Search for the Standard Model
Higgs to WW in the fully leptonic
decay channel at the ATLAS
experiment
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Data collected in 2011

Delivered integrated luminosity (fb™)

X LHC 2011 RUN (3.5 TeV/beam)
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A Toroidal LHC Apparatu$S
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The ATLAS Detector

The inner region of the detector is
filled with highly segmented sensing
device, so that charged particle
trajectories can be determined

Solenoid magnet

The path of a charged particle curves
in @ magnetic field. The radius of
curvature and direction tell the
momentum and the sign of the
charge
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The ATLAS Detector

N
Electromagnetic Calorimeter

The device measures the total e+,e-
and photons (y). These particles
produce showers of e+e- pairs in the
material and irradiate photons. The
photons then make e+e- pairs etc. The
number of final e+e- pairs is
propotional to the energy of the
initiating particle

S
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The ATLAS Detector

N
Hadron Calorimeter

This device measures the total energy
of hadrons. The hadrons interact with
the dense material in the region,
producing shower of charged particles
called jets. The energy that these
charged particles deposit is the
measured

HADROMIC
CORMPOMENT

¢ ABSORBER

n‘ Heany fragmen

Muon Detector

Only muons and neutrinos get this far.
The muons are detected, but weakly
interacting neutrinos can be inferred by

the missing energy
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The ATLAS Detector

(n

J\L

Neutrinos are not detected, but measured trough the missing energy of the process
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Higgs Boson Production at the LHC

LHC Higgs Cross Section Working Group, arXiV:1101.0593 & arXiv:1201.3084
| I I | I ! ! ! !
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Higgs Boson decay

LHC MIGGS XS WG 2011

Higgs BR + Total Uncert
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H>oWW-=lvlv

Why we search in HHWW-=|vlv

* Most sensitive channel in a
broad mass range :
mH ~ 120-180 GeV

* Expected sensitivity extends
to low m,,

c x BR (pb)

10 - HWW expected ;xcluslon | \s = 7T éV -
b ’ WPl
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H>WW-=Ivlv (I=e,u)

* Higgs produced via:

gluon-gluon fusion (ggF) vector-boson fusion (VBF)
___ q
g — St
H H
g- {
q-— 0

* 3 lepton pair final states : ee, uu, eu
 Separate search into 0, 1 and 2 jet bins with tailored cuts

for each channel
Then systematic uncertainties can be treated differently



Some of the features (difficulties?)

Final state
2 leptons + Missing Energy + jets (in 1 and 2 jets channel)

* Signal is a broad excess of events
* No mass reconstruction possible due to 2v

- Missing energy as part of the signature

* Backgrounds with cross sections many orders of
magnitude bigger than signal

- Must have confidence in background model to
identify an emerging signal

* The measurement is affected by large theoretical and
detector uncertainties




Main Backgrounds

For different jet multiplicities the impact of the different
backgrounds is different

* QCD WW

(dominantin 0 and 1 jet)
e tt

(dominant in 2 jets)

o Z/y*+jets

(same flavor channels)

e W+jets

Categorisation in 0,1,2 jets bin to handle
different background contamination
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(cross sections many orders of magnitude bigger than Higgs production)
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Other Backgrounds

e WZ + 77 - Small backgrounds. Estimate from
Simulation

* Single Top — Included in the Top background.
Differences in b-jet kinematics shown to be
negligible

* Wy* - Important at low mass. Background

estimate currently from Monte Carlo. Data
driven methods are being developed.



Strategy

* Finding discriminating variables between signhal and
different backgrounds

* Apply Cut-based analysis

* Background estimation: use data-driven estimates for
main backgrounds:

— Define control regions (sample enriched in particular
backgrounds) reversing or changing some cuts from the
signal-like region

— Subtract the contamination of other backgrounds in
control regions

— Propagate estimation from control regions to signal
regions (using scales from data/MC)

e Extract the limits
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Discriminating variables: WW

el

e+

Exploit spin-0 nature of Higgs
-2 WW spin correlation

Require small Ag(1", I')

- ATLAS
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\S= 7Tev,j Ldt=205f" :
H-WWlviv + 0 jets

H-WWoiviv + 1 jet -

° Data

H [150 GeV)

- SM (sys @ stat)

- WW/WZ/ZZ/\Wy

tt / Single Top

- Ziy*+jets

W+jets (data driven)
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3100_ATLAS \s=7TeV,[Ldt=205"
G H-oWWolviv + 0 jets

or HoWWosiviy + 1 jet -

H

m, [GeV]
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Discriminating variables: Z+jets

Missing Energy Distributions
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Discriminating variables: Z+jets

Missing Energy Distributions

The cut removes the majority of Z+jets events
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Event selection
common to 0, 1 and 2 jets bin

Two isolated opposite-sign leptons
Invariant mass of the two leptons
/ mass veto

Large missing transverse energy



Event selection
common to 0, 1 and 2 jets bin

Two isolated opposite-sign leptons
Leading lepton p; > 25 GeV

Invariant mass of the two leptons

m,>12 GeV for ee and uu channel, m;>10 GeV for eu channel

/ mass veto

|m,-m,|>15 GeV for ee and pu channel

Large missing transverse energy

E.Miss > 45 GeV for ee and uu channel, E;™ss > 25 GeV for en channel



Events /10 GeV
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Event selection

depending 0, 1 and 2 jet bin

ATLAS Preliminary
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Event selection
depending 0, 1 and 2 jet bin

* Ojet:transverse momentum of leptons pair
p;' > 45 GeV for ee and uu channel, p;' > 30 GeV for eu channel

> o : > 800 T S Wl Nl MW T
S oo ATLAS Preliminary g% g it ™ 3 8 b ATLAS Preliminary fo & ouore
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Low mass selection m,<200 GeV High mass selection m_>200 GeV
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Event selection
depending 0, 1 and 2 jet bin

e 1jet
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Event selection
depending 0, 1 and 2 jet bin

* 1 jet: b tagging, transverse total momentum, Z-> tt veto
p/t > 25 GeV and |n’¢t| < 3.2, No b jet, p;*°' <30 GeV, NoZ 2 Tt

>
@ 250 . o & My @m—
S ATLAS Preliminary g =00 700"
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Event selection
depending 0, 1 and 2 jet bin

2 jet:
> 2 jet suffers from large contamination from top

VBF is peculiar: very forward high p; jets, very high di-jet invariant
mass

o LA B 1
1 1 1 < - - 4 Data == SM(sys@sta) |
- > [ '.w; B vizzzvy
selection tuned on VBF-like signal &, ATLAS Preliminary
w - o\s=7 TeV,ILdt =47fb" [ [ Single Top
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Event selection
depending 0, 1 and 2 jet bin

e 2jet: 2 forward jets back to back, central jet veto, b tagging,
transverse total momentum, Z—2> Tt veto
2 jets with pJ¢t>25 GeV and |niet| < 3.2
M ¥M, <0, [n;; —n;[>3.8, m>500 Ge

<

No additional jets in |n] < 3.2 3 S arias 'p',eh'n;,,']a'l,y ;wa: iw’iéw’“
. o
No b jet, p;*°%' <30 GeV, NoZ 2 Tt = -7 iaearn’ D Bl
= HoWW' Shviv +2 2 jets Clsimca;
T — 2
q-— T q ' | |
50 100 150 250
Topological cuts my [GeV]
Low mass selection m,<200 GeV High mass selection m_>200 GeV
m, <80 GeV m, <150 GeV
AP, < 1.8
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Background Normalisation
and Control Samples

The dominant backgrounds are normalised using
control samples obtained from the data with
similar selections as those used in the signal

region but with some criteria reversed or
modified to create signal-depleted, background-
enriched regions



/+jets background estimation

* Drell Yan has shown to be the most systematics affected background
* Method use to correct the mismodelling of E,"** tails
 Method fully data driven

* Use no Z/DY MC - unaffected by MC mismodelling
* Only use MC for background subtraction from data

A: Signal region

epl 1 Jet

obs < 80 e — 1600 o
. Q - L L . . c
« Al _ Bobs C Number of S E V’. 1 | ATLAS Prefiminary {85, 4002
7+ iets — X observed T A H I Yl L =
g Dobs events in data W B e e Ns=T TV ..
O [ | fh T |t =4t | ]
H . H :— | 'fl'll' |.| ' ll,f '.
e ABCD is applied independently o el 1000
) ) ) a0 N
in each jet bin -
30—
* The uncertainty on this background -
20—
amounts to: oF.
-56% in 0 jet bin of

b ~"20 40 60 80 100 120 140 160 1 GV
-25%in 1 jet bin My [GeV]
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WW background estimation

* The WW background MC prediction is normalised using a control region
defined with:
— same selection as for signal region except the topological cuts (A® and mT)
-m;, >80 GeV for ep
-m, >(m, + 15 GeV) for ee/pp

Control region only used for m_ < 200 GeV,

Monte carlo prediction is used for m, > 200 GeV and for 2 jet bin

% 90:—' lllll l]]'lllllll"""lllll"'l"'] % 40-_' IIIIII ]]IlIIII"I""I""IIIII"']]
o - ATLAS Preliminary o o weamwy o : ATLAS Preliminary ghoe g wezows
e 80 5 7TV, | Ldt=47 0" Elxzf ] See Top SE 7TeV, [Ldt=47 0" Elfzf O] Singe Top
- - +jets - - +,
2 TOE Howw™shiv + 0jets R bee el 2 30F HoWW iy + 1 jet O s e
S  BOF o =
U>J - lﬁ 25_'_‘

S0E- :

40; 20

sk 15

ooF- 10F-

10F- 5

50700 150 200 250 300 350 400 450 50 100 150 200 250 300 350 400 450

my [GeV] my [GeV]
* The total uncertainty in the signal region is:

10% for O jet bin and 24% for 1- éet bin
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Top background estimation

e Ojetbin

the estimated number of top background events is extrapolated from the
number of events satisfying the pre-selection criteria

e 1ljetand 2 jet bin

the top background MC prediction is normalised to the data using a control
sample defined by reversing the b-Jet veto and removmg the topological cuts

> 100l Tl S - e N
(] A (2 at) Q al — (2 at) —
3 i ATLAS Preliminary 2 oy -W';_Z;_,wy” I e ATLAS Preliminary & oo -N';Z;_wy” :
- - \s=7TeV,[Ldt=47f" [Dd ESndeTop 1 = 350F \s=7TeV,[Ldt=47fb" [ [EHShdeTop
~ 80— M ) Bl Z:jets [ Wejets = ~ Mo . Bl Z:jets [T W+jets -
,g i H=WW" =i + 1 jet [CJHM25GeY] ]| .g 300 H=WW' Siviv + = 2 jets [(JH0256eY]
g - 1 g ]
w 60— . — w 250 3
] 200 -
150 =
100 =
50 -
50 100 150 200 250 300 350 400 450 50 100 150 200 250 300 350 400 450
: : my [GeV my [GeV
* The total uncertainty is 1[GVl r[GeV]

-23%in 0 jet bin
-30% in 1 and 2 jet bin
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W + jets background estimation

Contribution estimated using a data control sample of events where
* One lepton that satisfies the identification and isolation criteria

* One lepton that fails these criteria while satisfying a loosened
selection (“anti-identified”)

‘Fakeable lepton’ method: fully data-driven w+ijets control region to
determine normalization
Nid obj

N X N

one id(from W)+one fake = N one id(fromW)+one fakeable

antirid  gbj

* The total uncertainty on the fake factor is estimated to be 30-50% for lepton
pr < 30 GeV and of the order of 100% for p; > 30 GeV

* The background predicted for this process in the 2 jet bin is negligible
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Data Driven Background estimation

In order to estimate the impact of the main backgrounds, different control regions can be
defined reversing or changing some cuts from the signal-like region.

Backgrounds either CR SR _ _CR __SR/CR
partially or fully Odata — Pbkgr — Pdata " *MC
determined from data
R Cow R
WwWw
Higgs(VBF+ggF) P N;E tt +singlet JR3
W —N,%,("W) W jets <
( NSig Nti)ﬂl(n’ﬁ’)
o — P top control  WAERESoPES
i thrl (top) Ntop P
- t -
tt + singlet P~ — tt + single t
2 (VT )
aﬂj‘ = Nﬂm ﬂ! — N’;{I
Nag? W control / N%_” @)
<€

W jets




Background estimation

WW

Top

CR: no A¢, cut, modified m, cut
- Reject with A¢, and m, cuts

65 % of Background

CR: no A¢, and m,, cuts
b-jet tag requirement
- Reject with jet cuts

5% of Background

W + jets

CR: inverted lepton ID passing loose
criteria
- Reject with isolation and lepton ID

10 % of Background

Z/y* + jets

CR:|m, -m, | <15 GeV,
correcting for ETmiss tail mismodeling
- Reject with missing transverse
energy cut

5% of Background

Remaining backgrounds from Di-Bosons are estimated using simulation
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Results for mH = 125 GeV

0jet ee uu eu

Total bkg 58+5 114 £ 10 257 £13
Signal 3.8+0.1 9.0+0.1 25+0.2
Observed 52 138 237
1jet ee uu eu

Total bkg 213 37%5 766
Signal 1.1+0.1 23+0.1 6.0£0.1
Observed 19 36 90

Statistical uncertainties only
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No significant excess found

37



Events / 10 GeV

Final distributions

After all analysis cuts

Transverse Mass (m;) is a proxy for Higgs mass for WW channel

125 GeV Higgs signal shown
No significant excess observed
. . e .\ 2 e s 12
Fit M shape to extract limits = m; = V (E7" + EF™)" — |pT + PP
120.—"1|TI'Tl[]lTIT]]]lT]lTIT]I1II]TTIT'|Il % IITITIITII]]TI1]']IT‘I1|1ITTII'|TIT‘7]I:]
- ATLAS Preliminary o vz ] S 35 ATLAS Preliminary & i ;;";;m“‘*”_j
100 \s=7TeV, [Ldt=47f6" I [EdSndeTop = \s=7TeV, [Ldt=47f6" I [EdSndeTop ]
= ) . Bl Z+jets [] W+jets - ~ 30 ) . Bl Z+jets  [T] Wjets —
- H->WW' ‘Siviv + 0 jets [CJH[28Gav] ] ‘2 H->WW' 'Siviv + 1 jet (] H[125GeV] -
80— = g
= . >
: + : by
: '
20F -
: — }
60 80 100 120 140 160 180 200 220 240 60 80 100 120 140 160 180 200 220 240
my [GeV] my [GeV]
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Limits results

Likelihood for each m, in 9 channels (ee, uu, eu) x (0 jet, 1 jet, 2 jet)
* Expected 95% C.L. Exclusion : 127 GeV < m,, < 234 GeV

2

| L] LIRAA

95% C.L. Limit onol/og,,
=

—

T TT7TT

107k,

1

I L T T I I. T . ] T LS LS Ll
ATLAS Preliminary

- Observed
---- Expected

Btio
[ 1+2¢0

i | i | -
100 200 300

29/03/12

Observed 95% C.L. Exclusion : 130 GeV < m,, < 260 GeV

vy L | WA | - "02_'Vl""IY"']" L LB LRI (LR UL BURLRLLE B
H—>WW-liviv 1 @ [ ATLAS Preliminary HoWW—sivily :
G - .
= % ] e - Observed _ 1 -
ILd' 47t 1 S ---- Expected Ldt=4.71 .
\s=7TeV E Eio _
E = 101 126 \s=7TeV 3
. _J - .
4 QO B |
4 32 i )
un
....... (o)
3 1: E
M B B . 107 e b e
400 500 600 110 115 120 125 130 135 140 145 150
m,, [GeV] m,, [GeV]
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Combination and Conclusions

9 channels for the :
H> WW = Ivlv LEP exclusion ATLAS exclusion

process have been analyzed:

< [ Inkeios (A AT VTV TV Y A AT T pA T v JA LT U
(ee, uw, en) x (0,1, 2 jet) o | ATL AS P|reI|nL|nary 2011 Data -
© e
No significant excess observed 5 10 E Y oS j Ldt=4.6-49fb" =
Combination with other [= L [@ilo :
R= - [+l o \s=7TeV .
channels j L |
@) L 4
Allowed Scalar Boson mass has X
been squeezed into a tiny 0 . 4
region: r -
117.5-118.5 GeV or E E
122.5-129 GeV i 4
Not yet possible to distinguish e /| 3
between background fluctuation 10" ,l,("L,S,L,”,T’ltF,,m,m C A NN AL S
or a Higgs boson signal 110 115 120 125 130 135 140 145 150
my, [GeV]

Expect discovery or exclusion

with 2012 data
29/03/12 LPNHE Seminar - Sara Diglio 40



29/03/12

Backup
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The Atlas Detector

¢ Inner Detector v
® |n|<2.5, solenoid B=2T

e Si Pixels,
Si strips, TRT

@ Tracking and
vertexing

@ e/ separation
@ Resolution:

LAr hadronic end-cap and
forward calorimeters

o/p~3.8x10%p;[GeV] L .-
@O . O 1 5 Muon chambers SOlenoidSr::?:(:)r:du c::r:::kr; :udiaﬁon tracker
¢ EM calorimeter e HAD calorimeter o Muon Spectrometer
® |n|<3.2 @ |n|<3.2 (Forward Calo. |n|<4.8) o |nl<2.7
@ LAr/Pb accordion e Scint./Fe tiles in the central, W o Toroid B-Field
structure ely trigger, id (Cu)/LAr in fwd region e Muon Momentum
+ measurement e Trigger, jets + missing Et resolution < 10% up
o E-resolution: o/E ~ o E-resolution: o/E ~ 50%/NE e to ~1TeV
10%/NE 0.03
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Systematic table

Table 7: Experimental sources of systematic uncertainty per object or event.

Source of Uncertainty

Treatment in the analysis

Jet Energy Resolution (JER)
Jet Energy Scale (JES)

Electron Selection Efficiency

Electron Energy Scale
Electron Energy Resolution

Muon Selection Efficiency

Muon Momentum Scale and Resolution
b-tagging Efficiency

Missing Transverse Energy

Missing Transverse Energy PileUP
Luminosity

MC jet resolution smeared using jet pr, n-dependent
parametrization

global JES: < 14% for jet pr > 25 GeV and || < 4.5
pileup: < 5% for jet pr > 20 GeV

Separate systematics for electron identification,
reconstruction and isolation, added in quadrature
Identification: 8% for pr < 15 GeV,

decreasing to 1% for pr > 30 GeV in the central region
Reconstruction: 0.6 - 1.2% for pr > 15 GeV

trigger: 1% uncertainty

Total uncertainty of 2-5% depending on n and Er
Uncertainty smaller than 1%, depending on 5 and E7
Energy varied within its uncertainty,

0.6% of the energy at most

0.3-1% as a function of 5 and pr

reconstruction smaller than 1%

Uncertainty smaller than 1%

pr dependent scale factor uncertainties, 4.8 - 13.7%
Using METUtility package

10% from JetTauEtMiss 2010 reccommendations
3.9% [50]
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MVA BDT

Training with the 4 variables cut-based
analysis is cutting on: my m, py; A¢,

Using ttbar control region in 1 jet (bjet veto
reversed)

Using WW control region for M ;<200 GeV,
floating the WW normalization (with theory
constraints) above, for both 0 and 1 jet bins

Wijets fully data-driven



Higgs searches at ATLAS and CMS

Searches performend in 12 distinct channels using the full 2011 dataset.

Channel my range Backgrounds /& Reference
(GeV) (fb™)
low-my, good mass resolution
H — ~v 110-150 Yy, Y. I 4.9 arXiv:1202.1414
H—2ZZ™ — 4 110-600 ZZ®), Z + jets, tt 4.8 | arXiv:1202.1415
low-my, limited mass resolution
H— ww™ = fuéy | 110-600 WW, tt, W/Z + jet 4.7 CONF-2012-012 ATLAS
H — 77(ll, Ih, hh) 100-150 Z — 7T, tt 4.7 CONF-2012-014 From Sandra Kortner
VH,H — bb 110-130 W/Z + jets, tt 4.7 CONF-2012-015 .
T Moriond EW 2012
H— ZZ — tvv 200-600 diboson, tt, Z + jets 4.7 CONF-2012-016
H — ZZ — Ujj 200-600 Z + jets, tt, diboson 4.7 CONF-2012-017
H — WW — tvjj 300-600 | W + jets, tt, multijets | 4.7 CONF-2012-018
Channel mp range  Luminosity Sub- My
(GeV) (fb channels resolution
new I — 99 110-150 48 2 1-2%
H—= 1t —en/pu/en+ X 110-145 4.6 9 20%
new H—=71r—puu+X 110-140 45 3 20%
new WH — ept,/pupt; +v's 100-140 47 2 20%
(W/Z)H — (ev/uv/ee/uu/w)(bb)  110-135 47 5 10% CMS
H—= WW*" = 202y 110-600 4.6 5 20% From Adi Bornheim
new WH — W(WW*)— 3£3v 110-200 46 1 20%
H - ZZ(*) - 4¢ 110-600 47 3 1-2% Moriond QCD 2012
ro 0,
H — ZZ0) - 2624 e 46 6 o
H — ZZ — 2027 190-600 47 8 10-15%
250-600 46 2 7%
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Detector related systematic
uncertainties

Physics object Source Uncertainty Most affected
on signal yield channels
luminosity 3.9%
Photon efficiency 11% Yy
Electron efficiency <3% 4¢
energy scale <1%
energy resolution <0.5%
Muon efficiency <1% 4¢
momentum resolution <1%
Jet energy scale up to 12% | 77, bb, €4, tvjj
resolution up to 20% vjj
b-tagging efficiency up to 15% bb
T-jet efficiency up to 8% TT
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Combination with other channels

LEP exclusion ATLAS exclusion
510_|‘&1|_"'|".','l""l""l""l'-
o F LAS Preliminary 201l Data -
) i > -
s I ,___CE),?;_' J Ldt = 4.6-4.9 fi” :
¥ i BEtic B |
% 2 6 \s=7TeV
-
O 1 -
o\0 C N
N E §
o [ |
LA = |1 E
:l lﬁ? lLll,nllt?l 1 1 I 1 1 1 1 I 1 1 1 1 I 1 | 1 1 I 1 l:
100 200 300 400 500 600

my [GeV]
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HIG-11-024
arXiv:1202.1489
Accepted by PLB H->WW-52I2nu

» Analysis performed in exclusive jet multiplicities (0,1,2-jet bins) and flavour
(ee, uu, en), as a cut and count and MVA (0 and 1 jet only).

= Cuts and MVA training optimised in bins of M, ,advantage of boosted Higgs.
= Lepton trigger and ID down to 10 GeV (MVA Id for electrons).

* Ny~dependent cut on projected MET wrt nearest lepton, minimum of global MET
and vtx-associated charged particle MET.

= Veto on soft muon, b-tag, third lepton and Z. From Adi Bornheim
= Uncertainties on signal ~20%, background ~15%. Moriond QCD 2012
Selection cut sequence Cut and count (M) __MVAoutput
= — LANLEL LI IR AL LN R LR - [ ]

CMSNs=TTeV, Lim =46 ﬂ).l Q | . data . DY CMSA\S =7 TeV | o | -+ data W DY CMSA\s=TTaV |
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E'Hl‘%?s),_)ww o) 01" ww W wzzz O-et | = ww W wzzz Odet ewip'e’
-%bt;oson @ [ Wejets S 40r W Wejels ‘F .

. .q‘) -. -
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HIG-11-024

arXiv:1202.1489 H WW 2 |2 nu From Adi Bornheim '/
Accepted by PLB - —> Moriond QCD 2012 | B¢ —
_ 10 Cut based - o MVA based
Qw E e median expected CMS,Ns=7TeV . Ew - median expected CMSNs=7TeV ]
H—= WW based Ty
g - I expectedt To (Eu:t :zb.)n g i I expectedt 1o e (Bfi:te,: ) 7
— 10 expected + 20 ~ 10 . expected + 20
g : —e— observed g N —e— observed
N = 0
o O
2 1k = 1E
& I
1 107" E
10 "l l I [ R . L L | l L L] Ll llll LU LU
! | 11 | | 111l NN NENN] INENENN] 1111 100 200 300 400 500 600
100 200 300 400 500 60( ,
Higgs mass [GeV] Higgs mass [GeV]
» MVA analysis limits (entering the combination) :
= 95% CL expected exclusion for M in [127-270] GeV.
= 95% CL observed exclusion for My in [129-270] GeV.
» Slight excess at low mass in MVA analysis.
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CMS Document

HiG-12-008 Combination : Limit g

w - T T T T LU LABARLLLL LS B ™ w :IIIIIIIIIIIIIllllll[llll[lllllllll—
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» Expected 95% exclusion M, in [114.5-543] GeV
» Observed 95% exclusion M, in [127.5-600] GeV From Adi Bornheim

99% exclusion M,, in [129-525] GeV Moriond QCD 2012
» 95% allowed mass range : [114.5-127.5] GeV

» Exclusion range at low masses limited by excess in data.
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