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Analysis Overview

Analysis Scope: ATLAS-CONF-2021-014

» ggF and VBF production of Higgs bosons inthe H - WW™ — evuv decay channel.
* Aim to measure cross-sections times branching fractions (¢°PS - BRy_yyyw+) and signal strengths (u = a°PS /gSM)

Full Run-2 Result

 Data for this result comes from pp collisions at+/s = 13
TeV at CERN’s Large Hadron Collider (LHC). |l HC
o Collected between 2015-2018 (“Run 2”) with the
ATLAS detector.
* This analysis makes several changes with respect to the »
previous (36 fb1) ATLAS measurement [1]:
v' Addition of ggF > 2-jet channel
v Use of deep neural network (DNN) in VBF channel
v' Measurement of cross-sections in kinematic bins
(“STXS").

1. arXiv: 1808.09054 [hep-ex]
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https://cds.cern.ch/record/2759651
https://cds.cern.ch/record/2759651

Analysis Strategy

Common Preselection:
e Cuts target features of H - WW™ — evuv decay and ’ Y
reduce some common backgrounds: H
v’ Single-lepton and dilepton triggers used 8 w*
v’ 2 different-flavour, opposite-charge leptons .
v nlead sublead @ 000210 _
pr - > 22 GeV, py > 15 GeV z o E_AlTLAsl oraliar y|+ T \\§|Uncertai|my_E
v my; > 10 GeV m (5=13TeV, 139 b WH, MWH,
v pliss 5 20 GeV (ggF channels onl TOEH > W S evuv Bonern | twe
pT (gg y) 600 ;_Preselectlon . W . Z/y* 3
500F Mis-id  [Jli] other vv E
.. . s \ ]
Defining Analysis Channels: 400¢ N\ .
, _ _ 00E S AN :
* Channels split by number of jets with pr > 30 GeV after > 200F | -
preselection: 100 G B :
» Njets = 0 and Njes = 1 channels to target ggF S 1%
» Niers = 2 channels to target ggF and VBF c“\f 121 :
*  Motivated by differing background compositions in each region. g S

 Remaining cuts are targeted to each analysis category.
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ggF O-jet and 1-jet Channels

Background rejection

pT>20 GeV _ .
v Nb—jet = 0:|‘ 0 & 1-jet

v max(m}) > 50 GeV A/

H->WW* - evuv
topology

v my < 55 GeV

ATLAS

EXPERIMENT

Run Number: 357713, Event Number:

Date: 2018-08-07 14:53:35

v A¢p,; < 1.8

Control regions for
top, gqWW, Z /y*
backgrounds.

Four signal regions each,
splitat m;; = 30 GeV and
p%ublead = 20 GeV

ATLAS

Run Number: 362552, Event Number: 2670708258
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ggF >2-jet Channel

Background rejection

pT>20 GeV _
v Nb—jet =0
v m, <my; — 25 GeV

M | I \
\ N 1
A * 1]
N A I |
X v
v \
K * X

o \ \
. x Y X
" N v
: Y N \ Y \ \ \ \
¥ T T T |

H->WW* - evuv
topology

ATLAS

v m;; <55 GeV EXPERIMENT

v A¢p,; < 1.8
v’ |mj; — 85| < 15 GeV or Ay;; > 1.2
v Orthogonality with VBF analysis (fail central jet veto or

Run Number: 310341, Event Number: 2981345135

Date: 2016-10-11 02:32:13 CEST

outside lepton veto) ii

|

Il

Control regions for top, gqgWW, Z /y* backgrounds. l
Two signal regions split at m;; = 30 GeV. I
i
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VBF =2-jet Channel

Background rejection
pT>20 GeV _
v Nbfjet =0
v m, <my; — 25 GeV

H-WW* - evuyv
topology

v Central jet veto
v Outside lepton veto
v’ m;; > 120 GeV (Orthogonality with VH analysis)

Control regions for top, Z/y™* backgrounds.

Events categorized by DNN score based on 15 variables:

A centrality
YjjrMjj My »yMp1j1, Myqj2, Me2j1, My2j2,

jety _jety _jets tot :
br Pt Pt A¢£€; Mypyp, MT, PT MET S18

ATLAS

EXPERIMENT

Run Number: 337705, Event Number: 1829797121

Date: 2017-10-10 20:23:52 CEST
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Results: Inclusive ggF and VBF Cross-Sections

* Final discriminant: mr (ggF analyses) or DNN output (VBF analysis).
» Extract signal strengths using a profile likelihood fit to data

ggF Oj

ggF 1j

in the signal and control regions.

ggF 2j

VBF

Do L L L L A S L B > LS S L L L L R S c T T T T T T
> APRRESASE RS @ + ATLAS Preliminary + pata A\ Uncertainty - o) 7ATLAS Preliminary 4-pata  \\ Uncertainty] Q ATLAS Prelimina Data .\ Uncertaint
\ i A\ y 1200 y N ty ry + N y
8 L ATLAS Prehmjnary+oaxa \ Uncertinty | I~ [ (s=13TeV, 139 fb" . O [ (s=13TeV, 139 fb" . ] ; Vs=13TeV, 139 fb™ W+ | I
3000/ (s =13 TeV, 139 fb B ] o L > Wr, MHe ] o We, WA J2] ver ooF
2 b H—> WW* > evuv Hage Hrer g L H o> WW > evuy - N T~ q000[-F 2 WW" > evuv _ ] S H—> WW* - evuv Woter v wmt
- L GoF N =0 SR “ Poter v ww "5 1500(-ggF Nit=1SR Wotver v awe | > [ ggF-enriched Njet > 2 SR Woter - fwe 1 L%) VBF-enriched N> 2SR myw  Wziy-
%) = L . 4 = . E
= v Wz & I B Bz 8 5] 8001 \ W Wz . wistd - loter v
% 2000l ot Wover w 2 I e [visia Woter v ] o F w Mistd  lother vv
F 1 1000 + R . 600l | = * ]
[ [ ~ b i 400: ]
1000 500 " ; a r
i 1 200}
5 N 5 14;\ TT I o | 1 S 14 T T T T T T T T T T T T T T T T T T T T T T T, I[T 7T Bl 1.4;
& §§ ot N & 12b i l g 12 5 i & 12
S L. e S g N = - ; \ 3 : . \ S NI
g §§§&§'“‘“uﬁ?\$\ 1\ g e \$***‘“**‘*‘*“‘*W*\\‘T\T N\ g \i\t**%m**\%“%*“w*ﬁ\ \\\\\ N\ g 1—w«wmw&§§§\\x\\
a N T Q o8k E O gsf Q  o8F
NN £ N ] £
\\\\ | o v I\ Lt 0.6 1 1 &1 I S I B \1\ [ [0 )15 == Y Y \4\ L1l 0.6 1 1 1 1 1
y Ty T T T 5 ET T T T 3 E I L T T T 3 4F
2 o0 } 2 o50: 2 % 3 o
I 500 3 | 200E | = 3¢
£ 0 e S 150F g 9 2
= 200F ) 2 100F ° o £
100E - . - 50F E SN | L
O@ee® 1414 ®910010,0,0,0 & 0E :ig; L 1 T A ‘5 0:
50 100 150 200 250 50 100 150 200 250 e Ty T 006550,10730 0830 05 0, 0.
my [GeV] mr [GeV] DNN output
Simultaneous measurement of ggF and VBF signal strengths shows good consistency with the SM:
_ +0.16 _ +0.24
Heer = 1.20 Zg5 pver = 0.99 2575
+0.09 +0.10 /: +0.12 +0.1 +0. +0.1 +0.10
= 1.20£0.05 (stat.) *y ¢ (exp syst.) 7y s (sig theo.) ;7 (bkg theo.) = 0.99 8 1; (stat. _8 82 (exp syst.) 8 1; (sig theo.) e (bkg theo.).
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Results: Inclusive ggF and VBF Cross-Sections

Also measure cross-sections times branching fractions for both production modes:

E‘ r I T T T I T T T I T T I T T T I_
S [ ATLASPreliminar — 68%CL ]
= 20— ] — 95% CL _
S [ Vs=13TeV, 139 fb’ * Best fit ]
m:l/l\: 18__ H— WW* — eVMV T :x 68% CL __
ok ]
[=)) - -
o 161 ]
:
12 -
101 .

: I 1 I 1 1 1 I 1 1 I 1 1 I:

04 0.6 0.8 1.2 1.4

VBE BH—> WW* [pb]

OggF * Buwwr

OVBF * BHoww*

12.4+1.5pb

12.4 + 0.6 (stat.) = 0.9 (exp syst.) fg:g (sig theo.) = 1.0 (bkg theo.) pb

0.79 *0-1s pb

+0.11 +0.06
0.79 gy (stat.) “os

+0.13

(exp syst.) T oo (sig theo.

008 (bkg theo.) pb,

Largest contribution to measurement uncertainty comes from theory
uncertainty on the signal (for oy gr) and background (for a4 ).

Source

AU’ggF'BHA WW* [070]
Oggk By ww*

Aover-Ba , ww* [%]

Data statistical uncertainties 5 13
Total systematic uncertainties 11 18
MC statistical uncertainties 4 3.2
Experimental uncertainties 6 7
Flavour Tagging 2.4 0.9
Jet energy scale 14 33
Jet energy resolution 2.3 1.9
ETS 1.9 5
Muons 2.1 0.7
Electrons 1.5 0.3
Fake factors 24 1.0
Pile-up 24 1.3
Luminosity 2.0 2.1
| Theoretical uncertainties 8 16 |
ggF 5 4
VBF 0.7 13
Top 4 5
VAss 2.0 2.1
ww 4 5
Other VV 3 12
Background normalisations 5 5
ww 3.1 0.5
Top 2.4 2.2
VAss 3.1 4
TOTAL 12 22
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Simplified Template Cross-Sections

* Results are extended with measurement of cross-sections in kinematic bins prescribed by the Simplified Template
Cross-Section (STXS) framework.
e Cross-section measured are defined by STXS Stage 1.2 splitting, with bins merged according to analysis sensitivity.

ggH production: EW qqH production:

» Measure 6 POls » Measure 5 POls

» Targeted by O, 1 and = 2-jet ggF signal » Targeted by > 2-jet VBF signal region split
regions further split by p{!. by m;;, p{!.

Stage 1.2 _ Stage 1.2 _ =VBF+V(—qq)H
[ [
pit [0,200] pff [200,0] || [ =o0jet |[ =1t |
Pr

f I !
_ : _ 200
- | = O-jet | | = 1-jet | > 2-jet 200 m;; [0, 350] m;; [350, co]
T m;j
o 1
0
['my 0 350] [, [350 o] | 150 | | | o[ 0 200] |
10 L ..
350 60 -
650 350
700 o 120
700
0.15
1000 Hj, H 350
pr’/Pr 1000
1500
- H” oo 1500
pii 0 o
T
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Results: Simplified Template Cross-Sections

Ratio of measured cross-section to SM prediction shown for all 11 cross-sections:

L L L L A
ATLAS Preliminary Fed Total
I Statistical Unc.
Vs=13TeV, 139 fo BE Systematic Unc.
H— WW* — evuv I SM Prediction
p-value = 52% Total (Stat. Syst.) SM Unc.
ggH-0j, p!' <200 GeV 120 018 (1000 Sy 1 2006
oss (T2 (92, 83) | Lox
ggH-1/,60 = "' < 120 GeV 073 *0% (0%, ) : £0.16
9gH-1, 120 < ' <200 GeV 146 700 (0%, Tou) i +0.21
9gH-2j, p!' <200 GeV 153 “070 (o4 logr) 1 =021
o] 217 1% (00 | o
EW gqH-2j, 350 = m, <700 GeV, p* <200 GeV | |l 020 0% (+040 0%y . Lo13
EW qqH-2j, 700 < m; < 1000 GeV, p" < 200 GeV e 0.50 050 (1048 032 g4
EW qgH-2, 1000 < m; <1500 GeV, p*' < 200 GeV 1.07 o0 (Toa. Toa) ' 2010
EW qgH-2j, m, = 1500 GeV, p'' < 200 GeV 0.96 03 (0%, i) £0.08
EW qgH-2j, m, = 350 GeV, p'" = 200 GeV 113 700 ((Toa Tote) i £0.09
PR T IS S T [N T T S [N T T T S YO T S T A T T A T T [N T ST S S N T T
-1 0 1 2 3 4 5 6 7 8
T o/ o
SM

Results are compatible with the SM.

ACiobs/ 0SM (OA))

80— -

C P Statistical Unc. ]

- ATLAS Preliminary mmmm Background Theory Unc. o
70 {s=13TeV, 139 o~ mmm Signal Theory Unc. —

C ’ mmm Experimental Unc. .
60: H— WW* — evuv SM Unc. 3
50— —
40 —
30— —
20F .
10F =

&w &w &y Qo4 Qo4 94, 94, Qo4 201
Ot r, V. o . V. Y 'Y, Nz 14 & > hi
T T S T e 2T PR LT
w sy e iy Y by 9h o o o Oy X
% ~/pr 7 loy, on ~loy, Y &/ T po
r 7 77 4

Signal theory uncertainties no longer dominate.

Most analysis categories are statistically-limited,
with some ggH modes affected predominantly by
background theory uncertainties.

Higgs Hunting, Sept. 2021

Robin Hayes

10



Conclusions

e This measurement of inclusive VBF and ggF H —
WW?™ cross-sections is the most precise to-date, and
so far shows consistency with the SM.

 Measurements in STXS bins also agree with the SM,
and (for EW qgH) have a precision competitive with
the latest combination of all Higgs results measured
with the ATLAS detector [ATLAS-CONF-2020-027].

e Future measurements will benefit from a larger
dataset and improving understanding of
measurement uncertainties to further test the limits
of the SM.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/

Backgrounds

ggF 0j geF 1j ggF 2j VBF
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mr [GeV] mr [GeV] DNN output
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ggWW
gEWW gEWW ggWw B qgWw
B qgWW B qqWW HqqWw mVy
H\Vy HVy mVy B NonWW
= NonWw = NonWWw = NonWW W Z+jets
. . . Wt
B Z+jets B Z+jets B Z+jets
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Simplified Template Cross-Sections

v’ Largest contribution to each reconstructed signal region come from the truth category it targets.

. . L. ggH-0j , low p;’ EW qqH-2/, low m;-low p;’
ATLAS Simulation Preliminary ggH-1. very low p" EW qgH-2/, med m,low p
H - WW* = Wi B g9H-1i, low pt EW qgH-2j, high mj;-low p¥
{5 =13 TeV. 139 i B ooH-1, med p?’ I Ew ggH-2j, very high m;-low p?
' B ooH-2), low pt B =W ggH-2), high pt
I g9+ high p*

ggF Oj, low pi’
ggF 1j, very low p;’
ggF 1/, low pf

ggF 1j, med pg
ggF 2j, low p’T"
ggF 1/, high p?
9gF 2/, high p!
VBF 2j, low m;
VBF 2j, med m,
VBF 2/, high m,
VBF 2/, very high m,
VBF 2j , 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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Selections
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Selections

H- Ww —evuv, ATLAS Preliminary  vs-13Tev
Production Particle-Level STXS Reduced Reconstructed Signal Region
Mode Production Bins Stage 1.2 Category
pr*?# < 20 GeV <~ My, < 30 GeV
= 0-jet [ R i sublead
o7 < 200 GeV |ggH 0j, low p; pr > 20 GeV «—— N, =0
"¢ 200 GeV
stublead <20GeV Mee > 30 GeV pr
stubIead 5 20 GV «——
p:" < 60 GeV [
l ggH 1j, very low p." p:" < 60 GeV
=1-jet 60 < p,f' < 120 GeV s = 1
ggH J P | 60 < p," < 120 GeV } =
120 < p;" < 200 GeV i 1
ggH 1j, med p," | 120 < p;" < 200 GeV I
22-jets
H 2j, low p,"” my, < 30 GeV
P < 200 GeV 9974 Pr - h Fail Central Jet Veto N 22
> 30 Gev |<Jor Outside Lepton Veto ¢ 200 GeV

p; 2 200 GeV

350 < m; < 700 GeV

ggH, high p;"

700 < m, < 1000 GeV

|EW qqH, low m-low p,"

|EW qqH, med m-low p." |

- N 22 p; <200 GeV 1000 < m; < 1500 GeV

m, > 1500 GeV

|EW qqH, high m-low p,"

pi" 2 200 GeV

m; 2 350 GeV

W qqH, high p."

py" 2 200 GeV I

jets —

<
My € 30 GeV |<— Fail Central Jet Veto N 22

or Outside Lepton Veto
My > 30 GeV |<_ P p- > 200 GeV

350 <m; <700 GeV <

700 < m, < 1000 GeV <

1000 < m, < 1500 GeV [+

P+ < 200 GeV

m, > 1500 GeV |-—

m; > 350 GeV

| py" 2 200 GeV

N, 22

jets
Pass Central Jet Veto
and Outside Lepton Veto
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Results
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