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uniendo pueblos

Investigacion

e Empujar las fronteras del conocimiento

Ej.: los secretos del Big Bang ...écomo era la materia durante los
primeros momentos de existencia del Universo?

e Desarrollar nuevas tecnologias en srain ot inAznimr’
aceleradores y detectores

Tecnologia de la Informacion - la Web y la GRID
Medicina - diagnosis y terapia

e Entrenar los cientificos e ingenieros
del manana

e Unir gentes de paises y culturas diferente
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From individual theoretical physicist idea....

Votums 13, Nvsses 16

PHYSICAL RE

IEW LETTERS

...to collective innovation

19 Ocronen 1964

BROKEN SYMMETRIES AND THE MASSES OF GAUGE BOSONS

Peter W. Higgs

Tatt instisute of Muthematicnl Phyaics, University of Edinbargh, Edinburgh, Scatland

In a recent note! it was
stone theorem,” that Lor(
theories in which spontan
symmetry under an inter
contain zero-mass partic
the conserved currents a
ternal group are coupled
purpose of the present nc
a5 a consequence of this
quanta of some of the gau
the longitudinal degrees |
ticles (which would be ab
zera) go over into the Go
coupling tends to zera.
the relativistic analog of
non o which Andersen® b
that the Acalar zero-mas
congucting neutral Ferm
sal plasmon medes of fia
15 charged.

The sumplest theory wi
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used by Goldstone® hims
fields w,, vy and a real v
through the Lagrangian d
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where
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metric is taken as — s+,
simultaneous gauge trani
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Let us suppose that V(g
spontaneous breakdown ¢
Consider the equations [i
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BROKEN SYMMETRY AND THE MASS OF GAUGE VECTOR MESONS®

F. Englert and B Brost
Fueultd dos Schincan, Usiversiié Libre de Bravelles, Bruvelles, Belgium
Reeutved 26 Jusn 1964)

1t i8 of inbersat to inquire whether gasge
voetor meaons acqulre mass theough intersc-
tlon'y by @ gRuge VECIOr mEson wE s &
Vang-Milla Nold? assoelated with thi axtession
of & Lis group fram global to local symmstry,
The Lmpartance of this problem resides In the
posslbility that sirong -lnteractlon physics orig-
inates Teoe sasaive gauge (eMs ralitod o 4
system of conserved cusrenis.® In this note,
we ghall show taat in certaln cases vecins
mesons 4o inderd acqulze mass when the vae-
uum is degenerate with respect to & compaet
Lie groag.

Thenories with degenerate vazuum (browen
symmetry) bave been the subject of intensive
atudy dince thedr inception by Bambu, '™ &
charscteristic festure of such theories is the
peasiblo sxistenen of pero-muss bosoes which
Rend o restare e aymmetsy.# We shall
show that it is procissly these abegelar ities
which maltals the gange invariance of the
theary, desplie the fact that the vector mescn
acquires masa.

Wie mhall first treat the case where the arig-
inal flelds are a set of bosons gy which trans-
form s & baxls for a representation of a com-
puct Liv group. This exampie should be con-
sidered a8 @ raiher geseral phenamenological
model. As such, we shall not study the par-
tscalar mechasism by which the symmetry is
broken but simgly assume that such @ mech-
anism exists. A caboslation perfarmed in low.
eat order perturbation theory Indbeates that
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thisk vactor mesons which are coupled to ewr-
runts that “rotate’ the original vacsum are the
ones which acquire maes [see Eq. (61].

W aball then waamine a particolar model
baged ca chlzality invariance which may have o
mare fusdamental significance, Here we begin
with @ ehigality-invkriant Lagrangian and imtro-
duce both vectar snd pasudarector gauge flelds,
theredy gutrantesing invariance under both local
phase and local 3, -phase ormations., In
this model the guuge [leMds themsalves may hreak
the y imvariance leading to o mass for ihe orig-
irst] Fermi fleld. We shall show i this case
tat the peesdovector field acquires muss,

In the lant paragraph we sietch a slople
argument which renders these rosalis reason-
able,

{1) Lest the simplicity of the argument bs
shrawbed in a cloud of indices, we tirst con-
alder 2 one-parameter Abellan group, repre-
aenting, for example, the phase transfor masios
of & ehirgid bosion; we them presest the general
ization k0 an arbitrary compact Lie gro

The Interaction betwsin (e 5 and te A,
tiekis s

H et g pegtye
it LT et A, [+H]

where g = (g + i) AT, W sball break the
Bymmetry by fling () ¢ © in the vacmm, with
the phase chosen for convenisnce such that
(o = (o= =l T

We shall assume that the applicstion of the
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Discovery 2012, Nobel Prize in Physics 2013
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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”.




Y nuestro Premio Principe de Asturias




The Standard Model




Standard Model The DARK Universe

w40 96%

Is ordinary (visible) matter

e /3% par Energy

. 23% Dark Matter

DARK .... MATTERS !
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Las Herramientas

1. Aceleradores: Maquinas
capaces de acelerar particulas
a energias extremadamente
altas y hacerlas colisionar

2. Detectores : Instrumentos
gigantes que graban las trazas
de las particulas

3. Ordenadores : Recogen,
almacenan, distribuyen y analizan
enormes cantidades de datos
producidos por los detectores

O

NV



CERN’scxi@arttifiv sliversity programme

CMS

North‘.'\rea

ALICE o S LHCb
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~20 experiments,
> 1200 physicists

AD: Antiproton Decelerator for antimatter
studies

AWAKE: proton-induced plasma wakefield
acceleration

CAST, OSQAR: axions

CLOUD: impact of cosmic rays on aeorosols
and clouds - implications on climate

COMPASS: hadron structure and
spectroscopy

ISOLDE: radioactive nuclei facility
NA61/Shine: heavy ions and neutrino targets
NAG62: rare kaon decays

NAG63: radiation processes in strong EM fields
NA64: search for dark photons

Neutrino Platform: v detectors R&D for
experiments in US, Japan

n-TOF: n-induced cross-sections

UAQ9: crystal collimation




LHC: el acelerador mas grande del mundo

27km de tunel 100
bajo tierra

Miles de imanes

/SuU perconductores

/(1.8 x10° km de
| filamentos

\
!

\

superconductores)

Ultra vacio:
10x mds vacio que
en la Luna

El lugar mas frio del
Universo:
-271° C



LHCB Collaboration:
19 Countries, 83 Institutes and
1339 members

CMS Collaboration:
51 Countries, 229 Institutes and
4488 members

-
Ve N {,H‘\

ATLAS Collaboration:

38 Countries, 232 Institutes and
5500 members

ALICE Collaboration:
41 Countries, 176 Institutes and
over 1800 members




Los detectores mas grandes y mas sofisticados

E= mc?

Catedrales de la
ciencia
100m bajo tierra

600 millones de
colisiones/s
detectadas

Por cientos de
millones de sensores

Miles de
colaboradores
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Analisis de Datos

processed
data

Event Summary

event filter
(selection &
reconstruction)

atc

analysis

Analysis Object Data (AOD)
(extracted by physics topic)

\ Cﬁp T e
= W

individual

physics

K o
analysis pﬁéﬂhgﬂ zﬁi? ﬂ




LHC (Large Hadron Collider)

14 TeV proton-proton accelerator-collider built in the LEP tunnel

—

Lead-Lead (Lead-proton) collisions

1983 First studies for the LHC project

1988 First magnet model (feasibility)

1989 Approval of the LHC by the CERN Council

1996-1999 Series production industrialisation

1998 Declaration of Public Utility & Start of civil
engineering

1998-2000 Placement of the main production contracts

2004 Start of the LHC installation

2005-2007 Magnets Installation in the tunnel
2006-2008 Hardware commissioning
2008-2009 Beam commissioning and repair

2010 - 2035 Physics exploitation
2010 - 2012 Run 1 ;7 and 8 TeV
2015 - 2018 Run 2 ; 13 TeV

2022 — 2024 Run 3 (14 TeV)

A" 2025 — 2027 HL-LHC installation
&ml 2027 — 2035... HL-LHC operation

A 27 km circumference collider...




-LHC: Pushing the technology!

“CRAB” CAVITIES
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2025 — 2027 Long shutdown (LS3)

Warm Diodes

g.s

S

RF Powering
Cooling and
Ventilation

UPRS57

Underground Civil Engineering Excavation work to 95% completed!




2025-2027 Long shutdown (LS3)

Connection to LHC (UL)
J Service gallery (UR)
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A vibrant R&D on breakthrough technologies!

Fundamental role of Colliders
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The FCC integrated program inspired by
successful LEP — LHC programs at CERN

Comprehensive cost-effective program maximizing physics opportunities

+ Stage 1: FCC-ee (Z, W, H, tt) as Higgs factory, electroweak & and top factory at highest luminosities
+ Stage 2: FCC-hh (~100 TeV) as natural continuation at energy frontier, with ion and eh options

* Complementary physics o
Common civil engineering and technical infrastructures

Building on and reusing CERN'’s existing infrastructure

FCC integrated project allows seamless contmuatlon of HEP after HL-LHC
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The FCC Road map

>2030 >2036
start tunnel machine
construction installation
S .
2028 approval 2040 f |rst
: ee collisions
2026/7 \ >2030 - 37
ESPPU element production
2014 FCC 2020 Feasibility proof tezc:)‘:';/""z':es'g"
study kickof{018 FCC CDR ESPPU 2020 FCCIS . . del
2013 \ kickoff Financing mode
ESPPU \ / Operation concept
XA ,
— ; to az 2020 2025
2012 Higgs discovery announce or ege
g8 y FCC Feasibility Study

2011 circular Higgs factory proposal FCCIS H2020 DS
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Actividades educativas del CERN

- — - 7 e —
Escuelade fisica de

Cientificos en el CERN

Programa de ensefianza académica ?Ita§ cn S 7" Bl S,

Escuela Latin
_Americana

Jovenes investigadores
Escuelas de fisica de altas energias
Escuela de computacion

Escuela de aceleradores

Escuelas para profesores EM
Programas internacionales y nacionales

Estudiantes de fisica
Programa de estudiantes de
verano




Actividades formativas del CERN

Technical
Student

Admin Doctoral Technical
Student Student Trainee
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(s Esta es una presentamon colectiva con contrlbucmnes de decenas de personas
S Cooperando hasta lo imposible se consigue



