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See http://cds.cern.ch/record/1527126/files/ATLAS-CONF-2013-030.pdf



LHC & ATLAS performances
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*Pile-up level above design value

(50 ns bunch crossing)

* Many challenges to mitigate its impact
at all levels: trigger, computing,
recolidentification of physics objects
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 NNLO prediction for SM Higgs production cross section in most cases

- theory uncertainties reduced to < 20%

 H-WW - Ivilv one of the most sensitive channel



Analysis Strategy

Experimental signhature:
* Two high pT leptons

- ee, 44 same flavour (SF)

- eM, ye opposite flavour (OF)
« Two neutrinos

- Large E ™

- No mass peak
(~20% mass resolution)
e counting experiment

Binned in jet multiplicity
* Njet =0, 1 optimized for ggF
* Njet = 2 optimized for VBF

Use full data sample:
data 2011 (Vs = 7 TeV, Lint ~4.9 fb™) +

data 2012 (Vs = 8 TeV, Lint ~20.6 fb™)

AT LAS WW - ev puv Candidate

? Run 167576 Event 120642801
o EXPERIMENT Time 2010-10-24 13:06:00 EDT
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Experimental signhature:
* Two high pT leptons

- ee, yy same flavour (SF)

- eM, ye opposite flavour (OF)
« Two neutrinos

- Large E ™

- No mass peak
(~20% mass resolution)
e counting experiment

Binned in jet multiplicity
* Njet =0, 1 optimized for ggF
* Njet = 2 optimized for VBF

Use full data sample:
data 2011 (Vs = 7 TeV, Lint ~4.9 fb™) +

data 2012 (Vs = 8 TeV, Lint ~20.6 fb™)

New wrt to July discovery paper
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Background
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Key of the analysis:

understand background and
normalize to control regions

Drell-Yan
- large, reducible, require large E{™'SS
- Z veto |m"-MZ| <15 GeV

- data-driven estimation

Top (1+2j bins)

- Large, reducible with cuts,

modeled by MC

- B-jets veto

- Normalization from CR
WW
- Reducible by topological cuts
- Normalization from CR

W +jets
- small
- isolation, ID lepton
- data-driven estimation
di-boson (WZ,ZZ,Wy)
Small, reducible and modeled by MC

« Different background composition
depending on the number of jets
- 0jet: WW(DY) dominate in OF (SF)
- 1ljet: Too,WW and DY in SF
- 2 jet: Toy dominate, VBF topology
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Event selection
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Electron reconstruction efficiency [%]

Event selection
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Electron reconstruction efficiency [%]
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Event selection
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Electron reconstruction efficiency [%]
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SM DY background

Large background due to fake
—increase of resolution with PileUp
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Events / 10 GeV

SM Top background
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Events / 10 GeV

SM WW background é./

WW background dominates, crucial to understand
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Signal extraction
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Signal extraction
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VBF

Njet > 2
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Backgrounds:

- Too dominate, constrained by CR
- WW from theory (37% uncertainty)

- DY from CR

- ggF signal considered as background
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Significance p_ and S|gnal strength u

0_0103"|""|""|""|""|""| """""" = 6 T | . ™
T 42 ATLAS Preliminary \s= ?TerLdt 4. ﬁfb' S ATLAS Prellmlnary Vs = ?TeVILdt 461b1 ]
3 H-WW" s iviv Vs = 8 TeVLat - 207 1 T 5 Howwoiviv Vs=8TeV{Ldt =207 6" ]
10 —— Obs. -i1'Cl' = —_ —— Obs. -
... Exp. m_= 125 GeV [+20 3 — -~ Exp. .
H ] (&) 4 P ]
52 ES 5 ]
g B |:|i2cs :
3 ~
2 -
R e ]
g e 000 L), [ P O arn T an 1 An 1EM 1BM 19n 1mn Ao A
10 120 130 140 150 150 170 180 190 200 120 130 140 150 160 170 180 190 200
m, [GeV]

m, [GeV]

Significance at mH 125 GeV: exp = 3.70, Obs = 3.80
Largest significance at mH = 140 GeV, 4.1c

Exclusion limit at 95% CL: Good consistency with SM

Expected: mH >119
Observed: mH> 133 GeV

20




Signal strength and best mass fit
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p_, (m =125 GeV)= 1.01 £0.12(stat)+ 0.19(theo.syst.) Best Mass fit consistent

+0.12(exp.syst.)* 0.04 (lumi)= 1.01 +0.31

with other channels
within 20.

Category Source Uncertainty, up (%) Uncertainty, down (%)
Statistical Observed data +21 =21
Theoretical ~ Signal yield (o - B) +12 -9
Theoretical ~ WW normalisation +12 -12
Experimental ~ Objects and DY estimation +9 -8
Theoretical ~ Signal acceptance +9 —1
Experimental  MC statistics +7 -7
Experimental ~ W+ jets fake factor +5 -5
Theoretical ~ Backgrounds, excluding WW +5 -4
Luminosity  Integrated luminosity +4 -4
Total +32 -29

(o- B)exp, 8 TeV =

4.8 + 0.6 (cross section)

+ 0.2 (branching ratio)pb=
4.8 *0.7 pb

(o° B)obs, 8 TeV =
6.0 = 1.1 (stat) = 0.2 (theo.syst)

+ 0.7 (exp.syst) = 0.3 (lumi) pb=
6.0 *1.6 pb



Slgnal strength and best mass fit
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p_, (m =125 GeV)= 1.01 £0.12(stat)+ 0.19(theo.syst.) Best Mass fit consistent

+0.12(exp.syst.)* 0.04 (lumi)= 1.01 +0.31

with other channels
within 20.

Good consistency
with SM

(o- B)exp, 8 TeV =

4.8 + 0.6 (cross section)

+ 0.2 (branching ratio)pb=
4.8 *0.7 pb

(o° B)obs, 8 TeV =
6.0 = 1.1 (stat) = 0.2 (theo.syst)

+ 0.7 (exp.syst) = 0.3 (lumi) pb=
6.0 *1.6 pb



VBF Result
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ATLAS Preliminary

HoWW! Sslviv VBF
Js—7TeV: [Ldt- 46"

Significance at mH=125 GeV: exp = 1.60, Obs = 2.50

Js=8TeV: |Ldt =207 fo"

Signal strength ()

— best fit

2D simultaneous ggF vs VBF fit
« M (m =125 GeV)= 0.82 £ 0.24(stat) + 0.28(syst) =

-2Inkfu) <1
— Exp. best fit m = 125 GeV

— 2InAu) <1

0.82 £ 0.36 oS
e U __(m =125 GeV)=1.66 * 0.67(stat) + 0.42(syst) = e —— S
VBF H NN EPRPRPRN ARTRTAEN Bl e St m A e R = W = |
1.66 + 0.79 955 120 125 130 135 140 145 150
my [GeV]
L L L 1 = T L ]
|:|:|ﬁ 5 ATLAS Preliminary * 5M 1 = ATLAS Preliminary =
@ | fE=7TeV{ld=46f" + Beetft 1 o =7 TeV: fLdt=46-4.8 " e
Xp g T ey <60 E=8TeV: JLot=13207 " :
ﬁ - g iy . . m, = 125.5 GaV —
< 3 — ™ = —H—=y E
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Good consistency with SM
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Summary

Excessin H -~ WW - Ivlv already in the July discovery with 4.7fb™ + 5.8 fb™

Recently H - WW - Ivilv analyzed on full ~25 fb™* LHC Runl dataset

ggF (0+1))
« Significance at mH 125 GeV: exp = 3.70, Obs = 3.80
- M . (mH=125 GeV)(0+1j) = 1.01+ 0.31

VBF
 Significance at mH 125 GeV: exp = 1.60, Obs = 2.50
. pggF(mH=125 GeV)(0+1+2j) = 0.82 + 0.36, M (0+1+2j) =1.66 £ 0.79

Measurements are consistent with SM expectations
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Systematics

i (o)
Source Ng=0 Ng=1 Ng2z2 Ng=0 Ng=1 Ngy22 Channel AtOt A)
QCD scale for ggF signal for Ny, 20 13 - - - - -

QCD scale for ggF signal for Ny, > 1 10 27 : ; : : Oi | backg round :
QCD scale for ggF signal for N, =2 - 15 - - -

Parton shower and UE model (signal only)
PDF model

H — WW branching ratio

QCD scale (acceptance)

WW normalisation

ey

O

1j background 8.2

P o Do L
fad o lax LA e
—
]
s

2j background 8.3

Experimental uncertainties
Jet energy scale and resolution 5 2 6 2 3 7
b-tapging efficiency - - - - 7 2
frocon efficiency 1 1 - 4 2 -




Data 2011
Vs =7 TeV, Lint ~4.9 fb™*
el + pe + Py + ee

Signal yield

7+2

Data 2012

Vs = 8 TeV, Lint ~20.6 fb™
el + pe + pp + ee

0+13 261+28 309
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