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H-WW:* - evuv

The Higgs boson decay channel: + clear signature g
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21.6%  0.5% - sizeable missing Er e
* only mr reconstruction
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H * two highly energetic o
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signal in the analysis. O B s s e 0

M, [GeV]

—_
o

Background processes lide 12):
* others H-boson )
* top quark production (tW and tt)

* non-resonant WW
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« dibosons (Wz, ZZ, Wy, Wy* and Zy) o

e Drell-Yan (Z+jets or Z/y" - 1) 105
e Mis-ld (W+jets) and multi-jets (QCD) Vector boson fusion (vbf) 7 | A
jets misidentified as ¢ 10%%00 50 200 250
source M, [GeV]
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http://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHWG?redirectedfrom=LHCPhysics.LHCHXSWG#Latest_plots

Event selection

Signal Region Control Region
Category Niet (pr>30 Gev) = 2 VBF CR | Niet, (pp>30 Gev) = 2 VBF
Two isolated, different-flavor leptons (¢ =e, ;1) with opposite charge N, b-jet, (pp>20 GeV) = 1
Preselection piead > 22 GeV | piblead > 15 GeV /Wt Mrr <my — 25 GeV
mye > 10 GeV central jet veto
Nyio o) =0 outside lepton veto
Background rejection et pr>20 GeV) P
Moy <my — 25 GeV Npjet,(pr>20 Gov) = 0
central jet veto myp < 70 GeV
H—-WW?*— evuv
outside lepton veto Z/y* |mrr —my| <25 GeV
topology o
mj; > 120 GeV central jet veto
Discriminating fit variable DNN outside lepton veto

DNN (Deep Neural Network) is applied in the SR that uses 15 dicriminant variables: Ag,, m,,

tot jetl jet2 jet3 miss oj ifi
m., ijj, m, p.°, 2.C, My My Mgy My P P P4 and E_ ™ significance
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Distributions of m;; and Ay;; in the SR
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mj and Ay; provide best discrimination between signal and background
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Events / bin

Data / Pred.
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WW CR has no high purity due to the overwhelming background from top quark processes.
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ATLAS ® Data A\ Uncertainty

Vs=13TeV, 139 b tt Wt

H— WW* - evuv | . | Hoygr

VBF-enriched N, > 2 M other [l WW

Top quark CR Bz Mis-Id
S B other vv(V)

CRs for the most interesting bkgs

The post-fit NFs
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Post-fit yields and distribution in SRs

Process Njet 22 VBF
DNN:
Inclusive [0.87,1.0]
Hgop 209+ 40 2.6 x09
HvBE 180+ 40 28.8 +5.5
Other Higgs 29+ 15  0.04+0.02
ww 2100+340 4.6 +1.2
tt/Wt 7600370 2.6 +0.8
Z/|y* 1300+300 0.6 +0.1
Other VV 380+ 80 0.6 +£0.1
Mis-Id 330+ 40 1.7 £0.2
Total 12200+ 180 42.0 +5.1
Observed 12189 38

Events / bin

(Tot. — Bkg.) / Bkg.

L B B L N L B L LRI
|§r f_\TLAS 1 ® Data §Uncertainty 3
T Vs=13TeV, 139 " ’
P goe B
= VBF-enriched NjetZ 2 SR -
L B ww Ew) [l ww (Strong) T
= Bz Mis-Id =

Bl other vv(v)

0 0 0 0 0. 0
,0,25] .25 0'527[ .52’0-6‘8/[ .6‘8,0. 77][ .77’0-83/[ .6’,3’0.8

7
DNN output

[0'87, 7

Zobs - 580
Zexp — 620
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(Reduced) STXS categorization

Howw >evuv ATLAS Js=13TeV 139 b

Production Particle-Level STXS Reduced Reconstructed Signal Region
Mode Production Bins Stage 1.2 Category

350 < m, < 700 GeV

== ° EW gqH, low m;low p." 350 =<m; <700 GeV <

700 = m,< 1000 GeV Y
EW qqH, med m-low p; 700 = m;< 1000 GeV < p¥ < 200 GeV

Nysz2  ps"<200 GeV 1000 < m, < 1500 GeV

VIEW qqH, high m;low p." 1000 = m;< 1500 GeV  [<

N, =2
jets

m, = 1500 GeV |

: ‘_ m; = 1500 GeV — Pass Central Jet Veto
p: =200 GeV Hso y | and Outside Lepton Veto
m; =350 GeV

Each SR and corresponding CR are further divided which provides independent XS measurements
in different sub-regions

STXS - simplified template cross sections

p+ is defined at the reconstruction level as the transverse momentum of Higgs boson candidate
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Measured VBF cross-sections, total and STXS

T T T T T T T
ATLAS rei Total
» 1 Statistical Unc.
Vs =13 TeV, 139 fb Bl Systematic Unc.
H - WW* > evuv I SM Prediction
p-value = 53% Total (Stat. Syst.)  SM Unc.
EW qgH-2j,350 <m; <700 GeV, p" <200 GeV | |- 0.05 U057 (02 03, L 407
1
EW ggH-2j, 700 < m, <1000 GeV, p/ < 200 GeV 056 “oon ( ‘0aa. Toas) | 007
, +0.52 +045 4025 \
EW qgH-2j, 1000 < m < 1500 GeV, p'' < 200 GeV 118 Tl (o4 o) 1 007
EW qgH-2j, m; > 1500 GeV, p/' < 200 GeV 114 0% (oS, o) | 008
EW qqH-2j, m; > 350 GeV, p" > 200 GeV 147 700 ( Tha, R | +0.05
| | | P | | | |

B ww ( BH—>WW*)S|\/|
over - Buoww+ = 075112 pb
= 0.75+0.11 (stat.) 700 (exp. syst.) 70 ¢s (sig. theo.) T00% (bkg. theo.) pb

compared to the SM predicted value of 0.81 + 0.02 pb
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Breakdown of the main contributions to the total uncertainty

Source A;:;i‘?g;:“‘fﬁ [ o] Source A&Tf;:f; [%o]
Data statistical uncertainties 15 Theoretical uncertainties 16
Total systematic uncertainties 18 goF 4.6
MC statistical uncertainties 4.9 VBF 12
Experimental uncertainties 6.7 WWwW 5.5
Flavor tagging 1.0 Top 6.4
Jet energy scale 3.7 71T 1.0
Jet energy resolution 2.1 Other VV 1.5
EX'SS 4.9 Other Higgs 0.4
Muons 0.8 Background normalizations 4.9
Electrons 0.4 WW 0.6
Fake factors 0.8 Top 3.4
Pileup 1.3 ZTT 3.4
Luminosity 2.2 Total 23
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ATLAS and CMS results for VBF H- WW -

. CMS 25 fb* (7+8 TeV), link pwypr = 0.6270°8
JHEPO1 (2014) 096

. ATLAS 25 fb® (7+8 TeV), link pypr = 127105
Phys. Rev. D 92, 012006 (2015)

. ATLAS 36 fb, link pypr = 0.6217559
Phys. Lett. B 789 (2019) 508

. CMS 138 b, link — (0.7119:28

VBF

JHEP03(2021)003 a 0.25

e ATLAS 139 fb, link — 0. 93—|—O .23
arxiv:2207.00338v1 (2022) UV BF = 020

Signal strength is measured with ~25% precision in ATLAS
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https://arxiv.org/abs/2206.09466
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.92.012006
https://www.sciencedirect.com/science/article/pii/S0370269318309936
https://arxiv.org/abs/2206.09466
https://arxiv.org/abs/2207.00338v1
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Others main background processes

E.Ramakoti, ICPPA 2022

ttH

DY 0+




Overview of simulation tools used to generate processes

Process Matrix element PDF set UEPS model Prediction order
(alternative) (alternative model) for total cross section
ggF H PowHeG Box v2 [23-27]

PDF4LHC158NL0 [57]  PytHia 8 [28] N3LO QCD + NLO EW [11, 33-42]

NNLOPS [26, 30, 43]

(MG5_aMC@NLO) [49, 86] (Herwic 7) [48]

VBF H PowneG Box v2 [23-25,43] PDF4LHCI15nL0 PyTHIA 8 NNLO QCD + NLO EW [44-46]
(MG5_aAMC@NLQ) (HerwiG 7)

VH excl. gg - ZH PowHEGBox v2 PDF4LHCI15NL0O PyTHIA 8 NNLO QCD + NLO EW [52-56]

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

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

qq - WW SHERPA 2.2.2 [69] NNPDF3.0nnLO [50] SHeErPA 2.2.2 [70,71,73-76] NLO [77, 78, 92]
(Qcut) (SHERPA 2.2.2 [71,72]; pg)

qq — WWqqg MGS5_aMC@NLO [49] NNPDF3.0nLo PyTHIA 8 LO

(HErwiG 7)

gg > WW/ZZ SHERPA 2.2.2 NNPDF3.0nnLO SHERPA 2.2.2 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

It PowhnEiG Box v2 NNPDF3.0nLO PyTHIA 8 NNLO+NNLL [95-101]
(MG5_aMC@NLQ) (HerwiG 7)

Wt PowHEG Box v2 NNPDF3.0nLO PyTHIA 8 NNLO [102, 103]
(MG5_aMC@NLQ) (HerwiG 7)

Z/y* SHERPA 2.2.1 NNPDEF3.0nNLO SHERPA 2.2.1 NNLO [79]

(MG5_aMC@NLO)
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Best-fit values and uncertainties for ¢;-By . ww-

STXS bin (o; - B ) Value Uncertainty [fb] SM prediction
miio; - BH-Ww+
[fb] Total Stat. Exp.Syst. Sig. Theo. Bkg. Theo. [fb]
EW gqH-2j, low m j-low p4 6 63 6 +31 +11 24 109+ 7
350 < mj; < 700 GeV, pH < 200 Gev -62 42 -34 -14 26 =
EW qqH-2j, med m;-low py 31 435 430 +15 +8 +11 56+ 4
700 < mj; < 1000 GeV, pH < 200 GeV =33 -7 -14 ~7 -10 ==
EW gqH-2j, high m;-low pZ! 60 26 423 +7 +9 +5 51+ 4
1000 < mj; < 1500 GeV, pA! < 200 GeV 23 -21 -7 -5 -5 -
EW gqH-2j, very high m ;-low p! 57 20 +I8 +5 +3 +4 50+ 4
mj; > 1500 GeV, pH < 200 GeV 18 17 -5 -3 ~4 +
EW qqH-2j, high pf}f 37 +16 +14 +4 +4 +3 24 1
mjj > 350 GeV, pH > 200 Gev -4 -13 -3 -3 -3 =

5 STXS bins for VBF
E.Ramakoti, ICPPA 2022




Correlations between the cross-section measurements

5 STXS bins for VBF

EW qqH 23, low mjlow pif ?ITiAxf/w* S evpw 8%
Vs=13TeV, 139 fb~! :
EW qqH 2j, med mjjlow p2 | —(0).01 |04
- 102
EW qqH 2j, high mjlow pi' | ()15 (.16 -0
—0.2
EW qqH 2j, very high mj;low pZ | ().1 0.13 0.1

EW qqH 2j highp# | —0.05 —0.02 —-0.02 —0.05

1

EW qqH 2j high pqq .

EW qqH 23, low mjlow pif
EW qqH 23, med mjlow pif
EW qqH 23, high mjlow pif

EW qqH 23, very high m jlow pif
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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

I oo+-1), med P

Ys=13TeV, 139 b’

I oo+, high oY

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

_| H
, med m; low ok

. . g9H-0j,, low p! EW gqH-2j,
ATLAS Simulation ggH-1, very low p” EW ggH-2]
H— WW* — evuy P g9H-1), low Pl EW qgH-2j,

BN EW ggH-2),
B oo+-2). low p!! B Ew goH-2),

; H
low m;-low p;

high m-low p?’

H

very high m ;-low p7

high p::’

0.9 1

Expected Composition
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MT2 definition

2 : 2 2/.. b
My, = IMin [maX{mT(p%,ﬁl),mT(pT,]bg)}]
Pr+pr=pr
where the minimization is over all possible two- S
momenta, p.2 , such that their sum gives the & | ATLAS e Daia N [ncstaiyy
T — w  10°F Vs=13TeV, 139 fb™ M 99— ww Bl g9 WW
observed missing transverse momentum pr, and = H o WW* - eviy BH, WHe
. . o 5 , _
where each of pr* and p+® is the combined 5 ferenkedtace | REEE R
. my, cut tor - Y Is-
transverse momentum of a charged lepton and a jet. * 10 " B Other V() E
B B
* M, £ M?y (decay of a pair of W each with a single
invisible particle)

* m? < m?y (decay with single invisible particle)

_c. 1 _l;l T I |l T T T T ! T T T T ! T T T T ! T T T T ';
) S ;
o 1WMWM&MMWW
« 0.8 . ;
-'(G 0.6:| 1 I I[ 1 1 I | i 1 1 1 1 i 1 1 1 | i 1 | 1 1 :
a 50 100 150 200 250

mr, [GeV]
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Post-fit yields for ggf 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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Measured ggF cross-sections, total and STXS

I T S RL AN BLELELEL BLICIE LA BLUELELELE BN BLELELELE O
ATLAS te4 Tota
» [ Statistical Unc.
Vs=13TeV, 139 fo BE Systematic Unc.
H—> WW* - evuv I SM Prediction
p-value = 53% Total (Stat. Syst.)  SM Unc.
ggH-0j, p! < 200 GeV ‘o 121 Y18 (008 A0, Lg07
ggH-1j, p < 60 GeV 082 *00 [ “Hsse “iel ) | o4
ggH-1, 60 < p* <120 GeV 058 o (10, t0%) 1 o5
9gH-1j, 120 < p' < 200 GeV 186 2= | Tiem cowr) 1 DS
ggH-2], p" <200 GeV 159 "05 (o4 lo) 1 022
P 211 0 (U, 0% | oz
PR ST W A T TN T TR [N TN TN SN TN NN TN TN ST TN AT TN ST TN SN (N ST TR ST T AT TN ST TN SO AN NN TN SO S N SN W1
-1 0 1 2 3 4 5 6 7 8
c-B /
H— Ww* ( H—>WW*)SM

TggF * Bu_ww+ = 12.0x1.4pb
= 12.0£0.6 (stat.)*)g (exp. syst.) T0:2 (sig. theo.) +0.8 (bkg. theo.) pb

compared to the SM predicted values of 10.4 £ 0.5 pb
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ATLAS and CMS results for ggF H>WW*

* ATLAS Runl PRD 92 (2015) 012006 pggr = 1. 02+8 32
o -1 +0.21

ATLAS Run2 36 fb* Phys. Lett. B 789 (2019) 508 tggr = 1.107755
* ATLAS Run2 139 fb* Current

_ +0.14
Factor of 1.5 improvement HggF = 1.15 —0.13

e CMS Runl JHEPO1 (2014) 096

lggr = 0.76 £ 0.21

e CMS 138 fb! arXiv:2206.09466

same-flavour channel included _ 4+0.11
- pggr = 0.92757

* 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
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