


CERN Higgs Search Update

-

July 4, 2012:
Planned as an update...
going out with a bang!

; ?
Status of Standard Model
Higgs searches in ATLAS

“We have now found the missing
cornerstone of particle physics.
SN 57 ] We have a discovery. We have
| observed a new particle that is
consistent with a Higgs boson.”

- Rolf Heuer
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Standard Model

Standard model does not
anSV.Ver a" the qlfes'tlor.‘s’. m; [GeV] 011875+ 0.0021 91.1874
but it does describe existing r,icev; 24952:00025 24950

1 .2 3

Measurement Fit dﬂmeas—t}mlfﬁme“s
'

data remarkable well ol [nb]  41540+0037 41478
R, 20767 £0.025  20.742

AZ! 0.01714 +0.00095 0.01646

Nevertheless, there are a )1465£0.0032  0.1482
few known anomalies R, 0.21629 + 0.00066 021579
R, 0.1721+0.0030  0.1722

- ttbar F-B charge asymmetry AL 00999400016 01030

- u*p* charge asymmetry A 0.0707+0.0035  0.0743
A, 0.923+0.020 0.935

A, 0.670 +0.027 0.668

A(SLD) 0.1513 £ 0.0021 0.1482

The EW symmetry breaking ..o ) cos 000 114

&M — AT S o

mechanism in the SM is not m,, [GeV]  80.399 +0.023 80.378

) T, [Gevl  2085+0042 2.092
confirmed m [GeV]  17320+090 173.27
=> Hunting for Higgs boson 0 1 2 3
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Higgs Boson Mass Constraint

Direct searches at LEP:

March 2012 My = 152 G?‘u’
m, >114.4 GeV @ 95% CL r
Al g =
Precision electroweak data are S° . | —0.02750+0.00033
oy ® . ’ = === 0,027 49+0.00010
sensitive to Higgs mass 4 s and
Sy t |
% eSO
WA W W WOW w <
- . .
[ ) 2-
Preferred value from global fit: _
_ +29 1 4
My =945, GeV {LEP LHC
and 95% CL upper bound gJexcluded G " excluded
40 100 200

m, <152 GeV
m,, [GeV]

Existing data suggests a low mass standard model
Higgs boson and direct experimental searches exclude
all except the a narrow mass window of 114.4-127 GeV !
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Higgs Boson Production

gsF
g : HO
t
J t
Yukawa
Coupling
t 1 fusion
. W Z W.2
= 0
q H “" ”
W, Z bremsstrahlung Gauge

Coupling

gluon-gluon fusion gg—>H and vector-boson
fusion qg—->qgqH diagrams dominate

1025 | I ' I E%
ﬁ . \s=8 TeV E%
£ ol 1
£ 102 E“
1} - ]
o . _
=
© 1 =

107 E

102 , . »

80 100 200 300 400 1000
My [GeV]

@125 GeV: o, =19.5pb, o5 =1.6 pb,
oy =0.70 pb, o, =0.39 pb, o, =0.13 pb

—> ~230k events in 2011 and 2012 samples !
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Higgs Boson Decay

To all particles kinematically allowed, but two dominant modes:

—H —>Dbb form, <135 GeV;
- H —>WW for m, >135 GeV
Neither is ideal for the search and the study of properties
- bb by itself suffers from huge QCD backgrounds
- WW: easy identification in dilepton mode, complex backgrounds
and no full reconstruction

Branching ratios at 125 GeV é ! N_E -5
bb: 57.7% 2 | /i = 18
WW: 21.5% E oz b
t: 6.3% 0 . .
22 2.6% ] :
v:  0.23% 102 :

Difficulty level (least to most): ;

1Y, 224, [ This seminar :
WW=*>lvlv 10° 700 135 200 300 500 1000
bb and 1t My, [GeV]
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ATLAS Collaboration

e Detector: A Toroidal LHC Apparatu$S
- 7000 tons, 25m high, 46m long and 100 million electronic channels

° CoIIaborati on: Muon Detectors Tile Calorimeter  Liquid Argon Calorimeter
- ~3000 collaborators;
- ~1000 students;
- 178 institutions;
- 38 countries

Toroid Magnets Sclenoid Magnet SCT Tracker Pixel Detector TRT Tracker

- o 20+ years of worldwide
Collaboration collaborative effort
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ATLAS Detector
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Data Samples

‘.'H L T T T T T T | ||||||| | ||||||| | ||||||| _]
Q 7 ATLAS Online Luminosity Vs=7TeV —
E 65 [ LHC Delivered .
S - [ ATLAS Recorded ;
£ 5 Total Delivered: 5.61 fb" m
= - Total Recorded: 5.25 b n
- - =
3] 4 ]
@ = Z
g 3 =
£ N .
8 2 =
°F -

1= -
0 e et 0 0 b ]
28/02 30/04 30/06 30/08 31/10

Day in 2011

2012 data taking at 8 TeV

“ICHEP” dataset
6.3 fb-! recorded till 22/6
~5.8 fb™! for analysis

Data-taking efficiency: ~94%
Good data fraction: ~93%

Total Integrated Luminosity [fb

2011 data taking at 7 TeV
5.3 fb! recorded
~4.8 fb1 for analysis

10 — T T T | T T T | T —
”  ATLAS Online Luminosity Vs =8TeV ]
- [[] LHC Delivered -
8 [ ] ATLAS Recorded -
L Total Delivered: 7.20 .
6~ Total Recorded: 6.75 fb’ n
4 — —
2 (- —
0 i 1 1 | 1 1 1 | 1 1 1 |
31/03 05/05 09/06 14/07

Day in 2012
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Challenge of High Luminosity

: :I LI ‘ LI | L | L | T 17T LI LI L \:
Peak luminosity S 80= ATLAS Online Luminosity E
g QE 7T T T T T T 1T T 71 I T 1T T T T T T T T1 17T T T T T 17T 17T T 171 E ﬁ; 702_ I:l \E:BTeV! .[Ldtz 6.3 fb_1, <l‘L>= 19.5 _é
NI:EJ ag_ATf,AS .\E=.? Tev N5 =7Tev \E=8Tev = 3 60 3 Vs=7TeV,[Ldt=52" <u>= 8.1
4 7 = Online Luminosity — E 50— =
= B ] = 3 - E
2 E . 3 7 40 E
= *F . = 5 a0- =
E 4 4 = S E ]
=] E ™ L = ) C .
> 3 v o} . = o« 20- E
] = = E -
§ E . L E 10= 3
15_ r ™ . e _E 0:| I I B L1 \:
= » 3 0 5 10 15 20 25 30 35 40
= T R g L1 T - T L ! e  ?
yanh  pot Wt yat pet W oot yan pef W oct Mean Number of Interactions per Crossing

Month in 2010

Multiple interactions !

Month in 2011

Maonth in 2012

Challenging pileup issues:
- Lepton reconstruction and
isolation

- Primary vertex identification
- Jet energy and multiplicity
- ETmiss resolution

In particular, understanding
ETmiss takes time...
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Cross Section Measurements

Higgs searches are built upon the successes of numerous

studies/measurements of Standard Model physics

S 10 .~ ATLAS Preliminary
= = 35 pb’! : : :
° — - : LHC pp¥s =7 TeV
© 4 B 35pb” Theory
107 : ' ® Data 2010 (L=35pb™)
- 0 Data2011 (L=1.0-47f"
3 LHC pp Vs = 8 TeV
107
—  Theory
- e Data2012(L=581b"
B S : : :
10° . tom' P
- : romt T
C : LT :
a i = ; . 58
10 = 461 P21 '—I-l—
= L 4.7 o
T—w Tz 1 g 0t ww wz Tw Tozz

These measurements validate detector/physics simulation, object
reconstructions, event selections and in general analysis techniques
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Search Overview

High resolution channels: clean signature, full reconstruction, good
mass resolution. updated with 2012 data for the July 4" seminar.

AN
Channel Mass range ey detector Main
(GeV) requirements backgrounds
H->vy 110-150 photon Y, Vi, i
H—>Z7Z->4l 110-600 lepton 77, Z+jets, top
H->bb (WH/ZH) 110-130 jets, b-tagging W/Z+jets, top
H->t (Il, Ity, TTh) 100-150 lepton, jets, ETmiss Z+jets, jets
H->WW-=Ivlv 110-600 lepton, jets, ETmiss, b-veto WW, W/Z+jets, top, Wy
H->WW-lvqq 300-600 lepton, jets, ETmiss, b-veto W+jets, jets
H->Z7Z->llvv 200-600 lepton, ETmiss Z+jets, ZZ, top
H->ZZ->llqq 200-600 lepton, jets, ETmiss, b-veto Z+jets, ZZ, top

~

Low resolution channels: poor mass resolution, strong dependence on jet
and ETmiss performance, only WW*-Iviv updated with 2012 data.
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H- vy

* Very simple signature, but small rate Br(H->yy) ~ 2x1073;
 Important decay mode for the low mass region (100-140 GeV)

e Ui T aominoson
W s : @ m, =125 GeV
T Decay through loops ! Y ~500 events in
* Irreducible background from yy production 2011+2012 sample!
q AT a AN g NV

o(yy)~ 40 pb

VAN

al

AAAYA QMW\ g
I

e Reducible background from yj and jj productions

2000008 a——— M 8 s ; o(yj)~3x10° pb

@ 0.000000, | o(jj)~6x10° pb

q

a MY 900000,

Theoretical uncertainty Ag/o ~30% , not reliable !
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H- vy

Photon identification
Longitudinal and lateral shower profiles;

Energy calibration

= 85+% efficiency

No track or tracks consistent with

photon conversions (¥40% y converts!);

Main background: ©t° from jets;
Neural network ID used for 2011,
Cut-based ID for 2012

Calibrating from Z, J/y->ee
and W->ev events;

Extrapolating to photon
using MC;

Energy scale at M, known to
~0.3%;

Linearity better than 1%;

Stable within 0.1% in 2011

Relative energy scale

1.005¢ 1 ! ! E
1.004F RMS: 0.054% @ WoevE/p
1,003 Foemee RMS: 0.052% .0 Z7eeinv.mass 1
1_00225_ ................................. .................................... .................................. _i
1_001%—---------%—------- ----§-¥ - ,-,-,-,-,é,-,- ———— ---é

1#;4%%& %
0997F L]
o Da2otl =TTy iat=asnt
0_9953 ATL;IAS Ffrehmmary | | E

01/03

01705

01,07

31/08 31/10
Date (Day/Month)
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Two isolated high pT photons with
E; > 40, 30 GeV and |n|<2.37
(exclude 1.37<|n|<1.52)
efficiency ~40%
S/B ratio ~ 3%

New since 2011:
2-jet selection = VBF process
S/B~ 20%

Osm (VBF) ~7% W 2 jets with
/ 7 N pr>25-30 Gev
In|<4.5
An), > 2.8
M, > 400 GeV
18] (-ij) > 2.6

Expected gain in sensitivity: 3%

CATLAS

JLEXPERIMENT

Keys to the search
Yy mass resolution;
Background suppression
and modeling
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H- vy

Taking advantage of different mass resolutions and signal-

background ratios, data sample is split into 10 categories
- Converted photons vs unconverted photons;
- Detector regions: central, transition and forward

- Low and high pTt

Category

Unconverted central, low pry
Unconverted central, high pry
Unconverted rest, low pry
Unconverted rest, high py
Converted central, low pry
Converted central, high pr,
Converted rest, low pry
Converted rest, high py
Converted transition

2-jets

S/B~ 1-20%

=> improve sensitivity by ~20%

Entries / 5 GeV (normalized to unity)

—
Q

102

107

10

1 1 I 1) T T 1 I I 1 1 I I T
Low High Yv+Yj Background E
Tt Tt % - .
T!’p P /7] Bkgd. Uncertainty N
E = + ggF m =125 GeV E
C L ataas VY ]
i "'—.,‘_’ "'-.,_. —4— VBF+VH+ttH m, =125 GeV
E "!,,_ "‘m E
- ‘/?,z.... e J
. //7/ o - : ety e il
= Ty el * +++"++m E
C \s=7TeV 7{///// ; f#’“ﬂﬂ ; t
= ATLAS Simulation %4 5 imﬁﬂ' 4
= Preliminary 27 % 77 ﬁt:

10_5 1 1 1 1 ‘ 1 1 1 1 I 1 1 ‘ 1 2 ? 1 4 1 //A I 1 1 1 1

50 100 150 200 250 300

p., [GeV]
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H- vy

Full reconstruction of the Higgs decay final state, very little
else to distinguish signal from backgrounds other than mass:

m® =2E E, (1-cosAg, )

Mass resolution is the key, dominated by the energy resolution.

Category TCR FWHM >
[GeV]  [GeV] &
Inclusive 1.63 3.87 2
+ Unconverted central, low pry .45 342
© | Unconverted central, high p;  1.37 3.23 _g;
O “Unconverted rest, low pry 1.57 3.72 2
Unconverted rest, high pry 1.51 3.55 ;
Converted central, low pry 1.67 394 =
Converted central, high pry 1.50 3.54
Converted rest, low pry 1.93 4.54
*5 Converted rest, hich pr .68 3.96
O | Converted transition 2.65 6.24
= 2-jets 1.57 3.70

(mH=125 GeV)

0.12—

0.08
0.06
0.04

0.02

II]III]III]III'III'I

- grzl-%?ngir?ulation ® Unconverted central -
high p_
H—yy FWHM = 3.2 GeV

fo5

U | L I UL | LI | LI | UL | LI I B | LI

O Converted rest
low Py,

FWHM = 4.5 GeV

my = 125 GeV
\s=8TeV

%
\‘\“3:' g
125 130

110 115

135 140 145
m,, [GeV]

120
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H- vy

LHC beam size $z~5-6 cm, vertex reconstruction through '\\
Unconverted photon: \ \1\ \ ‘\\ )\/
Calorimeter pointing of longitudinal samplings \ \ : \\ |

R

Resolution: 6z~1.5 cm

Converted photon:
calorimeter pointing and conversion vertex extrapolation \

Calorimeter pointing alone sufficient for a good di-photon mass resolution

—_—— C T T T T I T T T T I T T T T | T T T T ‘ T T T T | T T T T ] > _] I L I LI I L ] L I L l LI l L I LB I LB l ]—
© .16 ATLAS Preliminary ++ e Data 2011 (B*=1.5 m) 7 3 e True vertex ATLAS Simulation 1
= L - _ 1 O Data2011 (*=1.0m) 7 o V127 —— MaxIp Preliminary
E 0.14 :—\E -7 Tev’det =48 — MC(yy) = = F—— Likelihood 1
2] C T 3 ] = 0.1 —+— Calo pointing gg—o>H—-yy 2
= 012 T — & - my=125GeV A
e - 2 unconverted photons . _g C 7
E 01 Inl<1.37 3 > 0.08 \s=8TeV ]
e C ] T - ]
-~ 0.08— — =z L i
o c . = 0.06— —
£ 0.06 — B ]
c L - - -
W o4 = = 0.04- ]
002~ B 7 E 0.02F -

-q 7:7 -1 0 | | I-SOI | | | 0 I | | | 50 | | | 100 - “_1 50 0 : Ll I - - l Ll L l Ll L I Ll l Ll :

A Zgiopoiniing [MM] 116 118 120 122 124 126 128 130 132 134

my, [GeV]
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H

> YY

The vy, vj and jj contributions can be decomposed through the
analysis of photon identification and isolation.
- Determine the shape of these variables for real and fake
photons from control samples and MC simulation;
- Fit the observed distribution to the sum of three components

Events / GeV

1200

1000

800

600

400

200—

[T T T T I T T T T | T T T T I T T I T T T T | T T T T

- ATLAS Preliminary —e— yy+DY Data

N Data 2012 —=— 7j Data

fH. \s=8TeV,[Ldt= 659f6" . jiData

— + —— Stat. uncertainty |
t

B +++++ + Total uncertainty -

‘_ H+H

N 4

- tH

o +uh

| HT 44

st i J'+++++*’++*+

ot 4t

2012 breakdowns
YY: 75%

1) 22%

ii: 3%

Background models:
vy: RESBOS, DIPHOX,

SHERPA
vji: SHERPA
ji: PYTHIA6
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H- vy

Signal: Crystal-Ball function (core) + Gaussian (outlier)

Backgrounds: exponentials, polynomials, ...

Category-dependent, choose the ones with best sensitivities and
assign systematics based on spurious signals from MC studies

Low statistics categories: Exponential
High statistics categories: Exponential of 2" order polynomials

Category Parametrization Uncertainty [Ney]
Vs=T7TeV +fs =8TeV
Inclusive 4th order pol. 7.3 10.6
Unconverted central, low pt¢  Exp. of 2nd order pol. 2.1 3.0
Unconverted central, high pty  Exponential 0.2 0.3
Unconverted rest, low pry 4th order pol. 2.2 3.3
Unconverted rest, high py Exponential 0.5 0.8
Converted central, low pry Exp. of 2nd order pol. 1.6 2.3
Converted central, high pty Exponential 0.3 0.4
Converted rest, low pTy 4th order pol. 4.6 6.8
Converted rest, high pry Exponential 0.5 0.7
Converted transition Exp. of 2nd order pol. 3.2 4.6
2-jets Exponential 0.4 0.6

10-20% uncertainties on signal yields from background modeling
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H- vy

Inclusive m,, Distribution

Selected diphoton sample
L Data 2011 and 2012
Sig + Bkg inclusive fit (mH =126.5 GeV)

Events / GeV

--------- 4th order polynomial

\s=7 Tev,j Ldt=4.81fb"
\s=8 TeV,j Ldt=59fb"

+

-+
1111

Data - Bkg
o

—

o

o
II|II

a-||||||
o

il L L L I L il il L I L il il 1 I L L L 1 I 1 L L L I 1 L L
100 110 120 130 140 150
m,, [GeV]

A total 59059 events selected, expect ~170 signal events
at 126 GeV witha S/B ~ 3%

(The background is parameterized using 4" order Bernstein polynomial)
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H- vy

Exclusions: 112-122.5 GeV, 132-143 GeV (observed);

110-139.5 GeV (expected)

g 6Jl\\||llll|llll|\IIII\IIIIIIII'III\IIIIL D-O 10[I'II|IIII|III
% B Observed CL, limit SN H—yy 1 = ’ ATLAS Preliminary
- Expected CL_ limi 1 o — ,
S S g gatazoﬂ.\s;71e\¢lt3t=4-8:;~_ S <"
2 e P ata 2012,1s=8TeV, [Ldt =5.9 5" 107! ST
= 40 ATLAS Preliminary - I
©) B ]
] — T AR el
% 3 7 107 '
D - .
: | 10
2 X B e

O Obsarved B, 201142012 (with ESS)},
© Cbserved po 2011 (with ESS)
O Cbserved po 2012 (with ESS)

[I'I'II[II'IIIIIIIIII

Ohbserved p 2011+2012
= = = Expected p 2011+2012
Observed p_ 2011
- = = . Epsclad p 2011
Cbserved pn 2012
= = = Expected pn 2012

Y10

co b b b b by b by
115 120 125 130 135 140 145 150 110

10'7||||||| | |

my [GeV]

A minimum p, at 126.5 GeV
p,=2x10"° = 45¢

(Expected: 2.40 from a SM Higgs boson)

(Global observed significance: 3.6c over 110-150 GeV )

w
Q

56

115 120 125 130 135 140 145 150
my [GeV]
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H- vy

Samples Mass (GeV) p-value Obs. Sig. Exp. Sig.

Consistent excesses are

Signal strength

) 2011 126  3x10™ 3.50 1.6
observed in both 2011 mwmmp 17 30° 340 19
and 2012 data Combined 126.5  2x10° 4.50 2.40
The measured signal strength, the excess o -Br 19405
relative to the SM expectation, at 126.5 GeV: [~ (G. Br) T
SM
3% LALLM lf Unconverted TrrT T T I L I T
255 SM H_)_W ATLAS Preliminary G:.Z::irm? x/f ATLAS Preliminary —
- — Best fit . central high p_ T ////
25_ D'2In7“(u)<1 _E in;fclj;:ened — i /g Data 2011+2012 -
1.5 = UnccnveF;T;d — : /% ° N
E E reslh|ghp“ . : % ]
1E- : I T
0.5} : onverted p“ B ﬂ% \s=7 TeV,J Ldt=4.8 b "]
OE ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' : estow, : _%//_ \s=8TeV I Ldt = 5.9 fb":
0.5F- : stnanpy | —’—’%/ ) ’ T
i E Comred |~ T swhow
= Data 2011,1s=7TeV,[ Ldt =4.8fb" 3 2 jets 5 (m, =126.5 GeV)
1.5 Data 2012, \s=8TeV, [ Ldt=5.9fb" 3 T 7/ o ]
oty 8 comoed | P 1
%10 115 120 125 130 135 140 145 150 -5 0 5 10 15
my [GeV] Signal strength
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H->ZZ*->4l

The gold-plated channel over a wide range
of potential Higgs mass.

Clean signature:

- 4 isolated leptons, full reconstruction;

- Mass peak over backgrounds, good mass
resolution.

Small backgrounds:
Irreducible SM ZZ* production
and reducible Z+jets, top, ...

But even smaller signal rate: |
@125 GeV

BR(ZZ —4¢)=0.45%, BR(H —»22")=2.6% |= ~25 eventsin
= o, xBR(H >ZZ —>4/)=261b 2011+2012 samples

Selection efficiency to the 4 power of lepton efficiency:
0.74~ 0.25, 0.8* ~ 0.41 = critical to improve lepton selection!
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H->ZZ*->4l

Two same-flavor and opposite-sign isolated lepton pairs:
4 leptons with p; > 20, 15, 10, 7(6 for u) GeV;
50 <m,, <106 GeV and m,;, (m,, ) <m,, <115 GeV
M. (M,, ) =17.5-50 GeV
m,, > 5 GeV for same-flavor and opposite-charge pair
(Leading lepton pair: the pair with its closest to Mz)

Analysis improvements since g T
. . g 100 ATLAS Preliminary =

2011 publication 5 o A
- Relax m,, requirement ; S o ! A
o e 5 o 3 .

- Increased electron efficiency g e g ! =
at low pT through the recovery | ¢ %¢ % % E

of hard Bremsstrahlung radiation| ¢ *°F E

& 88 011 2012 —

L. L. B - +Datadet~4.7fb'1 _;_Data‘[Ldt-??0pb'1 .

= 20-30% gain in sensitivity L 8 .M —7— MG E
. Cov v b b b b b b ]

for a low mass Higgs boson. 5720 25 30 35 40 45 50
ET,CIuster

Selection efficiency (m,=130 GeV): 41% (4p), 27% (2e/2p), 23% (4e)
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H->ZZ*-54l

Improving resolution by applying a Z-mass constraint for the leading
dilepton pair:

0.

—h

a.u./ 0.5 GeV

0.04

0.02}

- without Z mass constraint

0.08}

- fracti -+

0 90 100 110

8

—IIIlllllll]lll]]lll]]]ll

_ ATLAS Preliminary

Simulation

® m,=130GeV
Gaussian fit

C HoZZ'—4p (\s = 8 TeV)

0.061

7" m = (129.50 + 0.04) GeV

6 = (2.1340.04) GeV

T TT

1 I 11 1 l 1

|

|

I |

a.u./ 0.5 GeV

1

120 130 140 150
my, [GeV]

4un: 2.13 - 1.78 GeV, 2e/2u: 2.33 - 2.02 GeV, 4e: 2.76 > 2.46 GeV
10-20% improvement

o
-
N

»—tlllllllllllllllllllllll

. ATLAS Preliminary
_ Simulation

® m,=130GeV
Gaussian fit

o
-

0.08
H—ZZ*—4pu (s = 8 TeV)

0.06

( m = (129.72 + 0.03) GeV
6 = (1.78 4 0.03) GeV
0.041- ;

fracti +26. 19%

11 I 1 1 1 I I I 11 | 1—

] 11 1 I

0.02

with Z mass constraint ¢

|

%0 90 100 110 120 130 140 150
my, [GeV]
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H->ZZ*-4l

SM ZZ* background:

irreducible and estimated through MC simulation

Z+jets and top backgrounds:
reducible and estimated from data

Control sample for (/+ uu
For sub-leading dimuon pair:
Remove isolation requirement
At least one p failing IP cut

Events/4 GeV

The m,, distribution clearly ‘
shows a Z peak (Z+jets) over
a continuum (top)

- Fit the m,, distributions to
Z+jets and top components;
- Extrapolate to the signal region

_[ L [ LI I L ] 1T 1771 T 17T T 1:
18~ ATLAS Preliminary -
165 \s= 8 TeV: [Ldt=5.8fb" .
14 E
yop *Data -

- —— Z+jets and it .
10 t =

8- =
61 =
4 s
2
0

50 60 70 80 90 100

m,, [GeV]

Both background shape and extrapolation from MC
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H->ZZ*->4l

4u 2e2uf2ule 4e
Low mass High mgss—ewamass High mass Low mass High mass
(_V5=8 Tev)
Int. Luminosity 5.8 fb~! 5.8 fb! 5.9 fb!
/A 6.3+0.3  27.5+1.9 3.7£0.2  41.7+£3.0  2.940.3 17.7+1.4
Z + jets, and 17 0.4+0.2  0.15£0.07  3.9+0.9 1.4+0.3 2.9+0.8 1.0+0.3
Total Background 6.7+03  27.6x1.9 7.6+1.0  43.1+£3.0 5.7+0.8 18.8+1.4
Data 4 34 11 61 7 25
my = 125 GeV 1.4+0.2 1.7+0.2 0.8+0.1
my = 130 GeV 4.5£0.6 0.9+0.8 2.70.4
my = 190 GeV 8.2+1.0 12.5+1.7 5.3£0.8
my = 400 GeV 3.9+0.5 6.6+£0.9 2.9+0.4
CVs=71TvV )
Int. Luminosity 48! T 48fp! 4.9 fb!
77" 4.9+0.2 18.1£1.3 3.1£0.2  27.3£2.0 1.6+0.2 10.2+0.8
Z + jets, and 17 0.2+0.1 007003 2.1+0.5 0.7+£0.2 2.3+0.6 0.8+0.2
Total Background  5.1+0.2 18.2+1.3 51+£0.5  28.0£2.0  3.9+0.6 11.0+0.8
Data 8 25 5 28 4 18
my = 125 GeV 1.0+0.1 1.0+0.1 0.37+0.05
my = 150 GeV 3.0£0.4 3.4+0.5 1.4+0.2
my = 190 GeV 5.1=0.6 7.4+1.0 2804
my = 400 GeV 2.3+0.3 3.8+0.5 1.6+0.2

Low mass: m,;<160 GeV, high mass: m,>160 GeV

$~3.9
events

S~2.4
events
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H->ZZ*->4l

See significantly more events than expected:
2011: 88 observed with 7115 expected
2012: 142 observed with 10917 expected

The excess is mostly for m,;>160 GeV = significantly higher measured
ZZ cross section

> 22 - . -
S o0k ATLAS Preliminary Measured o (ZZ)=9.3 = 1.2 pb
o f « Data _ SM (NLO) ¢ (ZZ) = 7.4+ 0.4 pb
= 181~ @ Background zZ") .
—— [ - Backaround Z+'ets, it 0 B ATLAS Prelimi NLO QCD (MCFM, CT10.0)
516 - m Signa% (m =1 QSJ GeV) L= eIy e 2 (pP)
T 14F mm Signal (m =190 GeV) Nt — 2w
- Bl Signal (m =360GeV) | |~ | AN\ e
12 2 Syst.Unc. =, s =
100 | H—-zZ" a4l K
8F deT =5.8fb" i ATLAS Data 2012 ({5=8 TeV)
B B e 2Z-Illl (66<m <116 GeV) L=5.8 fb"
S= 8 TEV ATLAS Data 2011 ({s=7 TeV)
1= © ZZ— il (on-shell) L=4.7 fb™
C O ZZ— livv (on-shell) L=4.7 fb™
B Tevatron ({s=1.96 TeV)
L ® CDF ZZ—» lI(Il/vv) (on-shell) L=6.0 fb™'
L ® D0 2ZZ- li(Vvv) (60<m <120 GeV) L=8.6 fb"
1 1 1 1 1 L 1 1 L 1 1 L L 1 L L 1 I 1
200 400 600 0 2 4 t|3 Eli 1|() 1]2 14
m,, [GeV] s [TeV]
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H->ZZ*->4l

w
(9]

Background zz"

[

B Background Z+jets, tt
[ Signal (m =12 GeV)
[ Signal (m =150 GeV)
I Signal (m =190 GeV)
2 Syst.unc.

Events/5 GeV
N w
(@] (]

N
o

's =7 TeV: |Ldt = 4.8 fb!
s =8TeV: |Ldt = 5.8 fo

—_—
O
IIIIIIIIIL_'I_I

10

150

1%0

* Data ATLAS Preliminary
H-zZ" -4

freo T
40 ATLA
35 1s=7Te) |Ldt=48t' @7 jets, ff

Preliminary e Da‘t‘a

30 | 's=8TeV:\ Ldt=581b"

Events/3 GeV

52‘; |

70 75 80 85 90 95 100 105
m,, [GeV]

Dataset

A small cluster of events
populates around 125 GeV

In the region 125 + 5 GeV

2011+2012

Expected B only

2011+ 2012

5.1:0.8

Expected S m =125 GeV 5.3:0.8
Observed in the data 13

Data
m,, [Ge\z}]50 Expected S/B

Reducible/total background

Single resonant contributions
Enhanced by relaxing mass
and pT requirements
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H->ZZ*-4l

Exclusion: 131-162 GeV and 170-460 GeV (observed)
124-164 GeV and 176-500 GeV (expected)

M,
Q,

U) g | I | I | | E Q-O L UL | T | I | . . | T
-—g [ ATLAS Preliminary — Observed CL, Ei 102% :TL;;_)Prell:nmary ;
i O a0 e Expected CL_ | o - —— Observed = 2L >4 ]
S Aoz =4l - - = 10k ... Expected 1s=7 TeV:[Ldt =4.8 fo*5
=2 [ \s=7TeV,|Ldt=481b" =10 1 g _ E
S _ [:20 N \s=8 TeV:|Ldt =5.8 fo" ]
= 1oL \s=8TeV,|Ldt=5.8 b’ — 1 _
= 10k . :
o . 8 ]
BLSO 10 = - To
@ SSRA @ | B e, 120
10%
-I 0'3 .“.': 3o
10* 2
= v : - 40
10-1 IIII|IIIIIIIIIlIIIIIIIIIlIIIIIIIII 10'5_IIII|IIIIII.‘|III|IIIIIIIII:|IIII|IIII_
110 120 130 140 150 160 170 180 110 120 130 140 150 160 170 180
my [GeV] my [GeV]

A minimum p, at 125 GeV
p,=3x10" = 3.4c
(Expected: 2.6c from a SM Higgs boson)
(Global significance: 2.5c over 110-141 GeV)
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H->ZZ*->4l

Samples Mass (GeV) p-value Obs. Sig. Exp. Sig.

Excess is seen in both 2011 and 2011 125 1.10% 2.30 1.50
2012 at about the same mass. 2012 125.5 0.40% 2.7 2.10
Combined 125 0.03% 3.4c0 2.66

Signal strength at the lowest p, (125 GeV): u=1.3 + 0.6

Q_O [T T TT [ T T 11T [ L ] T T 1T [ T T 1T | L ] T 11 j E 4EI rrT T | rrT | rrTT | rrT | rrTT | A IE
= 10%E — Obs. combined ATLAS Preliminary 3 - 350 —e— Best Fit E
I e Ho 220 4l - 5 f C]-2InAMw<1 ]
= 40 o Bxp 2010 \s=7 TeV:[Ldt 4.8 fo'4 o 3 E
e \5-8 TeV:[Lat -6.8 " o 25 ATLAS Preliminary -
S oF Is=7TeV: ][Ldt =481 3
TR 7 Y I A i O St 1o n g \s=8TeV: [Ldt=5.8fb" 3
10 "\~ /( ¥ 1.5F E
10—2é_ ------ _% 2o 1;— ——————————————————————————————————— —;
10-3;_ "‘:‘; 3G 0.55_ _é
: ] OFf 7 e A =
10%¢ ' E -0.5¢ €
- J40 S S B T S B

L[ e — 110 120 130 140 150 160 170 180

110 120 130 140 150 160 170 180

my [GeV] my [GeV]
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H->ZZ*->4l

EXPERIMENT
http://atlas.ch

@ATLAS

m,, =125.1 GeV
p, =71.7, 47.5, 36.1, 26.4 GeV

=86.3 GeV, m,, =31.6 GeV

Run: 204769
Event: 71902630
Date: 2012-06-10
Time: 13:24:31 CEST




H>oWW*=>lviv

The SM WW is said to be “irreducible”

o(H>WW*—(viv)~220 fb
(8 TeV, m_ =125 GeV) However, WW from the scalar Higgs is
expected to have different kinematics

= ~2300 events in
2011+2012 samples ﬁ

-~ w* oA +
V 14 (e , U1 ) W- e o @ M

e @ °

Main background: The spin correlation leads to a smaller
WW, tt, W/Z+jets, WZ/ZZ/Wy,... average opening angle between the two leptons
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H->WW*-epuvyv

Due to large pileups in 2012, only ey final state has been analyzed
6 categories: (e, ue)®(0-jet, 1-jet, 2-jet)

(Separate final states with leading electron or leading muon)

Preselection: . { e A¢2,,/2}
- T,Rel — i -
- p;"? > 25,15 GeV with || < 2.5; T (ETsinAg Ag< /2
_EMS, 25 GeV; Ag =min{Ag(EF™ ¢/ jet)}

— Jets: p; > 25 GeV and || < 2.5 otherwise p; >30 GeV
> ' ' T 7 o N UL
$ 10k ATLAS Preliminary ;5;;;& ﬁﬁg};m“a" 8 soo0f- ATLAS Preliminary - e
2 0%k \s=8Tev,[ Ldt=581b" Clq @ snoemp L - \s=8TeV,| Ldt=5.81b" Olq @@ srerp
% 10% H->WW ' evuv/uvev - EHE‘ZS GeV] 5000 H->WW""—evuv/uvev - EHE‘ZS GeV] _;
i E

[0 e]
[y
o

0 50 100 150 200 250
ETer [GeV] Niets
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H->WW*-euvy

Significant background remains after pre-selection, apply topological
selections for further background reduction:

0-jet selections — Py >30GeV; = Focus on low mass region.
—m,, <50 GeV; No change in the selections
— Ag,, <1.8 from 2011.

Similar for 1-jet analysis, with additional b-jet veto

T | T T I LI I T 17T I T 17 [ 71T [ 1T ] T_]

> L T ] T 1 T > _T T T I I I T T T T ] T T T T ] T T 1_
o 800 .. 2z — © 250_ L. o .
§ 7 aTLAS Preiminary & @i & T ATLAS Preiminary & @
2 700 \s_gTeV,[Ldt=-58f" [Ju [ SngeTop = [ \s=8TeV,| Ldt=58fb" [ [ODSngeTop ]
~ E “ ) B Z+jets [] W+jets E — 200 “ ) B Z+jets [] W+jets —
% 600 H->WW '—evuv/uvev + 0 jets CJH[25Gev] — % - HoWW —evuv/pvev + 0 jets [JHM25Gey]
[ L . ) o -
> 7 ] 2 C ]
w - / B W 150~ -
17 = - 17 ]
i dlLs- Before p; cut E o0k After p; cut -
e I T T T e e - N - > L AE -

120 140 160 100 150
P4 [GeV] m [GeV]
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H->WW*-euvy

Non-WW dibosons (WZ/ZZ/Wy) and Z/DY:
Diboson: real leptons, real ETmiss; Z/DY: real lepton, fake or real ETmiss

Both normalization and m; shape from MC 2 [y =2
_ mTz\/(ET+ET ) -(pr +EM™)
W+jets

Fake leptons, real ETmiss: both normalization and m; shape from data

Non-WW dibosons and W+jets processes contribute to both same-
and opposite-sign dilepton events = validation with same-sign events

v T T T T [ T T T T I T T T T I T T T | T T T | T T L. ] > [ T T T T ] T T T T | T T T T [ T T T T ] T T T T ]
(] oy i

&£ 35 o 4 Data %~ BG (sys @ stat) @ 50— o - Data <= BG (sys @ stat) —

o ATLAS Preliminary & o = wasews 0] - ATLAS Preliminary o' = wozzwy

S 30k \s=8TeV,[Ldt=58f" [+ Single Top 2 - \s=8TeV,| Ldt=58f" [t SingleTop -

- “ ) B Z+jets [] W+jets ~ 40__ “ ) B Z+jets [] W+jets T

%) H->WW' —evuv/uvev + 0 jets ] H (125 GeV] % L H>WW' —evpv/uvev + 0 jets [JH(125Gev] -

5 25 2 o C W ]

L|>.| . |_|>_| B % ° B

20f Same-sign - same-sigh -

15 s0f- E

10 - .

10— —

250 300
A, [rad] my [GeV]
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H->WW*->euvv

Top and WW backgrounds: real leptons and real ETmiss
Normalization from data and m; shape from MC

Estimating WW and top

background from

scaling using data
control regions (C.R.):

data:

est. __
S.R.

Ns_R_ > N Data
C.R.

C.R./MC

_ Data
= Oye X Nc g

WW : m,, >80 GeV and no topological selection;

_I TTT I LI B I | [ 1T
- ATLAS Preliminary
100 \s=8TeV,| Ldt=581b"

- H—>WW[')—>evuvfuvev +0jets

120

Events /10 GeV

80

60

40

20

ITI]TII[III]IITII

0 100

I[i'l'll['l'l'll

- e e .

d :%ﬁ_ ' gtid

[ T T 17T ] T T 17T ] T 1T 17T
4 Data %< BG (sys@stat) _|
B ww [ wWz/Zzzwy

s [ Single Top
B Z+jets [] W+jets
[CJ H[125 GeV]

lIllIIlIII]IIllIIIIII

150 200 250 300 350 400 450

my [GeV]

Top: reverse b-jet veto (1, 2j)

120_ T T T [ T T T T [ T T 1
- ATLAS Preliminary
100~ \s=8TeV, [ Ldt=5.8fb"

H—>WW[')—>evuvfuvev +1jet
80

Events /10 GeV

60

40

20

[IllTIITTIITTIIT

150

T | T T T T | T T
—#- Data == BG (sys @ stat)
B ww [ wWz/Zzzwy

s [ Single Top
B Z+jets [] W+jets
[CJ H[125 GeV]

200

e
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H->WW*->euvv

° ° ° ° . 2 — .
The transverse mass as the final discriminant m, = \/( E;' +EM) _( B + ETm'SS)
3 1OF TS 5 P
G | ATLAS Preliminary g% & oo, 1 8 ,f ATLAS Preliminary 0 = rooess -
g 100__ \S=8TeV,JLdl=5‘8 fb! Egt gi:“lg"fmp - E ~ \5=8TeV,ILdt=5.8 b I:ltr. O SingleTop 7
% B H—>WWft}—>evuw’uve\?+ 0 jets l DH[:ZS Gev] %’ 20:_ H%WW{')HEV}LV/}LVEV-F 1 jet B Zejre E m:ztsegv] _:
g 8o - o - -
T} L - L B _
60— - 15 3
40 - 10(- =
20F = 5F 7
20 100 150 200 350 300 300
m; [GeV] mr [GeV]
125 GeV: 0.75m,, <m, <m,, (illustration only)

Signal WWwW WZ[ZZ/Wy tt tWith/tgh Z|y* +jets W +jets] Total Bkg. Obs.

H+ 0-jet 20+4 101+13 12+3 8+2 3415 1.9+1.3 15+7 142+ 16 185
H+ 1-jet 52 12+35 1.9+1.1 62 37«16 0.1zx0.1 2+1 26+6 38
H+2-jet | 034007} 0.10+£0.14 0.10£0.10 0.15+£0.10 - - - 035+£0.18 0

Significant excess over estimated background
in both 0j and 1j channels !
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H->WW*-euvy

After A¢g <1.8 cut

Signal region yield for eu and pe channels separately

0-jet ep 0-jet pe I-jetey  1-jet pe
Total bkg. | 177 +4 162 +4 43+2 40+ 3

All four categories
) 8

Signal 187403 149202 43+0.1 42+0.1 show excess
Observed 213 194 54 52
g 90: T | LI I LI | LI | I T I T T | TTT I‘;//: T I LI | TTT I: 180_[ T T | T T | T T T I T T T | T T T ] T T T ]‘;f‘/l T I T T T I T
i —_— -4 Dat “= BG (sys @ stat) - Tt -4 Dat “= BG (sys @ stat)
o ATLAS Preliminary o W' m wzzzws ERS ATLAS Preliminary o W' m wzzzws E
S E \s=8TeV,| Ldt=5.8fb" E i g SngeTop 3 C \s=8TeV,| Ldt=5.8fb" E i g SngeTop
~ - . +jets +jets 7 | . +jets +jets |
ﬂ 70:_ H_)WW{ )—)EVMWMVGV +0 jetS | D H [‘:25 GeV] _: 140:_ H—)WW{ )—)erJ.W’jJ.VGV +0 jets ] D H [-:25 GeV] _:
- - - = m
9 60F + = 120 ]
L - = C ]
50:— + = 100 —
= - § = 80F- =
= ||| Ry - - .
— 27 = 60F n
' - 40f =
3 20 =
o e e =) . | 1] 0: I i e e — — D P T
0 02040608 1 1214 16 18 2 22 0 20 40 60 80 100 120 140 160
Ag, [rad] P} [GeV]

No strange feature about the excess ...
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H->WW*->euvv

Fit the observed m; distributions to improve sensitivity:
5 bins for 0-jet, 3 bins for 1-jet and 1 bin for 2-jet

Broad excess due to the limited mass resolution

@120 GeV:p,=6x10" = 3.20

10°
10*
10°
10?
10

1
10
102
107
10
107
10°®
107

Local p

@125 GeV: p, =8x10"* = 3.1o

(cut-and-count: 3.0s at 125 GeV)

- ATLAS Preliminary ~ H—>WW' S evuv/jvev-
—— Obs.
--- EXp.

{s=8TeV: Ldt = 5.8 fb

Signal strength (u)

SR PR B B
110 120 130 140 150

T A
160 170 180 190
m,, [GeV]

Signal strength

p=21;

@ 125 GeV

| ATLAS Preliminary  H-WW" S evuv/vey

—— Best fit

[]-2InA(w) <1

1s=8TeV: Ldt=58f0" -

L1 1 I L1 1 1 I | - —l
140 145 150
m,, [GeV]
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H->WW*->euvv

Combining with the published 2011 results (http://arxiv.org/abs/1206.0756)

A minimum p, value at 125 GeV
p,=3x10° = 280
(Expected: p, =0.01and 2.30)

Combined p-value Data-background
Tc;_ 103 ! IIAIIIJLIAIéIFl)rIeIh[rTI"}-'Ia;—);I | 'H;;WW(h):}I:vi\; T % :I LA B B | T .I LIS B Ilakr T |b; T ‘tl c|”:|)lt ]
S 2L —Obs is=7TeV: [Ldt= 4.7 fo" O ook ATLAS Preliminary —$— Bkg subtracted Data
—~ - Exp. \s=8TeV: [Ldi=581b" - C \s=7TeV,[Ldt=47f" [ ] Hi2sGeY) -
10 2 8Of vs=8TeV,|Ldt-581 -
1 o m HoWW Siviv + 0/1 jets ]
10 L 60 3
10° 40: + Ny
10° n .
10 20 -
-5 : :
10° i | b
N 4+ ]
7 \ ; C ’
LU T TV -20—.I...I...I...I...I...IAF.[I...I...I...I.—
110 120 130 140 150 160 170 180 190 60 80 100 120 140 160 180 200 220 240

m, [GeV]

my [GeV]
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http://arxiv.org/abs/1206.0756

H->WW*->euvv

With a combined signal strength consistent with the SM expectation

u=—98" 44405

(O-' Br)SM

Confirmed through signal injection:

2011: u4=05%+0.7
2012: pu=2.17%
Compatible within 1.5¢

The observation is within one-sigma band of the expected signal

- UL DAL L L L L LT L L o LA I B e e e e S e B e e e e e e e
2 [ ATLAS Preliminary Howw o 2% ETATLAS Prefiminary | HoWW Siviy
= e < 1 \s=7TeV: [Ldt=47f6" 1 8 . 5F  —oObs.
c E3-2Inhw) < [ 44 9 10 Exp. m =125 GeV | -1
© 5 —— Exp. mH=125 GeV \s=8TeV: JLdt=5.8fb 3 -l 10 ---- EXp. M, \s=7TeV: ILdt=4_7fb
7 — 2InA(w) < 1 ] E+io Vs=8TeV: [Ldt=5.81b"
B A\ B 10 [J+20
C ]
D : ] 1
w 3 { 10-1
. 102
2 ~ 107
§ L
1 ------------------------------------------- ] 10—5 46
..... == ___ 10-6
O T T s e
T T A A AN R R 10’7‘,‘,|,,,,‘,‘,‘|,,,,_‘,‘|,,,,|‘,‘,‘,,,,56
115 120 125 130 135 140 145 150 110 120 130 140 150 160 170 180 190
my [GeV] m,, [GeV]
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H>WW*->euvv

p 1l

Run Mumber: 204026, Event Number: 33133446

Date: 2012-05-28 07:23:47 CEST

— A N
o ral
o

il
7 "

e
LT,
e s
i /-;_44;7" Wy
7 e
- - _-l;f‘f:rﬁf'lf'-l. . " Y N
- A
. f.-"'}z ¥ o -
oy P

P ey,

-
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Combination

Combination inputs
- 2011 + 2012 H->yy - 2011 H->WW*-3Ilviv

- 2011 + 2012 H>ZZ*-4| 2012 results approved this week,

- 2011 results for the rest approval of its combination in process
(2012 results not yet available)

~ a0 %;\EC.A].I_‘._AS..WH'.vb.EH‘..........H - . . . . g SETTrTTree
3 N > |
G gy ATLAS Hostroindvezj < 160 —+ patazon s 120 & 71.5\,1'“1‘: P 8 asp ATLAS ¥ ~+ Datazom E
3 o + E Ferte[Lor-armt [T askgrouns < 100] - Damzons - E:7Ta\-l1_[Ldl:4.7lb' [] Totat backgrouns =
F Daa 2011 = ata 2011 B
2 B 35| E
2 = ~125 5 =4 | =125 GeV, 5 x SM
2 o [ et v vocsa 2 B 'EEG“' M 2 w [] otal ackgrouns 2 ad B SR B 2
20 [ o vachgemuna ol [ mt12s e, soxsm :E
15 ‘E=?TeV.J‘Ld(=4.7fb‘
10j 40| 15]
10
20|
E & i
o e ;
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My [GeV] m; [GeV] m.. [GeV] m,; [GeV]
=3
235f + Dan imi
8 - Backumnd 2z ATLAS Prellllmlnary
= T T T . - b4 .
] Sa\anlaumphmnnsampls §30 __|San l?nl‘nd‘z I:s\"jt H ZZ( —ad|
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£ S+ B inchive 1 (m, = 126.5 Gov) § | Easanal (m, =150 GeV)
& 4t ordar polyromial 3 100p T Baanssaneas e 3 “Fatas T \Ti 25 I Signal (m =180 GoV)
s=7Tev [Lat—asm & 8o ATLAS  H->WWolviv+0j 4] € . —4— Data 2011 a-s:.unc.
=7 TRV ) tat= = S 25F HoWW-sivived] B
Tev. 4 Z  BOE —}— Data 2om = : I 125 Gev. 1xsM P ,
=p ey [ =sow g AP | [ g 2 [ ] Torat mctegrouna ] 1s =7 TeV: Ldt = 4.8 fo
5 125 Gev. 1 x :
. Z eof ElN PR [P 15005 =8 TeV: [Ldt = 5.8 fb"
wof [ Tots sacvgrouna 1sE- . 718"
ses s - o Gorofirndl g 11|
& 100 + — 20, 5 E
= o H_%%MW% 10,
E E o ecn il G
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= 4 Data 2o =180 [] vatas bacsgrouna E 3 &0l ’ = H—ZZ-+llbb [] Totet backgeeuna
z g 140 [l 50 Gev. 1 x 51 2 70 ~4- Data 2011 8 N3 Wl c0 Gev. 1xsm
5 ~ £ 150 Gev,
Z wf [ Jotet baskgrauna E o0 112 & [ o s B oo " '
E otal rour .
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Combination

Individual Channel Limits

E : | . ! . ' ! ! ! :
© - ATLAS Preliminary 2011 + 2012 Data -
g | | Ldt~46-48f" Vs=7TeV |Ldt~58591"ys=8TeV
(@) ol  -m--- Exp.Comb.  ----- Exp.H—>2ZZ* >l ----- Exp. H—> WW* = viv
[ 10°F —— obs. Comb. ——— Obs.H—>ZZ* >l ——— Obs.H— WW* s vlv 3
= L Exp.H— yy Exp.H—> ZZ* 5 1Ivy ===~ Exp. H> WW* > lvgqq
. [ ——— Obs.H—yy Obs.H—>ZZ* s llvy ——— Obs.H—> WW* > Ivqq -
] - ====- Exp.H—bb  -=---- Exp.H—->2Z* »>llqq ----- Exp.H— 1t =
O . ——— Obs.H—>bb —— Obs.H>7ZZ* 5llgqqg —— Obs.H 1 =
X 10 E
(@) .
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Combination

Combined Limits Expected exclusion at 95% CL : 110-582 GeV

Observed exclusion: 110-122.6 GeV and 129.7-558 GeV

m, [GeV]

A SM Higgs boson is excluded:
110-122.6 GeV and 129.7-558 GeV @ 95% CL
111.7-121.8 GeV and 130.7-523 GeV @ 99% CL

= | ' ' ' : s 10— 7 T g
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Combination

Individual Channel p-Values
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Combination

Combined p-Values

The combined results are consistent with background-only hypothesis
over the entire search range except the mass region around 125 GeV

: ‘ ' ' ‘ o 'SR IR N UL LA LA BRI BURLLELE BLELILLE
ATLAS Preliminary 2011 + 2012 Data % 10%E- ATLAS Preliminary 2011 + 2012 Data
—— Obs. \s=7TeV: |Ldt=4.6-4.8b" S 10 —— Obs. \s=7TeV: |Ldt=4.6-4.8b"
--- Exp. \s=8TeV: [Ldt=5.859 fb" - 10 Exp \s=8TeV: [Ldt=5.859 fb"
1 Yo~ ey, e = e o popyin SSPUIE  oy pe — 00
110 = 1o
1072} """"""""""""""""""""""""""""" 20
OB BT g 3c
10*
10-5 ----------------------------------------------------------------- 46
10 \/™
10-7 ------------------------------------------------------------------ 50
10°
e 107 . el liar, LT 60
200 300 400 500 600 110 115 120 125 130 135 140 145 150
m, [GeV] m, [GeV]

The significance of the excess at 126 GeV is 5.10

(including energy scale systematics in yy reduces it to 5.0G)
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Combination

Excess breakdowns

TDU'D 1(]‘5l I IJIQITLAS Preliminary = 2011 +2012 Data 2 The excess is seen in both 2011
o 107 2 \s=7TeV: |Ldt=4.6-48fb" 3 .
3 102 *Eiz.ggﬁ Vs=8TeV: |Ldt =5.8-5.9 fb" and 2012 data:
1100 :.'_'o’;,‘;l,' 2012 _ 2011: 3.50 (obs.) and 3.1c (exp.)

Exp 2012

2012: 4.00 (obs.) and 3.3c (exp.)
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: Explvw¥ﬂ+bb
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m, [GeV]

But is dominated by high-resolution

channels: yy and 4l.
(2012 H>WW*->epvv not included)
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110 115 120 125 130 135 140 145 150
m, [GeV]
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Combination

Signal strength: rate relative to the SM expectation

The value at the lowest p,
u=1.2+0.3

Consistent with the expectation of a SM Higgs boson  Zzs #tasreimney  anrarzoue S
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Combination

Consistency among individual channels
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Combination

Time evolution
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Summary

We have observed a narrow resonance
at ~¥126 GeV, consistent with
the Standard Model Higgs boson !

@ 10F - ' — : : : — o~ e ey
g o ATLAS Preliminary 2011 +20120ata | Z 5 ATLAS Preliminary t+20120a] = [\ amas Pregiminar‘y Howw v 1 112 =
S g o \s=7TeV: JLdt=aga8’ 1 £ F g 6=7TeV: fLat=a648t’ ] 5 OFY E )
s [ B 19=8TeV: [Lat=5859" & 25 m-amiw< is=8TeV: Latasgson' 5k ° 1s=7TeV:[Ldt=471" 1 10 =
o @5 4 @ St \s=8TeV:|Ldt=581b" =
g g ' E ] g 4; “,. —— 2Inium)=23 1 8
- t%: 1_. Ug; i X e sese 2INA(LM) =60
g 3:_ e —8— HoWW ki (201142012) | —6
L 0.5; - *, —¥— Hoyy (201142012)
- r C —a— HzZ" s (201142012) 4
C 0 28
3 -0.5) e 2
B 200 300 400 500 600 15 200 300 400 500 600 912‘,“'.-' B0 s R R e a0 ©
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m,, [GeV]
[ . [ * *
July 31: publication with H->yy, H>ZZ*->4l, H>WW*-|viv
Fall: results of H>bb and H>1t
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Higgs Boson Width

Strong mass dependence

I, =35MeV @120 GeV, 3
1.43 GeV @ 200 GeV, =
8.43 GeV @ 300 GeV, |
68.0 GeV @ 500 GeV 10k

At low mass (<300 GeV), L
detector resolution dominates - / .
mass resolution. 107"k —

At higher mass, intrinsic width 2| /
becomes dominant. / | ]
3G.M? 100 200 300 500 1000
FH ~ F"H
1672 M, [GeV]
M

3
~ 500 GeV - 2
1 TeV
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Statistical Methods

Construct likelihood from Poisson probabilities :
L (data | 1,0) = Poisson (data | - s(8)+b(8))x p(é | 6)

w . signal strength; @: 'nuisance' parameters (efficiencies...)

Compare data with background-only and signal+background models

using test statistics . (data P 5 )
"

L(data | ﬁ,é)
Calculate the ratio of these two p-values

q,=-2In

cL, P(a,>a|s+b)
- CL  P(g,>q|b)
The signal model is excluded at 95% CL if

CL, (,u = 1) < 5%

CL, ()

For significance calculation, the background only p-value is computed from

test statistics q,:
T p=P(6>q"b) = Z=07(1-p,)
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o H- vy

Photon reconstruction and yy mass resolution are stable agamst pileup

m 1 T T T T [ T T T T I T T T T ] T T T T T T T T T T T T % I I Y l I1cl) ' l ' l ' I o I
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S o e MC signal (Gluon fusion + VBF) |
g i ++ oo o \s = 8 TeV, mH=‘| 25 GeV
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- © PV from likelihood Preliminary |

% BT T R - ST BT -

Number of reconstructed primary vertices
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H- vy

Numbers of expected signal and background events in a mass
window around 126.5 GeV that contains 90% expected signal

2012 analysis
Category TCH Observed S B
[GeV] [Nevil [Newtl [Newi
Inclusive 1.63 3693 1004 3635
Unconverted central, low ppy  1.45 235 13.0 215
16% Unconverted central, hich pr,  1.37 15 23 14 < 2" bestS/B
Unconverted rest, low pry 1.57 1131 283 1133
Unconverted rest, high pr [.51 75 4.8 68
Converted central, low pp 1.67 208 8.2 193
15% Converted central, high p 1.50 13 1.5 10 < 3"bestS/B
Converted rest, low pTy 1.93 1350 246 1346
Converted rest, high pry 1.68 69 4.1 72
Converted transition 2.65 880  11.7 845
22% 2-jets .57 18 26 12 <BestS/B
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H- vy
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H- vy

Reanalysis of 2011 data
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H- vy

Samples Mass (GeV) p-value Observed sig. Expected sig.
-4
2011 126 3x10 3.50 l1.6c
-4
2012 127 3x10 340 1.9
. -6
Combined 126.5 2x10 4.50 2.40
S 3l Damzoriie-7Tev | TUSMASY ] B gl pamzorzisistev | SMHoy' S
) o R — Best fit ] S - J‘Ldt_ngb_1 — Best fit .
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o L . o C .
S u . S » 1
-CB 1_ __.: -CB 1:__ __________________________________________________________________ :
Of~ = 1 s et U R A =
-1 : -1F g
-2 : -2F =
_3f- ATLAS Preliminary _3f- ATLAS Preliminary =
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H- vy

2012 individual categories
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H- vy

2012 individual categories
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H->ZZ*->4l

Same requirements as the nominal selection except no isolation
requirement on the subleading lepton pair

—> Let in a lot more Z+jets and top backgrounds;

—> Data overshoot the expectation in ZZ dominated phase space

> L e L > 4 e L B ]
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O35 i o Da 4 Qa5 Y Data -
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Excess is seen in both 2011 and
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