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2014
ANIVERSARIOS

1954: CREACION DEL CERN
1984: PREMIO NOBEL A RUBBIA, VAN DER MEER
1984: ESPANA RETORNA AL CERN

1964: “INVENCION” DE LOS QUARKS
1964: VIOLACION DE LA SIMETRIA CP
1964: FORMULACION DEL MECANISMO DE B-E-H

1974: DESCUBRIMIENTO DEL QUARK C

1964: DESCUBRIMIENTO DEL CMB




THE AGE IN WHICH
WE LIVE IS THE AGE
IN WHICH WE ARE
DISCOVERING THE
FUNDAMENTAL LAWS
OF NATURE, AND
THAT DAY WILL
NEVER COME AGAIN

R.P. FEYNMAN




CERN (1954-2014)




FISICA DE PARTICI!LAS EN EL CERN
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- | FUERZAS FUNDAMENTALES A TRAVES DE LAS QUE INTERACCIONAN Y DE

ESTUDIO DE LOS CONSTITUYENTES—ULTIMOS DE LA MATERIA, DE LAS

J: . HACER CRECER LAS FRONTERAS DEL CONOCIMIENTO |
r 4+ AMPLIAR LAS FRONTERAS TECNOLOGICAS
<|+ EDUCAR A LOS CIENTIFICOS E INGENIEROS DEL MANANA
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'_/ ~ "The effort to understand
| - the universe is one of the
. very few things that lifts
" \ human life a little above ‘
' " the level of farce, and gives W
" it some of the grace of
tragedy.”

Steven Weinberg

b\ . ‘ .
» a - ”.
. & ' . ) L

b\ “EL esfuerzo para entender el Universo es una de las muy pocas
4 cosas que eleva la vida humana un poco por encima del nivel de
' la farsa, y le da algo de la elegancia de una tragedia”
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LA MATERIA TIENE ESTRUCTURA ATOMICA
LA MATERIA NO LLENA TODO EL ESPACIO QUE OCUPA

ESTRUCTURA INTERNA DEL ATOMO

Structure within
the Atom
Quark

Size < 1079 m

Electron

Nucleus TR
ize <

Size = 107 m ; ) g p U Quarks

Neutron
and
Proton

Atom Size = 10-15m

o
Size = 10-1%m
If the protons neutrans in this ploture wer

then the quar nd electrons would be less 1
size and the e e atom would be about 10 k




D.l. MENDELEEV
(1834-1907)

Gruppo I | Gruppo I, | Gruppe IIT, | Gruppe 1V. | Groppe V. | Groppo VL | Gruppo VIL Gruppo VIII,

R'0* RO*

Mgs=24 Al=1278 Bi==28 8=382 Cl==855

Ca==40 —r=d4 Ti==48 Vb1 Cre=52 Mne=565 Fo==060, Co==09,
Ni==09, Cu==09.

(Cu=63) Zne= —=68 —_=12 =75 So=78! Br=80
Rb=80 Br=287 PYt=88 Zr=90 Nbh=94 Mo=98 =100 u==104, Rh=104,
Pd=106, Ag=108.

(Ag==108) Cd=112 In==113 Sn==118 8b=122 To==125 J=127

Ca=103 Ba=187 [?Di=188 Co=140
) - - -
= 'Br=178 [tLa=180 [Ta=182 0s=195, Ir=197,

Pt=198, Au=199,

(Au=199) Hg==200| T1=204] Pb=207| Bi=208
= = =231

Tableau périodique des éléments

Légende



MODELO ESTANDAR DE
FiSICA DE PARTICULAS

Three Generations
of Matter (Fermions)
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CONTENIDO MATERIA - ENERGIA DEL UNIVERSO

MATERIA VISIBLE:
5% .

MATERIA OSCURA:
27%

ENERGIA OSCURA:
68%




SAFIO DEL

QUELLAS Es

PAR'rlli DE LAS CUA

EDE CONSTRUIRSE PO
DUCCION'

MODELO ES?ANDAR,DE
" FlSI(‘ DE PABTlgULAS




e
MODELO ESTANDAR DE

FiISICA DE PARTICULAS

LAS LEYES QUE GOBIERNAN LOS PROCESOS
ENTRE PARTICULAS ELEMENTALES PUEDEN
DERIVARSE EXIGIENDO QUE SEAN
INVARIANTES BAJO LAS
TRANSFORMACIONES DE UN DETERMINADO
GRUPO DE SIMETRIA

:QUE GRUPO?

SU(3). ® SU(2), ® U(1)y



MODELO ESTANDAR DE
FISICA DE PARTICULAS

UNA DE LAS CREACIONES CIENTIFICAS MAS
EXTRAORDINARIAS DEL SIGLO XX

EJEMPLO PARADIGMATICO DE SINTESIS CIENTIFICA

TEORIA CONCEPTUALMENTE SIMPLE CONSTRUIDA
ESENCIALMENTE A PARTIR DE PRINCIPIOS DE
SIMETRIA

EXTRAORDINARIO PODER PREDICTIVO

____________________________________________________________________
- INVENCION & DESCUBRIMIENTO DE LOS QUARKS (1964)

- DESCRIPCION UNIFICADA DEL ELECTROMAGNETISMO Y LA
FUERZA DEBIL (1961-1967)

- COMPRENSION DE LA FUERZA FUERTE (1973)
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MODELO ESTANDAR DE
FISICA DE PARTICULAS

PARTICULAS
DE
MATERIA

LOS QUARKS Y LEPTONES TIENEN:

« ESPIN = 2 (FERMIONES)

* MASA#0
« CARGA ELECTRICA = 0,1 (LEPTONES), +2/3, -1/3 (QUARKS)




MODELO ESTANDAR DE

FISICA DE PARTICULAS

Particles

TODA LA MATERIA
ORDINARIA EN EL UNIVERSO o @ e Y
ESTA HECHA muon G - sl cn o
DE QUARKS v, d = (Y = Flocian o

Quarks

Y LEPTONES g y !e S i eF:1'; ron ( ’2’.3'
;POR QUE? -

each quark: @R, @58, @G 3 colors

Leptons - e,







Materia & Antimateria

Dirac predijo en 1926 que para cada
deberia existir su correspondiente

Las tienen las mismas
propiedades estaticas (masa, vida media, spin,
...) que las , aungue algunas con

signo opuesto (carga eléctrica, numeros

cuanticos)
Descubiertas en los rayos cosmicos P.A.M. DIRAC (1902-1984)

Teoria del electron (1926)

Estudiadas en los aceleradores Premio Nobel de Fisica 1933

“"We must regard it rather as an accident that the Earth (and
presumably the whole solar system) contains a preponderance of
negative electrons and positive protons. It is quite possible that for
some stars it is the other way about, these stars being built mainly of
positrons and negative protons. The two kinds of stars would both
show exactly the same spectra, and there would be no way of
distinguishing them by the present astronomical methods”




V.L. FITCH | | J.W. CRONIN

S.C.C. TING

C.N. YANG

1.1. RABI

EXPERIMENTO BNL
VIOLACION DE LA
SIMETRIA CP (1964)




LA HIPOTESIS DEL BIG BANG ACERCA DEL ORIGEN

DEL UNIVERSO IMPLICA IGUAL CANTIDAD DE
MATERIA Y ANTIMATERIA EN EL '
UNIVERSO PRIMIGENIO

(5
&> O
Q"" \

o,
8¢
&,
%

«
AP,

3
-

N
™
S

= 5%,
7
&2

¢QUE HA OCURRIDO CON
LA ANTIMATERIA PRIMORDIAL?

¢
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Anti-Universe



Materia & Antimateria

MATERIA + ANTIMATERIA
¢POR QUE?
-

ANTIMATERIA

EL UNIVERSO PARECE ESTAR FORMADO
SOLO DE MATERIA

¢POR QUE?
o



ANDREI SAKHAROV (1921-1989)

initial state of
metter, apparently excludes the possibility of mae pic separation of metter from anti-
matter; it must therefore be assumed that there are no am er bodies in nature, i.e., the
Universe is asymnetrical with respect to the number of particles and antiparticles
(C asymetry). In partieular, the ab of antibaryons and the proposed absen
bay utrinos implies a non-zero baryon charge (baryonie asymmetry). We wish to point
out & possible explanation of C asymmetry in the hot model of the nding Universe (see [1])
by meking use of effects o : . To explain baryon asymetry,

we propose in addition an a

RFE/RIALibrary)(REE/RL)



Hay ~ 100.000 millones de galaxias en el Universo,

cada una con ~100.000 millones de estrellas.

Keep searching; Stephen Hawking
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MODELO ESTANDAR DE
FISICA DE PARTICULAS

TODA LA MATERIA Particles
ORDINARIA EN EL UNIVERSO
ESTA HECHA

DE QUARKS v, d

Y LEPTONES e, v,

{POR QUE?

MECANISMO DE KOBAYASHI-MASKAWA (PNF 2008)
SE NECESITAN 3 GENERACIONES DE QUARKS Y LEPTONES
PARA EXPLICAR LA VIOLACION DE CP EN EL MARCO DEL
MODELO ESTANDAR (1973)



MODELO ESTANDAR DE
FISICA DE PARTICULAS

PARTICULAS
DE
FUERZA

LOS MENSAJEROS DE LAS FUERZAS
(PROPAGADORES) TIENEN:

e ESPIN = 1-2 (BOSONES)
* MASA =0 (}/5 g, G), #0 (W+, 2)
 CARGA ELECTRICA =0 (}, g, G, Z), + 1 (W¥)




MODELO ESTANDAR DE
FISICA DE PARTICULAS

INTERACCIONES: ACOPLAMIENTO
PARTICULAS-FUERZAS

Interactions: coupling of forces to matter
Electroweak
m Electromaanetic == Wileak —
Charged Neutral
+ ~ C - a +
*“Nygn <1 L>u<f e>mwa//e
e s 0 W v, e e e
=N = (\'e Ny &
-
= v 2] w j\z
e / \\ e u}\d e, e
Range -, relative strength = 1077 Range ~10'% m, relative strength 10
Strong EEEE——
asN_. ¢ /q'
57" T
AN a Y 9{{“{ 2
a o ',,{;
e o 5 9
Range ~ 107°% m, relative strength = 1
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MATI—IEMATICA-

AUCTORE

I. NEWTON ar ]J.C. MAXWELL ¥ | A. EINSTEIN

1642-1727 1831-1879 1879-1955




MODELO ESTANDAR DE
FISICA DE PARTICULAS

“LA GRAN TRAGEDIA
DE LA CIENCIA ES LA
MUERTE DE UNA

BELLA TEORIA POR
THOMAS HUXLEY UN HECHO FEO”

(1825 — 1895)

TODOS LOS BOSONES
GAUGE TIENEN MASA =0




BROKEN SYMMETRY AND THE MASS OF GAUGE VECTOR MESONS*

F. Englert and R, Brout
Faculté dea Sciesces, Ustversiti Libre de Braxelies, Braxelles, Belgram
(Mecolved 26 June 1961)

It iz of Interest to inquire whether gauge
vector mesons acquire mass through isterac-
tion'; by ¥ gauge vector meson we mean a
Yang-Mills field? associated with the extension
of a Lie group from glotal to local symmetry.
The importance of this problem resides in the
possibility that strong-interaction physics orig-
inates from massive gavge fields related to &
system of comserved currents.” In this note,
wa shall show that in certain ¢ases vector
mes=ons do tndeed acqulre mass when the vac-
wam (s degenerate with Fespect Lo & compact
Lie group,

Theories with degenerate vacwans (broken
symmetryl bave been the subject of intensive
study since thelr inception by Nambu.*™* A
characteristic feature of such theories is the
possible existence of zero-mass bosons which
tend 1o restore the symmetry,”” We ahall
show that it 15 precisely these singularities
which maintain the gauge variance of the
theory, desplte the fact that the vector mescn
acquires mass.

We shall first treat the case where the orig-
Lnal tiedds are a sct of basans g which trans-
form as a kasis for a representation of 4 com-
pact Lie group. This example should be con-
sldered as o rather general phenomenological
model, As such, we shall not stody the par-
ticular mechanism by which the symmatey s
broken bat 8imply assume that such a mech-
anism exists. A calculation performed in Jow-
est order perturtation theory indlcates that

2008: Primer Higgs observado
en CMS

those vector mesens which are coupled (o cur-
rents that “rotate the original vacwum are the
ones which acquire mass [sce Eq. (6}],

We shall thes examine a particular model
tased on chirality invariance which may bave a
more fusdamental signlficance, Here we begin
with a chirality-invariant Tageangian and intro-
duce both vector and peendovector gauge fields,
thereby guaranteeisg invariance under both lecal
phase and local y,-phase transformaticas. In
this model the gauge flelds themselves may break
the ¥, lnvariance leading to % mass for the orig-
inal Fermi fleld, We shall show in this case
that the pseudovector field scquires mass.

In the last paragraph we sketch a simple
argument which renders these results reasone
able,

(1} Last the simplicity of the argument be
shrouded tn 2 clovd af indices, wo first con-
sider a one-parameter Abellan group, repre-
senting, for example, the phase transformation
of 2 charged bason; we then present the general-
ization Lo &n arbitrary compact Lie group.

The interactica between the ¢ ard the A,
tlelds is

iy, ieA I._w'F”ov-c'u*‘vA s (1
where @ = {9, +19,/VE. We shall break the
symmetry oy fixing (¢) » 0 in the vacuum, with
the phase chosen for comvenlence sueh that
) = (%) = {@) VE.

We shall assume that the applicatios of the

Vouomr 15 Nusmes 16

PHYSICAL REVIEW LETTERS

19 Ocvones 1964

BROKEN SYMMETRIES AND THE MASSES OF GAUGE BOSONS

2

= was shown that the Gold

t Lorestz-covariant fleld
theories &n which spostasecus breakdown of
symmsetry wader an iaternal Lie group occurs
o-mans particles, fails if and cely ¥
d currents associsted with the in-
are coupled to gauge flelds. The

« s 10 report that,

quanta of somse
the longitudi
ticles (which would be absest if thelr mass were
zere idstone bosons when the
coupling teads to zerc. This phesomencs is just
e relmivistic analog of the plasmon phesome -
o which Anderson® has draws at

a super-
nestral Fermi gas beconse loagitedl -
modes of fisite mass when the gas

eat theory which exhibits this be-
Bavior is a gauge-invariant version of a model
ased by Goldstone® himaelf: Two real® scalar
fiedds o, v, and a real vector fleld A  interact
through the Lagrangian demsity

L 'iw".':"“':"z'z
Rt T T 0
where
W eyt ey mvA vy
T 0ave vyeeA v
E TR AN A

« 4% 2 dimensiomless coupling constant. and the
metric is taken as —+se, L is nvariant eeder
stmsltanecss gauge transformations of the first
Kind ca o, iy, and of ¢

treating 3y,. Ag,, and A
governing the propagation of smail osciilations

w. Miggs

of Kllrtmrgh, Edirdmegh. Scotiand

about the “vacwsm® solutson ¢,(x) - 0. wyle) = vyt
» Pevgr e, (2a)

(P 4otV U avs) = 0, =7

» K eeg W (o (2e)

-

Equatios (25} desceibes wave cee quasta have
(bare) mass 2vy{V" (0 (2a) and (2c)
may be transformed, by the ntroduction of sew
variables

B A ~leo )™ (av. ).
G R s

into the form

Equation (4) describes vector waves whose qeanta

have {(bare) mass cy,. In he absence of the gauge
the situation ks quite differ -

ootz

Just the linear approximatio
current: It ix linear ia the vector potential,
gauge Invariance belng maintained by the pres-
ence of the gradion term.®

Whea ooe considers theoretical models in
which spoatanecus breakdown of symmetry nder
a semisimple growp occurs, o
variety of possible sitmtions corresponding 1o
the various distinct irreducible representations

. 10 the conserved

The model of the most immediate iater
st ix 2at kn which the scalar fields form an
octet wader SU(I): Here one finds the possibil-
I£y Of 1wO DOAVARIEMING VACUNN eXpectation val-
wves, which may be chosen to be the two ¥ =0,

7y~ 0 members of the cctet.’
massive scalar bosons with §

There are two
these quantum

= Gerald

Vorowr 15, Nowws 0

PHYSICAL REVIEW LETTERS

16 Novesiatn %64

Guralnik

Thomas

Kibble

Carl

W A (ll] ,_,,f A ),

GLOBAL CONSERVATION LAWS AND MASSLESS PARTICLES®

G 8, Guralnik,! C. R Hagen,} and T, W, B, Kibble
Department of Physkes, Imperial Colloge, Londen, Egland
(Recelved 12 October 1064)

Inall o the falrly mumérous attempts to date to  troduction of vector gauge (lelds and the conses
formelate a consistest field theory possessing a
broken symmetry, Goldstone's remarkable the«
otem' has played an (mportant role, This théoe
rem, briefly staled, asserls that If there exists
A conserved operator ¢ such that

quent breakdown of manifest coratlance,” This,
of course, represents a departure from the as«
suentions of the theorem, and a Umitation on
[t applicabllity which In no way reflects on the
peneral validity of the proaf,

Inthis note we hall show, within the frames
work of a simple soluble (leld theory, that I Is
possible conslstently 1o break 4 symmetry (in

i 1 I £ possibhe consistently to Lake Lm the sense tha T30 10)¢ ) withowt e
K(01A10)¢0, then /l/lx J has 4 2ero-mass par-
Hele b8 fts spectrum, 1 has more recently been
observed that the assumed Loreatz Invariance

ensential to the proof* may allow one the bape of
Avolding such massless particles through the ine

[ng that A1) oxcite & zero-mass particle, While
1his resull might suggest a general procodure
for the elimination of uswanted masshess bosons,
[t Wil bé Sen that this has boen accomplished
by ghving up the glotal conservation law ussally

Francois
Englert

Robert
Brout




EL MODELO ESTANDAR
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BOSON B-E-H RELLENA EL HUECO EN EL
CONOCIMIENTO DE LO ORDINARIO

Standard Model of

FUNDAMENTAL PARTICLES AND INTERACTIONS

The Standard Model summarizes the current knowledge in Particle Physics. It is the quantum theory that includes the theory of strong interactions (quantum chromodynamics or QCD) and the unified
theory of weak and electromagnetic interactions (electroweak). Gravity is included on this chart because it is one of the fundamental interactions even though not part of the “Standard Model.”

FERMIONS

electron |0.000511

Tuoxt <0.0002
neutrino

muon 0.106 | S strange

tau
neutrino

<0.02 1 wop

tau 17771 b bottom

Spin is the intrinsic angular momentum of particles. Spin is given in units of i, which is the
quantum unit of angular momentum, where fi = hH/2x = 6.58x10-2° GeV s = 1.05x10-34 J 5.

Electric charges are given in units of the proton’s charge. In Sl units the electric charge of

the proton is 1.60x10~'® coulombs.

The energy unit of particle physics is the electronvolt (€V), the energy gained by one elec-
tron in crossing a potential difference of one volt. Masses are given in GeV/c? (remember
=mc?), where 1 GeV = 10% eV = 1.60x10-'0 joule. The mass of the proton is 0.938 GeV/c?

1.67x10727 kg.

Matter and Antimatter

For every particle type there is a corresponding antiparticle type, denot-
ed by a bar over the particle symbol (unless + or — charge is shown).
Particle and antiparticle have identical mass and spin but opposite
charges. Some electrically neutral bosons (e.g., 2% v, and m, = ¢c, but not
K? = d5) are their own antiparticles.

Figures

These diagrams are an artist's conception of physical processes. They are
not exact and have no meaningful scale. Green shaded areas represent
the cloud of gluons or the gluon field, and red lines the quark paths.

matter constituents
spin = 1/2, 3/2, 5/2,

Structure within
the Atom

Electron

Nucleus =
1078 m

Size ~ 10-4m lze <

e

Atom
ze = 10°m
f the protons and neutrons in this picture were 10 cm across,

then the quarks and electrons would be less than 0.1 mm in
size and the entire atom would be about 10 km across.

PROPERTIES OF THE INTERACTIONS

Gravitational

Mass - Energy

Electric Charge

Quarks, Leptons —t Elen[icaﬂyicharged
w+ w- 20

0.8

104

107

Graviton
(not yet observed)

10-41
1041
10-36

Gluons

25

pp—> 2020 + assorted hadrons

hadrons
e

S guarks &
_# gluons

S

hadrons

liding at high
oduce various had lu
cles such as Z boson
ut can yield vital

Color Charge

60
Not applicable
to hadrons

hadrons

rgy
very hig

force carriers
spin=0,1, 2, ...

v
photon
w-

Color Charge
W+ Each quark carries one of three types of
“strong charge,” also called “color charge.”

Zo These charges have nothing to do with the

colors of visible light. There are eight possible

types of color charge for gluons. Just as electri-

cally-charged particles interact by exchanging photons, in strong interactions color-charged par-

ticles interact by exchanging gluons. Leptons, photons, and W and Z bosons have no strong

interactions and hence no color charge.

Quarks Confined in Mesons and Baryons
One cannot isolate quarks and gluons; they are confined in color-neutral particles called
hadrons. This confinement (binding) resuits from multipie exchanges of gluons among the

As d particles (quarks and gluons) move apart, the ener-
gyin \he (vlor force field between them Increases. This energy eventually is converted into addi-
tional quark-antiquark pairs (see figure below). The quarks and antiquarks then combil to
hadrons; these are the particles seen to emerge. Two types of hadrons have been observed in
nature: mesons gg and baryons gqa.

Residual Strong Interaction

The strong binding of color-neutral protons and neutrons to form nuclei is due to residual
strong interactions between their color-charged constituents. It is similar to the residual elec-
trical interaction that binds electrically neutral atoms to form molecules. It can also be
viewed as the exchange of mesons between the hadrons.

Quarks, Gluons

Mesons

Not applicable
to quarks
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The Particle Adventure

Visit the award-winning web feature The Particle Adventure at
http://ParticleAdventure.org
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EL PRODUCTO
MAS IMPORTANTE DE LA
INVESTIGACION
ES LA IGNORANCIA
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Leptons

- JERARQUIA & NATURALIDAD

« NATURALEZA DE LOS NEUTRINOS
« PROBLEMA DEL SABOR

« MATERIA & ENERGIA OSCURA

- BARIOGENESIS

Electroweak Strong-Electroweak  Planck
Unification Unification Scale Scale

C b

4 6 8 10 12 14 16 18 20
log, (Energy (GeV))




Technicolor

ctandard Mod,, s

Extensions of the SM gauge group :

Salam Glashow Weinberg Little Higgs / GUTs / ...

VeIm_an 't Hooft /

Hofstadter

. : Selected NP
Feynman Richter Gell-Mann'ajyarez since 1957

Perl  Schwinger

Supersymmetry
New particles at = TeV Tomonaga Nambu Kobayashi Maskawa
scale,

Extra Dimensions
New dimensions introduced

Unifiggg;;| i(?fgff)rces. §w@@@§§ﬁw f@ﬁﬂ @W@Eﬂ ?? Wiy ¥ W™ Hsfglr\?é(c;lhy oh—

New particles at = TeV scale

Higgs mass stabilized
No new interactions




PERSPECTIVAS

PREDECIR ES ALGO MUY DIFICIL, EN
PARTICULAR ACERCA DEL FUTURO,

Niels Bohw

YA ES BASTANTE DURO CONOCER EL
PASADO; SERIA INSOPORTABLE
CONOCER EL FUTURO,

Williomw Somerset Maughar
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LHC Schedule Assumptions

B

LHC start-up /s = 900GeV

s = 7TeV rising to 8TeV, .£= 6x103*cm2s-!, bunch spacing 50ns

~20fb-"1
Go to design energy and nominal luminosity

Vs = 13-14TeV, £= 1x10%cm-2s-', bunch spacing 25ns

250fb-1
Injector and LHC Phase-l upgrade to full design luminosity

s = 14TeV, £= 2-3x10%cm-2s-!, bunch spacing 25ns

- 2300fb-1
HL-LHC Phase-ll upgrade, crab cavities, new IR, ...

e = Dum 34em-2s-1 i i i
s = 14TeV, £= 5x10°%cm-“4s-! (luminosity levelling) 2!">ns '



N
1r
-
-
L
<
-

sting LHC
iting

n
LLI
e
O
Q
<
<
O
2
el
O
O
n
O
o
=
-
-
L.

Potential underground s
sese® CLIC 500 Gev
sese® CLIC 3 TeV

esmms CERN exi

4 sese CLIC 1.5TeV

A



LHC

Jura

Prealps
Ain Departrment )

' Canton of Geneva \

Haute-Savoie Department

Jura Schematic of an
80-100 km long
circular tunnel

Aravis







CONSTRUCCION EXPERIMENTAL
DEL MODELO ESTANDAR

EN LA PRIMERA MITAD DEL SIGLO XX EL ESTUDIO
DE LOS RAYOS COSMICOS, DESCUBIERTOS POR
V.F. HESS EN 1912, FUE LA HERRAMIENTA BASICA
PARA DESCUBRIR NUEVAS PARTICULAS
(e5pn,m, KyKYGAZ, 5,y )

EL DESCUBRIMIENTO DEL ANTIPROTON EN 1955,
EN EL BEVATRON (LBL), MARCO UN PUNTO DE
INFLEXION EN LA FiSICA EXPERIMENTAL DE ALTAS
ENERGIAS: LOS ACELERADORES TOMARON EL
RELEVO, AUNQUE TODAVIA HAY FASCINANTE
CIENCIA QUE HACER CON LOS RAYOS COSMICOS
(NEUTRINOS, MATERIA OSCURA,
MATERIA—ANTIMATERIA)




RAYOS COSMICOS




RAYOS COSMICOS

Cari D, ANDERSON

The production and properties of positrons

Nobel Lectre, December 12, 1936

Fig. 1. A 63 million clectron-volt positron passing chrough a 6 mm lead plate and
with an cnergy of 23 million clectron-voks. The length of this latter path
ten times grearer than the possible length of a proton track of this curvasure.
(Magnetic field 15,000 gauss.} T all the phorograplis the mageric field is directed o the

paper.
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The size of things

Instruments

=/ - Acceldrators
. LHC

- LEP

{Parlicle b=ams)
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* Microscope
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Big Bang
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Universe

A=h/p

Observables

h =4,135667516 (91) x101° eV s

° p =1 MeV/c (10° eV/c);
A= 1012m

SUSY particle?
Higgs? :
o e, @

Proton (rangeof & €
Nuclei nudear fores)

) (B

imm & ep =1GeV/c (10° eV/c);
1 col W A~ 1015m
AN . p =1 TeV/c (1012 eV/cC);
Earth radius 4 ~ 10-18m

Earth to Sun

=105 TeV/c (1017 eV/c);
~ 1022 m

p
A

(Galaxies

Radius of
observable Universe

Zeptometro = 1021 m



History of the Universe

Fisica pp en el LHC corresponde
a condiciones en estaregion, 0,1 ns
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Number of accelerators worldwide
~ 26,000

9%
1% 4%

Annual growth is several percent

Sales >3.5 BS/yr
Value of treated good > 50 B$/yr **

1%

* Radiotherapy (>100.000 treatments/yr)*
M Medical Radicisotopes
Research (incl. biomedical)

-------

-----------
‘c -,
~

l>1 GeV for research

~~~~~~~~
--------------

Industrial Processing and
Research

% Ion Implanters & Surface
Modification









OBSERVATORIOS EN SUPERFICIE

' studying the universe’s highest energy particles™ |

.",¢’

PIERRE AUGER OBSERVATORY




OBSERVATORIOS EN HIELO

IceTop
81 Staions
324 optcal sensor

IceCube Array
86 svings nching 8 DespCire skings
5160 opicalsansors

[

DeepCore
Bstings spcg e o enrges
480 optical sendor

250m

2820m Y




BICEP2 ---- BACKGROUND IMAGING COSMIC EXTRAGALACTIC
POLARIZATION

MODO DE POLARIZACION B DE LA RADIACION CMB DEBIDA A LAS ONDAS
GRAVITACIONALES GENERADAS POR LAS FLUCTUACIONES CUANTICAS
PRODUCIDAS EN EL PROCESO INFLACIONARIO QUE TUVO LUGAR CUANDO
EL UNIVERSO TENIA ~10-37 s, TEMPERATURA ~1028 K, ENERGIA ~1015 GeV

TEORIA DE LA INFLACION COSMICA
ALAN GUTH, ANDREI LINDE, ALEXEI STAROBINSKY (~1980)
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CERN

CERN (1954-2014)
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3
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2513 Staff (31.12.2013)
10611 Usuarios

566 Becarios
1180 Estudiantes & Asociados
Contribuciones EM (2014):
1108,5 MCHF (~908,6 M Euros)

- L

¥

Czech Republic | = X )/
Denm: \
Finland

Greece
Hungary
Isracl ! = ]
Ttaly 3 : ) ]
Netherlands
Norway /e ¢ < | A
Poland

Portugal
Slovakia

Spain

Sweden
Switzerland
United Kingdom

OTHERS Boliv 3 “uba
Afghanistan Bosnia & Herzegovina | prus
Albania Brazil 108 uador

Philippines Tunisia
Ukraine
Uzbekistan
Venezuela
m
Zimbabwe

E-Gs

Montenegro
Morocco
Nepal
New Zealand
1 (Taipei) 5 Lebanon Pakistan
Colombia 4 1 Lithuani Palestine (O.T.)
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: Cro 35 Indonesia Luxembourg Peru

South Africa

Sri Lanka 3

Syria 1415
Thailand

I'EYROM
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CERN: EL COMPLEJO DE ACELERADORES
MAS COMPLETO DEL MUNDO

LHC

East Area

PS
1959 (626 m)

\ |
C\ ) LEIR

conversion

LHC Large Hadron Collider SPS Super Proton Synchrotron  PS Proton Synchrotron
AWAKE Advanced WAKefield Experiment

LINAC LINear ACcelerator HiR High-Radiation to Material CERN 2013




ESPANA & CERN (™))

ESTADO MIEMBRO: 1961-1968; 1983~




ESPANA & CERN

7] 50th anniversary
50éme anniversaire

1984: CERN 30 ANIVERSARIO




126 Staff (5,0 %)

316 Usuarios (3,1 %)

75 Becarios (13,2 %)

128 Estudiantes & Asociados (10,8 %)
Contribucion (2014): 8,28 %:

91,78 MCHF (~ 75,2 M Euro)




CONTRIBUCION DEL CERN
A LA CONSTRUCCION DEL
MODELO ESTANDAR




LOS AVANCES EN EL ACOPIO DE
CONOCIMIENTO SE BASAN EN:

DESARROLLOS INSTRUMENTALES
DESCUBRIMIENTO DE NUEVOS PROCESOS
DESCUBRIMIENTO DE NUEVAS PARTICULAS
VIOLACION DE LEYES DE CONSERVACION

MEDIDAS DE PRECISION




CONTRIBUCIONES DEL CERN

- ESPECTROSCOPIA HADRONICA (1960-1980)

- INVENCION DEL “NEUTRINO HORN” (1961)

- INVENCION DE LAS CAMARAS MULTIHILOS (1967)

- INVENCION DEL ENFRIAMIENTO ESTOCASTICO (1971)

- DESCUBRIMIENTO DE LAS CORRIENTES NEUTRAS (1973)
- DISPERSION INELASTICA DE NEUTRINOS (1973-1985)

« DESCUBRIMIENTO DE LOS BOSONES WY Z (1983)

-  VIOLACION DE LA SIMETRIA CP (¢'/c) (1985-2002)
- INVENCION DEL WORLD WIDE WEB (WWW) (1989)
- DETERMINACION DEL NUMERO DE NEUTRINOS (1992)
- DESCUBRIMIENTO DE LAS CORRECCIONES EW (1992)

- DESCUBRIMIENTO DEL BOSON DE HIGGS (2012)




DESCUBRIMIENTO DE LAS
CORRIENTES NEUTRAS (GARGAMELLE)
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http://cern.ch/l3/images/l3inpit.gif
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1986 — 2001: MEDIDA DE ¢’
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1967' INENCION CAMARA MULTIHILOS
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DESCUBRIMIENTO
DEL BOSON B-E-H
EN EL LHC
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YN EVANS STEVE MYERS
A

A Journey into the Physics of the LHC, J\§®
Gian Francesco Giudice N\

\

il . Origen de la Masa
e Naturaleza de la Materia Oscura
e Estructura del Espacio-Tiempo

e Materia & Antimateria
e Plasma Prlmordlal

EL LHC SENALARA EL FUTURO DE
LA FISICA DE PARTICULAS



The Large Hadron Collider (LHC) Collisions at LHC

ATLAS . . Proton-Proton (2835 x 2835 bunches)
ALICE :

s 5 o -
\ . — ' 7 TeV (7x1012 eV)
\PS Luminosity 10 cm? s
: ‘--n- ff; 4

Crossing rate 40 MHz

from LEP vt LHC : OHOB Proton

Collisions = 107-10%Hz

Superconducting
magnets

Parton
Q . (quark, gluon)

CMS f L _ Higgs
Compact Muon Solenoid '
Particle

Beams Energy Luminosity
et e- 200 GeV 10% cm?s™!
p p 14  TeV 10%
PbPb 1312 TeV 107

SUPERCONDUCTIVIDAD, TECNOLOGIAS DE ACELERADORES,
CRIOGENIA ELECTRONICA, DAQ, TRIGGER, ...

Selection of 1in 10,000,000,000,000




AWANERN\




UN PROYECTO GLOBAL EN EL ESPACIO



http://fr.wikipedia.org/wiki/Image:Flag_of_Canada.svg
http://fr.wikipedia.org/wiki/Image:Flag_of_India.svg
http://fr.wikipedia.org/wiki/Image:Flag_of_Japan.svg
http://fr.wikipedia.org/wiki/Image:Flag_of_the_United_States.svg
http://fr.wikipedia.org/wiki/Image:Flag_of_Russia.svg

... Y EN EL TIEMPO

Estudios conceptuales preliminares
Primeros prototipos de imanes

Inicio de un programa estructurado de I&D
Aprobacion del Consejo del CERN
Industrializacion de la produccion en serie
Inicio de la ingenieria civil

Adjudicacion de grandes contratos

Inicio de la instalacion en el tunel
Instalacion de los crioimanes en el tunel
Tests funcionales del primer sector
Comisionado del haz

Operacion para Fisica

1984
1988
1990
1994
1996-1999
1998
1998-2001
2003
2005-2007
2007
2008
2009-2030



... CON RECURSOS
MULTIDISCIPLINARES
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Hector Berlioz, “Les Troyens”, Valenc
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40 PAISES, 193 INSTITUTOS
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CD stack with
1 year LHC data!
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ATLAS y CMS produclran ~15 millones de Glgabytes' por aino
(i~5 millones DVDs!)

El analisis de los datos requerira una potencia de calculo
eauivalente a ~100.000 procesadores PC de ultima generacion
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EL CERN COMO EDUCADOR




INNOVAR, DESCUBRIR,
PUBLICAR, COMPARTIR

... Y CONTRIBUIR A HACER UN MUNDO MAS
INSTRUIDO, JUSTO Y SOLIDARIO
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EL CONOCIMIENTO ES LIMITADO.

LA IMAGINACION ABARCA TODO EL MUNDO...
@ Albert Einstein
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MENSAJES RELEVANTES

COOPERACION PACIFICA EN LA FRONTERA DE LA CIENCIA
CON INDEPENDENCIA DE DIFERENCIAS CULTURALES Y
NACIONALES

EL APOYO A LA INVESTIGACION Y A LA INNOVACION ES
VITAL PARA ASEGURAR, EN UN ENTORNO GLOBAL
COMPETITIVO, EL DESARROLLO SOSTENIBLE DE LA CIENCIA
Y LA TECNOLOGIA NECESARIAS PARA RESTABLECER EL
CRECIMIENTO ECONOMICO

LA COOPERACION Y LA COMPETICION SON LOS CAMINOS
HACIA EL EXITO

EL ACCESO LIBRE Y EL COMPARTIR RESULTADOS PERMITE
LA PARTICIPACION Y EL DESARROLLO

IMPLICAR Y COMPROMETER A LOS JOVENES CON LA
CIENCIA

SUPERAR LA BRECHA ENTRE CIENCIA Y SOCIEDAD




