Latest results on the SM Higgs boson in the
WW decay channel using the ATLAS detector
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Higgs boson couplings measurement essential SM consistency test
Search for rare production modes
Provide a template for searching additional states at high mass

More detail in Weimin SONG’s talk on Sunday
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LHC HIGGS XS WG 2014

» Higgs XS increases by factor 2.3

Background typically increases by
factor 1.9 (3.3 for tt)

Sensitivity for 10/tb @ 13 TeV
corresponds to full Run 1 dataset

17-December-2016

Events / 10 GeV

Events / bin

Events 7bﬁ width

Significance scales as S/VB — 1.6

‘ 800

[T T L LA BN BRI
- ATLAS H—>WW*]
L (s=8TeV, 20.3fb"
B (s=7TeV, 4.5fb™ -
600 (@) mj<1, ep+ee/pp |
B ¢ Obststat -
: % Bkgtsyst ]
400 N -
200 -
_I T | T T T T | T T T T | T |_
60 ATLAS .
A, _ 14
| s=8Tev, 203t
XESEREIREIEES
40

BDT bin number

||||l||||l|||||||||||||||||||l[||||l||

— ATLAS + Daa 1/, kg, oo
F {s=8TeVv,203 1" B v (i—ww) ] otver Higgs
™ 3-leptons (1SFOS) o w [ Top 3
C ] vwv B v

Iy Vi

BDT Score

Confirmed:
5.80

Mg =1.02

| Evidence:
13.20
| Bypp=1.27

1 Search:

2.5 0

1 byg=3

(GL02) 900210 26 d A3y "SAyd

&1L (9102) 80dIHr




H—WW*—lvlv: Signal Topology

» Higgs boson final state: H — WW* — [lvlv

2 leptons from Higgs tend to have small angular separation
due to the spin 0

Final state can not be fully reconstructed due to the presence
of neutrinos

A transverse mass mrt can be calculated without the
unknown longitudinal neutrino momenta

VBF channel WH channel
N
» Production modes investigated @
13 TeV with 5.8 fb™: VBF and WH ! v e
® Direct access to the Higgs boson '2 122:0“3 2 leptonsmiss
couplings to gauge bosons » B Large E ;

\ » 2 forward jets K Low jet multiplicity
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VBF channel

» Electro-weak process with small
theoretical uncertainty

VBF H - WW- lvlv

@ No color flow between the two partons,
unique topology of two energetic jets
with large rapidity separation

Analysis Strategy:
/ % Why a MVA? Allows to
: - combine several
» Only the different flavour channels: eu , pe discriminating variables
into one final
» Selection criteria are applied on: my, m, discriminant —> Better
separation

lepton and jet centrality

*What is Decision Tree? -3 xi<c

» Multivariate technique Consecutive set of
(BoostDecisionTree) is used to separate questions (nodes)
the signal from the main background e Wh Boosting?
PTOCESSES Mis}élassifiedgevents are
weighted higher so that
@ BDT distribution used to extract the future learners
signal strength Kconcentrate on these
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Event Selection

Main backgrounds:

» ggF estimated with MC simulation

» WW: estimated with MC simulation

- and Z—t: shape form MC simulation, NF estimated with data

» W+jets: data-driven from events with one lepton satisfying only loose but failing
tight ID criteria; fake factors measured in a di-jet sample

<66.2 GeV
v
v
v

|m-mz| <25 GeV
<80 GeV
v
v
v
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MVA Analysis

» The analysis uses a MVA to classifyan
event as signal- or background-like:
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BDT Modelling
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WH channel

WH — WWW-— lvivivly

» Test of the WH production

» Direct access to the Higgs boson couplings to W boson

Analysis Strategy

miss

» Final state: 3 leptons (e/p) with charge +1 and E; ZSFOS
m- <
SFOS

Origin of lepton with unique charge: Higgs decay

» Cut-Based Analysis:

miss

Selection criteria are applied on: my, mj; E;  and AR
Nomenclature
> 2 Slgnal reglons. 1 : lepton with unique charge
Z-dominated: at least one Z-candidate, 75% of the L lepton closestin AR to
Slgnal 1 : remaining one

» SF: Same Flavour

Z-depleted: no Z-candidate, 25% of the signal
» OS:Opposite Sign
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Event Selection: Signal regions

Category Z-dominated SR Z-depleted SR . .
L> 1 SFOS pair L no SFOS pair Main backgrounds:
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Events / 20 GeV

Event Selection: Control regions

Process Reference SR Cut
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» Additional CRs defined for for Zy, Z+jet used to extract Normalisation Factors
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Resul’rs
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Systematic Uncertainties

» Leading sources of uncertainties on the measured signal strength,

LLVBF and HUwH

Analyses limited by the data statistic

Important impact of the MC statistic

N\

Source Apver/pver [70)]
Statistical +60 / -50
Fake factor, sample composition +18 / -15
MC statistical +15
VBF generator +14 / -5
WW generator +11 /-7
QCD scale for ggF signal for Njet >3 +8 /-7
Jet energy resolution +8 /-7
b-tagging +8 / -6
Pile-up +8 /-6
QCD scale for ggF signal for Njex > 2 +6
JES flavour composition +6 / -4
W W renormalisation scale +5
Total systematic +33 / -26

Total uncertainty

+70 / -50

Source Apwa /pwa [7)] \
Statistical +120 / -100
MC statistical +60 / -70
Pile-up +22 / -26
Jet energy resolution +22 / -23
Top-quark generator +17 / -20
b-tagging +10 / -11
Top-quark PS/UE +7 /-8
JES flavour comp. +8 /-5
JES n intercalibration +7 /-6
W Z/W~™ generator +7 /-6
Top-quark QCD scales +6 /-7
W Z/W~* resum. scale +5
Total systematic +70 / -80
Total uncertainty +140 / -130

.
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Summary

» VBF and WH H — WW#*— lvlv analyses performed using the 5.8 fb" of 2015+2016 data

» The observed (expected) signal significance at my= 125.0 GeV is 1.90 (1.20) for VBF
and 0.770 (0.240) for W H

» The signal strengths are uVBF:1.7+1'1_0,9 and uWH:3.2+4'4_4,2
» Corresponding cross section times branching ratio are

-9

overxBR= 1.4, pb —> 95% CL upper limit 3.0 pb

GWHXBR: O.9+1.3

1o Pb —> 95% CL upper limit 3.3 pb
» Future steps:
Analyse the full 2015+2016 dataset ~36/fb
Perform the inclusive XS measurement of gluon fusion and VBF

Working on fiducial and differential measurements

C. Bertella 17-December-2016 14
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MC Samples

» Monte Carlo generators used to model the signal and background
processes with the corresponding product of cross section and the
branching ratio for the Higgs boson production ar 13 TeV

Mode

MC generator o-B (pb)

ggk
VBF
WH

ZH

POWHEG [13,14,15]+PvyTHIA 8 [19]
POWHEG +PYTHIA 8
POwWHEG +PyTHIA 8 (MiNLO [25])

PowHEG +PyTHIA 8 (MiNLO)

+0.58
10.3810-38
0.808 + 0.021
0.293 + 0.007

+0.008
0.18970-008

Background

MC generator

C. Bertella

qq/g—eee, vl bvly
gg—ee, bvly

EW 2006, bvied, bvly
qq/g—WW, 2 Z2() —tviy
tt, tW

ttW/Z, tZ

Wn, Z~

Z+jets

VBF qq—(Z—717)qq
WWW WWZ, ZZW , ZZZ

SHERPA [16]

SHERPA

SHERPA

POWHEG +PYTHIA 8
POWHEG +PYTHIA 6 [38]
MADGRAPH 5 [17]
SHERPA

MADGRAPH 5

SHERPA

SHERPA
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| Event Selection
Main backgrounds:
» ggk estimated with MC simulation
» WW: estimated with MC simulation

b and Z—1t: shape form MC simulation, NF estimated with data

> : data-driven from events with one lepton satisfying only loose but failing tight ID
criteria; fake factors measured in a di-jet sample

( Signal region ’ L Z — 117 CR , Top-quark CR )

Two isolated leptons (£ =e, u) with opposite charge

Preselection pread > 25GeV (piead > 22GeV for muons in 2015), pStblead > 15GeV
myee > 10GeV, Nijey > 2
Nb—jet =0 Nb-jet =0 Nb—jet =1

A BDT is trained at this level.
tot

. . .. . ) centrality
Eight discriminant variables are used: Agg, myp, mr, Ay, mj;, pr°, Zé,j my;, and 7

14

Selection m.- < 66.2GeV im,r —myg| <25GeV — jet
- mye < 80GeV -
= OLV applied) @m BDT > —0.8
SR1: —0.8 < BDT < 0.7 —
SR2: 0.7 < BDT <1 -

LepTagDist
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MVA Analysis

» The analysis uses a BDT to classifyan

event as signal- or background-like:

e Signal: VBF

e Bkg: Top,VV, Z+jets and ggF

» The training is performed after

Nb-j et=0

» It uses information related to the
production and decay topology

o Leptons: my, A¢y,mr

= Jets: my;, Ay;

® JetS/LeptOIlSZ Tlcentrality) wy,thO
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MVA Analysis ; «wmemmse
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Event Selection: Control regions

one lepton without an isolation requirement
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' CRa WZ/W~* Z-dominated > 1 SFOS pair with |mg — mz| < 25 GeV T 60 —
- Z =
CRb Zv Z-dominated no Z-mass veto 50; % .
Mg — mz| < 15 GeV 0= %% =
Emiss < 50 GoV = 7 E
T 30E =
only eee, jijie o 7 E
CRc Z+jets Z-dominated > 1 SFOS pair with |mg — mz| < 25 GeV 10%_ _g
Emiss < 50 GeV j | | | | =
meee —mz| > 15 GeV. | % 50 100 150 200 250 300
one lepton without an isolation requirement
(NFs are derived for e-fake sample M, [GeV]
and M_fake Sample Separately) % _I LI | LI | LI | LI | LI | LI | LI I/ | LI | LI | LI I_
. — 0 140:_ ATLAS Preliminary : d\f‘t/a ﬁ i'i?;tzyscwat) B
CRd Top quark Z-dominated no mjit .and ARy, cuts = 1200 s=13 TeV,*f Ldt=5.811fb" [ vvv [ Other Higgs E
at 1e2§t tl Jet P - WH—-WWW —hivlv [J Top W WH .
one e 5 — wz/wy CR N
one lepton without an isolation requirement L%’ 100: ! .
CRe Top quark Z-depleted no myy," and ARy, cuts 80 * =
at least 1 jet C WZ/WV CR ]
one b-jet 60:— -
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Results

c 350 I ]

o C D Z2 sMm .

Category SR1 SR2 Top CR Z+jets CR P 300C ATLAS Pre“mmary + Wat;s é z je(tZyS) N

£ - {s=13TeV, 5.81 b - - B

VBF 93+ 36 51+18 17+ 06 11+ 04 O L WW oo (VBF) DTOD [ othervv 7

Other Higgs 80+ 40 07+04 114 0.2 1.2+ 00 WL 250F =WW Elomer“iggs -

B HggF HVBF ]

WWwW 13.0+ 80 04+0.2 1.4+ 0.5 2.0+ 0.9 Z/% -

2 _ —

Other VV 6.6t 26 0.2+£0.1 0.2+ 0.0 0.8+ 0.2 200_ N OZ ]

Top quark 1224 76 09+07 186 +£17 3.6+ 1.6 - 5 15h e

W +jets 243+ 9.2 1.240.7 88+ 4.0 4.4+ 2.2 - S C ]

Z+jet 180+ 9.9 0.1+0.1 1.3& 1.0 27 =+£10 N 2 _ ]

+jets 100 £10Z Z

Total background 115 +13  35+19 199 +£17 388+ 9.8 i g P 7

Observed 120 9 202 41 50— % 51 —

] M i | - [ | B

» SR Wlth 2 blnS 0 FopcR Z—tt CR SR1 SR2
-0.8<BDT<0.7 BDT >0.7

\ » CRs with 1 bin Fit regions
% c 800 | | | | | | -
o) - - -4~ data 44 SM (sys) 7
> 200 ATLAS Preliminary g\, W ziots .
Category CRa CRb CRe CRe CRd CRe &£ C {s=13TeV, 5.81 fb ] vwv ] Top ]
e-fake u-fake Q>J 600 WH—>WWW*—>|V|V|V [] Other Higgs [_] WH ]
WH 1.0+ 04 03+ 00 04+ 01 05+ 00 02+ 01 01+ 0.1 H - .
Other Higgs 08+ 0.0 00+ 00 044 00 04+ 00 01+ 00 0.0+ 0.0 500 =
A% 207 +15 163 453 156 +13 163 +14 44+ 08 1.0+ 0.5 = 7 ]
a%a% 0.9+ 02 00+ 00 024 00 02+ 00 02+ 01 02+ 0.0 400F- , 2 20 3
Top quark 374 0.6 04+ 02 734+ 09 91+ 1.2 234 +£19 194 +19 n ® .
Z+jets 25+ 1.2 0.0+ 0.0 230 +83 212 +73 2 + 07 01+ 0.1 3005 545 =
Total background 215 +15 163 +£52 394 +82 385 +71 240 +20 195 +19 - % -
Observed 217 163 393 387 241 195 00 () Bk 310 -

3
s
100 é 5

2 SR Wlth 1 b]‘n O CRa CRb CRc CRc CRd CRe SR SR

. . e-fake u-fake Z-dominated Z-depleted
6 CRs with 1 bin Fit regions /
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