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Unification with Gravity

SUSY transformation

Q| boson >=| fermion > Q| fermion >=| boson >

spin 2 = spin 3/2 = spinl = spin 1/2 = spin 0

Unification of matter (fermions) with forces (bosons) naturally arises
from an attempt to unify gravity with the other interactions

(0.,0,1=20"("); P, = ©,.5.)=2(0"E)P,

¢ =¢(x) local coordinate transf. = (super)gravity

Local supersymmetry = general relativity !
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SUSY Multiplets

Chiral multiplet N =1 h =0

scalar spinor

helicity -1/2 0 1/2 N/
#ofstates 1 2 1 ()

Vector multiplet N =1 h=1/2 helicity -1-1212 1| (A, 4,)

#ofstatesl 1 1 1, / \

spinor vector

Members of a supermultiplet are called superpartners

N=4 SUSY YM helicity -1-1/2 0 1/2 1
h=-1 # of states 1 4 6 4 1
N=8 SUGRA helicity -2-3/2-1-1/201/2 1 3/2 2
h=- # of states 1 8 28 56 70 56 28 8 1
. N <4  For renormalizable theories (YM)
N =45 — spm N <8 For (super)gravity
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» N=1SUSY: Cancellation of quadratic divergences %2

p N=4 SUSY: Cancellation of all divergences /Lag%(z/
p N=4 SUSY: Integrability (Exact solution)?

p N=8 SUGRA: Finiteness (Construction of quantum
gravity)??
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Creation and Decay of

Super'par"rner's @ LHC

Typical SUSY signature: Missing Energy and Transverse Momentum
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Dark Matter in the Universe

The flat rotation curves of spiral

observed 1 galaxies provide the most direct

- N~

evidence for the existence of large

expected amount of the dark matter.

from
luminous disk

R (kpc)

M33 rotation curve

Spiral galaxies consist of a central
bulge and a very thin disc, and

surrounded by an approximately

spherical halo of dark matter e
SUSY provides a candidate for the
o Dark matter — a stable neutral particle



Origin of Dark Matter



Origin of Dark Matter

Photon e—p Photino

Y 7



Origin of Dark Matter

Photon e—p Photino

Y 7

Cosmic Microwave
Background



Origin of Dark Matter

Photon e—p Photino

Y 7

Cosmic Microwave Relic Dark Matter
Background



Origin of Dark Matter

Photon e—p Photino

Y 8
Cosmic Microwave Relic Dark Matter
Background

Weakly Interacting Massive Particle



Origin of Dark Matter

Photon e—p Photino

Y 7

Cosmic Microwave Relic Dark Matter
Background

Weakly Interacting Massive Particle

X =NY+N,z+NH +N, H,

photino Zino higgsino higgsino



Origin of Dark Matter

Photon e—p Photino

Y 7

Cosmic Microwave Relic Dark Matter
Background

Weakly Interacting Massive Particle

X =NY+N,z+NH +N, H,

photino zino higgsino higgsino

I - X1

B bino B higgsino (u)
M wino higgsine (d)




Origin of Dark Matter

Photon e—p Photino

Y 7

Cosmic Microwave Relic Dark Matter
Background

Low-energy photons .
Quorks S Positrons

VWWeakly Interacting Massive Particle 0 ) °

1V !|_ A

aul n'h’ .
VU » . Electrons

Medium-energy

~0 = = —~0 ==
X = N L N ,Z T N . Hi+N f H> Jumma roys » Q

v Neutrinos

LY -
@ o

photino zino higgsino higgsino '* et “EU_U-U\&!'.__.-'n.* .

A

| Y3

. ;* Antiprotons

Y

Supersymmetric | ’ o
M bino B higgsino (u) neutralinos YVAAAA AN A - . Protons

M wino higgsino (d)




Overview



Overview

v’ SuperMath exist for 40 years and forever



Overview

v’ SuperMath exist for 40 years and forever

v' N=4 SYM and N=8 SUGRA: Exceptional
models of QFT



Overview

v’ SuperMath exist for 40 years and forever

v' N=4 SYM and N=8 SUGRA: Exceptional
models of QFT

v/ SUSY in Particle Physics:Yes or No
for LHC to judge



Overview

v’ SuperMath exist for 40 years and forever

v' N=4 SYM and N=8 SUGRA: Exceptional
models of QFT

v/ SUSY in Particle Physics:Yes or No
for LHC to judge

v' SUSY in Astrophysics: DM searches + LHC



Overview

v’ SuperMath exist for 40 years and forever

v' N=4 SYM and N=8 SUGRA: Exceptional
models of QFT

v/ SUSY in Particle Physics:Yes or No
for LHC to judge

v' SUSY in Astrophysics: DM searches + LHC

V' SUSY World is beautiful

|7



Overview

We like elegant solutions




