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Event display of a eepu candidate event with my; = 209.7 GeV.
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Introduction

ATLAS & LHC
The Higgs

@ ATLAS is a general
purpose detector

@ Almost full 47 layered
coverage

@ 2011 data taking
efficiency at ~ 93.5%

@ Recorded 5.25fb~"

@ Runs with good data
quality ~ 90 — 96%

@ Peak
L =3.6x1038cm—2s1
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Introduction

ATLAS & LHC
The Higgs

The Higgs Boson

Higgs mechanism is the source of electroweak symmetry breaking in the SM

Provides mass to the vector bosons and the fermions
The Higgs boson is a physical manifestation of the scalar field

Electroweak data along with measurements of the top and W mass strongly favour a light SM Higgs
Models beyond the SM can contain a high mass Higgs

Important to complement indirect exclusions with a direct search in the region

In the remainder of the talk a heavy Higgs is assumed to have my > 200GeV
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The SM channels

rch Channel i
Search Channels The combination

The pieces of the puzzle

@ LHC Higgs x-sec pages

ATLAS analyses make use of the various Higgs production and decay modes
The low mass channels were covered in the previous session by Tatsuya

Beyond my > 2my the Higgs is expected to predominantly decay to two on-shell
vector bosons

Therefore in the range my = 200 — 600 GeV the ATLAS searches are
dominated by the diboson channels
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Events/2.5 GeV

The SM channels
The combination

@ Analysis uses my, distribution as the discriminating variable
@ Three separate channels combined: 4y, 2621, 4
@ Clean signature with a low background
@ Provides good sensitivity over large mass range
@ Mass resolution ~ 1.5%(2%) in 4.(e) channel at my = 120 GeV
@ Deviations from the background expectation are observed at 125, 244 and 500 GeV
@ Local significances of 2.1, 2.30 and 2.2¢ respectively
@ None remain significant when the look-elsewhere effect is taken into account
@ n high mass regions this channel excludes a SM Higgs mass in three ranges
182 — 233 GeV, 256 — 265 GeV and 268 — 415 GeV
@ Phys. Lett. B710 383-402 (2012)
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The SM channels
The combination
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Two channels are combined: 2u2v, 2e2v

vl
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Provides significant decay branching fraction
combined with distinct signature of a high pr
lepton pair with large ET"™*

H—ZZ-livy

I

o Separate selections are made in the low
(my < 280 GeV) and high (my > 280 GeV)
mass regions
Data sample of 4.7fb— " split into low
(2.3tb—") and high (2.4fb—") pileup regions
No significant excesses are seen in the full

o
o
mass range
o
o

95% CL limit on o/cg,,
w

N
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The channel by itself excludes a SM Higgs
mass in the range 320 < my < 560 GeV

arXiv:1205.6744 Submitted to PLB
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Analysis uses my;; distribution as the
discriminating variable

Two channels are combined: 2..9q, 2eqq
Separate selections are made in the low

(my < 300 GeV) and high (my > 300 GeV)
mass regions

Analysis is further split into tagged (2 b-tags)
and untagged selections (< 2 b-tags)

The tagged selection offers greater rejection of
the dominant Z+jets background

No significant excesses are seen in the full
mass range

The channel by itself excludes a SM Higgs
mass in the ranges 300 < my < 310 GeV
and 360 < my < 400 GeV

ATLAS-CONF-2012-017
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The SM channels
The combination

Events / 10 GeV/
Events / 10 GeV

Analysis uses my distribution as the
discriminating variable

Three channels are combined: 2p2v,,,
euvev,,, 282ve
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Channel covers the full mass range but suffers
from poor mass resolution

Analysis is split into 0, 1 and >2 jet categories

W-tjets background is derived from data,
WW, top and D-Y backgrounds are
normalised in control regions

The channel by itself excludes a SM Higgs
mass in the ranges 130 < my < 261 GeV

The expected exclusion was
127 < my < 234 GeV

arXiv:1206.0756 Submitted to PLB
ATLAS-CONF-2012-060 «+—New MVA results
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The SM channels
The combination

H— WW — Ivlv : MVA Results
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Three channels are combined: 2u2v,,,
euvev,,, 282ve
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Channel covers the full mass range but suffers
from poor mass resolution

Analysis is split into 0, 1 jet categories
W-tjets background is derived from data,
WW, top and D-Y backgrounds are
normalised in control regions

The channel by itself excludes a SM Higgs
mass in the ranges 130 < my < 281 GeV
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The expected exclusion was
127 < my < 255 GeV

arXiv:1206.0756 Submitted to PLB
ATLAS-CONF-2012-060 «+—New MVA results
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The SM channels
The combination

Search Channels
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@ No significant excesses are seen in the full = Observed
mass range
@ The best sensitivity in this channel occurs at [ ]
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The SM channels

nnel .
annels The combination

Searc

Combination result

@ The channels shown have been combined to give the overall ATLAS Higgs search result
o Systematics in the combination are taken to be either 100% correlated or 100% uncorrelated between
channels
@ In the absence of a signal expect to exclude the Standard Model Higgs boson at 95% C.L. between:
120 < my < 555 GeV
@ Observed exclusion at 95% C.L.: 110 < my < 117.5,118.5 < my < 122.5,129 < my < 539 GeV
@ Observed exclusion at 99% C.L.: 130 < my < 486 GeV
@ A SM high mass Higgs is therefore excluded by this combination below my < 539 GeV
@ ATLAS-CONF-2012-019
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The SM channels
The combination

Search Channels

A closer look
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Summary

Summary and Outlook

@ Searches for the Higgs boson have been D 0 s o o s e s e B L e s e ML
undertaken in a wide range of channels bm C  ATLAS pre|iminary 2011 Data 1
using the full ATLAS 2011 dataset of up to B r B
4.9t~ [ — Obs. -1 ]

A s T - Ex Ldt = 4.6-4.9 fb ]

@ The allowed SM Higgs mass range has r p- B
been severely restricted by the limits set by E L HE+lo \E =7TeV i
ATLAS 5 26

@ The remaining allowed regions are —

117.5 < my < 118.5 GeV, O 1 E
122.5 < my < 129 GeV or X F B
my > 539 GeV 0 C ]

@ Ata99% C.L. the exclusion is still strong I N S
excluding a range of
130 < my < 486 GeV H

@ The LHC is back up and running well at
8 TeV 107

Expect in the region of 15-20 fo— ! of data CLs Limits
delivered this year I e b v b e by 1

° A 100 200 300 400 500 600
Focus now turns to extending the searches m, [GeV]

to higher masses and probing further for
none SM strength signals
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Summary

Typical Systematics

@ Systematics in the combination are taken to be either
100% correlated or 100% uncorrelated between channels

@ Selected theoretical uncertainties
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Summary

Breaking down the combination
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H— ZZ— 1l (4.8 b
Ho ZZ— llqq (4.7 b))
Ho ZZ— llvy (4.7 b

Ho>yy (4.9 fb™) san-
H-tt (4.7 07) men-
Hobb (4.6-4.7fb%) e
Ho WWos Ivlv (4.7 fb™Y)

T
|

I L dt ~ 4.6-4.9 fb*, {5=7 TeV

95% CL limit on c/cg),
(=Y
o

a3 E
10t ATLAS 2011 Preliminary CLslimits  —
100 200 300 400 500 600
my [GeV]

Alex Martyniuk Searches for a heavy Higgs boson at ATLAS



Summary

Breaking down the combination
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Summary

Breaking down the combination

@ Investigate local pg - the probability for the background to
fluctuate and give an excess of events as large or larger
than that observed
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Summary

Breaking down the combination

@ Investigate local pg - the probability for the background to
fluctuate and give an excess of events as large or larger
than that observed
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Summary

Breaking down the combination

@ Blue band plots - Show the best fit of the signal strength

w.r.t. the SM expectation u = o
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