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Introduction The Higgs

ATLAS

The Higgs Boson

@ Higgs mechanism is a proposed method for
electroweak symmetry breaking

@ Provides mass to the vector bosons

@ The Higgs boson is a physical manifestation of
the scalar field

@ The Higgs is the missing piece of the SM
@ Many production and decay channels to explore
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Introduction

The Higgs
ATLAS

@ ATLAS is a general
purpose detector

@ Almost full 47 layered
coverage

@ 2011 data taking
efficiency at ~ 93.5%

@ Good quality data
~ 90 — 96%

@ Peak £ = 10%¢cm—2s~!
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The SM channels

rch Channel i
Search Channels The combination

The pieces of the puzzle
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@ LHC Higgs x-sec pages

@ ATLAS analyses make use of the various Higgs production
and decay modes

@ Combined they form a complete search in the range
my =110 — 600 GeV
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The SM channels
The combination

o Analysis uses 9 separate photon categories
. . a4 . = T T T T T
@ Categories distinguished by the photons 7, (un)converted g — Observed CL, limit
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2 E
@ Mass resolution ~ 1.7% for my = 120 GeV 8 4
@ Maximum deviation from the background expectation is
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2012-02/

The SM channels

Channels )
The combination

H—ZZ — Il
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Events / 50 GeV

The SM channel

The combination
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Analysis uses my distribution as the
discriminating variable

Two channels are combined: 2u2v,, 2€2ve

Provides significant decay branching fraction
combined with distinct signature of a high pr
lepton pair with large Em‘“

Separate selections are made in the low

(my < 280 GeV) and high (my > 280 GeV)
mass regions

Data sample of 4.7t~ split into low
(2.3tb—") and high (2.4fb ") pileup regions
No significant excesses are seen in the full
mass range

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

ATLAS-CONF-2012-016



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-016/

Search Channels

The SM ¢l
The combin

nnels

ation

H— ZZ — llgg

mass in the ranges 300 < my < 310 GeV
and 360 < my < 400

E Sgg ATLAS Préfiminary ™ ‘dm i E E E ATLAS Preliminary " st i E
@ Analysis uses myy; distribution as the Q 200k | AT s L 3 g LAa7IL NS =TTV O Send o 3
discriminating variable 2 123 :yﬁ{jse El :;DEL?SG E
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100 3
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o N s o= A , : i
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o - imi —— Observed
the dominant Z+jets background o 10 ATLAS Preliminary Expected
s [ H-ZZ-llgq Eiio
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) [
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-017/

The SM channels

rch Channel i
Search Channels The combination

H— WW — Ivlv

> T T T ; > T T T T
§ ATLAS Preliminary g o g oo™ é ATLAS Preliminary g o & Seones @ Analysis uses my distribution as the
e FerrowfLa-azet Qi Beers 2 Gt La-arwt Qo Bone discriminating variable
2 Howw ! Siviv + 0 jets O Hizs0 Gev) 2 HOWW Ssiviv + 1 jet I HRe0Gw
H b @ Three channels are combined: 2.:2v,,
epvevy, 22ve
@ Channel covers the full mass range but suffers
from poor mass resolution
S £, @ Analysis is splitinto 0, 1 and >2 jet categories
GeV] GeV] . . .
(G (V] @ W-tjets background is derived from data,
102 P T T WW, top and D-Y backgrounds are
[ ATLAS Preliminary HoWW-hv 3 normalised in control regions
E — Observed 1 ] A .
L .. Expected J’ Ldt=4.7 fo ] @ No significant excesses are seen in the full
E+ic _ mass range
Dlize Vs=7TeV

The channel by itself excludes a SM Higgs
mass in the ranges 130 < my < 260 GeV

@ The expected exclusion was
127 < my < 234

300 400500 600 @ ATLAS-CONF-2012-012
m, [GeV]
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The SM channels
The combination

Search Channels

H— WW — lvgq
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10
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The SM channels
The combination

Channels
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Analysis of three separate channels which use
various methods to reconstruct the mass of
the system

H— 77 — ll4v

An effective mass distribution is used in the
0-jet channel

A collinear mass approximation is used in the
1 and 2 jet channels

H — 77 — I3

Uses a missing mass calculator to reconstruct
the m~

Reconstructs with 99% efficiency and
13 — 20% m - resolution

H — 77 — Thag Thad2V
A collinear mass approximation is again used

No significant excesses are seen in the
combined full mass range

Upper limits are set on the H — 7 cross
section between 2.5 and 11.9 times the SM
prediction

ATLAS-CONF-2012-014



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2012-014/

The SM channels
The combination

Channels
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The SM channels
The combination

Combination result

95% CL Limit on o/cg),

o

@ 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
@ Inthe 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
@ Observe an excess in the low mass region at my ~ 126 GeV
@ ATLAS-CONF-2012-019
FrT T T T T4 = T T T T T T T
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r — Obs. . ] S job —Obs. il
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C 7 Vel
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[ ClsLimts ‘ ] | ctstmis L
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The SM

channels

The combination

A closer look

@ The excess at ~126 GeV is dominated by the H — ~+~ and
H — ZZ — Il contributions

@ H — WW — Iulv contribution shows a weaker than expected limit but
no significant excess

@ The my ~126 GeV excess has a combined local significance of 2.5¢
(2.90 expected in the presence of a SM signal)

@ Within errors the strength of the combined my = 126 GeV excess is
compatible with a SM Higgs boson (1 = o /ogy = O.Qt%i)

@ Global probability of a fluctuation of this magnitude occurring across the

full mass range of 110 < my < 600 GeV is 30% or
10% in the range 110 < my < 146 GeV
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Summary

Summary and Outlook

@ Searches for the Higgs boson have been undertaken in a wide range of channels using the full ATLAS 2011
dataset of up to 4.9fb~1
@ The allowed SM Higgs mass range has been severely restricted by the limits set by ATLAS
@ The remaining allowed regions are 117.5 < my < 118.5GeV, 122.5 < my < 129GeV or
my > 539 GeV
@ Inthe low mass region an excess of events over the background expectation has been observed at a
H ~ 126 GeV
The excess has a local significance of 2.50 S
= [ T
Signal strength is compatible with a SM % ATLAS Preliminary 2011 Data
Higgs boson o 10 —Obs. 4
S = -- Exp. Ldt=4.6-4.9fb 3
Gilobal probability of a fluctuation of this = f m+ic 1
magnitude occurring across the full mass E F [O+26 (s=7TeV E
range is 30% or 10% in the range 1 r 1
110 < my < 146 GeV o L 4
N
More data is required to comment further 8 1 _
on the nature of this excess E E
The LHC is back up and running well at E E
8 TeV L
Expect in the region of 15-20 b~ of data o B
delivered this year CLs Limits
-1 v b bevn b b bevnn b Lo a Laas

The Higgs has run out of places to hide 1077739107115 120 125 130 135 140 145 150

m,, [GeV]
Will this excess turn to a 5o discovery with
more data?
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Summary

- . 250,
@ In models containing two Higgs doublets, e.g. E o Data2011 |
the MSSM, five Higgs Bosons are present h, ° O i — bBW'W
H A HE Z 200 mm Others !
[ b 2 SM + uncertainty
@ Iflight enough the H* can replace a W boson ¢ v, i 1501 M =130 Gev E
! © v B(t— bH") = 5%
in a top decay )
_ & 1000 den =461’ 1
@ Searches made in tf decays with the dominant N2 o . \s=7TeV
MSSM decay channel HY — v %ﬁfgf T ATLAS
so0f B
i - 666 f lepton-+je
@ Search performed in three channels defined (66 S
_ _ 967060 80 700 120 140 160 180
by the decays {f — bBWHT — 8 7 m [GeV]
@ bb(qd) (Tiepv) b 60,
@ bb (Iv) (Thaav) T [ aras ‘ S F atias|
@ bb(q3) (Thaav) B Zgob M {s=7TeV
I —— Observed CLs Data 2011 Data 2011 _[Ldt _461b"
@ No excess is seen in any channel @ 1 - Expected 5=7TeV :
E+ic 40F
ize , OF — — - Median expected exclusion
@ Upper limits set on the branching ratio of JLdi =46fo [ ovserved exciusion 95°% CL
t — H+b assuming 100% Br(H* — 7_1/) ol 1 30[ ------ Observed +1o theory
[ Observed -1 theory
@ Limits also set on the possible values of tan 8 208
as a function of m
H+
10°E combined 10
Y R T TV I N
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2012-09/

Summary

Typical Systematics

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

@ Selected theoretical uncertainties

Alex Martyniuk Searches for the Higgs Boson with ATLAS



Summary

Breaking down the combination
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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 p = ==

osm
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