


- CERN: Acelerando
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(&) Spanish High-School Students Internship Programme



El laboratorio en fisica de particulas mas grande del
mundo

Presupuesto anual
1230 MCHF

: ., Personal
Financiacion externa
de los experimentos 2667 Personal
| 839  Fellows
MEMBER STATES , .
e e Sl 547 _Estudiantes

13889 Utilizadores
2000 Empresas
externas




MEMBER STATES

Austria 108
Belgium 162
Bulgaria 55
Czech Republic 254
Denmark 70
Finland 133
France 952
Germany 1418
Greece 152
Hungary 63
Israel 78
Italy 1585
Netherlands 176
Norway 97
Poland 317
Portugal 115
Romania 112
Slovakia 86

Spain 377
Sweden 111
Switzerland 474

United Kingdom 1008

7903

wivsirs 446

India 221
Lithuania 21
Pakistan 38
Turkey 129
Ukraine 37

ASSOCIATE
MEMBERS IN
THE PRE-STAGE
TO MEMBERSHIP

Cyprus 16
Serbia 39
Slovenia 24

OBSERVERS

Japan 285
Russia 1099
USA 2070

79

3454

OTHERS
Algeria
Argentina
Armenia
Australia
Azerbaijan
Bangladesh
Belarus
Brazil
Canada

1
20
14
36

5

3
24

135
190

Chile
China
Colombia
Croatia
Cuba
Ecuador
Egypt
Estonia
Georgia
Hong Kong

Iceland 2
Indonesia 7
Iran 26
Ireland 10
Korea 166
Latvia 1
Lebanon 10
Madagascar 3
Malaysia 7
Malta 8

g

Mexico
Mongolia
Montenegro
Morocco
New Zealand
Oman

Peru

Saudi Arabia
Singapore
South Africa
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— D= 00 s R

co

Distribution of All CERN Users by Location of Institute on 24 January 2018

Sri Lanka 3
TEY.R.OM 2
Taiwan 68
Thailand 19
Venezuela 1
Viet Nam 1
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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
havior is 3 gauge-lovark:
used by Goldstone® hims
fields w,, vy and a real v
through the Lagrangian d

Lo -gve, -k,

where

¢ 15 a dimensionless cou
metric is taken as — s+,
simultaneous gauge trani
kind on w, + i, and of th
Let us suppose that V(g
spontaneous breakdown ¢
Consider the equations [i
treating Ay, duy, and 4
governing the propagatio

508

cuived 31 August 1964)

Woausr 13, Nusmes 8 PHYSICAL REVIEW LETTERS 51 AvGusT 1964

“Work suppertsd tn part by tha U, 8, Atamic E3erge
Commisaine and & part by the Gradets School From
Buieds Suppliind by the Wikcomuin Alumss Hasaarch
Fousdution,

'R Feymman and M_ Oell-Mans, Pys. Bav. 199,
13 (G,

T, B, Lesand O, B, Vang, Fhys, Bev, LI 1418
1960; 5, . Treiman, Mo Cimenso |5, 816 (1860,
. ccubo and B, F. Marshak, Buovo Cimenso 15,
B4 (2083); Y. Me'wreman, Maove Clmeets 17, 912 (1863}
“Estimates of the rate bor K7 — r* ra* 1o~ dus to tne
Suned eatral surreats bave tien cibzaliled by averal

sutsare, For s (88t of previcus references ses Mires A.

Haql Do, Phys, Rev. 133, 136 (1863).
- Bakar and 8. Glashow, Kuse Clmeats 5, 657

{1982 They predsct o brasching rutio for decsy mods
1) of =1,

. P, Samioe, Fhys. Rev. 131, 216 (isdn.

“The best previasly reported edlimaie curmee [rom
her Lot on &' = u* +a”. The $0% eonlatumce bevel is

Ll < 103lgyg M, Barios, K. Lande, L. M. Leder-

man, wad William iy, A, Py, (K, T.0
154 (18380, The shaeace of B decay mode 4° =’ +0*
™ in mat a goced bat far the pxisinacs of nestral sur-
Fusts slnce this decty mede sy be shaolctaty forhu-
des by conservation of meon turcher: G. Fembarg
and L. M. Ledérman, Asa. Rus. Nuel, 8ei. 13, 405
e

"5, B, Blowas and . K. Boss, Fus. Ren. Leters
1E. 178 (L#6d),

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

1964

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

1964-2012




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 !



CERN



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

TT40 TT41
SPS “
0
TT10 AWAKE
A\ ATLAS ‘
HiRadMat
2011 TT@\
]
ELENA AD

RPN 2016 31m) BOOSTER

1972 (157 )
GOY > AN ) |soLDE
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n-ToF —1
B ) PS S
¢ ]
neutrons LINAC 2 CTF3
" e
LINAC 3 k LEIR
e ;

~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




Cuatro Experimentos: the coopetition

” . |,

LHCB Collaboration: ATLAS Collaboration:
15 Countries, 54 Institutes and 38 Countries, 174 Institutes and
754 members 3000 members

CMS Collaboration: ALICE Collaboration:
39 Countries, 169 Institutes and 33 Countries, 116 Institutes and
3170 members over 1000 members




LHC: el acelerador mas grande del
mundo

27km de tunel 100
bajo tierra

Miles de imanes

/superconductores
/(1.8 x 10° km de
filamentos
' superconductores)

Ultra vacio:
10x mds vacio que
en la Luna

El lugar mas frio del

\ Universo:

-271° C



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

O

N/ S



Analisis de Datos

processed
data

Event Summary

event filter
(selection &
reconstruction)

atc

analysis

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

\ Cﬁp LI
= W

individual

physics

K o
analysis pﬁéﬂhgﬂ zﬁi? ﬂ




LHC (Large Hadron Collider)

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

p—

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
2021 — 2023 Run 3 (14 TeV)
EH]LU i, 2024 - 2026 HL-LHC installation ' ‘
2026 — 2035... HL-LHC operation A 27 km circumference collider...




HL-LHC: Pushing the technology!

“CRAB” CAVITIES

8 zuporcorducting *crab”
cavies for cach of the ATLAS
g CMS expenmerts 10 1H the

bestyrs bedors culs s,

BENDING MAGNETS
P puari Of 30 A0 men
powsrtil o poks bandng maos)
0 free up space for the r
colyelons

CIVIL ENGINEERING
2 e caeerns and two new 300-metre
~~~~~~~ Alaras, two naw knge shatis, P
a buldingz on rtacz inPland P 7
JATLAS and CME) 7

FOCUSING MAGNETS
A2 e o Tl GOk s slx
for aach af s ATLAS and CAS
cxpenments, desgned 10 ingrease the
COnGir ion of 1t Luarme Defone
vy

CRYOGENICS COLLIMATORS
2 now large 1.9 K hadiam orohors =
Tor MDA haat AT A5 A o Cobfoatars Yo ok

SUPERCONDUCTING LINKS

FRCICA] IrAnaTasscn b Dised 00 &
PIGN-tSMpaeang s Sopercondacton 1o cary
curmenl 1o 1he magrets Tom e ney s
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2024-2026 Long shutdown (LS3)




2024-2026 Long shutdown (LS3)




A vibrant R&D on breakthrough technologies!

Fundamental role of Colliders

100000 +—— 1000000
— '; ® Lepton Colliders
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Muones?
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1=30km
www.symmetrymagazine.org

lllustration: Sandbox Studio
2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033

Design Studies
Pre-Conceptual Design Conceptual Design Report Technical Design Report
Hardware Prototypes

Test Facility Measurements

14 TeV




CERN



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

Summer Technical
student Student




=Y =l W |
(s Esta es una presentamon colectiva con contrlbucmnes de decenas de personas
S Cooperando hasta lo imposible se consigue



