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§ RESUMEN §

Solo entenderemos la composicion del Universo si conocemos las

particulas elementales que lo constituyen y las fuerzas que se ejercen
entre ellas -

Describiremos todas las particulas y las interacciones conocidas

Después especularemos

¢Hacen falta mas particulas en nuestra lista?

3. Higgs, Supersimetria, Supercuerdas, ...
e ¢De qué esta hecha la materia oscura?
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The mess at the beginning of the 20th century:
Heat, magnetism, electricity, light, X-rays, ultraviolet rays,

WRS S0LVED By ONE THEoRy , (Juawrvm [ recreo)ywarics (1449
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SO-CALED “ICATTERNG PROCESS”
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N THIS WRY, CLANCAL ELECTROMAGNETISM (MAxweer 48I2) WAl “QUAN TI2€D

ELECTROMRGIMETIC FIELD — MESSENEER PRARTICLE ( PHOTON)
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FEYNMAN 4983



IN THE WORLD cANn BE EXPLRIVED ay
QRE D

0.3. All THE RTOMS RRE MADE YP OF R CERTRIN NUMEBER OF
PROTNS EXCHANEING PHOTONS WITH ELECTRONS

proton electron

HYDROGEM ATOM: MW ELECTRON
IS KEPT wiTHIV R CERTRIN
RANGF OF DISTANCE TO THE
PROTON By PHOTON ExcHANGES

GRIES, METALS , INJOLRTORS, CRYITRLS,
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WHY PROTONS RRE HELD TOGETHER IN THE NUCLEUS DESPITE
ELECTROMRENETIC REPULLIIONS .?

~ 16" .

SOLVED &y ONE THEPRY , (JuanTuM [ Romo D yYNRMICS
(4973)

STRONG NUCLEAR INTERRCTION
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eg. INSIDE THE
PRoTON
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QURRKS (s=Y.) cARRy - CHARGE X

HND ARE HELD TOGETHER
EXCHAN G ING GLvoNS (s=1)

KAON , LAMBOR, ficNA,
: RHO ...

Gell-Mann,
Nobel Prize in 1969

Zweig

Friedman, Kendall, Taylor
Nobel Prize in 1990

Gross, Wilczek, Politzer,
Nobel Prize in 2004
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STRONG NUCLEAR INTERACTION GBETWEEN NEUTRONS AND

PROTONS IS R COMPLICHTED MANIFELTATION OF THE MORE
FUNDRMENTAL COLOUR FORCE HCTING RETWEEN THEIR

CONSTITVENTS
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SOLVED QY ONE THEORY (~€0%)

WERK THEDRY

R NEW TYPE OF FORCE If RESPONSIQLE FoR THE DECAY : Ji

WEAK NUCLERR INTERACTION
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Carbon-14 Nitrogen-14 v .
e
B_ Antineutrino Electron W
- + © + ¢ RS
Neutron decay
via weak
& protons 7 protons interaction

B neutrons 7 neutrons




La emision de neutrinos esta asociado a la

Carbon 19— Nitrogen-14 desintegracion beta.
L B A Antineutrino Electron . . s
- + @ + & Historicamente, parecia que este proceso
no conservaba la energia y eso llevo a
6 protons 7 protors Pauli a postular en 1930 la existencia de

una particula nueva (el neutrino).
“Solo” se tardd 25 anos en descubrir el

P
—A neutrino experimentalmente
N la carga esta relacionada
Vo @" con el estado de
W - movimiento y no con el
GELL LD tipo de particula
Neutron decay (aquellas con espin
via weak antiparalelo a la
interaction direccién del movimiento
poseen carga débil)
udd
'-\._V_l'
n m,, = 80000 MeV wp SHORT RANGE FORCE
Q’M 13 o '0-"CM
Rb atowm

QUARKS RND LEPTONS CARRY m CHARGE RAND INTERACT
" ExcHRVGiNE W, W, 2 (5:4)




| ey
CERN (ernsve) HAS BUILTVTHE LAREEIT PRRTICIE RCCELERATOR
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Carlos Mufioz
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THE PERIODIC TABLE

1 13 14 15 16 17
1A HMA IVA VA VIA VIA
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i . Lmun | Benfium NAME Fuorien
e e Simloe ,|Na Mg 8 9o 10 a
SEESEEEN 3 4 5 6 7% VIIB
"‘ was! ‘n‘v, S |uoawm| 1B IVB VB VIB VIIB o
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©Haycen il Speciary Products
Mendelelev, 1869

~0.00000001

‘ QUARK § Glvey,
THE oMLy EUMENTARY PARTICLES § CutecTRoM Forowy

IV THE world wRE NEVTRIVAS wi
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THE PERIODIC TABLE

SYMBOL
ATOMIC NUMBER () = ESTIMATES
ATOMIC WEIGHT
NAME
8

9 10
3 4 5 6 7 VIIIB 11 12
mB IVB VB VIB VIB ,—L‘ IB 1B

13 14 15 16 17
A IVA VA VIA VIA

Mendeleiev, 1869

I | And, in addition there should exist
the so-called Higgs boson

Kobayashi, Maskawa,

predicted in 1972 the
existence of 3 families

Nobel Prize in 2008




™E J0-CALED |STANDNRDIMODER] oF E.cmewtary prericies
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Evolution of the Universe

Inflationary
Expansion
For
Sep

Are Born

5

10°s 300 000 Years 10° ™=

10"Tev 10" Tev 1 TeV 150 MeV

f

electroweak QCD
phase transition phase transition

Besides, the standard model provides
the fundaments of the early Universe cosmology

Carlos Mufioz ¢De qué esta hecho el Universo?
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SPECULATION: Do other particles exist still undetected ?

History

Symmetries are crucial in physics

The laws of modern physics are invariant under certain symmetries:

Lorentz transformations [special relativity]
Local gauge transformations [SU(3)xSU(2)xU(1),]

was proposed in the early 1970’s:

Carlos Mufioz ¢De qué esta hecho el Universo?
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An invariance of the theory under Boson ——— Fermion

interchan ion: | | |
terchange of fermions and bosons Fermion —-» Boson

I (bosons, fermions) —— L (fermions, bosons) = I (bosons, fermions)

But known bosons and fermions Quarks (u,d) Gluons
. i > Electron ~—<—» W, Z
are not married up in this fashion .
Neutrino Photon

Instead, every known particle should have a (super) partner

The spectrum of elementary particles is doubled !  With masses = 1000 mp
Quarks Squarks Gluons Gluino
Electron . Selectron - Photon. < » Photino
Neutrino Sneutrino W, Z Wino, Zino

Carlos Mufioz ¢De que esta hecho el Universo? 19
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CAN THESE SPECULATIONS 8E TESTED

HIGGIES, Susy PRATICLETS, ...

OULY WiTH MORE EWNERE) LINCE Msusy ~ 1000 Mp

LEP (~100mp) & __o | H¢  (~ 1000 Mp)
e-e* P*pO

Carlos Mufioz ¢De que esta hecho el Universo? 22



Cost of the LHC:
4.000 million euros




v 4 CMS Collaboratior

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

v TRACKER

TRI{T{’ER& DATA Austria, Balgium, CERN, Finland, France, New Zealand

ACQUISITION - e fanan® .

fupsiria, CERM, Finland, France, Gresce, Germany, laly, Japan®, Switzerland, E‘EH'}?;'__AL ECAL

l.':'“””af\-;" éldlw; HI"“"‘: Ir:"l"""‘i;ﬂ . Belarus, CERN, China, Croatia, Cyprus, France, Ireland

ortugal, Switzerland, UK, U lialy, Japan®, Portugal, Russia, Serbia, Switzerland, UK, USA
PRESHOWER
Armenia, Belarus, CERN, Greece,

A India, Russia, Taipsi. Lzbekistan

RETURN YOKE

Barrel: Czech Rep., Estonia, Germany, Greece, Russia
Endcap: Japan®, USA, Brazil

SUPERCONDUCTING
MAGNET

All countries in CMS contribute
to Magnet financing in particular:
Fimland, France, ltaly, Japan®,
Korea, Switzerland, LS8

FORWARD

CALORIMETER
Hungary, Iran, Hussia, Turkey, LA,

HCAL
Barrel; Bulgaria, India, Spain®, USA MUON CHAMBERS
Total weight : 12500 T Fndcap: Eéllnrus, E.ulgnrila, Russia, Ukraine Barrel: Austria, Bulgaria. CERM, China,
Overall diameter : 15.0 m HO: India Germany, Hungary. ltaly, Spain,
Overall length 215 m Endcap: Belarus, Bulgaria, China, « Only through
Magnetic field : 4 Tesla Korea, Pakistan, Russia, LISA industrial contracts
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Aunque cada haz tiene 300 billones de protones, solo se producen 60.000 colisiones

Pero como los protones dan 10.000 vueltas alrededor del LHC cada segundo,
se produciran en total 600 millones de colisiones por segundo.
iY eso hay que analizarlo!

i



One of the great enigmas still unsolved is
| the existence of dark matter

® Por ejemplo, usando simples argumentos gravitacionales , uno puede
calcular la velocidad de rotacion de estrellas aisladas o nubes de Hidrogeno

en las partes externas de Galaxias

- | 2 |
“ Esa velocidad calculada usando la ley de Newton =~ — G %(’“)

no coincide con la que miden los astronomos.
Salvo que asumamos que existe mas materia que la luminosa.

Dark Matter

This hypothesis is not so odd if we remember that the existence of Neptune
was suggested on the basis of the irregular motion of Uranus

Carlos Mufioz ¢De que esta hecho el Universo? 26






# Actually, about 85% of the matter in the Universe is dark

7 39 DARK ENERGY

\2%% DARK MATTER

S

3.6% INTERGALACTIC GAS
0.4% STARS, ETC.

We are not made of what most of the Universe is made of !

Carlos Mufioz ¢,De que esta hecho el Universo? 28



Ninguna de las particulas del modelo estandar tiene las propiedades adecuadas
para constituir la materia oscura;
Ni los quarks, ni los electrones, ni los neutrinos, ...

Esta es una indicacion contundente de que necesitamos ir

Mas alla del modelo estandar de la fisica de particulas

Y precisamente, algunas de las particulas supersimeétricas
tienen las propiedades adecuadas para constituir la materia oscura

Carlos Mufioz ¢De que esta hecho el Universo? 29



Sin embargo, si queremos
unificar la gravedad con las demas interacciones,

tenemos que ir incluso mas alla de la supersimetria

@M. R + STRING RR(E + WEARK FORCE + GRAVITY

CONTROL EVERYTHING C BRI MATTER , Bicso &iome,
QUENICRL RVD NUCLERR PHENS HDA)

Sin la gravedad los seres humanos no se mantendrian
sobre la Tierra, los planetas no girarian alrededor del
Sol, las estrellas no formarian galaxias, las galaxias no
formarian cumulos de galaxias y, ..., el Universo no seria
como lo conocemos.

HOWEVER WE WOULd WLKE To QUANTIRE IT
GRAVITY if EXTREMELY FE

/
" ' SVE OF THE PHoToN
9. i DROCEN RATO e i .
g Ny —— it cacesD ERAVITON (S= 2)
-4&o '
f.g- >~ 40 , LNt
.
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STRING THEORY

. )
Y POINT-LikE " PRRTICLE » — STRIN G -
.’P ~ |0 M

¥ THE PRRTICLES CORREfPoND T© THE DIFFERENT MODES oF
VIBEATION OF THE J(TRINE

PRESENT RCCELERATOR[ cANNOT REtocve L < 107€cm
THRT Y WHY THE PoINT PRRTICE RPPROXIMRTION if Jo [VCCErFUL
¥ THE GRAVITON RPPAERRS v THE rlmun:

VMIEIED THEORY OF ERRVITY AND STAVDAR)
MOPEL

% (1s piwiTE)

>—-——< B e— %Fia’;re
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Todo este zoo se unifica en
un unico objeto fundamental

Carlos Mufioz ¢De qué esta hecho el Universo? 32



STRING THEORY

IS THE oNLy CANDIDNTE TO 8E

ANSWERING , WHy DOEf THE UMVERIE BENAYE THE WAY
ir pogr 7
1§ owey cownsrENT v D={O (¥4)

W= € DIMENLIONS MOIT GE CoMIRCTIFIED IV R VERY

.fmlmt!

Lo~168cm

¢e. M

Carlos Mufioz
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CONCLUSIONS

The standard model of particle physics "almost” answers the question:
What is the Universe made of?

+ However, one of the great enigmas still unsolved is the existence of
dark matter -

+ Within the standard model there are no possible candidates, thus we
need to assume the existence of new particles

+ Supersymmetry, that predicts that every known particle should have a
partner, has candidates for dark matter, which could be tested in the LHC

+ Supersimetria no es suficiente para unificar la gravedad con las demas
interacciones de la Naturaleza, pero quiza la teoria de Supercuerdas nos

permita conseguir este objetivo | | E M @
34
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