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LHC: an accelerator of 27 km
Four experiments : the coopetition

ALICE Collaboration :
33 Countries, 116 Institutes

LHCB Collaboration :
15 Countries, 54 Institutes *
and 754 members

B N\ 4 and over 1000 members
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CMS Collaboration : e R e ATLAS Collaboration :

39 Countries, 169 Institutes | Y | || L Y . 38 Countries, 174 Institutes
~and 3170 members () G A " and 3000 members
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LHC (Large Hadron Collider)

14 TeV proton-proton accelerator-collider built in
the LEP tunnel (+ Lead-Lead collisions)

1983 . First studies for the LHC project

1988 . First magnet model (feasibility)

1994 . Approval of the LHC by the CERN
Council

1996-1999: Series production industrialisation

1998 . Start of civil engineering

1998-2000: Placement of the main production
contracts

2004-2009: Installation & Commisioning

2010-2035¢é: Physics exploitati o
20107 2012 : Run 1;7 and 8 TeV "
20157 2018 : Run 2; 13 TeV
20217 2023 : Run 3 (14 TeV)
20247 2025 : HL-LHC installation

‘HiLumi, 202671 2 0 35 é -LHC Hdperation
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LHC 2010-2012: arich harvest of collisions

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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~ 2 10% collisions

2010: 0.04 fb1
7 TeV CoM

Commissioning

2011: 6.1 fb't

7 TeV CoM

€ exploring
2012: 23.3 fb'l

8 TeV CoM

€ production

7 TeV and 8 TeV in 2012

Up to 1380 bunches
with1.5 10" protons
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Nobel Prize in Physics 2013

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 HadronCo | | .i der 0
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From Individual theoretical physicist Ideaé .

VOLUME 13, NUMBER 16 PHYSICAL REVIEW LETTERS

19 OcTomer 1964

In a recent not

Tait Institute of Mathematical Physics, University of Edinburgh,

1

BROKEN SYMMETRIES AND THE MASSES OF GAUGE BOSONS

Peter W. Higgs

(Received 31 August 1964)

it was shown that the Gold.- aboyt the “vacuum” solution ¢, (e} =0, @a(e) = gz
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*Work supperisd in pari by g I, §, Abomic Ensrgy
Commissioe ard = part hy tha Gradeats Szhoo! from
furads dupplind by the Wiscowsis Alumat Hasmarch
Fousditisn,

' Feopnman and M. Gell-Mane, Fays. Auv. 109,
13 (N8EE).

7. T, Lesand C. M, Yang. Phys. Rev, 118, Lile
CUBEDY; 5. M. Tredman, BMemm Cimento |5, B06 (1860,

. b and B, E. Marstsk, Humen CImsios 26,

B8 (10850; Y. Ma"ummn, Neowo Clmesto 37, 222 (1863},
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mithore, For & List of previcus references ses Mirsa A,
Hagl Big, Phys, Rev. 131, 426 (19851
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"N, P, Samioe, Pays. Bev. 121, 276 (18610,

Thie heat previeosly Beported mlisale momes [Fsm
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LeupP <10~ *lgupl: M, Bartos, K. Lants, L. M. Listir-
man, s Wilkiam Chisrewiy, Amn. Phys, (K.7. ) §
U5 (1598), The abasace of dn decay mode y* - " vg®
a@™ in not n gond tawt for the selstesos ol netTal gur-
Feeld Sl thi decay mode may be ahaoletaly Gochid-
A8 by eofses Eviica of meon sursher: . Fa:barg
and L. M. Ledermsan, Ao, Rew. Buel. Sei. 13, 485
A19Ea.

%2, W, Blewas and 5. K. Bose, Phiys. Riv. Lellars
LE. 176 (1864},

BACKEN SYMMETRY AND THE MASS OF GAUGE VECTOR MESDNS*

F. Englert and R. Broet
Facultd des Sclmcas, Usiversiif Litee de Bravelies, Bruvelies, Belgiam
(Recuived 26 Juzse 1964)

T i of interest to ingulre whether gasge
VECLOE MER0nS acqulrd mass theough interec-
tlon') by O gl VECLOF MESOn W SR &
Yang-Mills lield® asseckated with the extession
of a Lie geoup fram global b beeal sysmetey.
The impartance of this problem resides in the
poasibility that strong-Interactbos physies orig-
inzies from sassive gauge (elds relaied o s
system of conserved currenis * Tn ihis note,
we Bhall show that in CETtaln Cises vertor
mEsTE 40 indeed ogulfe Mass when the vae-
uum is degeneraie with respect to a compact
Lie groap.

Theories with degensrate vacuum (broken
aymmetry) bave been the subject of intenaive
atudy dince their inceplion by Hambo ™™ &
chazacterigtic fasture of such theosbes is the
paatble sxinlence of phro-mss bakosa which
tend o reatare e Symmelsy’* We shall
show that it s peeciely these abagalue it b
which malttals e gange Fariance of e
theary, despite the (act that the vector meson
acquires mass,

We ghall first ireat the case where the arig-
inal flelds are a set of bosoms gy which trans-
form um a bawis for 3 repressatstion of 2 com-
pact Lie group. This exampie should be con-
sidered k8 @ clher general phenamanological
model. As sweh, we shall not siudy the par-
ifcular mechasism by wiich the symmetry is
broken but simply assume that such @ sverh-
anism exlsts. A cakuwlation performed in low-
=at order perfurbation theory indicates that

thage vector mesons which are coupled to cur-
runts thid “rotate” the original vacwum are the
cnes which acquire mass [see Eq. (6]

Wi alall then examvine a particolar model
based on chirality invariance which may have a
maore fudamental significance, Here we begin
with a chizslity-invariant Tagrangian and imiro-
duce both veclar &nd Easudovector gauge fields,
therely guaraateeing invariance under both local
phase and local yy-phase iransformations, In
this model the gauge felds themaalres may hreak
Ehe vy Ivariance leading to @ mass for the orig-
bl Fermi field. We stall show |n this case
Had the pesadovector feld acquires mass,

In the last paragraph we sketch o simple
argument which renders thse resslls raason-
able,

{1F Lest the simplicity of the argumeni ke
ahronded in a clood of indlces, we flrst con-
sider & one-parameter Abellan group, repse-
senting, for example, the phase ransformation
of & eharged bodon; we then presest the general-
izaiion to an arbitrary compaci Lie group,

The inieraction between e o and the A
Fimbdes: is

He -a.q.hu"ijw-u'a'm A i
where ¢ =y il Y. W ssall break the
BYMMELTF by (wing (@« O | the vacesm, with
the phase chosen for convenlence such that
Gk = lpmr =l VT

We shall assume thet the application of the
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Worldwide LHC Computing
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16 Years of (W)LCG

CERN Council approval in September 2001 following the initiative of Manuel Delfino (CERN IT
Division Leader) and Les Robertson (Project Leader)

LCG Project began in 2002, with support from several countries T including significant funding from
UK & Italy and several others

First small grid deployments late 2002/early 2003
Real production use and program of data challenges started in 2004

o Do Do Do

2008 CCRCG08 Readiness ch{

A Focus on real and continuous production use of the all experiments, ~ full computing models

service overall several years (simulations since 2003,
cosmic ray data, etc.)

) ) STEPG6O09 Scale chall e g X peri ments,
A Data anq service challenges to exercise all aspects of 2009 full computing models, tape recall and
the serviced not only for data transfers but for analysis
workloads suppportstructures, etc.
2010
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