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\ Unification Paradigm

: Unification Theories

Electricity and magnetism are different
manifestations of a unified "electromagnetic”
force. Electromagnetism, gravity, and the
nuclear forces may be parts of a single
unified force or interaction. Grand
Unification and Superstring theories
attempt to describe this unified
force and make predictions
which can be tested with
the Tevatron.

ation of strong, weak and electromagnetic
s within Grand Unified Theories 1s the new
1cation of all forces of Nature
unified theory of everything based on
seems to be possible 2
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& What is SUSY?

Supersymmetry is a boson-
that 1s aimed to unify all ing
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otivation of SUSY in
Particle Physics

[ Unification with Gravity

[ Unification of gauge couplings
A Solution of the hierarchy problem
A Dark matter in the Universe

A (Super)string consistency




otivation of SUSY in
Particle Physics

- ® Unification with Gravity

Q| boson >=| fermion > Q| fermion >=| boson >
spin 2 = spin 3/2 = spin 1l = spin 1/2 = spin 0

1on of matter (fermions) with forces (bosons) naturally arises
empt to unify gravity with the other interactions

(0,05} =20"(") 4 B, = 1,.5,}=2(c"E)P,

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

Local supersymmetry = general relativity !




otivation of SUSY in
Particle Physics

tion of gauge couplings
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Motivation of SUSY

W %=bidf, G =a, /4 = g2 /16n°, t=log(Q*/p’)
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SUSY yields unification!




\Motivation of SUSY

n of the Hierarchy Problem

. VA~ 102 GCV & o 10—14 < 1

s~ V ~ 10" GeV s

Cancellation of quadratic terms
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. boson ermion
 heavy (M) ( )
= dm? ~ A2 . h!z
A ! !
102 10-1 106 gauge
~~ boson Z gaugino
g -0
rigin
Ve

2 2
D, m'= Z m
bosons

fermions




tivation of SUSY
Dark Matter in the Universe

The flat rotation curves of spiral
coeerved 3 1 galaxies provide the most direct

p W Y

»""'_"

evidence for the existence of large

expected

trom amount of the dark matter.

x luminous disk

R (kpc)

M33 rotation curve

€S consist of a central
ory thin disc, and
‘an approximately

f dark matter

SUSY provides a candldate for the
Dark matter — a stable neutral particle




Cosmological Constraints

€W precise cosmological data

B =1 — P =P, *Supernova la ex v g
30, * CMBR thermal ﬂuctuatlons
A measured by WMAP
lMatter 23 x 4% ( ¢ )
A Hot DM
(not favoured by
i the Universe: galaxy formation)
/& Qi Cold DM +—
V\V d (rotation curves

E\\&E/\ of Galaxies)
"%
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Superalgebra

(Super) Algebra
Lorentz Algebra

(BB 1=0, [F, M 1=i(g,,F = 8, F,);

P

[MW’MPG] A i(gVPMMO _gvoMup = 8 Mo +gu0MVP

)

SUSY Algebra

[0,,R1=[0;,P]=0,

[0, M,,]1=3©,,): 0}, [0:.M,,1=-10;G,,)
{05,041 =20"(c") 4P,

o,0,B,p=124,7=12,..N.

p

o

Superspace
Ty = By Oy Ve

Grassmannian %: 1,2

—2
parameters ﬁ(f —0, 90 =0

SUSY Generators

—a
=9 _ oM
Qx 09, lOoco'ce au

N _ 9 u

2 A
0. =0,0,=0

Supertranslation

Ty, — Dy, ’L'Hauﬁ_— i{aué,
0 — 0+¢,
0—0+¢
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| Quantum States

ntum states: Vacuum= |E A > Q|E,\h>=0
" )’ E 4 h 1'\'t
0(,PM]=[QOUPM]=() nergy helicity
State Expression # of states
vacuum | E,A > 1
1_part|C|e Q|E,}\. >=|E,}\.+1/2> (iv)=N
2-particle 0.0, | EA>=| E\+1> (]zv )= =
N-particle [|0,0,..0y |E,h>=|E,L+N/2> (% )= 1

-
-1 N-1 .
(,]CV )= 2% = 2" bosons + 2" fermions
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SUSY Multiplets

scalar spinor

: helicity -1/2 0 1/2
v =1, \=0 #Hofstates 1 2 1

T multiplet 7 =1 A=1/2 helicity  _1-121/2 1

#Hofstates 1 1 1 1

rs of a supermultiplet are called superpartners

N
(@)

(A, A4,)
/ N\

spinor vector

N=4 SUSY YM helicity -1-1/2 0 1/2 1
A=-1 # of states 1 4 6 4 1

N=8 SUGRA helicity -2-3/2-1-1/201/2 1 3/2 2
=-2 # of states 1 8 28 56 70 56 28 8 1

N <8 For (super)gravity

13

N <4 For renormalizable theories (YM)
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plest (N=1) SUSY Multiplets

0sons and Fermions come In pairs

) n4)  (g.2)

pin 1/2  Spin 1/2 Spin 1 Spin 3/2 Spin 2
o
\ & O
Q> O S &
o O o 4'& &
& @ >
v
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Minimal Supersymmetric
Standard Model (MSSM)

SY: # of fermions = # of bosons ~ N=1 SUSY: ((p A ) (A, Au)
: 28 bosonic d.o.f. & 90 (96) fermionic d.o.f

There are no particles in the SM that can be superpartners

SUSY associates known bosons with hew fermions
and known fermions with hew bosons

of the Higgs doublets — min =2
‘axial anomalies (in each generation) I

-2+ 2)-1-1+48=0 Higgsinos

L Ug dp voe e _1+1=0
15
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#icle Content of the MSSM

Superfield Bosons Fermions SU.3) SU,(2) U,(1)
Gauge
€ gluon ¢g° 8 1 0
yk Weak W*W*,Z) 1 3 0
V' Hypercharge B(y) 1 1 0
Matter .
L L =(.e), L=@,e 1 2 -1
Eli sleptons < El- & leptons { Ell. =(€R ) | | 5
0, O, =(ii,d), ‘0 = u,d), 3 2 1/3
U, squarks { {@fEEy quarks { U. =u 3 1 —4/3
D, D. =d, D. =d; 3 1 2/3
Higgs

H _
f, Higgses {Hl higgsinos { - 1 3 1
H, H, H, 1 2 1




How to write SUSY
Lagrangians

e your favorite Lagrangian written in terms of fields

e Field (p\p,A,) = Superfield (®,V)

Replace

4 L(X) =) fd4x do L(x,@,é)

in superspace f do_ =0, f 0,d0, =0,

17
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iThe MSSM Lagrangian

L - L T L + LSOﬁBreaking

gauge Yukawa
The Yukawa Superpotential Superfields

W, =y, O 1,U, +yv, O, H D, +y, L HE, +uwH H,
Yukawa couplings Higgs mixing term

Wyw =ML L E+ }LI'JLLQLDR * M'LLH2 + AU D Dy

N

er Baryon number hese terms are

, forbidden in
—6 -9
A oA <107, A, <10 the SM
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R-parity

_ 3(B-L)+2S  The Usual Particle :
R=(-)

SUSY Particle :

onsequences.

* The superpartners are created in pairs
 The lightest superparticle 1s stable

|

* The lightest superparticle (LSP)
should be neutral - the best candidate
is neutralino (photino or higgsinoy

e [t can survive from the Big Bang and
form the Dark matter in the Universe

B - Baryon Number

R=+1 L - Lepton Number
R= -1 S - Spin
~ @
P/ C W
+
e /
@ _
A
® ~
p ®
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nteractions in the MSSM
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Decay of Superpartners

qLR%q+X

qL%q'Hc,-
By — 9+ 2
~ ~0
e [+ 1,

~ Ni

> Vl -I—Zl.
~0
e+Vv +x,
_' ~0
q+ X,

1

=, L - '*-..,—,-
..... o ;
q
L~
i',* W= v, q
neutralino

~0 ~0

X, > x, I+ 1
~0 ~0

X: — X "‘Q"'q

~0 ~+

X, > x, +IF+v,

~0 ~0
)( %){1 +V +V1

il . \() ".. ;
i
LR ’---o
{
<i
\_T f. .—\-(l’
ﬁ.

Final states

'+ E,

2 jets +ﬁT

Yy +E;
Z,
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Soft SUSY Breaking

Hidden
secto

Messengers

Gravitons, gauge, gauginos, etc

Breaking via F and D terms in a hidden sector

Py 2 2
—Lg, =Y MAL+ Emol. AT ++ ZAijkAiAjAk + ZBHAZ.AJ.
o /' i \ ijk /

gauginos scalar fields

: ver 100 of free parameters !
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MSSM Parameter Space

e Three gauge couplings
 Three (four) Yukawa matrices
e The Higgs mixing parameter

e Soft SUSY breaking terms

GRA Universality hypothesis (gravity is colour and flavour blind):
Soft parameters are equal at Planck (GUT) scale

_LSoft = A{y,0,H,U, + beL[:[\l% +y, L, HE,} +BuH H,
+m§2|cpz |2 +%M1/2E}¥a}\’a

o A, my, M,,, B<> tan} =v,/v, and

A | m and }\' il’l the Sl;ﬁ[

b
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Mass Spectrum (spin=1/2)

LM LM Oy @MY +he)

gaugino- Higgsino =

\ \\
\ \
AT Mo = o, \/EMW U — Xi
i \/EMW cos 3 u YXa
0 .0 .0 .0
\ (X19X29 X39 X4)
| ns

B’ M, 0 -M, cospsinf# M, sinf sinfV
W 1O 0 M, M, cospcosl  -M,,sinf coslW

A H' | =M, cospsini# M, cosp cos 0 i

H? M, smfsmlV -M,sinf cosh -l 0
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=

Mass Spectrum (spin=0)

f
"~ iy, mt(At_MCOtB)) i
o _ v
. (mxAt—ucot B) i, ?
~2 i, m,, (A4, — u tan B)) b
= ~2
& m, (A, —wutan[3) myg ];2
nﬁtL—mé+m +— (4M —M)cos2p,
~ 2 2
my, =m, +m’ —2(M, - M,)cos2p, =, +m’ -1(2M;, - M) cos2p,
= "+ (M cos2p.
mbL=mQ+mb—g(2MV2V+M§)cosz[3, i +m + (M, - M) cos2p
fiy = ity +m, + % (M, —M7)cos 2P, ~
Ti1
’/;l‘ch m‘c (A': - Mtan[s) —> o
T2 |5

m (4, —utanf3) 1,y
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SUSY Higgs Bosons

H° e EG o
H=(H_)= 2 |=exn=D)| VT2
H- 0
. S S
H— H' =exp(i2yH—<=5 . | V7 /5
0
HOY v+ 20 — H,
Hio=| | 2 |, H, = o ||y L SetiB | —
1 Hl_ 2 2 \/5

2,.2_.2 _
v, Tv;=v" | v, /v, = tanp

|
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The Higgs Potential

Vo (H |, H,) = m12 | H, |2 +m§ | &g, |2 _mi(Hle + h.c.)

2

2 2
g +&8
4 (| H,

g +
Q _|H2|2)2+7|H1H2|2
t the GUT scale: m’ =m; = u, +m_, m; = -By,
Minimization Solution
2 12
LV oy iy, 48 2y, g, 2 oA —m; tan” B)
2 2 2 2
0.4, 4 (g° +g")(tan® B - 1)
4 o T o
I 2 2 % 2 m
Sl = Y% 0 TN, e 3
6Hz 4 [3 I’I”ll2 + m22
=, = vsin 5, At the GUT scale
No SSB in SUSY theory | ——¢gmy 12 =~ 4 20

g2 + g'2
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diafive EW Symmetry Breaking

Due to RG controlled running of the mass terms from the Higgs potential they may change
sign and trigger the appearance of non-trivial minimum leading to spontaneous breaking of

EW symmetry
=

T

a0

a0

o

o

100

0

0 ors

_mI_12 tan? 3 ‘ M {

- this is called Radiative EWSB
tan [} = 168
\ \.h‘\.l
'.‘\'\('hl
r . n
i \‘\___ -
e : (piem, )
4 e
r e
— ~
e {1 m,
2, 4. & 8 -ie- 1 T
bog,, Q
2 IB 1
(

- T00
% ‘ tan [l = 50
—" m q “\_\ “I . \ ‘
i 3 - \(;Iuho
i ™
= N
00 e
200
m, "
wi Wy e g———
l; e il —_
Bino ___ ——
100 ",
L]
P N T 4 18
log, Q

For given tan ﬁ

m, and m, ,

“NIT"“VW

Hard SUSY parameter
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Modd _ an N tanﬁ
dPOP. 1
: J H;=y;
Apeen °V tan f3
X I
H;=v,
MCh 0 BZV o tan [?)
oH oH 1
! J | H. =v

G’ =—-cosBP, +sinp P,
A=smpPFE +cosPP

G =-cosB(H;) +sinpH;
H* =sinf(H) +cosPH;
h=-sinosS, +cosa.s,

H =cosas, +smas,

cot f3

Higgs Boson's Masses

1)2
iy
cot

—1) 5 (cot[?» ol
m; +

M2 cos B sin
—1 tanﬁ) zcospsin B

(m; + M, cosf sin )

cotﬁ)

Goldstone boson — Z,
Neutral CP = -1 Higgs

Goldstone boson — W™

; 2 2
Charged Higgs tan 20t = tan 2 m‘; -_rmg
SM Higgs boson CP =1 =Mz
Extra heavy Higgs boson 30
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The Higgs Bosons Masses

| _ 2 2
d neutral Higgs A | my =m; +m, M, = gT
2

ven charged Higgses H mz _ mi "‘Msz M2 . ;g e
-even neutral Higgses h,H

1
= [+ M =\ + M)’ ~4miM cos” 2

m, = M 7 ‘COSZ[S ‘ < M ; | mm) Radiative corrections

3g2m4 ~2 ~2

m;: Ny
lo —=2 + 2 loops
167 M2 8 m’ ¥

t

2 g2 2
m’ = M, cos” 2+
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éohsfmined MSSM

equirements:

 Unification of the gauge couplings \
e Radiative EW Symmetry Breaking
* Heavy quark and lepton masses

e Rare decays (b -> sy, b->up)

* Anomalous magnetic moment of muon >
* LSP is neutral
« Amount of the Dark Matter A,,m,,M,,,,n,tan 3
» Experimental limits from direct search

J

ywed regio 100 GeV =m,,M,,,,u <2 TeV
o ol -3m, < 4, <3m,, l<stanf} <70

32
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onstrained MSSM (Choice of
constraints)

iImental lower limits on Higgs and superparticle masses
ns excluded by Higgs experimental limits provided by LEP2
m >114.3 GeV

Higgs
g 1000 £ 1000
tan B =35 tan B =50
o 800
e 60D
f 400
= ; 200 T —

200 400 600 800 1000

m, 200 400 600 800 1000

m,
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‘B->sy decay rate

ard Model MSSM

b W=+ s b . C % S

B(B — X,v) = (3.28 £ 0.33) x 10,

mg

BR(h — s )|\, X pAtan 3 f(m; .m

LMgs)

- v(l+ Amy) b H '+ S

Xv)=(3.43+0.36)x0"
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onstrained MSSM (Choice of
constraints)

Data on rare processes branching ratios

B(B — X¢v) = (3.434+0.36) x 10~

gions excluded by experimental limits (for large tanf3)

éZIODO
800
600
400

200

N

200

tan B =35

400 600 800

1000
m,

£ 1000

tan 3 =50

800

G600

400

200 | @
200 400 600 800 1000
llln

JD
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Rare Decay Bs & u+u-

+ + 2
W ( u 10 :'TYIY]YIV‘I’YITY]TITTY'T"T'TYITTYIY:
[ A0, p>0 | ]
] [ my=300 GeV' | ]
W s ! .
1 xA ' R
X %
ey -
u+ - 10 o =
Z T, [ % :
- (a8 ! = J
- "l’ '-___- - I.l'y" R
~
— z
- oo/]\\ B
%
1 1 = / =
l C '7"/;;,_‘,0 ]
‘ " -1
b-lljlLlAlLllAlLllAlLlAlL]l'LLlllllJlL.1
250 500 750 1000
r m, ,[GeV]
2 2
PY ms 5 ms 2
‘ ey ¢ log |3 £ log | —#
G ”V Vv tan® 3 My, Myt \ sin 26; m log [ pu? ] My, log [ 2 ]
. + - [ W't ind 0. 2 A2 . 2 2 2 2
Br(B, — ptu| V27 4 sin” Oy Mg M5 2 p* —mg pE—mg
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onstrained MSSM (Choice of
constraints)

Data on rare processes branching ratios
BBs — putp ) <3.7x1077

lons excluded by experimental limits (for large tanf3)

EZ:'IOOO o
£ 1000
s tan B =35 tan B =50
800
600
6500
400 400 %
200k\ -

200 400 600 800 1000
m,

200 400 600 800 1000
m,
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Anomalous magnetic moment

at? = 11 659 202 (14)(6) - 10~1° a?FP = 11658 470.56 (0.29) - 107'°
37 > % R o weak - . -
a3 = 11659 159.6 (6.7) - 10~ a,“" = 15.1(0.4)-1077
hadr - - —-10
a = 673.9(6.7)-10
afP — aoM = (127410 ) - 10710 g 2.8.(5-6)
EW 7 H ~
v o '«9\\:-\' u‘ / .\\_// & s
3 400 B
3 B
¥ 200
4o, M |z
) *—tanP (1-—Ilog—"5 & 0
SUSY ! m,
~200
% -400
I ogs B tanf3
'
38

38




onstrained MSSM (Choice of
constraints)

Muon anomalous magnetic moment

Aa, =a,’ - a;h =(27+10)-107"

u

Regions excluded by muon amm constraint

£ 1000 " £ 1000
800 800
600 600 tan 3 =50
400 400
200 k S k

200 400 600 800 1000 200 400 600 800 10I:0
m,
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onstrained MSSM (Choice of
» constraints)

The lightest supersymmetric particle (LSP) is neutral.

his constraint is a consequence of R-parity conservation requirement

Regions excluded by LSP constraint

é 1000 ES‘ 1000
300 | I 800

T tan B =35
600 600
400 400
200 200

200 400 600 800 1000
M,

40

200 400 600 800 1000
m,
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avoured regions of parameter
space (MSUGRA)

Pre-\WWMAP allowed regions in the parameter space.

m the Higgs searches tan 3 >4, from a, measurements p >0

™ R I A T AT R A I TR T O LIRS v B Py e S Y SRS S P A e YT
£ 1000 | £ 1000
800

600

400

200 | &

200
200 400 600 800 1000 200 400 600 800 1000
Mo m,
5 tan 3 =50
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llowed regions after WMAP

In allowed region one fulfills all

the constraints simultaneously
and has the suitable amount of
the dark matter

Narrow allowed region enables one
to predict the particle spectra and
the main decay patterns

Phenomenology essentially depends

on the region of parameter space and

has direct influence on the strategy of
SUSY searches

42
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Bong-lived Superparticles

oo o The reason for long life-time is
# mass degeneracy with the LSP
1500 Ty
- e Long-lived T _
A - . — Long-lived T
500 ~4+ ~(

Long-lived X1 5 X2

s00 1000 1500 200C
Mg

Life-time ~ 10 sec, M ~ 100 GeV

a secondary vertex or flyes through detector

Ine-tuning of parameters !
43
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mass [GeV ]

s00

700

600

S00

400

300

200

100

0

USY Masses in MSSM

auginos+Higgsinos
1 1 L J 1 § T
- -
= o
b . -
0 %
i S
I"lvw! |<‘)(I\‘\ 2‘2
£ : -
b “ -—
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L0
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7(\
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0 100 200 300 400 SO0
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0

Squarks and Sleptons

8500
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400

300

200

100

L 4 L T L4 L4 4 L 4
my2 = 150 GeV
n<0
| m ,:’ N
mg
m:=
I 'd, -
m il
- <
m v
m ;|: ""31 7
0 100 200 300 400 500
mg [GeV]
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iMhe Lightest Superparticle

property signature
~0
mediation [SP =y, stable jets/leptons + /E( .
e mediation [ gp -G stable E .
~0 ~0 ~ o~ o~ .
¥ X, = vG,hG,ZG photons/jets +,E(T
NLSP=¢ ! ) N
;R e lepton + & ,
L (
~0
' X stable
RSP = - lepton + % .
2 stable
\ VL

1S unstable -> SM particles D
Rare decays

Neutrinoless double f*decay
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gation and Decay of Superpartners in
Cascade Processes @ LHC

Typical SUSY signature: Missing Energy and Transverse Momentum
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ground Processes of the SM
or creation of Superpartners

\ w 1 A V;“:@ .'7,9. " y ) "
\\ NN / - R L ole e 00 D - b
’/ vV VN V/ O 4 ‘T—.— b
’ ~ ™~ - g 9 ~ ~
v Py
/ q A A
51 2i 1 4i.41,%/ T
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Cross-Sections at LHC

|

~ -~

cross sectionp-ptogg I [ Cross section p-p to . l; I

|

cross section p-p to ul uR |

1

10"

107
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SUSY Production AT LHC

Up

SIGNATURE:

4 b-jets + 4 muons + E miss
—

LARGE!

49
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SUSY Signal @ LHC

= 0
Truth_m, =180 GeV —_summot _
Mean 3.8380+04
0 SM32 1.1780+04
S0
v
3 4
Q.
3 30 Clear end-point
2 behaviour
w 20 -
<4
10
DOl O
0’
0 o °0 10 20 30 40 50 &0 70 80 S0 100
Invariant mass of opposite charged lepton palr, [MeVic’]

ass distribution of OS charged lepton pair
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for Supersymmetiry @ LHC

I w1, 10, 100 300 8

1400 Ap 0 asPe M a0 1400

1200

one year
- ~RA
@109

1000 1 1000

Z
= 50 >
: 5 0
B one year <
@1033 o~
) E .
600 800
one month
Vs« iy 3 '.
lt 400
one week
@1033 —— - i : o
: 200 cosmologically plausjble
region 200 i
g visbidty of diopton 3
= struclure a
0 1 | 1 >
0 S 1w 1500 2000 0 500 1000 1500 2000
my (GeV) mOlGQV'

annel Reach limits for various channels
at 100 fb !
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)

Mass (GeV/c

X

&

-
»

SUSY Dark Matter

Neutralino = SUSY candidate for the cold Dark Matter
Neutralino = the Lightest Superparticle (LSP) = WIMP

~0 ~ ~ ~0 ~0
X =Ny+N,z+N Hi +N, H;

R s % &
L]

photino Zino higgsino
Preliminary DELPHI LSP limit at 189 GeV
] X —
v - M® =40 GeV
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ran3
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et L3 pectimiary

m,=500 GeV

10 -

Excluded at 95% C.L.
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10
tan

» Superparticles are created in pairs

* The lightest superparticle is stable

R =+1, R. =-1
p p
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Dark Matter Detection

/

Direct detection

DAMA, Zeplin,
CDMS, Edelweiss

\,

Indirect detection

e EGRET -> GLAST(FERMI)
Diffuse Gamma Rays

e HEAT, AMSO1 -> PAMELA
Positrons in Cosmic Rays

e BESS -> AMS02
Antiprotons in Cosmic Rays

g

Evidence of DM annihilation!
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cent Results on Direct
Detection

Spin Independent
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Cryogenic Dark Matter Search (CDMS)
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Dark Mattter Annihilation

Annihilation products from
dark matter annihilation:

Low-enerpy |J olor 18 Pasitrans

Quorks - &amma rays
0 % ‘ ° (EGRET, FERMI)
. / 1!1 Eler:truns

Medium- Energg,r
\ / qamma rays
,.-\j'\"a s I'k Neutrinas
~@ i — |
/‘* ot %m . Antiprotons (PAMELA)
Antiprotons e+ + -

> O ¢ (ATIC, FERMI, HESS, PAMELA)

Supersymmetric e -
' . i WA Protons

neutralinos el MAA
Y Neutrinos (Icecube yet
., ho results yet)

Uecoy process

Positrons (PAMELA)

e-, p drown in cosmic 3?




Why WIMP?

oltzman Equation Hubble constant

dn l

d—t"+3an=—<Gv>(n;—n;,eq), H=R/R

¥
mn, 21077 cm’sec™

N Q h2 = X X ~
Abundance X 0. Py

113+ 0.009,

o ~10""em* =100 pb
/ sec “# g

. Typical EW x-section
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Neutralino Annihilation Final

States
%“‘ah T,,r*"’f X\ ;f % f‘f

o =L 'T—HJIi [:;_1:) MR X _"_\‘F“EI[.H \
! tan - my, + : Zly
L N X- “--.5_1_.
*w X 2(“\“z
[.'.rl e .rr.': |u:—=; 7, 1rr.'l,af| o
€q
Dominant Quark-fragmentation known!
X + % = A = b bbar quark pair Hence spectra of positrons,
Sum of diagrams should yield gammas and antiprotons knownl
<ov>=2.10-26 cm3/s to get Relative amount of y,p,e+ known

correct relic density as well.
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sis of EGRET Data in 6 Sky
Directions
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Total x2 for all regions: 28/36=Prob.=0.8 Excess above background > 100
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Diffuse gamma rays from
FERMI

-]” .I 1||;rr[| | r1|rr£r

L)< 500, 0° & bf < 20

4 4444420% EGRET
H’Wﬂm#} : '

8 s |Published * :
> : |FERMI data v
- - lon VELA pulsar: | ‘ :
~ > |agrees within errors ‘
I‘ A Y j + 0" with-EGRET-at-3-GEV-

B SWodel (! + 1C + Brem) + FG +inste | !

astro-ph/0812.2960 |
' Iwmm‘mm f © ) EGRET 2

1 | ! - M IFEI'IT]i II
y : ﬁ STl — ExpCutaff \
0 0 o S ——
' ' : 10? 1" 1
j [: :l[|-\'| ; Frergei G}
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PAMELA: positron and
anfiproton measurements

_ Nature 458:60.2009.mrXiv;0810,4995
Positron fraction

ae’) / (bie)+ mte )]

Fositron fraction

® DAuEA

Energy (GeV)

(O. Adriani et. al., PRL (2009)[0810.4994])

+|:r"e|rrn new daTn Baz:rn F'r.tmzlﬂ W'S EDOEI
E-Iu —| 1

Antlproton/proton ratlo

wi=" 4 PAWELS Tih- orick: —
- § PRYELA Bh- NORS
* EAMELA - MORND

— Mastaenkn 3007 |4<3, 05157

=--===+ Hangetriim i Uic 1585

0= -+ Malnar & Simon 2001 i¢=550| | —

1 1 1 1 1111 111 I
1 10 1
kinetic energy [GeV)

Antiprotons: NO excess
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Enterpretation of PAMELA Excess
Many possibilities:
»Background from hadronic showers

with large electromagnetic component ->a,_,.o

> astrophysical sources

&

< pulsars =% Qpyisar
< positron acceleration in SNR =% Qgec
< locality of sources -> GgNp

> dark matter annihilation -> Gpma
< leptophilic?

% bound states?
% Kaluza-Klein



BClustering of of Dark Matter

Pl ey e el Clumps with M,;, -> dominant
Steeply falling mass spectrum. Fontmbu‘h?n -? MANY c'“'“ps
Boost factor ~ <p2>/<p>2 ~ 20-2000 in given direction -> same

From fit: B~100 for WIMP of 60 GeV Rellrangeleare ol (e LI (T8Tos dle]( 3




Fitted Hallo Parameters

a Rav Flux: (<ov> from WMAP) > | Enhancement of

9 2
. {ov) — dNy 1 (p2) rings over 1/r
Ox(E,¥) = — by Bi-—X.dl, .
X g nl
ix G dE 7, of/ £ \1 profile 2 and 7,
respectively.
[\ & .'_-.r1 r a2 vl i i
R\[14+()°]" Fr=Rn) () Mass in rings
Px (r) = /‘ﬂ( 2 ) 14 ' ,Rh,)“ + S Pn €XP | — 902 F 942 1.6 and 0.3%
/ B '; n=1 = R,, - n
\ &/ of total DM
Parameter Value Parameter . Value H2
(8 2 R" l ; l{[n
3 2 OR.a 3.4 kpe 4 R [kpc]
0 0.3 kpe 14 kpc coincides with ring
Ra 8.5 kl)l' b 2.3 GeV 4'!!1_3 of s*ar's a“' 14— 18 kpc due
: Al Ry L4 to infall of dwarf galaxy
Po 0.47 GeV ecm™3 TRb 2.1 kpe
Pa 3.3 GeV em™3 Ts by 128 kp(‘ . 5 o o
| ) 4 kpc coincides with ring of
)/ a 0.9 cla 0.8

neutral hydroaen molecules!
W.de Boer, C.Sander, V.Zhukov, A.Gladyshev, and D.Kazakov, @A&A 444 (2005)17
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. o T e L .

Fallo Dens

on Scale of 30 Kpc

Isother. NFW
R200 295 kpc 145 kpc
DM: 3.1012 Mo 3.1011Mco
Vis.: 6.101° Mo
Outer Ring: 3.1010 Mo
Inner Ring: 3.10° Mo

Side view




ation Curve for the Milky Way

—500
‘» 14 CO — total — dm
E Je HI -===- luminous disk ----- halo
‘nana 1™ HILHI = bulge inner ring
. B %400 | ~== outerring
ntributions to the : 4
tion curve of the 30 |  Rotation Curve
Way from
200
Isible bulge I
. \,..-"‘;’f.
le disk 100 Ja |
= / e \ Outer Ring
) -100 + L

0 25 5 75 10 125 15 175 20 225 2%
R [kpc]

Normalize to solar velocity of 220 km/s R [kpc] >
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llowed SUSY Parameter

£2000

r . 1141 GeV .

:hf 2m y MSUGRA can fulfill
A~ X

» boost > 100 FRTHE LY B | | all constraints from WMAP,

1500 | PRETTE PN LEP, b->sy, g-2 and EGRET
simultaneously, if DM is

neutralino with mass

in range 50-100 GeV and

squarks and sleptons are

O(1 TeV) _
m, common spin 0 mass

m,,, common spin 2 mass
tanf = v,/v,

1000

500

500 1000 1500

High tanfS solution
tanB = 50

2000
m

0 -4
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* Point and Mass Spectrum
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W.de Boer et al PL B636 (2006)13
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PHYSICS PROBLEMS

ologists:
hat is CDM and Dark Energy made of?
trophysicists:
hat is the origin of excess of diffuse Galactic
mma Rays?
icle physicists :
e are the Supersymmetric Particles?
mers:
hange of slope in the galactic rotation curve

is made of WIMPs which are SUSY

ticles distributed in Halo of our Galaxy
‘a mass around 70 GeV
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MSSM versus SM

L S +Sdof =33.117
B |SSH- ~Tidof = 22 4/13

sin” @

=i
My, [LEP)
SLC: siHZE:I:':"tALR:l

aHEL'E"r'

b — X_¥ -
L

1 1 'l 1 1 1 'l 1 1 1 1 1 1
—4 —z n

pulls=(data-thao)lerror

e MISSM is as good as SM

o B->S’7 } Better than in the SM

Is not described in the SM but
QDM naturally predicted by MSSM
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SUSY: Pros and Cons

e Provides natural framework-for unification with gravity
e Leads to gauge coupling unification (GUT)

e Solves the hierarchy problem

e Is a solid quantum field theory

e Provides natural candidate for the WIMP cold,DM

e Predicts new particles and thus generates new job, positions

Contra: Does not shed new light on the problem of
e Quark and lepton mass spectrum
e Quark and lepton mixing angles
e the origin of CP violation
e Number of flavours
e Baryon assymetry of the Universe

Doubles the number of particles



