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Motivation

> HWW: 2nd Highest branching ratio at 125 GeV
> H->WW 22% (H->bb 57% ,H->11 6.2%, H->ZZ
2.8%,H->yy 0.23% )
> One of the most sensitive channel in Run 1
> |Leading Higgs production modes: ggF and VBF
> Higgs WWin Run 1, 7-8 TeV data
> 5.80;0ggf= 4.6 1.2 pb
> 3.20;0,.,=0.51£0.20 pb

g m 11,74 qi /

$ Q9000 weo B

qa

.

o<
-

|
T =

Gluon fusion Higgs Vector boson fusion Higgs

July 31, 2019 Yun- Ju Lu




Analysis strategy

>

>

Yy

Phys. Lett. B 789 (2019) 508

LHC run2 2015-2016 13 TeV data (36/fb)
> 8->13TeV: GGF/VBF factor of 2.3/2.4; ww : ~ factor of 1.9 ; tt: ~ factor of 3.4
WW leptonic decay to different flavour : e,
> Largely reduced Z+jets contribution
> Best sensitivity among WW decays
Single and dilepton Triggers : down to 14 GeV for muon and 17 GeV for electron
Events separated to jet multiplicity bins: ggF O jet, ggF 1 jet, VBF(>=2 jet)
> Different background contributions. Different background estimation methods used
> Universal jet p, equal to 30 GeV
o Better comparison to theory prediction
o Easier combination with other channels
o More Top background in O jet category compare to a lower p_jets used in veto
Use m_instead of m for the presence of missing E.

2 2
mr = \/(Ell + Er'rms‘s) — |pn + Eff”“]
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https://www.sciencedirect.com/science/article/pii/S0370269318309936

ggF 0, 1 jet analysis

> Signal selections
> Spin 0 Higgs decay and W boson V-A topology : M, < 55 GeV, A® < 1.8
> Background rejection 0,1 jet category:
o bjetvetoinbothO,1 jet category
o MET_ , >20GeV; AD(Il,met)>1.57; max(mTW)> 50 GeV; p.lI>30GeV; veto m_

—WW#*—evuv candidate and no jets

Longitudinal view Transverse view

Run 302300, Ev. no. 4386907856
Jun. 18, 2016, 13:09:05 CEST
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Background in ggF signal region

ggF Signal regions
® ggF Higgs
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WW and Z+jet background estimations

Normalisation constrained by the control region.
Simultaneous fit of all the ggF and VBF SRs and CRs

WW 0 jet control region Z/y*->11 0 jet control region
e (Othognal mll (55 GeV<mll< 110 GeV)

e loosen A (<2.6)
e Purity: 63%
gg— WW and WW scale ~ 6%

e Flip A¢ll (>2.8)
e Loosen mll (< 80 GeV)
e purity: 90%
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Top background estimations

> Top background can have different flavor in final state
> High production cross section
> Enrich low p. QCD radiated jets
> Rise the jet p; threshold from 25 to 30 GeV for theory comparison
> More top background in signal region
> Event with 25-30 GeV jets now in ggF O jet
> Veto events with 20-30 GeV bjet

> Top control region for top background estimation btag 4% and Top modeling ~ 5 %

. 700 g
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Misidentified Leptons

>

simulation)

Yy

> 3reconstructed leptons
> Alepton pair close to Z mass window

> The left lepton for measuring fake factor

W+jets
Nid+id

W+jets _

Fake Factoranti—id —

=N

W+jets
id+anti—

.q X FF X CF

EW
(Nid +anti—id — N

id+anti—id

)

Correction Factor

Nia(pT,n)

FF(pTv T}) e
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{FF( W +jets)

FF(Z+jets)
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Data driven estimation via W+jet control region (id+anti-id)
Fake factor estimated with Z+jets enrich region

Z+jet control region

Jets reconstructed as isolated lepton (e,u) : W+jets dominate (Not well modeled in

L
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VBF analysis

> Probe Higgs interaction with vector boson

> Two energetic jet with little jet activity in central region @ L Higgs decay
> VBF Analysis poanojets 1 7 > —

> >=2jet, bjet veto(>20 GeV), m11< mz-25 GeV @ ><@

> CJV(central jet veto) 20 GeV, outside lepton veto 5
> Boosted Decision Tree d

> | Ap,,m ,mT, ijj,mjj,ijI, lep n centrality] pTtot

H—WW=*—evuv candidate and two jets with VBF topology

Longitudinal view % 45 Projected n-¢ view

0° 90" 180° 270° 360
@
Run 305618, Ev. no. 2461194919

Aug. 05,2016, 08:37:53 CEST

ATLAS

EXPERIMENT
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Background in VBF signal region

VBF signal region

® ggF Higgs

B VBF Higgs
WW  Ssimulation
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Top and Z+jet background estimations

Normalisation constrained by the control region.
Simultaneous fit of all the ggF and VBF SRs and CRs

e bjetveto->1 bjet e Select MtT 25 GeV mass window
e Purity: 96% e Purity: 74%
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Combined ggF and VBF fit

o)
> ggF 0,1 jet categories 2
> Split SR in mll (WW), pT sub-lead lep, g
and flavour channels ep/pe (mis-id
leptons)
> 8/6 bin MT distributions
> VBF
> Statistical dominated
> Single 4 Bin BDT distribution
> [T [ FF T E[FT 7T "7 5 ' |'qu" AR >
8 1200__ ATLAS -4 Data Y\ Uncertainty — R
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Systematics

> g g F Impact= Ao, B,/ Gggf:
Lo 0.1 -0.05 0 0.05 0.1
> WW theory uncertainties (gg->ww) I L B B L L B L L I
> Pile up modeling, btag . :
. . . oi e gg — WW fraction, Njet = O 1-///// :
> mis-identified lepton(flavour composition) Y /y ,
) VB F Modeling of pile-up §+ % ;
. . o : v 5
> MC Statistics et tagging : . B
> ggF, WW theory uncertainties(generator, is-ld sample composito 77%
W7
PSU E) WW QCD scale, Njet < 1 %
Source AUggF 'BII—> wWw* [%] AUVBF ) Bu—> ww* [%} ) ) /:/
— Mis-Id subtraction : //
Data statistics 10 46 of electroweak processes : W/j
CR statistics 7 9 : 7/ /
MC statistics 6 21 ggF UEPS model, N jet < 1 ////A
Theoretical uncertainties 10 19 E 7 //
ook signal 5 tf generator, N jet = 2 VBF : ,// 7
VBEF signal <1 4 ////A
WWwW WW matching scale, Njet < 1 //%
Top-quark 5 5 : /%
Experimental uncertainties 8 9 f UEPS model, N o > 2 VBF ; % /
b-tagging 4 6 : 7 :
Modelling of pile-up 5 2 —e— Ful
‘ . > ATLAS ;
Jet 2 2 " m +10 Impact
Lepton 3 <1 H—-WW [ -iimpact
Ll\['isidﬁjiltihe(lleptons Vs=13TeV,36.1 fio' L Lo lben oo o b b b b
uminosity 5 4
TOTAL T £ 2 15 1 -05 0 05 1 15 2

Pull = (8-6,)/A6
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Results

> (ross section x branching ratio

— 20—
8 | — 8% ATLAS L
OggF - BH>ww* — | — 9%a s=13 TeV, 36.1 fb
1.2 1.2 +1.4 = 15F % Bestfit
= 11.47 7 (stat.) "7 (theo syst.)"; 5(exp syst.) pb i [+ sM
@ 10f
oggF,,,= 10.4 £ 0.6 pb T
[a]
> L
o 0.5_-
OVBF - BH>ww* :
=0.50"0:37 (stat.) £ 0.10(theo syst.) o 5 (exp syst.) pb  *°F
oVBF,,=0.81+0.02 pb 0T T T T s T T T 0 s 20025

OggF - BH-ww* [pb]

> Signal strength (o/o,,) > Observed (expected)

. +0.10 +0.13 +0.14 significances
HeoF = 1.107 2o (stat,) o7 (theo syst.) " o5 (exp syst.)

+0.12 VBF:1.8(2.6) ¢

JAVBF = 0.62J_r8:§57)(stat.)_0_1 3 (theo syst.) £ 0.15(exp syst.)
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Higgs decay combination (ATLAS)

ATLAS-CONF-2018-031
ATLAS Preliminary Chesrivad.o=ia. e
3 Stat. uncertainty
Vs =13 TeV, 36.1 - 79.8 fb Syst. uncertainty =
my = 125.09 GeV, |yH| <25 SM prediction
Yy FE-!H
< i
ggF ww llﬁi
TT ——
comp.| :sal -----------------------------------
VBF observed/expected (4 HE—
. . . Y4 ;
Significance:6.50/5.30 VBE ww ,:
| — ]
With only ATLAS data comb. —
4 |—?§—|
2z f -
VA | —_
comb. He=——
Yy = s——H
vV [l—Eq
ttH+tH 7T }—|EE—{
R ORI 1~~~ SR
comb. o .'.'.E'E"

-1-050 05 1 15 2 25 3 35 4
o X B normalized to SM value
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-031/

Outlook

> Full ~ 139/fb of data
> ggF analysis is systematic dominated, VBF is statistical dominated
> Increasing data -> larger gain for VBF analysis
>  WW uncertainties
> Better control of WW background with the MT2 variable in ggF 1 jet and VBF analysis
>  WW theory uncertainties

o Largest background in the ggF O jet category. Uncertainty from gg->WW (NLO
calculation)

o VBF category : WW generator uncertainties
> Pile up increasing (<u> 2016: 25.1,2017:37.8,2018:36.1)
> Pileupinisolation, Pile up jet rejection.
Particle flow jets and btag improvements
Goal for full run 2
> 2jetcategory:ggF 2 jet, VH analysis
> STXS, standard Fiducial Cross Section measurement =>Channel combinations=>
Interpretations

A\

> Differential Cross Section measurement => Interpretations

* Interpretations: kappa framework, SMEFT fit, BSM models .....
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Thank you'!
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Back up
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Signal region selection

Event selection criteria used to define the signal regions in the H—> W W*— evuv analysis. For the Nje >2 VBF signal region, the
input variables used for the boosted decision tree (BDT) training are also reported.

Category Niet,(pr>30 Gev) =0 88F | Niet,(pr>30 Gev) =1 g8F Njet,(pr>30 cev) = 2 VBF
Two isolated, different-flavour leptons (£ =e, ;) with opposite charge
lead sublead
: pt° >22 GeV, py >15 GeV
Preselection mye > 10 GeV
piniss > 20 GeV |
. Np.jet,(pr>20 Gev) =0
Background rejection A¢(LL, ETS) > 5 /2 max (mf) > 50 GeV
pit >30 GeV My <mz — 25 GeV
H—-> WW*—evuv myge <55 GeV central jet veto
topology Agpe < 1.8 outside lepton veto
Discriminant variable mr BDT
BDT input variables mjj, AYjj, Mee, Adee, mr, Dop Ce, Dop jMyj, P
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Control reaion selection

Table 3

Event selection criteria used to define the control regions. Every control region selection starts from
the selection labelled “Preselection” in Table 2. Np_jet, (20 Gev<pr<30 Gev) represents the number of b-jets
with 20 GeV < pr < 30 GeV.

CR Njet,(pr>30 cev) =0 ggF Njet, (pr>30 cev) = 1 ggF Njet,(pr>30 cev) = 2 VBF
55<ma <110 GeV Myy >80 GeV
WW Ay <2.6 |mer —mz| >25 GeV
Np.jet,(pr>20 Gev) =0
max (mf) > 50 GeV
Np_jet,(20 Gev<pr<30 Gev) > 0 Np.jet,(pr>30 Gev) = 1
J : Ny_: =1
i _ Nb-jet,20 GeV<pr<30 Gev) =0 Bk =20 GeV)
tt/Wt A¢(LL, ET") > /2 max (m%) > 50 GeV central jet veto
ps > 30 GeV Mer <mz — 25 GeV
Ay <2.8 outside lepton veto
Np-jet,(pr>20 Gev) =0
" myy < 80 GeV
Z/y miss . .
no pf'** requirement central jet veto
max (m%) > 50 GeV outside lepton veto
Agyge > 2.8 Myr > Mz — 25 GeV Imer —myz| <25 GeV
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VBF uncertainties

Impact = AGyg B, . /OVK:

-0.1 -0.05 0 0.05 0.1

UEPS model, Njet > 2 VBF

WW generator and //// 7 -— .
7777

ggF+3j QCD scale — —_—
: % :
ggF+2j QCD scale ,._/W —
s Z,
Mis-Id subtraction H //
of electroweak processes 17

UEPS ggF, Njet>2 VBF ;////

b-jet tagging

M; modelling

Double fakes, Njet > 2 VBF

Jet energy scale
pile-up [ term

{f UEPS model, Njet>2 VBF

—— Full
ﬁTLS/a/* m +1o Impact
% :I -1o Impact

V/§=13TeV,36.1fb'1 o b b b b b g
-15 -1 -05 0 0.5 1 1.5

Pull = (6-6,)/A6
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Z+jet control region

300

(a) Identified electron
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Muon P, [GeV]

ATLAS

EXPERIMENT

ATLAS H->WW*
Vs=13TeV, 36 fb™
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Fake Factor
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Double fakes and trigger by fake

> Double fake

> Events with double fake is counted twice in fake estimation eq in slide 8
> Subtract the double count

o NQCD(anti-ID anti-ID) * fe * fu
QCD corr — Nn9CD | £QcD
Nid,id o Ne# f

= (NEZ2— N M) - (—FErD
"D
= Ngy  (~FE5)
> More double fake in (ey) event and higher jet multiplicity bin
o Small effect on ggF analysis
o Effect of double fakes ~ 25% for VBF eu categories

> Trigger by fake (trigger selection tighter than anti-ID lepton)
> Measured in Dijet enrich sample (signal lepton + jet), requiring trigger selection in the
fake factor measurement.
> Moreinevent with leading leptons are fake
> Morein muon trigger by fakes for each categories ~15%
> Leading Electron trigger by fakes are ~5%
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GGF Post-fit

ggF 0 jet ggF 1 jet
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VBF post-fit
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