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CoNtributions o the experiment.

ARTICLE INFO ABSTRACT

the LHC is presented.

1 2012

1. Inteoduction

The Standard Model (SM) of particle physics {1-4] has been
tesied by many experiments over the list four decades and has
been shown to successfully describe high energy particle interac
tions, However. the mechanism that breaks electroweak symenetry
in the SM has not been verified experimentally, This mechanism
[5-10}, which gives mass to massive elementary particles, implies
the existence of a scalar particle, the SM Higzs doson, The search
foe the Higgs boson, the only elementary particle in the SM that
has not yet besn cbserved, is one o! the highlishts of the Large

n C

ss of iy < 158 GeV
ing global fits to pre
cision electroweak ref searches at 1P [13), the
Tevatron [14-16] and the LHC [17,18] have previously excluded, at
§5% CL. a SM Higgs boson with mass below 600 GeV, apart from
SOME Mass regions between | 127 GeV.

Both the ATLAS and CMS Collaboratians reported excesses of
in their 2011 datasets of proton-proton )
tre-of-mass energy /5 = 7 TeV at the LHC, which were compat-
ible with SM Higgs bosen produc d decay in the mass region
124126 GeV, with significances of 2 and 11 standard deviations
7 ), respectively [17.18], The CDF and D@ experiments at the T

Teva-
tron have also recently reported a Droad excess in the mass region
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120-135 GeV: using the existing LHC constraints, the abserved lo-
125 GeV are 2.7 for COF [14], 110 for
ir combination |1
The pﬂvxm,( ATLAS searches in 46-48 " of data at 5=
combined kere with new searches for H —» 22— 42
Ho—syy and H— WW'™ — epuv in the 58-59 b of pp coi-
lision data 1aken at /5 = B TeV Detween Apeil and June 2012
The data were recorded with instantaneous luminosities up to
68 x 10* cm s they are therefore affected by mwltiple pp
collisions occurring in the same o peighbdouring dunch crossings
(pile-up). In the 7 TeV data, the average number of interactions per
bunch crossing was approximately 10; the average increased 1e ap-
proxionately 20 in the 8 TeV data. The reconstroction, identification
and isalation critena used for electrons and photons in the 8 TeV
data are improved, making the H — 22" — 4¢ and H —
searches more robust against the increased pile-up, These analy-
ses were re-optimised with simulation and frazen before looking
a1 the 8 TeV data
In the H — wWw' Lvfy channel, the increased -up de-
teriorates the event miss ansverse momentam, E7Y, resolu
tion, which results in significantly larger Drell-Yan background in
the same-flavour final states, Since the ep channel provides mx
of the sensitivity of the search, only this final state is used in
data. The kimematic region in which a
M \!x;)u boson with a2 mass between 110 GeV and 140 GeV is
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= Super cold! (1.9°K = -271°C)

= Super hot! (100,000x the sun)

= Super vacuum! (10x the moon)
» Super big! (27 km ring)

= Super fast! (99.9999991% light)

CERNSs Large Hadron Collider
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Observation of a new boson at a mass of 125 GeV with the CMS experiment at
the LHC*

CMS Collaboration*

CERN, Switzerland
This paper is dedicated to the memory of our colleagues who worked on CMS but have since passed away. In recognition of their many
contributions to the achievement of this observation.
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Results are presented from searches for the standard model Higgs boson in proton-proton collisions
at fs=7 and B TeV in the Compan Muon Solenoid experiment at the LHC using data samples

to i iti ofuptuS.lﬂ:'al7TtVand53ﬂt at 8 TeV, The search
is performed in five decay modes: yy, ZZ W'W~, vz, and bb. An excess of events is observed above
the expected background, with a local simiﬁtamr of 5.0 standard deviations, at a mass near 125 GeV,
signalling the production of a new particle, The expected significance for a standard model Higgs boson

Keywords: of that mass is 5.8 standard deviations. The excess is most significant in the two decay modes with the
oS best mass resolution, ¥y and ZZ; a fit to these signals gives a mass of 125.3 + 0.4(stat.) £ 0.5(syst.) GeV.
Physics The decay to two phetons indicates that the new particle is a boson with spin different from one.

Higgs © 2012 CERN. Published by Elsevier BV. All rights reserved.
1. Introduction my should be smaller than ~1 TeV, while precision electroweak

The standard model (SM) of elementary particles provides a re-
markably accurate description of results from many accelerator and
non-accelerator based experiments. The SM comprises quarks and
leptons as the building blocks of matter, and describes their in-
teractions through the exchange of force carriers: the photon for
electromagnetic interactions, the W and Z bosons for weak inter-
actions, and the gluons for strong interactions. The electromagnetic
and weak interactions are unified in the clectroweak theory. Al-
though the predictions of the SM have been extensively confirmed,
the question of how the W and Z gauge bosons acquire mass
whilst the photon remains massless is still open.

Nearly fifty years ago it was proposed [1-6] that spontaneous

ry ing in gauge theories could be achieved through
the introduction of a scalar field. Applying this mechanism to the
clectroweak theory |7-9) through a complex scalar doublet field
leads to the generation of the W and Z masses, and to the predic-
tion of the existence of the SM Higgs boson (H). The scalar field
also gives mass to the fund, 1 fermions ugh the Yukawa
interaction. The mass my of the SM Higgs boson is not predicted
by theory. However, general considerations |10-13] suggest that

“ © CERN for the benefit of the CMS colaboraum
* Emai addres: cms-publi

0370-2633) © 2012 CERN. Published by Elsevier BV, All rights reserved.
hrtp:/fdx.dol.org/ 101016 physleth 2012.08.021

measurements imply that my < 152 GeV at 95% confidence level
(CL) [14]. Over the past twenty years, direct searches for the Higgs
boson have been carried out at the LEP collider, leading to a lower
bound of my > 114.4 GeV at 95% CL [15), and at the Tevatron
proton-antiproton collider, excluding the mass range 162-166 GeV
at 95% CL [16] and detecting an excess of events, recently reported
in [17-19], in the range 120-135 GeV.

The discovery or exclusion of the SM Higgs boson is one of the
primary scientific goals of the Large Hadron Collider (LHC) [20L
Previous direct searches at the LHC were bascd on data I‘mm
proton—pmmn collisions cor g to an
ity of 5 fb~' collected at a centre-of-mass mt.'lgy SS=TTeV.
The CMS experiment excluded at 95% CL a range of masses from
127 to 600 GeV [21]. The ATLAS experiment excluded at 95%
CL the ranges 111.4-116.6, 1194-122.1 and 129.2-541 GeV [22].
Within the remaining allowed mass region, an excess of events
near 125 GeV was reported by both experiments. In 2012 the

proton centre-of- energy was increased to 8 TeV and
by the end of June an additional integrated luminosity of more
than 5 o' had been recorded by each of these experiments,
thereby enhancing significantly the sensitivity of the search for the
Higgs boson.

This Letter reports the results of a search for the SM Higgs bo-
son using samples collected by the CMS experiment, comprising
data recorded at /s =7 and 8 TeV. The search is performed in
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Information Management: A Proposal March 1989

'~ Information Management: A Proposal

Abstract

This proposal concerns the management of general information about accel s and cxperi at
CERN. It discusses the problems of loss of inforation about complex cvolving systems and derives a
solution based on a distributed hypertext sytstem.

Keywords: Hypertext, Comp confi ing, Dc retricval, Information management, Project
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A search for the Standard Model Higgs boson in proton-proten collisions
with the ATLAS detector at the LHC is presented. The datasets used

to of 4.8 for-1 collected
atsqre(s) = 7 TeVin 2011 and 5.8 fbA-1 at sqet(s) = 8 TeVin 2012,
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Observation of a new particle in the search for the Standard Model Higgs boson

with the ATLAS detector at the LHC *
ATLAS Collaboration*

This paper is dedicated to the memory of our ATLAS colleagues who did not live to see the full impact and significance of their

contributions to the experiment.
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1. Introduction

The Standard Model wsics 11-4] has been
tested by many exper our decades and has
been shown to successfully wcnbe high energy particle interac
tions, However, the mechanism thar breaks electroweak symaeiry
in the SM has not been verified experimentally, This mechanism
[5-10}, which gives mass to massive elementary particles, implies
the existence of a scalar particle, the SM Fiiggs boson. The search
foe the Higgs boson, the only elementary pasticie in the SM that
has not yet been cbserved, i one of the highlights of the Lange
Hadeon Coflider [11] (LHC] physics peogramme.

Indirect it ca the SM Higgs bosoa mass of iy < 158 Gev
at 65% canfidence level (¢ et wsing plobal fits to pre.
dision electroweak e 't searches at LEP (13, the
Tevanron [14-16] and the LHC [17,18] have previously excluded, a1
55% CL. 3 SM Higgs boson with mass below 600 GeV, apar: from
s0me iass regioes between 116 GeV and 127 GeV.

Both the ATLAS and CMS Collaborations reparted excesses of
everss in their 2011 datasets of protan-protan (pp) collisions
centre-of-mass energy /5 =7 TeV at the LHC, which were compa
ible with SM m< bason productian and decay in the oiass regian
124-126 GeV, wi ices of 2.9 and 3.1 standard deviations
(o) respectively ||A 8], The COF and DB experiments at the Teva-
tron have also recently repocted a broad excess in the mass region

012 CERN. Pablishad by Elester V. A 7ga1S reservedt
3bysiecs 20120R020

120-135 GV, uing the xising u( constraints, the onsmrc 1
cal sigrificarces fo 1 re 270 for COF [24)
00 115] and 28 for theie mmwanmv 118},

The previous ATLAS searches in 46-4.8 b= of dar
7 TeV are combined bere with new searches for H -» 2.
H sy and H— WW'®) — evuy in the 58-59 1" of pp col-
lisian data taken at /5 =8 TeV detween Apel and June 2012.

The data were recorded with instartaneous kuminosities up
they are therefore affected by multiple pp
collisions occurring in the same or peighbouring Bunch crossings
{pile-up). In the 7 TeV data, the average number of irteractions per
bunch crossing was approximately 10; the averape increased 1 ap-
proximately 20 in the & TeV dara, The reconstruction, identification
and isalation critera used for electrons and photons in the 8 TeV
data are imgroved, making the H — 22 — 4¢ ad H — yy
searches more robust against the increased pile-up, These anily-
ses were re-optimised with simulation. and frazen before lookirg
at the 8 TeV data,

In the # — '.‘,w*-‘ —
teriorates the event m
tion, which results in svgmh(an(ly larger Drelovan m(um
the same-flavour final states. Since the eq channel provides mast
of the sensitivizy of the search, only this final state is used in
the analysis of the § Te¥ cata. The kinematic region in which a
SM Higgs boson with 3 mass between 130 GeV and 140 GeV is

channel, the .nm.md ile-up Ge-
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