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Discovery of the Higgs boson
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Results are presented from searches for the sandard model Hizes bosom in proton-preton collisions
at yF=7 and B TV in the Compact Muon Soienoid experiment at the LHC, osing. data samples
cirrespansing to integrated heminosities of up o 54 b st 7 TeW and 53 K at 8 TeV, The search
is pesfarmed in five decay modes: . 22, WHWS rteand Bl An excess o events is obiened abowe
the expected background, with 3 local significanee of 5.0 standard deviations, &t 2 mass near 125 GeV,
sigmalling the praduction of @ sew partiche, The espeeted significance for 3 standand model Higgs boson

1. Encrodistion

The Sandardl Medel (SM) of particie hysies [1-4] i been
tesied by many experimens gver the st foir decades and has
been shown o suczessfully ceacribe high ensroy particke interar-
rions. Howewer, the mechanism thi beeaks glod irwsal symemery
I the S las fot been veriled saperinentally, This mechanism
|50, whick gives mass m masswe elementary particies, implies
et eisaenee of @ scalar pamich, the SN Higs boson The seanch
for Thet Higgs boson, the anly elemenmary. partiche in the SM rhar
has aot yet bemm chserved, @ one of the hightishts of the Large
Hadmoe Coftider [ 11 ] (IHC] physics peogramne

Inatirecy Hmids on the SM Higes hodon mass df my = |58 GV
at 455 ronfidence hevel (1] have beer st msing plobal fits to e
cishian elerTrovesal resuits 125 Derecr searchies ar LEP [13] the
Tewatmon [14-16] ard the LHC [17,18] have proviously ewcluded, ar
48% €1 a %M Higgy boson with mass belpw 800 Ge¥, apart from
ST AL Jegions between |15 GOV and 12T G,

Boch: the ATLAS drel M5 Colabarations: reporied excesses. ol
eventy in their 2011 datasets of proton-proson {pp| onlledany ot
ol mass enirgy 5= 7 TEV ar b LHI wiich were cormgan-
bl with 584 Higgs bosan production and decay in the mass wiion
124124 GeV, with sipnificances of 28 and 'LE standard devigiions
[ ), respertbvely [17.05], The COF amd TR exporinsdnr 28 the Tev-
tron have alse recontly reporcted o Droas excess in the s fegion
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TI0-135 GEV. using the existing UHC constrainti the abedned -
cal significances for mp = 128 Cel are L7z for (I {14) Lo for
00 |15 i 2.8 for thets combiration |15],

The grevious BTLAS searches  46-40 " of daw ar 5=
7 Tel are mmbined bece with new searches for o= £27" a8
W —py and H — W — ppgeo in the 58-53 7 of pp ook
im0 dara Taken ab oF = f Ted hetworn AE and [une 2002

The data were recorded with mstantaneous Faminosities up o
68w 1P em T e shey are sherefure artectes by muttiple jp
collishinnd eTureing i fhe same ar neghbduring Sinch ciossings
Ipite-up). in the 7 e data, the average number of icferacuons per
gty onssing vwas apgroalenately L0 gl averape mcreased m ap-
prosdmately 20 In e 3 TeV data The seconstractio, khntficarion
anit isalation critena wed fur electrons and photes in the § Ty
dara are improyed, making e B — 220 - 40 and B — sy
searchies Timee sobist agalnss gthe Incieased plle-up, Thess analy-
2es were re-optimized with simoltion and froezen before lnoking
at-the & TeV dara,

Uit the H — WO ey chumel, thee inciased plie-ep de-
teriorates the event missing mansverse momentam, 7 resole
o, which sedifs pn slgniheanely lages Deell-Yan backgrousd i
the same-fawar feal saws: Sinoe the e charme] provides mest
of the ==esitvry of the search, -only this final stafe is wsed in
the araiysts of the & TeV data The Kineenane region in which a
SN Higgs bomom with @ mass Detwesn 150 GeY and 140 GeV i

The asrrhnd £ st for eirrinm o eoom

Ky n_fﬂnt mass is 58 standard deviations. The eaess iy most significant in the two decay modes with the
fu¥ best mass resclution, 3y and 22 2 fit 1o these signals gives 2 mase af 125.3 - 0.4{s7ar) < D.5(syst ) GeV,
Thysics The decay 1 two photans indicates that the new particle is-a beson with spin different fram one.

Higgs @ 2072 CERN. Published by Elsevier BV, All rights reserved,
1. Introduction my should be smalter than =1 TeV, while precision electroweak

The standard model [SM) of elesentary particles provides a ne-
‘markably accurate description of results [rom many accelerator and
nor-accelerator based experiments. The SM comprises guarks and
leptons as the building blocks of matter, and describes their in-
teractions through the exchange of force carriess: the photon for
electromagnetic interactions, the W and Z bosons for weak inter-
artions, and the gluons for strong interactions. The electromagnetic
and weak intesactions are unificd in the electroweak theory, Al-
though the predictions of the SM have been extensively confirmed,
ﬂw'quﬂ‘tinn of how the W and Z gauge bosoms acguire mass
wehilst the photon remiains massless is still open,

Nearly fifty years ago it was proposed [1-6] that spontanecus
symmetry breaking in gauge theories could be achivved theough
the introduction of 2 scalar field. Appiving this mechanism to the
clectroweak theory |7-9] through 8 complex scalar doublet feld
leads to the generation of the W and Z masses, and 1o the predic-
tion of the existence of the SM Higgs boson [HL The scalar field
also gives mass to the fundamental fermions through the Yukawa
interaction. The mass my of the SM Higgs boson is not predicted
by theory. However, general considerations |10-13] suggest that

& CERN lor the benefiy of The (M35 Lofiabarasion,
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0370-2693] © HAD CERN, Publisked Ty Elendier BV, Al rights reseroed.
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measurements imply that my < 152 GeV at 95% confidence level
{CL} | 14]. Over the past twenty years, direct scarches for the Higgs
boson have been carried out at the LEP collides, leading to a lower
bound of my > 1144 GeV at 95% CL |15)], and at the Tewatron
proton-antipreton collider. excluding the mass range 162-166 GeV
at 95% CL |16} and detecting an excess of evenzs, recently reportod
in [17-19], in the range 120-135 GeV,

The discovery or cxchision of the SM Higgs boson s one of the
primary scientific goals of the Large Hadron Collider (LHC) [20L
Previous direct searches at the IHC were based on data from
proton-proton collistons corresponding to an integrated luminos-
ity of 5 " collected at a centre-of-mass energy 5=7 TeV.
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 1114-1166, 119.4-122] and 128.2-541 Gev [22L
Within the remaining allowed mass tegion, an excess of events
near 123 GeV was reported by both experiments. In 2012 the
proton-proton centre-of-mass energy was increased to 8 TeV and
by the end of june an additional integrated luminesity of more
than 5 fb ' had been recorded by each of thess experiments,
thereby enbandng 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 /5= 7 and 8 TeV. The svarch is performed in
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Personal Details (HepNames) Publications Datasets External Citations Summary
Name Gert Aarts 1. Simulating QCD at nonzero baryon density to all orders in the hopping 94 papers found, 91 of them citeable (published or arXiv)
parameter expansion
Current  Swansea U. Z.MMNMWNMLMM Citeable Published
Institution 3. Quark-Gluon Plasma: from lattice simulations to experimental results papers only
4. The bottomonium spectrum at finite temperature from Ny = 2 + 1 lattice
E-mail g.aarts@swan.ac.uk Qco Number of papers 91 48
5. 2+1 flavour thermal studies on an anisotropic latfice analyzed:
Links hiip://pyweb.swan.ac.uk/~aarts... 6. Developments in lattice QCD for matter at high temperature and density
7. Bottomonium spectrum at finite temperature Number of citations: 2461 2188
Fields HEP-LAT 8. Adaptive gauge cooling for complex Langevin dynamics
HEP-PH 9. P wave bottomonium spectral functions in the QGP from lattice NRQCD Citations per paper 27.0 456
HEP-TH 10. Transport coefficients of the QGP (average):
Click here to all
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INSPIRE: INSPIRE-00060590
ORCID: 0000-0002-6038-3782 Breakdown of papers by citations:
Co-Authors Papers Citeable H:““
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Period Rank Institution C.RANon1 (27) Al Single
1980- 1895 UG Utrecht U. J.LSkullerud.1 (22) authored Renowned papers (500+) 0
M.B.Oktay.1 (13) All papers 94 16
1995-1999 PHD  UtrechtU. E Seiler.1 (12) Book 0 0 et s e it S
1.0.Stamatescu.1 (12) ConferencePaper 45 10
1999-2001 PD Heidelberg U. M.P.Lombardo.1 (12) Introductory 0 0 Very well-known papers (100- & 6
s.*mj (12) " Lectures ‘g g 249)
2001 -2004 PD Ohio State U. JM. inez.Resco.1 (11 Published
S.C.Kim.1(11) Review 4 3 Weil-known papers (50-99) 11 1"
2004 SENIOR Swansea U. S.M.Ryan.1 (11 Thesis 1 1
i more " Proceedings 4 0 Known papers (10-49) 34 27
Update Details Less known papers (1-8) 34 4
Unknown papers (0) 6 0
Subject Categories Frequent Keywords
(68 (40) Click here to view statistics without self-citations or RPP
Name Variants m‘ " ”_HEP (55) m”' m= ”M“ = fgg', Warning: The citations count should be interpreted with great
1 quantum chromodynamics care. Read the fine print
Aarts, Gert (80) Theory-HEP (14) spectral representation (18)
Aarts, GAP.T. (1) General Physics (2) finite temperature (17)
Aarts, G. (13) Gravitation and Cosmology (2) ﬂdumm(i&)
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2+| flavour thermal studies on an anisotropic lattice

Adaptive gauge cooling for complex Langevin dynamics

Adaptive stepsize and instabilities in complex Langevin
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Bottomonium above deconfinement in lattice nonrelativistic
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Bottomonium spectrum at finite temperature

Can complex Langevin dynamics evade the sign problem?
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The Nobel Prize in Physics 2013 was awarded jointly to Francois
Englert and Peter W. Higgs "for the theoretical discovery of a
mechanism that contributes to our understanding of the origin of
mass of subatomic particles, and which recently was confirmed
through the discovery of the predicted fundamental particle, by
the ATLAS and CMS experiments at CERN's Large Hadron Collider"
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Figure 7: Likelihood contours for the H — yy, H—>ZZ*—4¢
and H— WW*— €v€v channels in the (ﬂggFHtH X B/Bsm, MVBF+vH X
B/Bsm) plane for a Higgs boson mass mpg = 125.5 GeV. The
branching-ratio scale factors B/Bgy can a priori be different for the
different final states. The sharp lower edge of the H— ZZ*— 4¢ con-
tours is due to the small number of events in this channel and the
requirement of a positive pdf. The best fits to the data (X) and the
68% (full) and 95% (dashed) CL contours are indicated, as well as the
SM expectation (+).

Data: How does the Higgs Boson behave
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Measurements are presented of production properties and couplings of the recently discovered
Higgs boson using the decays into boson pairs, H --> gamma-gamma, H —-> ZZ* --> 4 |eptons and H
--> WW --> 2 leptons + 2 neutrinos. The results are based on the complete pp collision data sample
recorded by the ATLAS experiment at the CERN Large Hadron Collider at centre-of-mass energies
of 7 TeV and 8 TeV, corresponding to an integrated luminosity of about 25/fb. Evidence for Higgs
boson production through vector-boson fusion is reported. Results of combined fits probing Higgs
boson couplings to fermions and bosons, as well as anomalous contributions to loop-induced
production and decay modes, are presented. All measurements are consistent with expectations for
the Standard Model Higgs boson.
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SUMMARY:

CERN-LHC. Measurements of the cross-section times branching ratio for a standard model-like Higgs boson. The results
are based on the complete pp collision data sample recorded by the ATLAS experiment at the CERN Large Hadron
Collider at centre-of-mass energies of 7 TeV and 8 TeV, corresponding to an integrated luminosity of about 25 fb-1 The
following table gives links to the -2In(likelihood) values for the three channels in the
(mu_ggF+ttH*B/BSM,mu_VBF+VH*B/BSM) plane for a Higgs boson mass mH = 125.5 GeV. The display link shows the
data as a 2-D grid and the files are the originals from the ATLAS collaboration.
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Higgs likelihoods from ATLAS! For theorists, this is kind of like...wistfully asking for
maybe a pony, and having someone give you a unicorn. Awesome,

On the presentation of the LHC Higgs Results -

INSPIRE-HEP
inspirehep.net
We put forth conclusions and suggestions regarding

the presentation of the LHC Higgs results that may
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Biography
Kyle Cranmer is an Associate Professor of Physics at New York Unliversity and Affiliated Faculty member

at N'YU's Center for Data Science. He is an experimental particle physicists working, primarily, on the
Large Hadron Collider, based in Geneva, Switzerland. Professor Cranmer obtained his Ph.D. in Physics
from the University of Wisconsin-Madison in 2005 and his B.A. in Mathematics and Physics from Rice
University. In 2007, he was awarded the Presidential Early Career Award for Science and Engineering
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production and couplings in diboson final states with the
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-2 log Likelihood for the H—+ ZZ+— 4| channel in the (u_ggF+ttH * B/BSM, u_VBF+VH * B/BSM) phane
for a Higgs boson mass mH = 125.5 GeV.
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