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- H - WW* coupling measurements and H — WW* diff XS measurements with full Run 2 dataset

- For ggF, VBF and VH production modes
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Full Run-2 Result

- pp collisions at \/E = 137eV at LHC
. Collected during Run 2 with the ATLAS detector

ggl+VBF: (HIGG-2021-20)

- Main changes with respect to the previous ATLAS measurement
at 36 fb~!
- Addition of ggF > 2-jet channel
- Use of deep neural network (DNN) in VBF channel

- Measurement of cross-sections in kinematic bins (“STXS”)
VH (ATLAS-CONF-2022-067):

. Addition wrt to previous ATLAS results at 36fb~!
- Addition of 2 leptons channels
- Use of ANN and RNN in 2 leptons and 3 leptons channels


https://arxiv.org/abs/2207.00338
https://cds.cern.ch/record/2759651
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-067/
https://arxiv.org/abs/1903.10052

- Selection target features of H - WW* — evuv decay and reduce some common background
- Single-lepton and dilepton triggers with trigger matching
- 2 different-flavour, opposite-charge leptons

- pF > 22 GeV, piPterd > 15 GeV
* My > 10 GeV [~

miss
- pr > 20 GeV (ggF channels only) Discriminant

ggk 0-1 jet: my

ggk 2 jet: my
Njet, (pr>30 Gev) = 0 g8F | Niet, (pr>30 Gev) = 1 8F | Niet,(pr>30 Gev) = 2 88F || Njet, (pr>30 Gev) = 2 VBF
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https://arxiv.org/abs/2207.00338

‘Background estimation

WW, top and Z+jets : normalization constrained by the control region
Mis-identified lepton: dominated by W+jets, data-driven method

Definition of 2 regions: NW+]ets FE. NWHjes

- ID+ID region: both leptons fulfilling analysis identification :E l ) ID+antilD
requirements ,

- ID+antilD: one of the two leptons fulfilling looser requirements Fake Factors from Z+jets

Other diboson estimated from simulation

WW control region 0 jet
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- Good post fit modeling in all the 4 signal regions
- VBF-enriched 2 jets: DNN increase signal fraction from 27% to 74% compared to previous analysis BDT in last bin
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- ggF and VBF signal strengths measurement with profile likelihood fit to data in SRs and CRs
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Simultaneous measurement of ggF and VBF signal strengths shows good
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ggl+VBI' measurement

consistency with the SM
Dominated by systematic uncertainties

oggoF: uncertainties from experimental and theoretical sources are comparable

Ao gorivBF By, ww* Ao g By, ww* Aover- By _,ww*

Source O goF+VBF " BH - ww* [%e] OgeF B wwr [%e] ovBF ' B ww* [%e]
Data statistical uncertainties 4.6 5.1 15
Total systematic uncertainties 9.5 11 18
MC statistical uncertainties 3.0 3.8 4.9
Experimental uncertainties 5.2 6.3 6.7
Flavor tagging 2.3 2.7 1.0
Jet energy scale 0.9 1.1 3.7
Jet energy resolution 2.0 2.4 2.1
Emiss 0.7 2.2 4.9
Muons 1.8 2.1 0.8
Electrons 1.3 1.6 0.4
Fake factors 2.1 2.4 0.8
Pileup 2.4 2.5 1.3
Luminosity 2.1 2.0 2.2
Theoretical uncertainties 6.8 7.8 16
ggF 3.8 4.3 4.6
VBF 3.2 0.7 12
ww 3.5 4.2 5.5
Top 2.9 3.8 6.4
VAus 1.8 2.3 1.0
Other VV 2.3 2.9 1.5
Other Higgs 0.9 0.4 0.4
Background normalizations 3.6 4.5 4.9
ww 2.2 2.8 0.6
Top 1.9 2.3 34
VAus 2.7 3.1 34
Total 10 12 23 6




Measurements inSTXS: ggl + VBl

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

[ - v v oo

= 0-jet = 1-jet > 2-jet

Stage 1.2

Stage 1.2

Fixed to their 350
expected yields

200

ggH production: EW qqH production:

6 POIs, targeted by o, 1 and = 2-jet ggF signal regions further split by pﬁ. 5 POIs, targeted by = 2-jet VBF signal region split by 7., p/
’ = P ET



ggH-0j, p'T* < 200 GeV

ggH-1j, p’T” <60 GeV

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

ggH-1j, 120 =< p: <200 GeV

ggH-2j, p: < 200 GeV

ggH, p'T* =200 GeV

EW gqH-2j, 350 < m; <700 GeV, p" <200 GeV
EW gqH-2j, 700 < m; < 1000 GeV, p’T* <200 GeV
EW qqH-2j, 1000 = m; <1500 GeV, p'T* < 200 GeV
EW qqH-2j, m; = 1500 GeV, p'T* <200 GeV

EW qqH-2j, m, = 350 GeV, p : =200 GeV
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Signal region definition < 1.4r , | . -
O - e Data -
Category Niet, (pr>30 Gev) =0 Niet, (pr>30 Gev) = 1 % 1 o N\ Sys. Uncertainty —
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. e - e = 1k w1 Powheg+Herwig7 (p=95%)—
Common Selection mel < 2.5, |nu| <2.5, p7 > 30GeV § - MadgraphFxFx (p=97%) _
Mee > 10GeV _8 0.8 — _
EDs 25 5 20 GeV r .
Background rejection Np_iet, (pr>20Gev) = 0 0.6 — . _
AG(Et, EXi%%) > /2 max (m<) > 50 GeV - ATLAS Preliminary -
péf > 30 GeV Mrr <Mz — 25 GeV 04 __ H—sWW —evuv; Njet=0’1 ]
mt > 80 GeV - Vs=13TeV, 139 fb' i
H— WW*— {vly mee <55 GeV 0.2
topology Ader < 1.8 _ * i
- OF | | B R
|y| < 2.47and gaps are excluded 1.37 < |y| < 1.52 8 2F \ =
[ ] [ ) [ ] o o 9 1 z_ ‘\ * $ _i
Fiducial region definition S b ~ 3
— = | | | -
Same cuts at particle level + |y, | < 2.5 to match ATLAS coverage constraints A 0-30 30-60 60-120 120-1000
P [GeV]

Leading uncertainties:
related to jet and muon reconstruction
theory uncertainties associated with the top and Wi and with Vy modelling

data-driven bkg estimates for misid. objects and uncertainties related bkg norma
No significant differences measured XS and their SM MC prediction (p-value c

ization from CRs

Other measured distributions

[ Yo »Pﬁ ) P%O»P%l» My, Vi, Ay, cos(0™)

naracterizes compatibility between data and predictions)

The total XS (sum over all bins) are compatible with each other for all observal

bles



-Four channels targeting different signal
- signatures are analyzed with 6 categories 2 leptons opposite sign (OS) 2 leptons same sign (SS)
-MVA is employed in all categories

10



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-067/

W

- ANN trained with 19 input variables of leptons, jets, E?iss
- 6 output nodes: VH, ggF, VBF, top, Z +jets and W W processes

ZANN‘I./HOS =1

i
- One SR and three CRs for major bkg norm are defined using 4 ANN output node
. SR for ANNyj g > 0.2

. CR for tt, Wt, Z+jets, WW

Signal region

-E 105 EI L | LI I T T I T T | T T I 7T | T T I T T | T IE . o o .
S [ ATLAS Proliminary + oun ey . Control region top Control region Zjets Control region WW
| \/E=13TeV,139fb_1 .WH .ZH | g :IIII|IIII|IIII.|I.III|IIII|IIII|||\|||IIII.|IIII: (q\| _IIII|IIIIIIIIIIIIIIIIIIIIIIIIlIIII_ —— —— —— —— —— ——
*g 10 VH, H = ww awe Bl Zejets | o - ATLAS Prellml?ary ® Data |\ Uncertainty ] S 1600 ATLAS Preliminary ® Data \ Uncertainty 7 & 10005 ATLA|S Prelilminary |. Data |§ Uncer|tainty :
= = - L - — ~ B _ 1 O — N —
4 - Opposite-sign 2| SR o ww Other WV 1 © 6000: Vs =13 TeV, 139 b Bw B zH ] @ 1400 Vs=13TeV, 139 o' JPws | zH 1 900; (5-13Tev, 13970 [ wH [ 2+ .
LLJ i Misid. | VWV ] § 5000k VH, H > ww* t/wt Bl Z+jets ] § 1200k VH, H > ww* e Bl Zsiets € 800L vy s vt Wl Zejots =
1035_ W agF [ Other Higgs = W - Opposite-sign 2| top CR . WV Other VV L - gpposngl-:?@n 2l B ww Other WV b 700;_ Opposite-sign 21 WW CR o Y 3
Fg = : : - t - - -
E Y e : 40005 %% Misid. - 1000f Hee 42% Misid. E 600 & vwv [ Misid. E
102 | - . ggF . Other Higgs 1 800 " goF | Other Higgs . 500 \\\&\ B ooF [l OtherHiggs
E 3000 +*%%e . : \ - . :
i - o g 1 600F
0 2000 ! ..‘0’ .Q : 400F
B ;S J i B
1000 o*® % . 200f
1 0
. 1 _4_ . L | L L L | L I L | L . C
© C B [ [ L [ L [ | N _4_
g g o (TTTTITTITIITITITOINN  g 12 | 18 14
a 12 o \ o : o o
g ] S hergenanteenttugetyeton \ R A ; § S 08
CDU 0'8: ] g 08:_ """"""" || """""""" || """""""" | """""""" | """""""" ; %ﬁ& CDG 0.8- L 11 1 | 1 11 1 | L 11 1 I L 11 1 | L 11 1 | L 11 1 | L1 1IN CDU 6: .
0.6t | | | | | | | | ] o v b b b b by 1 IS N 0.3 04 0.5 0.6 0.7 0.8 0.9 1 0.7 0.75 0.8 0.85 0.9 0.95 1
© log , logy l0q, 055 [0g , logs 05 1055 log 01 02 03 04 05 06 07 08 09 1 |
.33] s 0'44] s 0,53/ s 0-6] .6‘5] g 0_7] .75] g 0,8] ] ANNZ+jetS ANNWW
ANN’[Op VHOS VHOS
VHOS

ANN o T



Events / bin

Data / Pred.

Inputs

[ ) [ ]

Signal region 2u
rrerprrerprrerpre e e e prrrrp e e p e e
= ATLAS Preliminary e pata  \\Uncertainty 3
- Vs=13TeV, 139 fo Bwvy Pz .
- VH, H —> Ww* W(Z/y*) [ Misid. l
= SS2u SR B aflip [l Same-sign WW 3
- Wzziyy vw ]
B . tfiv/itz [ Other Higgs _
E WW E

N Y i

!
f

IIIIII I T TTTIT

1

k\%‘\%\\%\%\\%*%\\\\é\\i\\\‘%\\&\\R\\'\\\\\\ SRR R \\W

g R E

(o (0, (0. ) (0, (0. (0, 7 (0,
02 7 27 4]34 047]47’ 58]58 06‘8]68’ 0'76'_/ 6 084]84 09,3]

RNN output

[09
51

'VH 2 leptons same

Events / bin

Data / Pred.

Signal region 2e

T T1 | I'TTT | ' T TT | T T | L | L | ' TTT | ' TTT | ' T TT1
5 ‘o N —
10 = ATLAS Preliminary e pata Y\ Uncertainty =
- {s=13TeV, 139 b Bwv Pz ]
[ VHH - ww W(Z/y*) [ Misid. T
10 = SS2e SR B aflip [ Same-sign WW =
- Wzziyy vw ]
5 T e tiv/itz [ Other Higgs
10° =
= - E
\\\\\ e . .. 7]
. 1 —

Il|

1%\&&\\&\ \\\L\\\\

(o [0 (0 ) [0 (0 ' [0 7
02 1 27 4]34 047]42 58]53 068]68’ 0 767 ) 8g 093,

RNN output

[084 0 [093, )
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sign (SS)

- Requiring exactly 2 leptons (no additional lepton with p, >
. Atleast 1 jet is required

. 3 different SRs depending on the lepton flavor: SS2u, SS2e and SSDF
+ RNN trained against dominant background WZ using p,, n and ¢ of leptons, jets and E?iss as

1.2

118

_L

0.9F
0.8t

10 GeV to reject WZ)

- WZ bkg is normalized in the SR with a floating normalization factor

Signal region DF
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Z-dominated category (1/2 SFOS pairs)

* Major bkg involve Z: |m; — m,| > 25GeV

'VH (WH) Sleptons

Two signal regions depending on the number of same flavor opposite sign pairs of leptons

* 2WZ CRs (0 jets and > 1 jet) defined reversing Z

* ANN binary classifier trained against WZ using 15 input variables (leptons, EY’T”SS) — used as
final discriminant
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| Z-depleted category (0 SFOS pair)

* Dominant bkgs: ttr, W(Z/y), WWW

* WWW normalized in the SR with a floating WWW
| NF

| * Use the same WZ CRs for WZ normalization

| © ANN with 4 output nodes

; * ANNy;, ANNyvww, ANNy,,, ANN, 7 |
| * using 26 input variables (leptons, jets and E7"*)
|

| * ANN, > 0.25 to suppress #f background
* final dlscrlmmant
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2-SFOS BDT output

- Two signal regions depending on the number of same flavor opposite sign pairs of leptons

. 2 different BDTs trained with 13 input variables (leptons, E**, N;..s) for each SR
- Trained against all backgrounds

* I2,13: SFOS lepton pair with mass closest to
mZ , from Z decay (90%)
* lo, li: from Higgs decay

|

- 1 SFOS SR: ZZ from the 77 decay
- 2 SFOS SR: large ZZ contribution, lower sensitivity

- my ;< 50GeV — reduce ZZ by 87%
+ ZZCR: |my; —my| < 10GeV, m;; > 50GeV



G,y X BRy _ ww- [PD]

I I | I I
0.9— ATLAS Preliminary 68% CL —
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owH X Bg_ww+ = 0.13

ozg X Byg_ww+ = 0.31

ova X Bgoww+ = 0.44 + 0.1(stat.)” ;< (sys.) pb

+0.08
—-0.07

+0.09
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Uy at 1.8 o from SM, u,yat 1.2 o

channel as compared with the SM prediction

+ Wy and p,; agree with each other at a level of 2.1¢0

+ Uy exceeds SM: moderate excess in the 41 1-SFOS category

« Wy and p representl.5 o and 4.6 o excess over a scenario with no WH or ZH

« wwy < 1: moderate deficits in the 31 Z-depleted category and the same-sign 2I

AL BRI I B B N L N I L IR IR
ATLAS Preliminary le{ Total
Vs=13TeV, 139 fb™ [ Statistical Unc.
VH, H - WW* [ ] Systematic Unc.
| SM Prediction
Total ( Stat., Syst.) SM Unc.
WH Lo 0.45 o3 (0, ‘o1 ) | £0.03
ZH [ 1.64 T4 ( Z0ass Sons ) | 005
VH = 0.92 "% (155, To1y ) | +0.02
T ' ' T I T PR I T T T M A R N T O 1
0 0.5 1 1.5 2 2.5 3.5 4 4.5 5
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- Conclusion

— e — e —— _— _ " E==--- g,y == = = —————— 1 — = —

. H - WW?* couplings measurements extended to full Run-2 ( 139fb~!) dataset
- go+VBF

+ Ogor X BRy_ yywr Oypp X BRy_ yw+ and STXS results consistent with SM prediction

- VBF H - WW?* observation achieved thanks to improved sensitivity using DNN

- ggF+2jet channel included for the first time in Run-2

- 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]

- VH

. VH signal strength is measured to be O. 92+8 %(l)(smt )V-12 0.14(syst.), corresponding to a 4.6 o significance
over the background-only hypothesis

+ oy X BRyy_ wwer Owg X BRy_ ww« and 6, X BRy;_ v+ results consistent with SM prediction
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Niet, (pr>30 Gev) = 0 ggF ‘ Niet, (pr>30 Gev) = 1 g8F ‘ Niet, (pr>30 Gev) = 2 ggF

Njet, (pr>30 Gev) = 2 VBF

Np_jet,(pr>20 Gev) =0

A¢££,E¥1iss > 71'/2

Mep > 80 GeV

p&f > 30 GeV |mer —mz|>25 GeV Mer < mz —25 GeV

— 55 <myee <110 GeV max (mg,) > 50 GeV mty > 165 GeV
qq —
Ader <2.6 fail central jet veto
or fail outside lepton veto

|mjj — 85| > 15 GeV

or Ayj;i>12
Np.jet, (pr>30 Gev) = 1
Npjet,(20< pr<30 Gev) > 0 Jet, (pr>30 GeV) Npet, (pr>20 Gev) = 0 Npiet, (pr>20 Gev) = 1
Np.jet,(20< pr<30 Gev) = 0
psf > 30 Gev max (m%) > 50 GeV mee > 80 GeV
_ Aper <2.8 Aper < 1.8
Wi Pee Pee
mrmo < 165 GeV
fail central jet veto central jet veto
or fail outside lepton veto outside lepton veto

|mjj — 85| > 15 GeV

or ijj > 1.2
Np_jet,(pr>20 Gev) =0
Mep < 80 GeV Mep < 55 GeV Mep < 70 GeV
no p%‘iss requirement
Z/y Adee > 2.8 Mer > myz — 25 GeV |mrr —mz| <25 GeV
Y

max (m%) >50 GeV

fail central jet veto

or fail outside lepton veto

|mjj—85| > 15 GeV
or Ayj;i>12

central jet veto

outside lepton veto
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Jet1

Outside lepton

/\ CJV: central jet veto

No jet with p; > 30GeV in the pseudorapidity
gap between the two leading jets

OLV: outside lepton veto

Veto if either of the 2 leptons lies in the
pseudorapidity gap between the two leading
jets

19



) +VBF

Electron Muon
identified | anti-identified identified | anti-identified
pt > 15 GeV pt > 15 GeV
In| < 2.47,excluding 1.37 < |n| < 1.52 il < 25
Requirements for fu“y |ZO sin Hl < 0.5 mm |Z0 sin 9| < 0.5 mm
identified and anti- |dol/o(do) <5 |dol/o(dp) < 3 |do|/o(dp) < 15
. . Pass LHTight if
identified leptons 1 < 25 GeV
Pass L HMedium if Pass LHIL oose Pass Quality Tight Pass Quality Medium
Pt > 25 GeV
Pass FCTight isolation Pass FCTight isolation
AUTHOR = 1
Veto against identified Veto against identified
electron muon
N IVI‘)/:]I%S =FIF /° N I‘?)/——]czerzb;i D - Anti-id selects non-prompt and fake leptons from hadronic activity
. Z+jets fake factor measured from jets in events with Z candidate
- 3 reconstructed leptons
l - A lepton pair close to Z mass window
ID é,i,i . ATLLI _ - The left lepton for measuring fake factor
ata non—/Z-jets o : :
F = - — s - WZ background normalization factor estimated in CR
Anti-ID g N . Also syst uncertainties due to EW bkgs (ZZ, WZ, V+gamma) subtraction are considered
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- Relative SM signal composition in terms of the measured STXS bin for each reco signal bins

- Each reco SR has largest contribution from the truth category it targets

agF 0j, low p?
ggF 1, very low p¥
ggF 1/, low p’T*

agF 1j, med p’T*
agF 2/, low pg
ggF ¥/, high pZ
ggF 2/, high pZ
VBF 2/, low m,
VBF 2/, med m,
VBF 2j, high m,
VBF 2j, very high m,
VBF 2], high p*

Reconstructed Signal Region

0 0.1

ATLAS Simulation

H— WW* — evuv
Ys=13TeV, 139 fb™

0.2

0.3

0.4

ggH-0j, low p?

ggH-1j, very low p’T*
W ggH-1i, low p!
B 5o, med p!
B o2, low p!

Bl 5ot high p*

EW gqH-2j, low m;-low p’;

EW ggH-2j, med m -low p;'

EW ggH-2j, high m;-low p?
W EW gqH-2j, very high m-low p
B EW ggH-2j, high p”

0.5

0.6

0.7 0.8 0.9 1

Expected Composition
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ggH 0j, low pX -
_0.13-

ggH 1j, very low p?

ggH 1j, low p{?

ggH 1j, med p¥

ggH 2j, low pf

ggH, high p¥

EW gqH 2j,low m;; low p%’

EW ggH 2j, med m;; low pH

EW qqH 2j, highm;; low p¥

EW gqH 2j, very high m;; low p{?
EW gqH 2; high p

ATLAS
H— WW* — evuv

— -1
0.06 0.06 - VE — 13 TeV, 139 fb 0.6
0.05 023 0.04 - 0.4
0.02 —-0.09 —0.26 —0.21 - 0.2
-0.05 0.06 0.01 -0.11 0.07 - 0
001 0 006 0.04 -027 0.01 - —0.2
002 0 007 005 -0.18 —-0.01 -0.01- L | _04
005 0 001 0.03 -0.15 —0.01 0.15 —0.16-
003 002 002 o0 —009 003 01 013 -0.1 .
005 0 0 004 001 =032 —0.05 —0.02 —0.02 -0.05-
W~ N W~ O~ O~ N~ N~ O~ O S S
Q Q Q Q Q Q Q Q Q Q Q
o) = =
2 2 £ © 2 ® 3 3 £ £ ®
o0 > . - o” - ~ ~ T~ ~ .
~ ~ . ~ . . . .
o § i : N i S\ S\ E\ E\ (\’T
T - B o T % o2 79 o= =
S0 ™S %0 oy %0 > o & & >
S0 = %0 5y 0 ~ 8 2 2 ©
So S I -
80 o M
T o >
) & E .,\“
; > & N
Ay
e B 3 )
M M@ N
84

- Small correlations in general

- Larger anti-correlations mainly from detector resolution
effects

- Larger positive correlations from common systematic
uncertainties
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885

ATLAS Preliminary ' ' ' " Total Stat Syst
Vs=13TeV, 139fb" , 1 1014 4012 40.07
m,, = 125.09 GeV, |y | <2.5 e I'|EE"| 07 012 (011 008)
) H .
P, = 95% B,y/B.,. I—E|—| 07 ek Uaas o
i—0—|TotaI Stat.
mm=m Syst. | s™m . =8 1 i ‘

Total Stat. Syst.

O4ot, pf < 10 GeV 082 020 (“01e 009
O-jet, 10 < p < 200 GeV 148 B (%5 5
1-jet, p'! < 60 GeV e 081 35 ({5 2018
1-jet, 60 < p'f < 120 GeV 1.31 ‘gg; (’85? ‘818)
1-jet, 120 < p'! < 200 GeV |—-—r| 0.72 _g:? (_gjg _8(1)2)
gg—H x B,. > 2-jet, m, <350 GeV, p}/ <120 GeV  |—sme—i l 0.30 0.45 ( +0.42, +0.16)
> 2-jet, m; <350 GeV, 120 < p" < 200 GeV |._—_|.| 0.67 g:ﬁ ( 'gg; °g:f;)
2 2-jet, m; 2350 GeV, p'f < 200 GeV |-|—_—-| 1.61 g?g ( ﬁggg ggg)
He— e 38 (25, 48
i 050 9% (9% 220
Py 2450 GeV I———I-| 176 342 (Cos ‘040
< 1-jet } - | 1.00 ‘089 (‘0as #0.29)
2 2-jet, m, < 350 GeV, VH veto 'I———-l 2.29 ’:gg (‘::2‘;‘ ’gigs)
1M B > 2-]Ael. m, <350 GeV, VH topo k - y 065 08 (107 4024,
> 2-jet, 350 < m; <700 GeV, pf <200 GeV  |—mmm—y 081 Tk (Ue 25
> 2-jet, m, > 700 GeV, p" < 200 GeV |-;--| 48 X2 (0 WG
> 2-jet, my, =350 GeV, p" 2200 GeV |_I-_| ion B 03, S
Py <75 GeV ] = 246 Yoo (‘Yoo 019
qq—Hlv x B, s p‘; < 150 GeV :l o : 1.70 {!)g;_' ( ;82? g?g)
160 < p7 < 260 GeV ——] 146 57 (‘065 032
Py 2250 GeV [ a——] 128 ‘q (‘o2 “021)
py < 150 GeV He——— 019 G5 (‘557 ‘059
99/gq—HIl x B;. | 150 < p} < 250 GeV }—l——-l 1.30 '8:57,; ( 'gigg, ’85?)
B 25y Gel == 141 G5 Coss ‘020
Py <80 Gev l—-—l.! 072 ‘564 (‘064 000
AHxB,, 00 &g = 15000V == ase 051 (051 00
i =— 100 58 (o5 030
Py 2200 GeV = 086 045 (‘045 000
tH x B 5. : -l— :1'71 3.31 ,+3.23 +0.71

-2.i2 (244> -0.63
\ Ll

-6 -4 -2 0 2 4 6 8
Parameter normalized to SM value




A 60 B | | | | | | | | i L 1 4 | | | _
= C e Data . 3 - e Data -
> 50F 2\ Sys. Uncertainty . % 1.2 N\ Sys. Uncertainty
O N Powheg+Pythia8 (p=99%) 1 — - Powheg+Pythia8 A
8 N ' Powheg+Herwig7 (p=99%) 1 T 1= u Powheg+Herwig7 —
40 MadgraphFxFx (p=99%) S, - MadgraphFxFx .
- ' - 8 0.8F =
30| — - ]
- - ] 0.6 —
20 — 04F- E
- ATLAS Preliminary $ “E ATLAS Preliminary :
10:_ H—>WW—sevpv; N, =0,1 o 0.2 H>WW-sevuv; N =01 —
- (5-13TeV. 139 fo’ . L Vs=13TeV, 139fb™" R 3 .
ottt -0 | | S R
§ 1.5F E § 2F E
T T TH R SR S TR SO e 4 f S
8 0'55_ | | | | | | | | 3 8 OF | | | E
o 0-0.2 0.2-04 0406 0.6-0.8 0.8-1 1-1.2 12-14 1418 1.8-25 . 0-30 30-60 60-120 120-1000
Y, pH [GeV]
= 45 | | T | T | - — 35 S [ l l l i I I I ]
®) . [ | | | | | |
= - e Data = - M e Data ] o 1.4 E e Data _ =
= 40 N\ Sys. Uncertainty = % 3:_ ATLAS Preliminary N\ Sys. Uncertainty ] i}? ’ 21_ NN Sys. Uncertamty E
S 35F $ Powheg+Pythia8 (p=71%) 4 = | HoWWoeyuviNg=01 Powheg+Pythia8 (p=41%) 7 —~ “F : Powheg-+Pythiad (p=30%) "
© - w Powheg+Herwig7 (p=79%) § <= ~ Vs=13TeV, 1391t w1 Powheg+Herwig7 (p=77%)- = - : w Powheg+Herwig7 (p=37%) -
3 \ S 2.5F g g/ \p . 1 Mad hExF 31 _
30F MadgraphFxFx (p=82%) = T  F MadgraphFxFx (p=50%) 3§ < [ : adgraphFxFx (p=31%)
3 3 8 2F 4 © 08p 5 E
25: - [ ] B O - ]
20F : i E 1.5 i . * * = 0.6F 5 * E
15E- C = : * * * ] 0.4 - 5 L : =
= ATLAS Preliminary 8 ? E T : F ATLAS Preliminary : i
10E | E : : 0.2F : =
— f - — ) ] - H-WW-—evuv;N._ =0,1 . —
= H-WWosevuv; N, =0,1 = 0.5F - - i : .
SF ’f1 i = - . OF Vs=13TeV, 139" - * _
- Vs=13TeV,1391b - - - ] n | | | : | | | N
g oE | | a | —t s, Yttt 5
Q = : 3 9 15F 4 O 5F : . =
— - — O - ' 3 ~ u . N
9 215_ ° ° ° ¢ $ ’ E 1E 2 t ¢ ¢ , * * * E go! S ° ° °s . ® ° * =
'GOJ' OE_ - 1 3 37 0.5F | | | . | | | | E r:(\i_) O | | | I | | | =
= ] | = — - - - -
o 004 0408 0812 1218 004 0408 0818 o 10-15 1520  20-25  25-30  30-35 3540 4045  45-55 1020 20-50 8040 4055 1020 2090 5040 4055
M, [GeV] for N =0 M, [GeV] for N =1
Ag for N,=0 Ag,for N,=1 M, [GeV] i [GeVITor N, i [GeVITor N,
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Category 2t 5t H

OS SS Z-dominated Z-depleted | 1-SFOS 2-SFOS
Minimum lepton pt [GeV] 15 15 15 15 10 10
Number of leptons 2 2 3 3 ! 4
Total lepton charge 0 +2 +1 +1 0 0
Number of SFOS pairs 0 0 1 or2 0 1 2

Mimnimum ARy, || 0.1 0.4 0.1 0.1 0.2 (o)
Minimum mygy [GeV] 10 — | 12 (smallest SFOS) — | 12 (all SFOS) or 10 (all DFOS)
Number of jets || > 2 > 1 — — — —
Number of b-tagged jets 0 0 0 0 0 0
\mey — my| [GeV — > 20 (e*e?) > 25 (all SFOS) — — —
Meyg GeV — — — — — < 50 (f()fl)

EMS [GeV’

> 30
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- Signal regions and control regions used In the final fit for all the differentVH channels
- 2 fits implemented:
- 1 POI for VH production (ZH and WH completely correlated)
. 2 POls, one for WH and one for ZH

/H 4¢

1-SFOS SR, 2-SFOS SR, ZZ CR

Wz H

Channels Regions included POls NFs
VH 2¢ DFOS DFOS SR, Z—I—jets CR, TOp CR, WW CR Uy g HZ+jetsr WTopr KWW
WH 2/ SS SS2L 3 SRs HUw H Hw z
WH 3¢ Z-dominated | Z-dominated SR, WZ 0 jet CR, WZ > 1 jet CR | uwH Uw 205, W Z>1;
WH 3¢ Z-depleted Z-depleted SR, WZ 0 jet CR, WZ > 1 jet CR | pwrg | pwzoj, bwz>15 Bwww

Wzz
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. o e b L e et s S e L
Statistical uncertainties in data 22.3 57.9 28.4
Systematic uncertainties 13.3 36.6 9.9
Statistical uncertainties in simulation 6.4 14.4 5.9
Experimental systematic uncertainties D2 9.8 6.0
Electrons 1.2 1.8 1.6
Muons 2.9 2.8 4.1

Jet energy scale 0.7 2.3 0.5

Jet energy resolution 0.6 2.8 0.6
Flavour tagging 0.9 1.4 0.8
Missing transverse momentum 0.6 0.4 0.9
Pile-up 1.1 1D 0.8
Luminosity 2.3 2.4 2.1
Mis-identified leptons 2.9 75 21
Charge-flip electrons 1.5 4.5 0.1
Theoretical uncertainties 6.0 18.6 4.7
WH 2.3 2.8 0.1
ZH 0.7 0.7 3.4
A4 1.0 3.3 0.3
W(Z/y*) O-jet 3.2 11.3 0.3
W(Z/y*) >1-jets 0.2 0.8 0.4
Z(Z]y") 0.8 15 0.6
VvV 2.4 12.7 0.3
Top 2.9 5.5 2.5
Z+jets 1.8 3.4 1.5
RNN shape uncertainty for W(Z/y*) 8.8 213 0.3
Floating normalisations 0.1 0.2 0.1
Total 26.0 71.0 30.1

Hanalysis akdown




