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Mode and Channel

( HOWW evuv decay channel )
\.® Different flavour channel |
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-014/

SIGNAL, BACKGROUNDS

AND DATA

Signal
® ggF associated
with O jet, 1 jet
and 22 jet
e VBF associated
with 22 jet

Data
oFull Run-2 Data
139 fb-!
Luminosity

Anamika Aggarwal

Backgrounds
e Standard
Model WW Dedicated CRs
ottt +Wt ,

. Data-Driven
oZ/ y-+Jjets Fake factor method
oW+ jets > for Mis-identified
oVy Lepton Estimation
oW Z / Yfk, Estimated from MC
o VH signal

\Fixed to SM predictions




id

anti-id
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MIS-IDENTIFIED

LEPTON ESTIMATION

e Events with one or more mis-identified, or “fake”, leptons,
primarily from W+ jets events.

e Not modelled reliably by simulation; estimated with a data-
driven method.

A
Extrapolation for 2-lepton final state:
SR f
Nid,id _f ) (Na.nti-id,id . Nanti-id,id) + f . (Nid,anti-id o Nid,anti-id
>1 mis-id — /€ prompt M prompt )
------------------------------ anti-id,anti-id anti-id,anti-id
_fefy ' (N _Nprompt )
CR
Last -term: account for double-fake events




SIGNAL REGIONS

Category Niet, (pr>30 Gev) = 0 ggF ’ Niet,(pr>30 Gev) = 1 ggF ‘ Niet, (pr>30 Gev) = 2 ggF ’ Niet, (pr>30 Gev) = 2 VBF
Two isolated, different-flavour leptons (£ = e, u) with opposite charge
Preselection pad > 22 GeV , piblead > 15 GeV
mee > 10 GeV
pss > 20 GeV
Np.jet, (pr>20 Gev) = 0
Background rejection Agp. Emiss > /2 Mrr <mz — 25 GeV
pif>30Gev max (m%) >50 GeV
mee <55 GeV
Aper < 1.8
H—- WW*— evuy fail central jet veto
topology or central jet veto
fail outside lepton veto outside lepton veto
lm;; — 85| > 15 GeV mjj > 120 GeV
or
Ayjji>1.2
Discriminant variable mr DNN

ggF: 3 signal regions based on the Njet category.
VBF: only one signal region.
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Njet,(p-r>30 GeV) = 0 ggF

Niet,(pr>30 Gev) = 1 ggF Niet, (pr>30 Gev) = 2 ggF

Njet, (pr>30 Gev) = 2 VBF

CONTROL

Np.jet, (pr>20 Gev) =0

55< mee < 110 GeV
Ader <2.6

Mep > 80 GeV

Mrr < mz — 25 GeV
mra > 165 GeV

|mrr —mz| >25 GeV
max (m%) > 50 GeV

fail central jet veto

or fail outside lepton veto

|mjj - 85| > 15 GeV
or ijj > 1.2

Np_jet, (20 Gev<pr<30 Gev) > 0

AB(E6, D) > /2
p,?’ > 30 GeV
Ader <2.8

Np.jet,(pr>30 Gev) = 1
Np.jet, (pr>20 Gev) =0

Np_jet, (20 Gev<pr<30 Gev) = 0

Np.jet, (pr>20 Gev) = 1

Mmrr <mz — 25 GeV

Mee > 80 GeV
Adee < 1.8
mry < 165 GeV

max (m,‘l’,) > 50 GeV

fail central jet veto

or fail outside lepton veto

|mjj - 85| > 15 GeV
or Ay]] > 1.2

central jet veto

outside lepton veto

CR
qq > WW
® 3 control regions
corresponding to 3
major backgrounds in
each Njet category in
ggF case {TIW
® only 2 control regions
in VBF case.
Zly*

Np.jet, (pr>20 Gev) =0

Mpp < 80 GeV

no pss requirement

Mpp < 55 GeV

Adee > 2.8

mrr > mz — 25 GeV

fail central jet veto

or fail outside lepton veto

|mjj - 85| > 15 GeV
or ijj > 1.2

mep <70 GeV

central jet veto

outside lepton veto
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Experimental Uncertainties
Standard set of four-vector and scale-factor uncertainties, following recommendations
from CP groups]

@Trigger (efficiency)

@®Electron (reconstruction, ID, energy scale, resolution, isolation)
®Muon (reconstruction, ID, momentum scale, resolution, TTVA, isolation)
@Jets (JES, JER, flavour tagging)

®MET (Soft term, jet track scale)

®Pileup, Lumi

@®Fake Factor uncertainties

®Mis-ID (stats, EW subtraction, flavour composition)

Theory Uncertainties
[Considered on all the main backgrounds: WW, top, Z+jets and both ggF and VBF signals]
®qqWW: Matching, PS, PDF, QCD scale
®ggWW: QCD scale
@if: Matching, PS, PDF, QCD scale, ISR/FSR

®Wt: Matching, PS, PDF, QCD scale, ISR/FSR, interference
@®Z+jets: Generator, PDF, QCD scale

@ggF: QCD scale, PS/UE (P8 vs H7), PDF

@VBF QCD scale, PS/UE (P8 VS H7) PDF ma’rchmg
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Results derived with simultaneous maximum likelihood
fit using mr as the discriminant variable.

c Q) 2 oq |2
mr = \/(ng _|_Errrmss) . ‘p?’ +Errrmss‘ where Ea’ \/|P |2+m%
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50 100 150 200 250 50 100 150 200 250 50 100 150 200 250

my [GeV] mr [GeV] mr [GeV]

124+ 1.5pb
12.4 + 0.6 (stat.) = 0.9 (exp syst.) © +0 !  (sig theo.) + 1.0 (bkg theo.) pb

0.16
1.20 +0 15

1.20 + 0.05 (stat.) T0-08 (exp syst.) *0-03 (sig theo.) *0-1% (bkg theo.)
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- F T T T 1 T I ]
f 106 L ATLAS Preliminary 4-pata  \\ Uncertainty d
%) ? {s =13 TeV, 139 fb . Hyge . Hogr ?
GCJ 10°F H = WW* — evuy Bother H Wt E|
Lﬁ - VBF-enriched N 2 SR B ww Bz, ]

10° ¢ Mis-id  [llother vv 3

® Results derived with simultaneous
maximum likelihood fit using new
multi-variate discriminant using a
Deep Neural Network (DNN)

® DNN is applied in the SR that

. o« e . 5 1.4F ' l I l | T S
uses 15 discriminant variables: g b :
tot T g % &
Adee, mee, mr, Ayjj, mjj, pr's X Ce, I i
me, ji» M jp > My jy My o e ———
. . . — (@) —
et, _jet, _jet s s o 4
p]T L pJT 2, pJT >, and E7"° significance T
L I
(a1} -
I ) | e L L L L L P L L LR LT
'5: Ot g
< 0 025 10254 59/[0' %0 73][ e 0-83/[Q % 0-89/[ "% 93/[ %, 1)
OVBE * BHww+ DNN output

008 (exp syst.) Y053 (sig theo.) *0-0¢ (bkg theo.) pb

0.24
0-99 t0.20

0.99 1013 (stat.) *0:0% (exp syst.) To-17 (sig theo.) T (bkg theo.)
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® Cross section measurements are also
conducted in the Stage-1.2 STXS category
scheme.

® The STXS categories have been defined using
the truth record of the simulated samples.

¢ After merging certain regions to ensure
sensitivity for all the measured parameters,
a total of 11 fiducial cross sections gaH-0], p" <200 GeV
in different STXS categories are Gy <0 eV

ggH-1j, 60 = p: <120 GeV

measured. ggH-1j,1205p’T"<200GeV
. . ggH-2j, p’T4 <200 GeV
® 6 categories for ggH production got, =200 Go

and 5 FOI" elec.‘.roweak qu EW gqH-2j, 350 < m; <700 GeV, p* <200 GeV
. EW qqH-2j, 700 < m; < 1000 GeV, p" < 200 GeV
production.

EW gqH-2j, 1000 = m; <1500 GeV, p: <200 GeV
EW qqH-2j, m, = 1500 GeV, p: <200 GeV

EW ggH-2j, m; = 350 GeV, p:' =200 GeV
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ATLAS Preliminary

Vs=13TeV, 139 fb™
H — WW* - evuv

p-value = 52%

1.20
0.85
0.73
1.46
1.53

Fammr| 27

-0.20

0.50

1.07
0.96
1.13

Total

+0.16
-0.15
+0.59
-0.60
+0.53
-0.52
+0.81
-0.78
+0.79
-0.79
+0.81
-0.78
+0.55
-0.56
+0.59
-0.53
+0.51
-0.47
+0.37
-0.34
+0.47
-0.41

|

o4 Total
1 Statistical Unc.

Bl Systematic Unc.

I SM Prediction

( Stat.

+0.08

+0.30

+0.32

+0.64

+0.41

+0.65

+0.40

+0.49

+0.45

+0.34

e s e e e e e e e e

+0.43

-0.08

-0.30’

-0.32

-0.62

-0.41>

-0.63

-0.35"

-0.44 >

-0.41>

-0.31

-0.38

+0.14 |
013 ) !
+0.50 )
-0.52 1
+0.42 |
“o41 )
+0.49 1
-0.47 ) !
+0.67 !
Zo67 ) :
+0.49 !
046 ) :
+0.38 ,
043 ) |
+0.32 )
-0.30 |
+025 ]
“023 )
+0.14 |
“o43 )

+0.18
-015) :

Syst. ) SM Unc.

+0.06

1
' x0.14

+0.16

+=0.21

+=0.21

+0.28

=0.13

+=0.11

=0.10

+0.08

1
. +0.09
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BREAKDOWN OF THE
MAIN CONTRIBUTIONS

TO THE TOTAL
UNCERTAINTY

e Both measurements are
dominated by systematic
uncertainties.

e For the ggF measurement,
uncertainties from both
experimental and
theoretical sources are
comparable.

e For the VBF measurement,
signal theory uncertainties
make up the largest
contribution.
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Aa'ggF'BH—> W W *

Aover- By ww*

Source OooF By, ww [%e] ovBE B ww* [e]
Data statistical uncertainties 5 13
Total systematic uncertainties 11 18
MC statistical uncertainties 4 3.2
Experimental uncertainties 6 7
Flavour Tagging 24 0.9
Jet energy scale 1.4 3.3
Jet energy resolution 2.3 1.9
Emiss 1.9 5
Muons 2.1 0.7
Electrons 1.5 0.3
Fake factors 2.4 1.0
Pile-up 2.4 1.3
Luminosity 2.0 2.1
Theoretical uncertainties 8 16
ggF 5 4
VBF 0.7 13
Top 4 5
VAgs 2.0 2.1
wWw 4 5
Other VV 3 1.2
Background normalisations 5 5
wWw 3.1 0.5
Top 24 2.2
VAus 3.1 4
TOTAL 12 22




CONCLUSION

e ggF and VBF Higgs boson production modes are measured in the
H—-WW#*—evuv decay channel.

e ggF and VBF cross sections times the H— WW branching ratio are measured

to be 12.4 + 1.5 pb and 0.79 +8 11% pb, respectively, in agreement with the

Standard Model predictions of 10.4 + 0.6 pb and 0.81 + 0.02 pb, respectively.

* Higgs boson production in the H—WW* decay channel is further

characterised through measurements of the Simplified Template Cross
Sections in a total of 11 STXS categories.

e All the results are compatible with the Standard Model predictions with a p-
value of 52%.
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BACKUP
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H-o WW > evuv, ATLAS Preliminary  vs=13Tev

Production Particle-Level STXS Reduced Reconstructed Signal Region
Mode Production Bins Stage 1.2 Category
pTSUblead $20GeV < My, <30 GeV
e > ggH 0j, low p." preUblead 5 o0 GevV  ——r
p;" < 200 GeV N, =0
p;" < 200 GeV
stubIead <20GeV My > 30 GeV T
sublead
pr > 20 GeV +——
p:" < 60 GeV
>| ggH 1j, very low p."” p:" < 60 GeV <
=1-jet 60 < p' < 120 GeV Nigs =1
120 < p;" < 200 GeV
s g 99H 1j, med p,” 120 < p," < 200 GeV
2 9gH 2j, low p." my, < 30 GeV <
p;" < 200 GeV ogH i “ Fail Central Jet Veto N 22
my > 30 GeV or Outside Lepton Veto p- < 200 GeV
p:" 2 200 GeV Ny =1
g ggH, high p.* p;" 2 200 GeV
<
My < 30 GeV Fail Central Jet Veto Nes 22
e > 30 GeV or Outside Lepton Veto pH3 200 GeV
350 < m; < 700 GeV
- > EW qgH, low mlow p,” 350 < m,; <700 GeV =
700 < m, < 1000 GeV;l
*|EW qqH, med m-low p.” 700 < m, < 1000 GeV < p.H ¢ 200 GeV
Nes 22 p;’ <200 GeV 1000 < m, < 1500 GeV
>|Ew qqH, high m-low p." 1000 < m,; < 1500 GeV <
N 22

p:" 2 200 GeV
m; 2 350 GeV

; and Outside Lepton Veto
p;" 2 200 GeV

g EW qqH, high p.* m, 2 350 GeV

m, > 1500 GeV v
L :_ m, 2 1500 GeV < Pass Central Jet Veto
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A TLAS S I . P I . ggH-0j , low p’T" EW ggH-2j, low m;-low p’T"
Imu at|0n re Imlnary ggH-1j, very low p'T* EW gqH-2j, med m;-low p;’
H—- WW* = Miv B ggH-1j, low p¥ EW gqH-2j, high m;-low p"
{s =13 TeV. 139 fb" B ogH-1, med p’T“' I EW ggH-2j, very high m;-low p?
’ Bl 99+H-2), low p¥ B EW gqH-2j, high p”
B oo, high p”

ggF 0j, low p’T"
ggF 1/, very low p’T"
ggF 1/, low p’T4

ggF 1/, med p’T"
ggF 2j, low p’T4
ggF v/, high p¥
ggF 2j, high p”
VBF 2j, low m,
VBF 2j, med m,
VBF 2/, high m,
VBF 2/, very high m,
VBF 2, high p*

Reconstructed Signal Region

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Expected Composition
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