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CERN: Laboratorio europeo para fisica de particulas, 1954

LHC: Gran Colisionador de hadrones, 2008

Estudios Aprobacion Inauguracion Higgs Cierre

1980 T 1994 t 2008 T 2012 1 .. 20307 T
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- CERN/LHC en numeros:

Colisiones a muy alta energia, suficiente para crear
14.000 protones en cada choque!

Potencia consumida LHC: ~120 MW (CERN 230 MW)
(10% del canton de Ginebra, de 500.000 habitantes)

23 paises europeos miembros
8 observadores (EEUU, China, Japon, India, Rusia...)

10.000 x 10® USD construccion, presupuesto 2012: 1100 x 108 USD
300+300 Universidades/Institutos de paises miembros / no miembros

Fisicos experimentales, 10.000
( 6500 de paises miembros, 1600 USA, 900 Rusia, 164 A.Latina...)
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OMPACT VIUON SOLENOID: Higgs + nuevas particulas

CMS Collaboration S

36 Nations, 160 Institutions, 2008 Scientists and Engineers (November 2003)

TRACKER

TRIGGER & DATA
ACQUISTTION .
CRYSTAL ECAI

PRESHOWER

RETURN YOKE
Barre
E ndcal

FORWARD
CALORIMETER

MUON CHAMBERS
Barrel

Total weight : 12500 T
Overall diameter : 15.0 m 10
Overall length D215 m Endcaf
Magnetic field : 4 Tesla
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LHCD
] )

LHCb ALICE

Objetivos generales Objetivos generales Diferencia materia lones plomo
3000 cientificos, 34 paises 2500 cientificos, 150 instituciones antimateria Blg Bang

Gabriel Gonzalez Sprinberg, SUA - 2012



El Higgs ha llegado

glectron

proton

" (neutron)
L quark
nucleus L

8 ~10"%cm
atom~10"cm

~107"%em

Materia: electrones, protones, neutrones...

Fuerzas: fotones, ...
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Hadrones:

MODELO ESTANDAR

Leptones:
Electrones, neutrinos, ...

Mediadores:
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Particulas estables: no se desintegran espontaneamente
electron — proton — foton ...

Particulas inestables: se desintegran espontaneamente
neutron — piones - muon, .....algunos cientos!

Vida media

néutron

neutron 900 s
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Vida media
Piones cargados 0,000 000 28 segundos
Piones neutros  0.000 000 000 000 000 084 segundos

Delta 0.000 000 000 000 000 000 000 005 6 segundos
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Las simetrias son imprescindibles !!!

Masa de las particulas elementales:

Los términos que representan a la masa de las particulas en las
ecuaciones.......

son con las simetrias del Modelo Estandar !'!!
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Teoria cuantica que describe a las

particulas elementales y sus interacciones

Fuerzas
electromagnéticas
débiles (radioactividad)
fuertes (nucleares)
;gravedad?

Construido a partir de las simetrias y leyes de conservacion que se
observan en la naturaleza

Conservacion de la carga eléctrica: electrodinamica cuantica
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Permite que las particulas tengan MASA

pero se necesita...
Campo de Higgs
Particula de Higgs

Campo de Higgs :,l: Particula de Higgs

Gabriel Gonzalez Sprinberg, SUA - 2012
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de las particulas tiene

en que el

existe en todo el espacio
Las entre las particulas elementales y

el campo de Higgs
generan la masa de TODAS las particulas
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MOBRELO Esu‘ NDAR

La particula de Higgs: ese S
espin A

nombre -

boson

La materia esta
constituida por fermiones
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BOSONES:

pueden estar todos
en un mismo estado

FERMIONES:

no pueden estar dos de
ellos en un mismo estado
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Mecanismo de Higgs: trabajos de 1964 de

Peter Higgs, Phys.Rev.Lett. 13, 508
Guralnik, Hagen, Kibble Phys.Rev.Lett. 13, 585
Englert, Brout Phys.Rev.Lett. 13, 321

¢, particula de dios ?
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The goddamn particle: if the universe is the answer,
what is the question

Leon Lederman

13

god particle”
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SAY lillll_ PARTICLE

ONEMORE | |
GODDAMN TIME, |
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Un ano de
datos del LHC
En el LHC ocurre esto.... se almacenan = ~—.
en una pila de
20 km de CD

Lk

fo Ml rranbvm EAey eeerdn|

i a2 | rok ] " iy . . - .
e:*. 2t g, ot by ATt | AR L T R
_,_ﬂ.., s .c i O FETTEY DL e R Ve s
= - = 4 =
et T | e
I L} ‘ !.t LA | S
I'\'|-I-.- -

il Bl
A RS e -\_lﬂ..-'_"'- "‘""-'I'!:

AP charged trechy with pn > 7 Gy

y queremos reconocer dentro de este choque...
Fecsiliructsd Irecks wfh o = 25 =al ’
Mt. Blanc
l (4.8 Km)

-
o
-
-
_‘_I'
-
Sl
—ic
-
-
-
=
=i
=
1
P
=
-
=T
!
Al
=
-
-
waf
-
a
*’I— .
‘-
il
e
il
s
a

il
"5 -

Gabriel Gonzalez Sprinberg, SUA - 2012



El Higgs ha llegado

Descubrimiento del bosén de Higgs:
produccion y deteccidén

: masa de algunas decenas o cientos de la del protén

: inestable, vida media 0. 000 000 000 000 000 000 000 16 segundos

Decays of a 125 GeV Standard-Model Higgs boson

Decaimientos:

W+ W-
21%

/2gluons _» tau/anti-tau
L 6%

A _-charm/anti-charm
,.’ A
rd

bottom/
anti-bottom

57% ™\ 2 photons,

Z+phaton
0.2% each

Gabriel Gonzalez Sprinberg, SUA - 2012

27



El Higgs ha llegado

Descubrimiento del boson de Higgs:
produccion y deteccidén

BR(H)
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CMS Experiment at the LHC, CERN

Data recorded. 2012-May-13 20:08:14.621490 GMT 9
Run/Event 194108 / 564224000 1 S
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4 de julio 2012 CERN - LHC

Luego de varias decadas se ha confirmado, en
experimentos independientes en el LHC,

J

la existencia de particulas de

Gabriel Gonzalez Sprinberg, SUA - 2012
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ATLAS S o CMS Vs=T7TeV,L=5.1fb~1Vs=8TeV, L=5.3fb1
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CMS Vs=7TeV,L=5.1fo-1 Vs =8TeV,L

ATLAS 2011 + 2012 data

expected p-values
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Vs=7 Te\’:f Ldt=4.6-4.8 fb-1

local p-value

local pgy

Vs=8 TeV:det =5.8-59
—_H >y
— H—=>1ZZ

L ----sig. expected
— H o ww
—_—H 1T

H — bb

t — observed

110 115 120 125 130
my (GeV)

Gabriel Gonzalez Sprinberg, SUA - 2012

= 5.3t

140 145

Ky



El Higgs ha llegado

JID:PLB AID:28810/SCO Doctopic: Experiments [M5Gv1.3; v 1.77; Pm:17/08/2012; 9:01] P-1 (1-32)
JID:PLB  AID:28809 /SCO Doclopic: Experiments [M5GV.3; v 1.77; Pm:17/08/2012; 9:13] P (1-20)

Physics Letters B ese (suse) sns—ane
Physics Letters B eee (ssns) soe—see

Contents lists available at SciVerse ScienceDirect
Contents lists available at SciVerse ScienceDirect

Physics Letters B Physics Letters B

www.elsevier.com/locate/physletb

www.elsevier.com/locate/physletb

Observation of a new boson at a mass of 125 GeV with the CMS experiment at
the LHC™

CMS Collaboration*

CERN, Switzerland

Observation of a new particle in the search for the Standard Model Higgs boson
with the ATLAS detector at the LHC*

ATLAS Collaboration*

ARTICLE INFO ABSTRACT
ARTICLE INFO ABSTRACT

Article history: A search for the Standard Model Higgs boson in proton-proton collisions with the ATLAS detector at Ardden .
Received 31 July 2012 the LHC is presented. The datasets used correspond to integrated luminosities of approximately 4.8 fb~! RL:é:/e’;;U;TJ‘u] 2012 Results are presented from searches for the standard model Higgs boson in proton-profon collisions
Received in revised form 8 August 2012 collected at /5 =7 TeV in 2011 and 5.8 fb! at /s = 8 TeV in 2012. Individual searches in the channels y at /s=7 and 8 TeV in the Compact Muon Solenoid experiment at the LHC, using data samples

Received in revised form 9 August 2012 N —~1 - -1
Accepted 11 August 2012 H—27Z® - 4¢. H— vy and H — WW® — evpv in the 8 TeV data are combined with previoush COrTe to of up to 51 fb~" at 7 TeV and 53 fb~" at 8 TeV. The search
e 44 4 s P vy Accepred 11 August 2012 is performed in five decay modes: ¥y, ZZ, W+*W—, T+, and bb. An excess of events is abserved abave

Available online xxxx . s .
. ublished results of searches for H — ZZ®!, WW*, bb and 7~ in the 7 TeV data and results from i 00K
Editor: W.-D. Schlatter P Available online the expected background, with a local significance of 5.0 standard deviations, at a mass near 125 GeV,
signaling the production of a new particle. The expected significance for a standard model Higgs boson

improved analyses of the H — ZZ™ — 4£ and H — yy channels in the 7 TeV data. Clear evidence for Editor: W-D. Schlatter
This paper is dedicated to the memory of the production of a neutral boson with a measured mass of 126.0+0.4 (stat) 0.4 (sys) GeV is presented. 4 N
our ATLAS colleagues who did not live to This observation, which has a significance of 5.9 standard deviations, corresponding to a background Keywords: of thar mass s 5.8 standapd de'v:_atnens. The excess is most significant in the two decay modes with the
see the full impact and significance of their fluctuation probability of 1.7 x 1078, is compatible with the production and decay of the Standard Model cms best mass resalution, 1 ygfang ZZ a fit to these signals gives a mass of lZS.JVi0‘4(stami0.5(syst.\ GeV.
contributions to the experiment. Physics The decay to two photons indicates that the new particle is a boson with spin different from one.

Higgs © 2012 CERN. Published by Elsevier B.V. All rights reserved.

Higgs boson.
© 2012 CERN. Published by Elsevier B.V. All rights reserved.

improved analyses of the H — ZZ"™ — 4f and H — ¥y channels in the 7 TeV data. Clear evidence for

the production of a neutral boson with a measured mass of 126.0+0.4 (stat) £0.4 (sys) GeV is presented.

This observation, which has a significance of 5.9 standard deviations, corresponding to a background 1 26-0 :|: 0-4 (Stat) :|: 0-4 (Sys) GeV
fluctuation probability of 1.7 x 1079, is compatible with the production and decay of the Standard Model

Higgs boson.

signaling the production of a new particle. The expected significance for a standard model Higgs boson
of that mass is 5.8 standard deviations. The excess is most significant in the two decay modes with the

1253 :IZ O4(Stat) :IZ OS(SySt) GeV best mass resolution, 'y and ZZ; a fit to these signals gives a mass of 125.3 £ 0.4(stat.) £ 0.5(syst.) GeV.

The decay to two photons indicates that the new particle is a boson with spin different from one.
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El LHC funciono hasta ahora a la mitad de la energia de
diseno.

En el 2014 comienza a operar a su energia maxima.

EL LHC ha tomado hasta el momento cerca del 1% de
los datos totales que tomara en su vida util....

Se ha prolongado 7 semanas este ano la toma de datos
y esto implica 3 veces mas datos

Gabriel Gonzalez Sprinberg, SUA - 2012 35
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El descubrimiento de la particula de Higgs ha abierto un
escenario de nuevas propiedades de la materia que el LHC
va a explorar en las siguientes decadas.

;, Qué propiedades tiene el Higgs?

;. Hay uno o varios Higgs diferentes?

¢ En qué otros fendmenos intervienen particulas tipo Higgs?
;,Qué otras particulas aguardan agazapadas....?

El LHC apenas ha comenzado su vida util....

Gabriel Gonzalez Sprinberg, SUA - 2012 36
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;, Qué Higgs hemos detectado ?

Gabriel Gonzalez Sprinberg, SUA - 2012
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., Es el Higgs del Modelo Estandar ?

Gabriel Gonzalez Sprinberg, SUA - 2012
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¢, Es el Higgs de una nueva teoria ?

Gabriel Gonzalez Sprinberg, SUA - 2012
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¢, Qué relacion tiene el Higgs con otros problemas y con
la gravitacion ?

Gabriel Gonzalez Sprinberg, SUA - 2012
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Higgs

Ahora sabemos que existen bosones
elementales.

Tal como predicen una gran viariedad de
teorias, pueden tener enorme significacion en
problemas actuales.

Asimetria materia — antimateria

Materia oscura
Energia oscura

Gabriel Gonzalez Sprinberg, SUA - 2012 41
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Asimetria materia- antimateria

El campo de Higs permite nuevos mecanismos de
ruptura de la simetria CP

Bariogenesis

Leptogénesis

Gabriel Gonzalez Sprinberg, SUA - 2012 42
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Asimetria materia- antimateria

Mecanismos de ruptura de simetria CP en las
iInteracciones fuertes

Axiones

Gabriel Gonzalez Sprinberg, SUA - 2012 43
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Materia oscura

Bosones candidatos

Neutralino en SUSY
(fermiones socios-supersimetricos del Z-foton-Higgs)

LSP

Gabriel Gonzalez Sprinberg, SUA - 2012 44
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Energia oscura

Energia del campo de Higgs/ similares

Gabriel Gonzalez Sprinberg, SUA - 2012
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HIGGS

Este descubrimiento no es una meta final, sino al
contrario, el inicio de una nueva etapa de exploracion del
Universo.

Gabriel Gonzalez Sprinberg, SUA - 2012
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http://elpais.com/buscador (Higgs)

http://www.i-cpan.es/Ihc.php
http://www.lhc-closer.es/
http://www.interactions.org/LHC/

http://cdsweb.cern.ch/record/1165534
(LHC The guide)

http://www.particleadventure.org/spanish/index.html
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