminary
0 lepton, 2 jets, 2 b-tag
150 GeV < EI'™® < 250 GeV
qa— Z(vv)H  gg— Z(vv)H [ qq— W(v)H
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ATLAS Simulation Preliminary
0 lepton, 3 jets, 2 b-tag
ET* > 250 GeV
qa—Z(vv)H = gg— Z(vv)H [lqg—W(v)H = qg— Z(I)H

ATLAS Simulation Preliminary
0 lepton, 2 jets, 2 b-tag
ET > 250 GeV
qa—Z(vv)H = gg— Z(vv)H [l qgq—W(v)H = qa— Z(I)H
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Phys. Rev. D 105, 092003 22/16

H—bb, Boosted

Signal acceptance times efficiency depending on the production processes

TABLE XII. Signal acceptance times efficiency for the STXS volumes in the differential measurement. Along
with the p7 requirements shown, |yy| < 2 is required. For events with pf < 300 GeV, the acceptance times
efficiency is less than 0.1 x 1072

Process 300 < pY < 450 GeV 450 < p < 650 GeV 650 < pi < 1000 GeV b - 1 IeV

All
ggk

VBF

VH
tH

1.3 x 1072
0.7 x 1072
0.4 x 1072
1.7 x 1072
4.7 x 1072

0.23
(2D
0.21
0.26
0.19

0.31
0.35
0.32
0.30
0.24

0.23
0.28
0.25
0.20
0.19
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