El Modelo Estandar

(Standard Model)
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What Particle Are You?

(Standard Model particles only! Dark matter and other exotica not welcome.)

Start
here!

How many
smaller particles
are you made of?

just afew

no

Do you take

Are your particles
strongly-interacting?

A colorless collection
of quarks and gluons.

Youarea

hadron!

up space, or
pile on?

pile on

You area

boson!
A force-carrying particle.

one quark,
one anti-quark

How many
quarks are
we talking?

You might be an | guess you are
atom positronium
or a molecule or whatever. or something?
Too complicated for particle physics. Weirdo.
Youarea

Is your field

nonzero evenin Hlvg gs b95°"!
9 ‘'ou mysterious
SEIRLYSpace: recluse, you.

Which is a kind of boson.

You are a

meson!

\

more than
three

Color code:

elementary fermions
elementary bosons
composite particles

You are a

glueball.

You are hypothetical at best.

Probably a
nucleus,

although you could
be a pentaquark (or worse).

You area

baryon!
Which is a kind of fermion.

Are you

YOU are some excited
or strange or heavier
baryon. Enjoy your

Yeah I'm not going found in brief lifetime!
take to list all the mesons. atomic nuclei?
up Piginis, li yes
You are ions, kaons,
Space orares | What force etas, rhos, etc. i i
gauge boson! do you carry? e nucleon!
You reflect a symmetry What's your You are kind of
of Nature. electric charge? What's your a big deal.
gravity electro- = 0 electric charge?
magnetic or-1
1]
Youarea You are a You are a You are a You are a
graviton! gluon! photon! W boson! Z boson! X b
And you exist. In one of eight From radio to When fermions change Neutral currents Proton! neutron!
Ignore the haters. colorful hues, gamma rays. flavor, it's your fault! for the win! Go you! Not bad!
You are an [ [ ]
up-type quark! | up | | charm | | top |
You are a You area +2/3
fermion! quark! Youare a T
A particle of matter. You are stuck inside
it il V'S R o down-type quark! | down | | strange | | bottom |
electric charge?
You are a |
You are a
Do you feel - lentonl charged lepton! |electron| | muon | | tau |
the strong force? ~ lepton:
Light, but powerfull
You are a | | |
Sean Carroll 2012 neutrino! electron muon tau
http://preposterousuniverse.com/ neutrino neutrino neutrino
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‘Neutrinotransformed =~
into p-meson
B
Invisible neutrino

collides with proton

The Neutrmn Event NS0
Nov. 13, 1970 — World's first ' ' ' LY

: observation.of a neutrino in a | cellzEm s
o .hydrngen bubble chamber | . - | i

o
.



., Por quée 3 familias”

Conservacion

de “familias” Los datos apuntan a

3 y sélo 3 generaciones
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. i) Vie Vi Ve LIB)
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ALEPH
DELPHI
L3
OPAL

4 parametros

Vil |Vl |V 02252 + 0.0007 0973457000015 g pq10F000i1

Vial [Visl | Vil 0.008624 o000 0.0403%5508  0.999152+) 0500 | average measurements, JJ
error bars increased

by factor 10
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d ® ﬁm : T 1',' - ] 10
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Down d =12 -13 4108 oty H 1
Strange | s $=-1 -3 | soro130 Vo = 5 X GT} e 3 - !
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Elementary Particles

Matter Force Carriers
| |
| | | | | |
Quarks 2  Leptons Gluons W & Z bosons Photons  Gravitons
Guark—lLepton | ‘ ‘ ‘
comp | ementar ity
Hadrons Strong Weak Electromagnetism Gravity
Quantum Quantum Quantum
Mesons Baryons Chromodynamics Electrodynamics Gravity
| |
Nuclei Electroweak Theory
[
Atoms Grand Unified Theory
l
Molecules Theory of Everything
Composite Particles Forces



Bosones (estadistica B-E, no afecta PE Pauli)

(<0.0002eV

~12511 2012
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Modelo Estandar

Tipo Sabor | Generaciéon | Antiparticula | Color | Total
LEPTONS

e K- T
glUOn 1 1 1 8 8 v v, v
W 1 1 2 2 ANTILEPTONS
- 1 1 1 1 . . .

e K T
; 1 1 1 1 Ve v, Vs
H 1 1 1 1

18 parametros

libres Quarks Antiquarks Q
(incluyendo 9

masas de @ @ @ @ @ @ il -T3
fermiones) en @ @ @ @ @ @ Color 10

primer orden



Comparativa de fuerzas

Boson | Carga Acopla
miento




Fuerza fuerte. “Carqga’ de color:

&
©

000 000 Proton Ani- » NO tiene nada que ver con

000 000 .' """ cromatismos... es un nombre
0 0 0 66 0 .‘ermnf_ambda * particulas libres—carga neutra
000 0006 : _ * la energia del campo de color

000 9o + o aumenta con la distancia, cae tras 1fm

000 B 3G (kB (Asymptotic Freedom)
7° i *surge del PE de Pauli

El propio portador de
V(r)=kr-40//3r
e k =1 GeV/fm=160000N

e

i

la fuerza (g), esta

cargado!!
Comparar con EM (y) : :
BARION MESON TETRAQUARK PENTAQUARK
Q @ sea quarks
0 = 33
D e Quark-

HIBRIDO GLUBOLA
Bag model of

Quark

Confinement

valence 12

quarks




QED vs QCD

* g specifies the strength of the strong
interaction

* BUT just as in QED, ag isn’t a constant, it
“runs”

% In QED the bare electron charge is screened
by a cloud of virtual electron-positron pairs.

* In QCD a similar effect occurs.

Colour Anti-Screening

Y Due to the gluon self-interactions bare colour charge is
screened by both virtual quarks and virtual gluons

¥ The cloud of virtual gluons carries colour charge and
the effective colour charge INCREASES with distance !

Y At low energies (large distances) v g becomes large —

can’t use perturbation theory (not a weak perturbation)

- .
High Energy M, Low Energy High Energy Low Energy

In QCD quantum fluctuations lead to a ‘cloud’ of
virtual qq pairs

one of many {(an infinite set)
such diagrams analogous to
those for QED.

In QCD the gluon self-interactions ALSO lead to a
‘cloud’ of virtual gluons

one of many {(an infinite set)
such diagrams. Here there is no
analogy in QED, photons don’t
have self-interactions since they

don’t carry the charge of the in-

teraction.

w 1

=

4 ] -20 -18 -16

log, ,(q°/GeV?) log,, (r/m)

1

* At High energies (short distances) «xg is
small. In this regime treat quarks as free
particles and can use perturbation theory
ASYMPTOTIC FREEDOM

* At+/s = 100 GeV, as = 0.12.
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Fuerza nuclear

* Fuerza que une nucleones en el nucleo (n,p)
» Efecto residual de la interaccion fuerte (=VdW)

p n r {_J,—-m..xr (i—-;-/)\{,x

o o o
@ \ E, E: typical nucleon Coulomb repulsion force
/ \ o e |- leirigg rarge!
A"

Potencial de Yukawa

P

Proton

P
F]

=
s
@

o3
2,
=
=

I . ._Neutron



Neutral Currents, Charged Currents

Neutral

i.l

_.-4-""'—.."—‘

W

d T
Charged

Corrientes cargadas
se explicaban por
intercambio de W+

LIy

Neutron 3 decay

I el

W .f."
d - . -
i 3 =
B Fi
: | r 1 (7 I ii
_q_ - - - -
'|. A
Twa o quarks '"m'r“‘-"“"""“h
oS I'n'clwag.-s-" &% N 8 ATQEES0 dud
1 do s, = WAy 1o do
|_ |_.I'|_II this J._Jlll it
Charped curant reaction, Meutral current reaction, Elasiic scaitaring with
alpciron nautrinog only. all nsulrinos. any neulrina.
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Carga (Electro)debil (I)

ConsidereTe™ — W™ W

+ + + A+
€ "—...__WMX‘f € W
2 Diagrams Y
. \Y
(+interference) €
e Vv, W€ W
'E'Jf‘ ARALAAALARA AR SRR AR 3
= Ethj“'ir]mm Z ]//
Em 3 /o(With Z°%) 3
X Cross section di- ©is i 3
. E 74 E
verges at high en- 10 E W E
ergy B/
150 160 170 180 190 200 210

Vs [GeV]

Divergence CURED by introducing Z"

Extra Diagram
ete— — WHW—

X Only works if Y, Wi, Z° couplings related !
% ELECTRO-WEAK UNIFICATION 16



Carga (Electro)debil (ll)

Glashow (1961), Weinberg (1967) and Salam (1968) model
treats EM and WEAK interactions as different
manifestations of a UNIFIED force.

X It is somewhat ad hoc

X But gives concrete predictions - i.e. a testable theory
x provides perfect description of precise data

“Basic idea” - start with 4 massless bosons,

{WT, WY W~} and B". The neutral bosons mix to
give physical BOSONs, , i.e. the Wi,

Z° and ~. | |
( W —e—\ ( W 1—\
W . B — 70 .7

W — } \n -
Physical Fields : W =, W™ Z", A (photon)
7' = WV"Ycos — Bsin

A = WV"Ysin + B cos
: weak mixing angle

(Weinberg angle ~30°) 17



Carga (Electro)debil (lll)

W= and Z" ‘acquire’ mass via the HIGGS MECHANISM

The beauty of the model is that it makes exact predictions:

X Weak coupling constant: ¢ = ¢ sin 0,
X The mass of the Z" boson
A in2 =
Mo = My, sin2 0, = 0.2324 +0.0012
cos 6w

X The couplings of the 7" boson
X ONLY 3 free parameters !

IF we know { x..,,» G, sin Oy } everything else is
FIXED, i.e. predict My, M0, couplings, etc.

Gr . ‘»/i 92
(he)® 8 miy

= 1.16637(1) x 107° GeV 2 .

18



% WEAK Neutral Current (NC) interactions are mediated g

by the 7" bc:.on. . . . (E IeCtrO)dé bil
s s fine 4 (IV)

. Vy ] C
M'-b—{ \-'“-—{ S—D—{ c-u—{
7° 70 70 7°
T V. b t
*_{ +{ b% ,_{ Neutral Currents
7" 7" 7" 7°

Nuevo numero X WEAK NC NEVER changes flavour

cuantico: Isospin % ZY couplings are a of weak and

debil (T) y su electro-magnetic couplings

tercera * WEAK NC couplings therefore depend on sin” Oy

componente T,
A couplings are a mixture of EM (VECTOR) and WEAK

En la préctica: (VECTOR—AXIAL-VECTOR) couplings
1 .
dz= gw (T;-Q sen?e,)/ cos 0, L_’TH(CV — Cav?)
cos Ow 2

Form of neutral current couplings are determined by the
WEAK MIXING ANGLE Oy 19



QED

% The vacuum acts like a dielectric medium

2
Y - :
X a= T specifies the strength of the interaction % The virtual e+~ pairs are polarized

between an electron and photon. * At large distances the bare electron charge is screened.
% BUT v isn't a constant 0
Atlarge R tcst_chargc
Consider a free electron; Quantum fluctuations lead to a Op @O scessereencd e charge
‘cloud’ of virtual electron/positron pairs © ®
& e@ @ Test Charge
@
®
this is just one of 0
o ® At small R test charge
many (an infinite sef) %% g®  sushared charge
such diagrams. ©@«—Test Charge
® %%
®
Q)

20



— 155 17—+
::}' [

— . TOP AL |_L|_L.-"E'E'|_LI|_LI:I .l. gz & g
_-'§ 150 | Fits to leptonic data from: ]
[ ADORIS, PEP. OPETRA, ¢ TRISTAN ]

145 | 3
140 | E
130 | Q) L
125 | OPALTY E
120 | 3
115 | 3
110 | :
1“5 :u PR T N T S N U [N TR T TR [N SR S T T TN T TR TN NN TR TR ST SO N T SN H TN [T TR TR T | |:

0 25 S50 75 100 125 150 175 200

Q/ GeV

% v increases with the increasing q2 (i.e. closer to the
bare charge).

O:ex = 1/137
(100 GeV)?:ax = 1 /128

* At g2

At q2



Comparacion de fuerzas:
unificacion?

Now 100
T

Ti
1
T

me

after Big Bang (seconds)
10
107

20 30 40
107 107 107
T T T

Fuerza

Carga (9)

EM

OeM e=g,y Sen 0,
Debil Clyy Aw )
Fuerte Og Js

Weak nuclear

Electroweak theory

Supersymmetry
Quantum g

"
-
-

La fortaleza intrinseca de
la interaccion Débil es
mayor que la EM, pero a
bajas energias (q2) parece
mas débil debido a la
gran masa de los

propagadores Wy Z

1 Il
1020 10%0
Temperature (K)

22

STANDARD MODEL STANDARD MODEL + SUPERSYMMETRY
T T l T LB ] | LB I T | T I ] ¥ | T I L] I I L]
Sy 3

6o Gravity| = 60— Gravity| —
£ =]
[T'] (%3]
b g s —_
= Electroweak = ]
Lo 40— forces ™ - 40~  Electroweak =
= = forces
=1 =
S g
O a
bl 4
g 201 | g 20 -
| =

Strong force o¢ 5
Strong force
0 1 1 i 1 1 | 1 1 ] 1 1 | 1 1 | 1 I 1 0 1 ] [ ] L r_l_ L | Lol 1 ! ] I 1 1 | ]
10° 10* 10* 10° 10" 10% 10%® 10° 107 10° 10° 10® 10"® 10®

Interaction energy

b} Interaction energy



Leyes de conservacion

» Cantidades fisicas conservadas: Energia (E), momento (p), momento angular
(L), carga (Q), color (gg), numero barionico (B=1 para bariones, B=0 para
mesones) y los tres numeros leptonicos (L,,L L)

 Las paridades C (inversiéon de carga) y P (inversion en el espacio) se conservan
en la fuerza Fuerte y EM. En la Débil no:

» CC: violacion de la paridad maxima, fermiones I-h and anti fermiones r-h
* NC: violacion parcial de la simetria de paridad

» Sabor: Solo la CC transforma un tipo de quark en otro tipo (de diferente sabor) y
un tipo de lepton en otro — el sabor se conserva en el resto de interacciones

p+p — n?+n
T — e VUV, . e++e'—>vu+vu

W mT —> e + Ve

n — pe Ug,.... 23
T — 1+ Vv,

< o
=< &=
cl o



Diagramas de Feynman (I)

% The sum of time orderings are represented by Virtual Particles:
FEYNMAN DIAGRAMS % Forces due to exchanged particle X which is
“ Y termed VIRTUAL.
: :
N .|- 0 * The exchanged particle is off mass-shell, i.e.

for the exchanged VIRTUAL
- 2 2 2
particle E“ # p® + m%.

Time Time
* ie.m? = Ei, - pi, does not give the

physical mass, m x. The mass of the virtual

particle m? = Ei, — pi, can be +ve or -ve,

> Time Qualitatively: the propagator is inversely
/ proportional to how far the particle is off-shell.

% Energy and Momentum are conserved at the .
, The further off-shell, the smaller the probability of

interaction vertices o e v ] . .
- producing such a virtual state.

number of events / GeV
o N
|

- 24

B0 700
M{p*u)  [Gel]

1
!

LN
ﬁf :
‘

R k|

=]




Diagramas de Feynman (ll)

Scattering cross sections calculated from: Matrix element /\/ factorises into 3 terms :

X Fermion wave functions M= (@ . Electron Current
%X Vertex Factors : coupling strength X Zgg Photon Propagator
X Propagator X Proton Current

X Phase Space

The factors v* and g are 4 X 4 matrices which
account for the spin-structure of the interaction

¢

WEAK INTERACTION QED
1 e e
VS Propagator
q
) Y
8 ¢
1L 1y

25



Resumen de Veértices en el SM

ELECTROMAGNETIC (QED)

e d  Couples to CHARGE El elemento de matriz es

/ proporcional a:

Does NOT change

q—
"Lﬁl i LZ’LL FLAVOUR .

1 _ ] * momento intercambiado
q Couples to COLOUR
/ (propagador —q)
q—— Does NOT change
LL,?' FLAVOUR
g WEAK Charged Current
Changes FLAVOUR
E_—l— u— / For QUARKS: coupling
. . BETWEEN generations
Cualitativamente, se LLL;,“ .
traduce en una
probabilidad: WEAK Neutral Current
2 e \.-’
M — O~ |M| E'_, ve /
—*— q—— Does NOT change

LLLL [ FLAVOUR 26
ZI



Ejemplo (I)

Compton Scattering

¢ propagator v Y e M o~ o2
/E- e' g ~ |l"|/f|2 ~ 0.4
2 2
] - o~ 47)°x
. oy (4m)

Bremsstrahlung

7 M e.e.e
- MP ~ 27

e ]
% ) o ~ (An)®7%a®
e
nucleus
Electron-Proton Scattering
e e
%
2
v | M|
o
P P
et e~ Annihilation
+ —
€ q M ~
>\1~;Yv~.< H'V*”2 ~
- o P~
€ q

eTe™ Pair ProdL_lction

c
M ~ e.e.Ze
T |M|? ~ e®
+
v e o ~ (4m)37%a*
nucleus
70 Decay
u
7 tu |M|? ~ et
o ~ (Ar)20Q%a?
—ww 7Y
u
: E’f’ Coupling strength determines ‘order of magnitude’ of
—~ ('471_)2&2 matrix element. For particles interacting/decaying via
electromagnetic interaction: typical values for cross
sections/lifetimes
102
Tommn ™ mb
—20
. . Tem ~ 10 s
4

e

(47Tj2 a?

27



Ejemplo (Il)

* electron-proton scattering For hoth processes write the SAME matrix element
% electron-positron annihilation )
- e+ + ¢ dna
e M = e T
2 2
¢ q

However, the four-momentum transfer (¢ = E* - Eﬁ s
very different (¢ is the 3-momentum of the virtual photon)

p e
Here we will consider the case where all particlesare % Elaslice_-proton sca[[ering = (0’ Ei)

spin-0, (see lecture on Dirac Equation for complete EIY

treatment) ¢=-1

Fermi’s Golden rule and Born Approximation: X e+e' annihilation : q = (QE, 0)
do
— = 2n|M[dp(Ey)/df ¢ =HE’

28



Ejemplo (lll)

u u
4
u u
do 1 gfﬂ
FE 2\2 (&5)2

dg*  32m(¢* - Mw)* e _\/_ Jas =

0 sin’ 0/2

Genericamente: M ~ o, / (4% = (M, a02d0r)?) 5 X =S, EM, W
29



Reglas generales

If all are particles (or all anti-particles) e.g.

a+b—c+4+d

X First write down initial/final state particles/anti-particles.

* Only scattering diagrams involved

* Work out which bosons can be exchanged

a—__ ¢ a

b—"

Imitial State

~d b

Final State Initial State Final State

@ Draw SIMPLEST Feynman diagram using
Standard Model vertices. Bearing in mind:

% Similar diagrams for particles/anti-particles

% NEVER have a vertex connecting a LEPTON to

a QUARK
conservation of lepton number

conservation of baryon number

% Only the WEAK CC vertex changes FLAVOUR
within generations for leptons
within/between generations for quarks

If particles and anti-particles e.g.
a + b— ¢ + d

X First write down initial/final state particles/anti-particles.

X Can have scattering and/or annihilation diagrams

* Again work out which bosons can be exchanged
a

=2

X In all cases onlv Standard Model vertices allowed.
@ conservation of
% Energy - is it kinematically allowed
% Charge
% Angular Momentum

(3] Parity

% Conserved in EM/STRONG interactions

% CAN be violated in CC and NC WEAK
interactions

O check SYMMETRY for IDENTICAL particles in
the final state

*x BOSONS :(1,2) = +(2,1)

* FERMIONS : ¢(1,2) = —(2,1) 30



LO vs NLO, NNLOQO,....

So far only considered lowest order term in the Third Ordler:

perturbation series. Higher order terms also

contribute

Lowest Order: ¢ “+ lm
>V\L<

‘o o h 2
M2 o o ~ -k M| ocarumﬁ
Second Order :
Second order suppressed by " relative to first
M M order. Provided o is small, .. perturbation is

|M|2 x o small, lowest order dominates.

31



Leptons

e, i, T

Ver Vo Vo

Photon

Quarks

u, c,t
d,s, b

Spin 1 — Vector

Higgs Boson

Graviton?
Spin 2 —Tensor

Todo lo que
tenga masa

Spin 0 — Escalar!!!

32







Spontaneous
Symmetry i
Breaking




Spontaneous

Symmetry I
Breaking




Ruptura espontanea de la simetria electrodébil
(EWSB)

In the SM, if gauge boson and fermion masses are put by hand in Lq\;
breaking of gauge symmetry — spontaneous EW symmetry breaking

= introduce a doublet of complex scalar fields: ® = (23)  Yea=-+1

with a Lagrangian that is invariant under SU(2);, x U(1)y
Ls = (D'®)!(D,®) - p?@'® — \(@'®)?

V)
112 > 0: 4 scalar particles.
112 < 0: ® develops a vev:

(0/®[0) = (%, )

with v = vev = (—;1,.2/)\)%

To obtain the physical states,

B’ite L g with the true vacuum:
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L(p) = 0,¢" 0" ~ V()
V() = 1 ¢'$+ 1 (4'9)

Phase Symmetry: p(x) > e’ P(x)

Mgé: U

Trivial Minimum (Ground Stat




4 Vig

| have no vacuum
expecation value!




V(g) =

p(x) — e ¢(x)

Degenerate Minima

40|

A

(4" ¢)’

”_———_‘

-

Vacuum Choice




This costs too much
energy! | think I'll
hang out down there.










Higgs Boson — Missing Particle
of Standard Model

The modern Standard Model of particle physics presupposes the existence of a particle responsible for the mass of other
particles. The discovery of a similar particle was announced on July 4, 2012

The Higgs Field is a hypothetical
universal field comprising Higgs
bosons

I am accelerating!

&
Iy

ELEMEMNTARY
PARTICLE

HICSS BOSORMSE %
(HIGES FIELD QOUANTUMS)

Oh, | am slowing
down!

Other elementary particles slow 2
dowwn,_while contacting this field.

Consequently, the particles acquire

mass

History of searching for Higgs Boson in various mass ranges (GeV)

o 200 D0 [=Tela} 00
HE . -

Ruled out by The LHC =~ registered Fuled owt Ruled owt Incompatible

LEF = - = by LHC == by indirect wwith the

measurseEments a pam.:l'a with measursements measurements Standard Model

— specifications similar o b i e
before 2001 to the Higgs Boson as of 2011 470 GeWV over B00 GeWV

inthe 125-126 GeV and more
mass range

up to 114 Ge™ 141-470 GeW

* LEF — Large Electron Positron Collider, the predecessor of the LHC (was located inside the same tunnel)
= * LHC — Large Hadron Collider. the largest particle accelerator in terms of its energy levels. Searching for the Higgs Boson is one of its main tasks 46
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¢, Es el SM suficiente?

Measurement Fit lO™meas_Qfity/smeas

Q i 2 <
m_ [GeV] 91.1875 = 0.0021 21.1874
I [GeV] 2.4952 = 0.0023 2.4957
ooy [Nb] 41.540 = 0.037 a1.a477
R, 20.767 = 0.025 20.744
AL 0.01714 = 0.00095 0.01640
A (P) 0.1465 = 0.0032 0.1479
R, 0.21629 = 0.00066 0.21585
R 0.1721 = 0.0030 0.1722
AP 0.0992 = 0.0016 0.1037
AL:C 0.0707 = 0.0035 0.0741
A 0.923 = 0.020 0.935
A 0.670 = 0.027 0.668
A(SLD) 0.1513 = 0.0021 0.1479
sin“eSPY(Q,,) 0.2324 = 0.0012 0.2314
m,,, [GeV] 80.392 = 0.029 80.371
r,, [GeV] 2.147 = 0.060 2.091
m, [GeV] 171.4 = 2.1 171.7

o 1 > 3
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Problemas del SM

Problema de la jerarquia: masas diversas y acoplamientos
diferentes (fuerza fuerte vs débil) — Renormalizacion

Materia oscura — neutrinos ? No parece..

Modelo Higgs tiene problemas con la Constante cosmologica
— Expansion del Universo

Unificacion de fuerzas
Strong CP — ¢ Por qué QCD no viola la simetria CP?
Oscilaciones de neutrinos (relacionado con masa)

Demasiados parametros libres (mas de 20) : 12 masas
de fermiones, matrices de mezcla de quarks y neutrinos,
la masa del bosén de Higgs

El SM es simplemente eso, un modelo, mas que algo
fundamental

;. Por qué 3 familias/generaciones?

;. Son los leptones/quarks subestructuras fundamentales?
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Modelos Teorias SUSY

No hay evidencia directa (aun) de la existencia de supersimetria: estan
motivadas por posibles soluciones a varios problemas teoricos

Como no se han observado “superpartners” de las particulas del SM, la
SUSY debe ser una simetria rota (si es realmente una simetria de la
naturaleza) — Superparticulas mas pesadas que sus correspondientes
en el SM

Pros:

— Si la supersimetria existe en energias cercanas a la escala de TeV, permite
la solucion del problema de la jerarquia

— Permite la unificacion de fuerzas (S y EW) a alta energia
— Proporciona un candidato a materia oscura: neutralino (LSP)
— Proporciona un mecanismo natural para la EWSB

Cons:
— Aun no han sido comprobadas experimentalmente....

Teorias:
— Minimal Supersymetric Standard Model (MSSM)
— Superstring Theory
— Supergravity 49
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