H(125) bosonic decays in the ATLAS experiment

Higgs Hunting 2022

Ruggero Turra
on behalf of the ATLAS Collaboration

INFN Milano

12 September, 2022



l Higgs boson and its properties

Decay channels (yv, ZZ* — 40, WW™ — evpuv)
Bl The analyses

B Results




Higgs properties

Excess compatible with Higgs boson firmly established by ATLAS+CMS in 2012.

m o X BR: for each production-mode, STXS region (very optimized analyses,
acceptance extrapolation, larger SM assumption)

m Inclusive and differential fiducial cross sections (minimal model dependence)

m Mass: my known at < 0.2% (single channel), see talk by Siyuan Yan in the
afternoon
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Higgs properties

Excess compatible with Higgs boson firmly established by ATLAS+CMS in 2012.

Measurements

m o X BR: for each production-mode, STXS region (very optimized analyses,
acceptance extrapolation, larger SM assumption)

m Inclusive and differential fiducial cross sections (minimal model dependence)

m Mass: my known at < 0.2% (single channel), see talk by Siyuan Yan in the
afternoon

Interpretations

= Spin and parity: 0", other models excluded in Run 1
m CP structure (see talk by José Gongalo tomorrow)

m Signal strengths: u; = 0; /0™, ur = BR¢/BRZM (inclusive,
per-production-mode, .. .)

m Coupling modifiers to SM particles (kappa-framework)
m EFT interpretations (see talk by Alexander Held tomorrow)
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— 40, WW* — evpv
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Higgs production and Simplified Template X-Sections (STXS)

VH ttH
q wiz

W/Z

-

Split cross sections by production modes

Stage 1.2
Split in exclusive regions of phase space,
differently for each production modes

1000
1500
EI

C_________________________________________________________________________________|]
Going to show latest results by ATLAS with full Run2 (139fb™" at /s = 13 TeV)

STXS maximize the sensitivity of the measurements
while at the same time to minimize their theory
dependence
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General strategy

Select events to increase S/B

Split events into categories using reconstructed quantities, separating the
sub-processes you want to measure (e.g. ggF vs VBF, different Higgs pr ranges, ...)

Define control regions to constrain the yield of background processes

@ Quantify the efficiency and migrations for each sub-process and each category (e.g.
P[ggF-category|true-VBF-process], ...) with MC

Define an observable to estimate background from data (e.g. m.,) and model it

@ Minimize a likelihood (matrix method unfolding) to simultaneously measure the
cross-sections
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H — ~~ analysis

m Using m,, as continuos observables
m Signal shape parametrized using a function fitted on simulations
m Background shape parametrized using a function fitted on data

= The functional form is chosen with the spurious signal criteria: minimize the
signal fitted on a background-only high-statistic simulation
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H — ~vv STXS categorization

= Measuring 28 STXS bins (45 considered in the design)

m Two steps:
m A first multiclass BDT separating the signal sub-processes (the STXS bins)

= Additional splitting to increase purity using a set of binary BDTs: 101

categories!
m Novel approach based on D-optimality: minimize the determinant of the expected

covariance matrix of the measurement
= Implemented tuning a set of weights applied to the outputs of the multiclass
= Simultaneous optimization for all the STXS bins
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H — ZZ — 4/ analysis

m Targeting 12 STXS 1.1 bins
= Main background from non-resonant ZZ, constrained from data sidebands
m Events split in 12 categories: first select ttH-like events, then split by jet multiplicity.

Further splitting according to STXS.

= Fit to a new neural network discriminant. NN combine 2 RNN (for lepton and jet
information) into a DNN.
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H — WW* — evuv analysis
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H — WW* — evuv analysis
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Results: Production mode cross sections

ATLAS

‘I—H Total
Vs=13TeV, 139 fb™* [ statistical Unc.
H ~ WW* - evuv B Systematic Unc.
m Good agreement with SM 1 swpredeton
Total (Stat, Syst.) SMUnc.
= ggH ~ 10%, VBF ~ 20-30% o o
9gF 115 1033 (Zooer o1e )i £0.06
m WW limited by systematics
L. . VBF 093 0% (1313, 1)1 003
m Non-negligible correlation between
ggF/VBF, WH/ZH, tH/ttH Combined = 109 8 (e, 8 | rom

05 1 15 2 25 3
oB /(cB ),
H-ww* H-WW*'sm
L o T B e B et T
ATLAS s=13 TeV, 139 fb™* ATLAS o[ —d— 1
H - yy m =125.09GeV |y <2.5 H— 22" - 4l i
vwom lyHl Vs=13TeV, 139 fo" o - ]
Fe40bs +Tot. Unc. [l Syst.unc. | SM+ Theo. unc. Production Mode - y | < 25 A
p-value = 55% Tot. Stat. Syst. —m— Observed: Stat+Sys ‘SM Prediction
agF + bbH ot 104 1030 (+008 <000 W) Observed: Stat-Only  p-value = 91% os) (o8, M)
+0.28 +0.18 +0.21 I 1
- 120 2 (18 we| -
E ‘05 s01
wH = 15 oo (%68 i 3 B
zH| p—e=— 02 9% (ree el VBF . Hosd0 920420
“032 (<031 +008 F |
uH e 0.89 103 (%03 o5 7] I By s
e e b e e by | I |
ttH 3 2% 154770
- - F 4
" —t————i3 (% %) oue| sz s
ol b b b b b b b Lyw o | = = L =
2 0 2 4 6 8 10 12 14 1 2 3 4 e/<55)
oB, )/(cB, Bl
(0B, V(OB

R.Turra (INFN Milano)



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-20/

99-H, 0t pf < 10
el 1051 < 200

ag-H, Lot p <60
09--H, Liet 60 il < 120
90-H, Liet, 120 2 < 200

o0, 224etsm, <350,p!< 120
00-H. 2216t m 350,120 <200
99, 24ets,m 2350, <200
094,200 <300

a9-H.300 5} < 450

99-H. 92 450

- Hag, sLjet and ViVeto

- Hag., 24, Hhad

-, 2201, 550 5 m <700, <200
-, 22615, 700 € m, < 100, < 200
o Hag. 22jet,m, 1000, <200
oo, 22,350 5 m, <1000, 12200
Qa~ Had, 224ets, m = 1000, > 200
-, B! < 150

qa- g 2150

po-Hilw, Y <150

P Hily, ' 2 150

.l <0

w605 p< 120

1,120 55! <200
4,200 5p! <300
2300

T T T T T
-1
ATLAS Vs=13 TeV, 139 fb
H - yy m, = 125.09 GeV |yH|<2.5
Fe{0bs + Tot.ne. [l Syst.unc. | sw+ Theo.unc.  pvalue = 93%
t Stat Syst
b 067 102 (1o 2
- 123 20 (CEE
m— 107 295 (o3 “05)
b= 11 (58 )
—— 10 35 (a8
———r 06 (35 E)
— EECE
—_— 10 93 (08 07)
—— 16 108 (08 07
—— 0z 18 (1% 8)
—— 21 i (i1 3})
——— 09 o (58 3
——— 0z 4 (4 4
—p—— 12 8 (3 %)
—_— 14 20 (00 01
= 119 85 (65 0
——— 02 %4l 51)
—=—— 16 90 (08 102)
— 18 7 (f7 Lot
| e e— 16 o (fh lon
Ne—t 06 17 (%2 1)
—_— 04 o (L5 %03)
— os 8 (8 8
——— 08 i (4 )
——— NEJEE
- 12 % (5 1)
—t—— w3 (A
I I I I I I I
0 1 2 3 4 5
——— 2% (% 1)
I I I I I I

8 10
(U[BW)/(G[BW)SM

Higgs to bosons (ATLAS)

ATLAS i
H—ZZ" - 4 ] [ S— 1
s=13TeV, 139 10" ™ - ]
Reduced Stage 1.1- |y, | <25 T
—#— Observed: Stat+Sys SM Prediction el
] Observed: SatOnly  pvalue = 77% (05,101
ananorprton | eess ]|
anemaypHgn | m3 ssoea0 |
s yprion | - ez ]
suatipres | a3 1ex1e |
awosan [ s FY.
ey [ R
agzroron [ — w3
arag v [ -
cazraqver | -
aueraass [ -
iLap [ 3
w et 3

ATLAS
(5=13Tev, 139 b
H o Ww* o evay
p-valoe = 53%

3 Statistical Unc.
B Systematic Unc.
I SM Prediction
(st syst)

Total M Un

o premoes 1215

gz 5

camoah

a2, 7002, <1000 G <280 Ge
w2, 100 2, < 1500w, < 0 GeY

[+ s3)

Ewawna,m, 250 Gov.pr2ancov

-4 0 1 2 3 4 5 6 7
HEBH<WW‘/(O|BH

12 September, 2022

13 /42


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-16/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-28/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2021-20/

Fiducial cross sections

Cross sections in fiducial space, defined by detector acceptance and trigger
requirements
Inclusive or (double) differential, also in smaller phase space to study non-ggF
Unfolded with matrix method in the likelihood fit
~vv/ZZ uses different phase space, so extrapolate to the full phase space in the
combination (using SM assumptions)

= pr, |yl prvs |yl, Nies, prj1

= many more cross-sections by single channels
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Fiducial cross section: interpretations

m yy: EFT constraints on Wilson coefficients
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Fiducial cross section: interpretations

m yy: EFT constraints on Wilson coefficients

m ZZ: anomalous couplings to H and Z and contact interaction from left- and right-
handed leptons to H using mi> and ms4
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Fiducial cross section: interpretations

m yy: EFT constraints on Wilson coefficients

m ZZ: anomalous couplings to H and Z and contact interaction from left- and right-
handed leptons to H using my> and mzs

= Both: constraints on ¢- and b-quark Yukawa coupling using shape-only (or with
normalization)
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Conclusions

m Published Run2 results for STXS and fiducial cross sections are now available
including combination. Everything compatible with SM.

m Several improvements on the analysis side: particle flow jets, improved
categorizations, improved discriminants, improved control regions, more cross
sections, more interpretations

m Uncertainty from single channel on inclusive
fiducial cross section ~ 9%

T T
ATLAS

Vs =13 TeV, 139 fb*

All categories

In(1+S44/Byg) weighted sum

®
o
T T

m Uncertainty from single channel on ggF: 10%
VBF: 20-30%, ttH(yv): 35%

m Several STXS 1.2 bins for ggF and VBF at
< 50% from single channel 50

Z weights / GeV
~
o

—e— Data
— Sig+Bkg Fit

m Several interpretations on top of the 40
measurement: EFT interpretations based on

2 4
STXS or differential cross sections ;n 3 H»* Tf%+‘r+++' t
m H— Z~: 95% CL 3.5x SM. Significance 2.20 WZ?\\# \+
(expected 1.20). Phys. Lett. B 809 (2020) 18101516138 o lce 1f5
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yy correlation
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yy generators

Table 1: Event generators and PDF sets used to model signal and background processes. The cross-sections of Higgs
boson production processes are reported for a centre-of-mass energy of v/s = 13 TeV and a Higgs boson mass of
mpy = 125.09 GeV. The order of the calculated cross-section is reported in each case. The cross-sections for the
background processes are omitted, since the background normalization is determined in fits to the data.

Process Generator Showering PDF set \/§0=- [ll;b']l‘eV Order of o calculation
egF NNLOPS Pytuia82  PDF4LHCIS 485 N3LO(QCD)+NLO(EW)
VBF PowHEG Box PyTHiA 8.2 PDF4LHCI15 3.78 approximate-NNLO(QCD)+NLO(EW)
WH PowHEG Box Pytnia8.2  PDF4LHCI5 1.37 NNLO(QCD)+NLO(EW)
qq/q98 — ZH PowHEG Box PyrHia8.2  PDF4LHCI5 0.76 NNLO(QCD)+NLO(EW)
g¢— ZH PowHEG Box PyTHiA 8.2 PDF4LHCI15 0.12 NLO(QCD)

ttH PowHEG Box PytHia8.2  PDF4LHCI5 0.51 NLO(QCD)+NLO(EW)
bbH PownEG Box Pytnia8.2  PDF4LHCI5 0.49 NNLO(QCD)

tHqb MabpGraPHS_AMC@NLO PytHia8.2 NNPDF3.0NNLO 0.074 NLO(QCD)

tHW MapGraPHS_AMC@NLO PyTHiA 8.2 NNPDF3.0NNLO 0.015 NLO(QCD)

b%4 SHERPA SHERPA NNPDF3.0NNLO

Vyy SHERPA SHERPA NNPDF3.0NNLO

tiyy MapGraPHS_AMC@NLO  PytHia 8 NNPDF2.3L0
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yy multiclass inputs

Mys Nys» P?’ Yyy»
p;jj, mj;, and Ay, Ag, An between j; and j»,

PToyyiis Myyjis PToyyiiTs Myyjj
Ay, A¢ between the yy and jj systems,

minimum AR between jets and photons,
invariant mass of the system comprising all jets in the event,
dilepton pr, di-e or di-u invariant mass (leptons are required to be oppositely charged),
E‘T“iss, pr and transverse mass of the lepton + E‘Tniss system,
DT, 17, ¢ of top-quark candidates, n1;,;,
Number of jetst, of central jets (|n7| < 2.5)7, of b-jetst and of leptons,
pr of the highest-pr jet, scalar sum of the pr of all jets,
scalar sum of the transverse energies of all particles (3 Et), E%’iss significance,

E‘Tniss - E‘Tniss(primary vertex with the highest ), p%mck)| > 30 GeV

Top reconstruction BDT of the top-quark candidates,
AR(W, D) of 5,

Njr> Myyjr
Average number of interactions per bunch crossing.
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yy binary inputs

STXS classes Variables
All multiclass BDT variables,

STXISndiVidual P} projected to the thrust axis of the yy system (2508
classes from Ay, nZEpp — Myy=Mjj ,
gg—H 7: Ad | . N
49’ — Haq' 83y = tan (5%21) |1 - anh?® (22),
qq — Hlv
pp — HEE cos 0" = |ETHpI) (BN -p?) - (BN -p2)-(E24p2?)
pp — Hvv 7 My (p7)?
Number of electrons and muons.
- pr, 1, ¢ of yi and y2,
all 1tH and tHW pr. 1, ¢ and b-tagging scores of the six highest-pr jets,
STXS classes E.‘r“‘ss, E%“SS significance, E%“SS azimuthal angle,
combined Top reconstruction BDT scores of the top-quark candidates,
pr, 17, ¢ of the two highest-pr leptons.
Py [y, iy,
pr, invariant mass, BDT score and AR(W, b) of 1,
pr.noft,
tHab pr.nof jF,

Angular variables: Any s, AOyys,, A0ty s AOry iy, Ay
Invariant mass variables: my.y ., My, g My jrs Myyry
Number of jets with pr > 25 GeV, Number of b-jets with pr > 25 GeV*;
Number of leptons*, E{.“isS significance*
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yy STXS
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Correlation ZZ
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Correlation ZZ
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Selection ZZ

Tricaer

‘Combination of single-lepton, dilepton and trilepton triggers

Leproxs axp Jers.

ErecTrons Er > 7GeV and [y| < 247
Muons pr > 5 GeVand Iyl < 2.7, calorimeter-tagged: pr > 15 GeV
Jers pr > 30GeV and Iyl <45

QUADRUPLETS.

Al comb Ttwo same-flavour and 0pposite-charge lepton pairs
Leadi pair: Tepion pair with invariant mass > closest 0 the Z boson mass niz

- Subleading lepton pair: lepton pair with invariant mass 3 second closest t the Z boson mass m7

Classification according 1o the decay final sate: 41, 2621, 3yde. de

REQUIREMENTS ON EACH QUADRUPLET

~Three highest-pr leptons must have pr greater than 20, 15 and 10 GeV
- At most or stand-alone muon

Lerron

Lerrox marms ~Leading lepton pair: 50 < m3 < 106 GeV.
- Subleading lepton pair: mpa < m3s < 115 GeV.
- Alternative same-flavour opposite-charge lepton pair: miz; > 5 GeV
- AR(£) > 0,10 for all lepton pairs

~The amount of isolation Er after summing the track-based and 40% of the
calorimeter-based contribution must be smaller than 165% of the lepton pr

LErTON 1S0LATION

TMPACT PARAMETER - Electrons: [dyl/r(d0) < 5
sianmcance: - Muons: |dy/or(do) <3

COMMON VERTEX __- x-Tequirement on the fit of the four lepton tracks to their common vertex

SELECTION OF THE BEST QUADRUPLET

= Select quadruplet with my closest o 7 from one decay final state.
in decreasing order of priority: 41, 2¢2p1, 2i2e and 4¢

- 1f atleast one additional (Rfth) lepton with pr > 12 GeV meets the isolation, impact parameter

select with the highest value

and ang,

'HIGGS BOSON MASS WINDOW

~ Correction of the four-lepton invariant mass due to the FSR photons in Z boson decays
- Four-lepton invariant mass window in the signal region: 115 < s, < 130 GeV
- Four-lepton invariant mass window in the sideband region:

105 < mag < 115 GeV or 130 < myg < 160 (350) GeV.
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NN ZZ

Category Processes MLP Lepton RNN Jet RNN Discriminant
0j-pi'-Low esF. 22" Pi Dzze, miz, mys, e R NNger
0j-pif-Med Icos 1, cos b1, 42z '

VP NNygr for NNzz < 0.25
1j-piLow geF, VBF, 22" Py Pne - ver i
ARyj, Dzz- NNz for NNzz > 0.25
A phnj, EMSS, NNygr for NNzz < 0.25
1j-pi-Med gF, VBF, ZZ* Pi’ s B P - vor for Wzz
ARigj. Dyz e NN for NNzz > 0.25
A
. i PP,
1j-py/-High geF, VBF e Phone - NNygr
EF™, ARucj, nae
NNygr for NNy < 0.2
2j ggF, VBE, VH ., pi Phone Pho,
i Pr T oY NNy for NNyy > 0.2
2j-BSM-like g¢F, VBF g2y Phone P NNygr
Nits: Nijes 10%
VH-Lep-enriched VH, 1tH i Gl P - NNy
EI
A m, NN,z for NNyyy < 0.4
1tH-Had-enriched e, itH, (XX e i Phone Phony o 0T
ARigj Np-jers 70% NN xx for NN,xx > 0.4
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WW STXS

Howw —evuv  ATLAS  s=13Tev, 139 b’

Production Particle-Level STXS Reduced Reconstructed Signal Region
Mode Production Bins Stage 1.2 Category
Préet <20 Gev
= 0jet suble
" <200 GeV

0002 < 20 GeV

3

uBead 5 20 Gev

P <60 GeV.
=1et 60 < ;"< 120 GeV.
60 = p, "< 120 GeV
20 < p," < 200 GeV.
ggH1j, med p,* 120 = p;' < 200 GeV

9gH2j, low p;"

*,
]

ﬁ

22-jets.
pi"<200 GeV

ﬁ

or Outside Lepton Veto ;" <200 GeV

=200 GeV N, =1

Fail Central Jet Veto

or Outside Lepton Veto _p" = 200 GeV|
e
aqt, med m-iow p/ 7005m,<1000GeV [ a0 Gov
Nmaz P <200 GeV' 1000 = m, < 1500 GeV.
1000 < m, < 1500 GeV
N, =22
m, = 1500 GeV )
—._ m, 1500 GeV' Pass Central Jet Velo
and Outside Lepton Veto

l

2200 GeV .
& EW qqH, high p," 2350 Gov P/ 200 GeV
m, 2350 GeV/
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WW purity

Reconstructed Signal Region

ggF 0j, low p;‘
ggF 3, very low p;‘
9gF 3, low p#!

9gF 3, med p!!
ggF 2j, low p;‘
9gF 3, high p!
9gF 2j, high p¥!
VBF 2j, low my
VBF 2j, med m;
VBF 2j, high m;
VBF 2j, very high my
VBF 2}, high p!

0

ATLAS Simulation

H - WW* - evuv
Vs=13TeV, 139 fb*

0.2
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ggH-0j, low p*! EW qgH-2], low m;-low p'!
ggH-J, very low p: EW qgH-2j, med m -low p:
I ggH-5, low p!! EW qqH-2j, high m-low p!!
" i "
I ooH-3, med pf I Ew qaH-2j, very high m; -low p*
) M -
I ooH-2 low p! I =W qaH-2), high p!

I ooH. high p!
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WW generators

Process Matrix element PDF set UEPS model Prediction order
(alternative) (alternative model) for total cross section

gef H ;‘;}’{'g;fox v2 PDFALHCISNNLO  PyTHIAS N3LO QCD + NLO EW
(MG5_AMC@NLO) (HERWIG 7)

VBF H PowHEG Box v2 PDF4LHC15~8L0 PyTHIA 8 NNLO QCD + NLO EW
(MGS5_aMC@NLO) (HErRWIG 7)

VH excl. gg » ZH PowHEGBox v2 PDF4LHC15NL0 PyTHIA 8 NNLO QCD + NLO EW

ttH PowHEG Box v2 NNPDF3.0nLO PyTHIA 8 NLO

g8 > ZH Pownec Box v2 PDF4LHCI15~NLO PyTHIA 8 NNLO QCD + NLO EW

qq > WW SHERPA 2.2.2 NNPDF3.0NNLO SHERPA 2.2.2 NLO
(Qcu) (SHERPA2.2.2 ; 41g)

qq9 > WWqq MG5_aMC@NLO NNPDF3.0nLO PyTHIA 8 LO

(HErRWIG 7)

gg > WW/ZZ SHERPA 2.2.2 NNPDF3.0nNLO SHERPA 2.2.2 NLO

WZ/|Vy*|ZZ SHERPA 2.2.2 NNPDF3.0NNLO SHERPA 2.2.2 NLO

Vy SHERPA 2.2.8 NNPDF3.0NNLO SHERPA 2.2.8 NLO

vvv SHERPA 2.2.2 NNPDF3.0nNNLO SHERPA 2.2.2 NLO

tf PowHEG Box v2 NNPDF3.0nLO PyTHIA 8 NNLO+NNLL
(MG5_AMC@NLO) (HERWIG 7)

Wt PowHEG Box v2 NNPDF3.0nLO PyTHIA 8 NNLO
(MG5_aMC@NLO) (HERWIG 7)

Zy* SHERPA 2.2.1 NNPDF3.0nNLO SHERPA 2.2.1 NNLO

(MG5_aMC@NLO)
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WW systematics

Source T (%) e [ AT (4]
Data statistical uncertainties 4.6 5.1 15
Total systematic uncertainties 9.5 11 18
MC statistical uncertainties 3.0 3.8 49
Experimental uncertainties 52 6.3 6.7
Flavor tagging 2.3 2.7 1.0
Jet energy scale 0.9 1.1 3.7
Jet energy resolution 2.0 2.4 2.1
Emiss 0.7 2.2 4.9
Muons 1.8 2.1 0.8
Electrons 13 1.6 0.4
Fake factors 2.1 2.4 0.8
Pileup 24 2.5 1.3
Luminosity 2.1 2.0 22
Theoretical uncertainties 6.8 7.8 16
ggF 3.8 43 4.6
VBF 32 0.7 12
ww 35 42 55
Top 29 3.8 6.4
Ztt 1.8 23 1.0
Other VV/ 2.3 2.9 1.5
Other Higgs 0.9 0.4 0.4
Background normalizations 3.6 4.5 49
ww 22 2.8 0.6
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WW signal regions selection

Category H Niet (pr>30 Gev) = 0 ggF ‘ Niet, (pr>30 Gev) = 1 88F | Niet,(pr>30 Gev) = 2 88F | Niet,(pr>30 Gev) = 2 VBE
Two isolated, different-flavor leptons (£ = ¢, i) with opposite charge
lead | psublead
Preselection pr¢>22GeV, py > 15 GeV

mee > 10 GeV

P > 20 GeV

Background rejection

N et (pr>20 Gev) =0

A¢€€'E1x_niss > /2

Mer <mz — 25 GeV

P4 >30 Gev max (m) >50 GeV
mee <55 GeV
Adre<1.8
H—- WW*— evuy fail central jet veto
topology or central jet veto
fail outside lepton veto outside lepton veto
|mj; —85] > 15 GeV mj; > 120 GeV
or
Ayjj>12
Discriminating fit variable | mr DNN
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WW control regions selection

CR Niet,(pr=30 6ev) = 0 88F | Niew(pr=106ev) = 1 88F | Niet(pr>30 Gev) 2 2 88F | Njew,(pr=30 Gev) 2 2 VBF
Nbjet,(pr>20 6ev) = 0
Ay > 7/2 mee >80 GeV
P >30Gev |mee = mz|>25 GeV Mer < mz =25 GeV
- 55 <mge <110 GeV max (mf) >50 GeV myy > 165 GeV.
Adre <26 fail central jet veto
or fail outside lepton veto
Imj; - 85| > 15 GeV
or Ay > 12
Nogumemesngen >0 | MRS =l Ly =0 | Miemom =1
Ni-jet, 20<pr<30 Gev) = 0
Dby g > 72 mer<mz - 25GeV
P> 30Gev max (m§) > 50 Gev mee >80 GeV
e Age <28 Adee<1.8
m1y <165 GeV
fail central jet veto central jet veto
or fail outside lepton veto | outside lepton veto
Imj; - 85| > 15 GeV
or Ay > 12
Np-jer,(pr=20 Gevy = 0
mee < 80 GeV mee <55 GeV mee <70 GeV
10 ™ requirement
2y Adee > 2.8 ey > mz —25GeV [imee —mz| <25 GeV
max (m§) >50 GeV fail central jet veto central jet veto
o fail outside lepton veto | outside lepton veto
Imj; - 85| > 15 GeV
or Ay > 12
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WW correlations

R.Turra
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WW Systematics

g
< Statistical Unc.
E ATLAS mmm Background Theory Unc.
o — -1 mmm Signal Theory Unc.
E] Vs =13TeV, 139 fb mm Experimental Unc.
5 H - WW* - evuv SM Unc.

20F =
10F =
oF 4
Ew, S, Ew, o1y, 9oy ok 9oy 99k, Ook,
KL q @ -0 7, U, =2 "+ hig
9 ?/ 94, ey 13, hlghQHe’ ver::H . n,g,,/ oy "e’y/ I“‘Vp "’9-1/7‘« T low, "
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XSEeC yy purity

ATLAS Simulation HggF+bbH EVBF [VH mttH WtH
Diphoton fiducial
VBF-enhanced

N =1

lepton™

High ET**

Fiducial region (particle level)

ttH-enhanced

0 0102 03 04 05 06 07 08 09 1

Fraction of signal process
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XSEeC yy migrations

H-yy Vs=13TeV  ATLAS Simulation
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XSEeC yy migrations

Hoyy Vs=13 TeV ATLAS Simulation
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xsec yy quark couplings with shape

¢ 100
- ATLAS o BestFit

7.5F H>yy, Vs =13 TeV, 139 fb~! + SM 7]

- shape+XS+BR ]

5.0F E
250 .
0.0F .
—25F .
-5.0F .
_7 5[ — Obs 68% CL e Exp 68% CL -
[ o-mes Obs 95% CL [ Exp 95% CL |
—10.0L PR R RN AN AR R R R

P
-1.5 -1.0 -05 0.0 0.5
Kp
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xsec yy inclusive systematics

Source Uncertainty [%]
Statistical uncertainty 7.5
Systematic uncertainties 6.4
Background modelling (spurious signal) 3.8
Photon energy scale & resolution 3.6
Photon selection efficiency 2.6
Luminosity 1.8
Pile-up modelling 1.4
Trigger efficiency 1.0
Theoretical modelling 0.4
Total 9.8
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Higgs boson and LHC productions

Standard Model Production Cross Section Measurements Status: February 2022
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