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H ’ WW a evev twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWG?redirectedfrom=LHCPhysics.LHCHXSWG#Latest_plots

H > WW* channel has a large branching ratio (% = 21.6%) and a clear signature — two isolated
leptons, sizeable missing Er, only mr reconstruction is possible. evpuv final state (0.5% cases
from total H BR) is preferred due to absence of DY background Z->ee/pup, only Z>tt->epu+X
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Main background processes
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Jet multiplicity
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Event selection

Category Niet (pr>30 aev) = 0 28F | Niet,(pr>30 cev) = 1 88F | Niet, (pr>30 qev) = 2 ggF
Two isolated, different-flavor leptons (¢ =e, 1) with opposite charge Anti-CJV
. phad > 22 GeV | pjblead > 15 GeV (Central Jet
Preselection _ )
My > 10 GeV, piiss > 20 GeV Veto) and Anti-
N 0 OLV (Outside
| . b-jet,(pr>20 GeV) — Lepton Veto)
Background rejection A(;ﬁff?Ei{ﬂss > /2 Mer <myz — 25 GeV provide
ppr > 30 GeV max (mff) > 50 GeV orthogonality
My <55 GeV, Ay < 1.8 with VBF

fail central jet veto OR selection (see
H— WW*— evuv _ _ Ramakoti’s talk)
fail outside lepton veto

topology
|m,; — 85| > 15 GeV
OR ijj > 1.2
Discriminating fit variable mr
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Control Regions for the most interesting background, 0/1 jet
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2 jet Z5>tt Control Region and SR selection
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Post-fit yields in SRs

Process Nijet=0ggF  Nj=1ggF  Nje =2 ggF
HgoF 2100220 1100« 130 440+ 90
HvygE 23+ 9 103+ 30 46+ 12
Other Higgs 40+ 20 55+ 28 55+ 27
WwW 9700 +£350  3500+410 1500+ 470
tt/Wt 2200+210  5300+340 6100+ 500
Z/y* 140 + 50 280+ 40 930+ 70
Other VV 1400 + 130 840 + 100 470+ 90
Mis-I1d 1200 + 130 720+ 90 470+ 50
Total 16770+ 130 11940+110 10030+ 100
Observed 16726 11917 9982
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ggF 0Jet, 1 Jet Signal Regions: m; distributions
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ggF 2Jets Signal Region, Total ggF: m; distributions
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(Reduced) STXS Stage 1.2 (Simplified Template Cross Sections)

Howw —>evuv ATLAS s=13TeV, 139 b
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Measured ggF cross-sections, total and STXS
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ATLAS and CMS results for ggF H>WW*

0.29
ATLAS Runl PRD 92 (2015) 012006 HggF — L. 02—'_0 26

e ATLAS Run2 36 fb* Phys. Lett. B 789 (2019) 508 Uggr = 1. 10+8 3(1)

0.14

 ATLAS Run2139fb’cC t __ +
urren tggr = 1.157512

Factor of 1.5 improvement

e CMS Runl JHEPO1 (2014) 096 pggr = 0.76 £ 0.21
e CMS 138 fb! arXiv:2206.09466 0.11
- pggr = 0.9270 71,

same-flavour channel included

e Signal strength is measured with ~12% precision in both experiments
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.012006
https://www.sciencedirect.com/science/article/pii/S0370269318309936
https://arxiv.org/abs/2207.00338v1
https://link.springer.com/content/pdf/10.1007/jhep01(2014)096.pdf
https://arxiv.org/abs/2206.09466

The H>WW*->evuv decay channel was used to measure Higgs boson production by
gluon-gluon fusion.

1) The ggF cross section times the H>WW* branching ratio is measured to be
12.0 £ 1.4 pb, in agreement with the Standard Model prediction of 10.4 + 0.6 pb.

2) This measurement is significantly more precise than the previous results from
ATLAS because of several improvements to the analysis in addition to the larger
dataset, most notably the inclusion of a dedicated ggF =2jets signal region.

3) Higgs boson production in the H> WW* decay channel is further characterized
through STXS measurements in a total of 6 categories.

4) The STXS results are compatible with the Standard Model predictions.
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Event selections for Control Regions

CR Niet, (pp>30 Gev) = 0 88F | Niet (p1>30 Gev) = 1 88F | Niet (pr>30 Gev) = 2 8F
Np jet, (pp>20 Gev) =0
Adyp fmiss > /2 mgp >80 GeV
pfff > 30 GeV |mrr — mz| > 25 GeV mrr < myz — 25 GeV
gz W 50 <myp <110 GeV max (me) > 50 GeV mTo > 165 GeV
Adgpp < 2.6 fail central jet veto
or fail outside lepton veto
|mj; — 85| > 15 GeV
or Ayj; > 1.2
Np et (pp>20 Gev) = 0
myee < 80 GeV myp < 5D GeV
no p!fliss requirement
7/ Agpp > 2.8 mrr > mz — 25 GeV
max (mPT) > 50 GeV tail central jet veto
or fail outside lepton veto
|m;; — 85| > 15 GeV
or Ayj; > 1.2
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Event selections for Control Regions

CR Niet,(pp>30 Gev) = 0 88F | Njet (pr>30 Gev) = 1 88F | Njey (p>30 Gev) = 2 88F
Npjet (pr>30 Gev) = 1
Ny et (20<pp<30 Gev) > 0 Jets(pr V) Np jet,(pp>20 Gev) = 0
Np iet,(20<pp<30 Gev) = 0
A{b;(}‘E%ll% = ﬂ-/Q M+ < my — 20 GeV
pf > 30 GeV max (m«"T) >50 GeV mgg > 80 GeV
tt /Wt Ay < 2.8 Agpp < 1.8
mro < 165 GeV
fail central jet veto
or fail outside lepton veto
Imj; — 85| > 15 GeV
or Ayﬂ > 1.2
30.11.2022 A. Gavrilyuk, ICPPA 2022




2 : 2 a 2 b
m = min max{m , ,m )
T2 Pt o= [ { (P 20, T(Pr 1152)}]

where the minimization is over all possible two-momenta, p.., such
that their sum gives the observed missing transverse momentum
pr, and where each of pr? and pr* is the combined transverse
momentum of a charged lepton and a jet.

* m?r, <m?, (decay of a pair of W each with a single invisible particle)

* m? = m?y (decay with single invisible particle)
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my and Ad, selection for 0-jet category
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my and Ad, selection for 2-jet category
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m.. selection for 2-jet category
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Post-fit normalization factors for backgrounds

Category 1744 tt/Wt Z/v*

Nie=0ggF  1.0270707  0.93*)35  0.96* )

Niee=1ggF  0.8570:1¢ 1 057019 9g+0.10

—0.15 —0.16 —-0.09
Niee>22 ggF  0.81*3% 0.96* 7% 0.98% %
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2 jet WW CR selection: mr;
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WW Control Regions my distributions
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Top Control Regions m; distributions
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Ztt Control Regions m; distributions
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STXS Composition

ggF 0f, low p’T"
ggF 1, very low p’T”
ggF 1, low p’T”

agF 1/, med ,O’T”
ggF 2/, low p’T”
ggF 1/, high p’T4
ggF 2/, high p!
VBF 2, low m,
VBF 2/, med m,
VBF 2/, high m;
VBF 2/, very high m;
VBF 2/, high p

Reconstructed Signal Region
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Breakdown of the main contributions to the total uncertainty

Source AtZiiFZBB::v:/V‘:/V [%]
Data statistical uncertainties 5.1
Total systematic uncertainties 11
MC statistical uncertainties 3.8
Experimental uncertainties 6.3
Flavor tagging 2.7
Jet energy scale 1.1
Jet energy resolution 2.4
ET" 22
Muons 2.1
Electrons 1.6
Fake factors 2.4
Pileup 2.5
Luminosity 2.0
Theoretical uncertainties 7.8
ggF 43
VBF 0.7
ww 4.2
Top 3.8
VAs 2.8
Other VV 2.9
Other Higgs 0.4
Background normalizations 4.5
ww 2.8
Top 2.3
VAgs 3.1
Total 12
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Correlations between the cross-section measurements

ggH 07, lowquf ATLAS
H— WW* — evuv

s=13TeV, 139 b1 0.6

ggH 1j,very low pH | —().13

99H i lowpil | 0.06  0.06 - 0.2

99H 1j,medpi | 0.05 023 0.04

g9H 2j,lowpZ | 0.02 —0.09 —0.26 —0.21 _0'6

ggH, highp¥ | =005 0.06 0.01 —0.11 0.07 —0.8
-1

g99H 0j, low pi
ggH 1j, very low pqlf
99H 15, low p
ggH 1j, med p
ggH 2j, low pq’q
g99H, high plf
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Generators

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

gek H ;%‘fg‘;nggi &22;]27] PDF4LHCI58NLO [57]  Pyrhia 8 [28] N3LO QCD + NLO EW [11, 33-42]
(MG5_aMC@NLO) [49, 86] (HeErwIG 7) [48]

VBF H PowneG Box v2 [23-25,43] PDF4LHCl15~L0 PyTHiA 8 NNLO QCD + NLO EW [44-46]
(MG5_AMC@NLOQ) (HErwiG 7)

VHexcl. gg = ZH Powniec Box v2 PDF4LHCI15~L0 PyTHIA 8 NNLO QCD + NLO EW [52-56]

ttH Pownec Box v2 NNPDF3.0nLO PyTHiA 8 NLO [11]

gg — ZH PowHEG Box v2 PDF4LHCI15NL0 PyTHIA 8 NNLO QCD + NLO EW [90, 91]

qq — WW SHERPA 2.2.2 [69] NNPDF3.0nnLo [50] Suerpa 2.2.2 [70, 71, 73-76] NLO [77, 78, 92]
(Qcut) (SHERPA 2.2.2 [71,72]; p1q)

qqg — WWgqq MG5_aMC@NLO [49] NNPDF3.0nL0 PyTHiA 8 LO

(HerwiG 7)

gg > WW/ZZ SHERPA 2.2.2 NNPDF3.0nNLO SHERPA2.2.2 NLO [93]

WZ/Vy*|ZZ SHERPA 2.2.2 NNPDF3.0nNLO SHERPA 2.2.2 NLO [94]

Vy SHERPA 2.2.8 [69] NNPDF3.0nNLO SHERPA 2.2.8 NLO [94]

|44% SHERPA 2.2.2 NNPDF3.0nNLO SHERPA 2.2.2 NLO

ir Pownec Box v2 NNPDF3.0nLO PyTHIA 8 NNLO+NNLL [95-101]
(MG5_aMC@NLO) (HErwIG 7)

Wt PowneG Box v2 NNPDF3.0nL0 PyTHIA 8 NNLO [102, 103]
(MG5_AMC@NLOQO) (HErwiG 7)

Zly* SHERPA 2.2.1 NNPDF3.0nNLO SHERPA 2.2.1 NNLO [79]

(MG5_aMC@NLO)
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Projection from 36 fb* to HL-LHC 3000 fb! arL-pHvs-puB-2018-054

Prod. mode | Scenario Aot/Osm | Dstat/Tsm Dexp/Tsm Asig/Tsm Apkg/ 0 sm
1 +0.191 +0.099 +0.112 +0.047 +0.092
ggF Run2,361b ~0.189 ~0.098 ~0.110 ~0.036 ~0.096
+0.064 +0.010 +0.037 +0.040 +0.033
HL-LHC S1 ~0.065 ~0.010 ~0.037 ~0.039 ~0.036
) +0.046 +0.010 +0.030 +0.023 +0.025
HL-LHC 52 ~0.044 ~0.010 ~0.029 ~0.020 ~0.025
30.11.2022 A. Gavrilyuk, ICPPA 2022



https://cds.cern.ch/record/2652762/files/ATL-PHYS-PUB-2018-054.pdf
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