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Neutralino Dark Matter

MSSM neutralinos: ( j_t} ﬁj - f;] lifﬂ)

My 0 —CaSwmyz S Sw My
M . 0 M 2 Ca Cyw Ny —S3gCW Iy

S3SWmyz  —S3Ccwmz — I 0

Lightest eigenvalue: {111 = Z11 B+ leﬁg’. + 713 *:; + Z14 H'Ll

R-parity makes the LSP stable — candidate for CDM

Relic density (WMAP):
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CMSSM and three WMAP “corridors”

CMSSM: o, J[l /25 4-4{],, tan f)) el Vo >~ 2 X 1016 GeV

Mostly “Bino”:

Peculiar conditions to enhance cross-section are needed!
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CMSSM and three WMAP “corridors”

CMSSM: o, J[l /25 4-4{],, tan f)) e \ [y ~ 2 X 1016 GeV

Mostly “Bino”: Y = o W 9 :; + 74 HL}

Stau coannihilation:

Yo+ F — T+ Zo(7)

— close to the “stau LSP” region
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CMSSM and three WMAP “corridors”

CMSSM: o, J[l /25 4-4{],, tan f)) e \ [y ~ 2 X 1016 GeV

Mostly “Bino”:

2Mg0 == M yo

possible for large values of tanf3
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CMSSM and three WMAP “corridors”

CMSSM: o, J[l /25 4-4{],, tan f)) el Vo >~ 2 X 1016 GeV

1.« . > 1. 70
Mosily “Bino” Xi=ZuB+ Z15Ws m

Focus point:

s -(—|Z13]* + 1 Z14]?)

for small u — close to the “no EWSB” region ( u° < 0)

SUSY-GUTs and Neutralino DM Lorenzo Calibbi



CMSSM vs. SU(5)py

Whassm = Y Q u hy +YPQ d® hyg + Y L € hy + 1t hy hy

W

=Y"1010 5,4+ Y*1055,4+Y" 51 5,4+ Mg 1 1+ p 5, 5

5)rRN
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CMSSM vs. SU(5)py

Wassm =YY Q v hy + Y4 Q d° hy+YC® L e hy + 1 hy hyg

W —Y*“10105,+Y%1055, +Y" 51!

(5)rN
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CMSSM vs. SU(5)py

Wasemny = Y" Q u® hy, + y“ Qd hg+Y Le hg+phy hy

o Y0105, + Y1055, Y76 15, + Mg 114115, 5,
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CMSSM vs. SU(5)py

Msusy

e —— e
MSSM SM

Mx Mcur Mp Msusy

4’—'—'—'—’
SU(B)rny  MSSMpgy MSSM SM
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CMSSM vs. SU(5)py

Msusy

T — s
MSSM SM

ME Msusy

MSSM gy MSSM
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CMSSM vs. SU(5)py

Msusy

T — s
SM

Msusy

MSSM
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SU(5),yparameter space

My = Mer

MSSM

Mx Mecur Mp

MSSMpa MSSM
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SU(5),yparameter space

I)

II)

No EWSEB
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SU(5),yparameter space

l Vi — Maur = mip(Mavr) = g5 coslMi, Int77 Z(TT - @

(right stau mass for m,=0 )

II)

No EWSEB
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SU(5),yparameter space

| A .y _ 5 : 144 5 , ]

II) ]
g ta.]ﬂ2 — 1
2B

sin 23 —S 5~ 5
my +my, + 21

No EWSEB
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SU(5),yparameter space

144
— (¥
207r >

- = M
Mx — Mgur = mZ_ (Mcur) =~ julQ/ 2 ln(M—X
lcur

(right stau mass for m,=0 )

oms3
(47)* o (,El/HU ! ~ Gy (my, + -irn.%,a -+ m%a + A?) m%u +m3 + -m%a + A2)
VLY \ Y
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DM phenomenology in SU(S5)xy

0 <m,M <1TeV WMAP allowed points

100 200 400 500

m, (GeV)
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DM phenomenology in SU(S5)xy

WMAP allowed points

300

mygo 2 160 GeV

SUSY-GUTs and Neutralino DM Lorenzo Calibbi



DM phenomenology in SU(S5)xy

0 <m,M <1TeV WMAP allowed points

A=10D
0

tan 0 2 34

300

mygo 2 160 GeV

SUSY-GUTs and Neutralino DM Lorenzo Calibbi



DM phenomenology in SU(S5)xy

0.1<Q<03 B NoEWSB  tan =40 0.1<Q<03 [ NoEWSB

QWMAP By Stau LSP >0 QWMAP Y Stau LSP
1000

)

CMSSM \ :‘:: SUB)p “\

Bl Allowed ] ! Bl Allowed

tanf =40/

1000
M, (GeV) M, (GeV)
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DM phenomenology in SU(S5)xy

01<Q<03 B NoEWSB  tanB=40 01<Q<03 [ NoEWSB

QWMAP By Stau LSP >0 QWMAP Y Stau LSP
1000

| |
| ]

CMSSM \ :‘:: SUB)p “\

)

Bl Allowed ] LUl Bl Allowed

tanf =40/

1000
M, (GeV) M, (GeV)

Stau coannihilation: mz ©~ mz, . —m; ptanf
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DM phenomenology in SU(S5)xy

0.1<Q<03 [ NoEWSB tan 3= 40
Q

0.1<Q<03
WMAP R Stau LSP >0

BN NoEWSB
QWMAP Y Stau LSP

1000

!

)
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| CMSSM
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1}
L]

e i
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- -

tanf =40/

1000
M, (GeV)

Stau coannihilation:

mmp Jower limit on tanf
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DM phenomenology in SU(S5)xy

01<Q<03 B NoEWSB  tanB=40 01<Q<03 [ NoEWSB

QWMAP By Stau LSP >0 QWMAP Y Stau LSP
1000

| |
| ]

CMSSM \ :‘:: SUB)p “\

)

Bl Allowed ] ! Bl Allowed

tanf =4OE

1000
M, (GeV)

Stau coannihilation: m — m, petan 3

mmm) ypper limit on the LSP mass myo ~ 240 GeVl(tan 8 = 40, Ag = 0)
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DM phenomenology in SU(S5)xy

The other CMSSM “corridors” ?

e A-pole funnel

tan 3= 50

tan [ ~ 45 — 50

u >0

1000
no more upper bound on the

LSP mass

* Focus point

not present up to S TeV

BN NoEWSB

Stau LSP

Allowed

1000
M, (GeV)
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DM phenomenology in SU(S5)xy

The other CMSSM “corridors” ?

e A-pole funnel

tan [ ~ 45 — 50

no more upper bound on the

LSP mass

* Focus point

not present up to S TeV

200 300 400 500

m, (GeV)
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DM phenomenology in SU(S5)xy

0.1<Q<03 BN ~NoEWSB

Q

tan 3= 40
u=>0
1000

WMAP
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DM phenomenology in SU(S5)xy

01<Q<03 ESS NoEWSB
0 <m,M <1TeV e ESY StauLSP

1000
M, (GeV)

Upper bound: RENYSIRESN «== tachyons!
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Distinguish SU(5)gy from CMSSM

Tau polarization in stau decays:

E
1

1 mmmm CMSSM 1 =mmm CMSSM
1 5U(5}+IC"; I i — 5'[:(5} +BRN
tan =50

A I 1 B i I i I i 1 i I f ]
300 400 500 100 200 300 400 500
m, (GeV) m (GeV)

L.C., Godbole, Mambrini, Vempati in preparation
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Conclusions

« In CMSSM, some peculiar relations among parameters are
needed to have the correct relic density

* GUT running and/or presence of RH neutrinos can destabilize
such relations

* In SU(5)gy relic density requirements put severe constraints on
the allowed range of tanfp ( > 35)

e Coannihilations branch shows a peculiar phenomenology and
upper bound on the LSP mass (around 250-350 GeV) in some
regions of the parameter space

* A-pole funnel appears for very large tanf3, while focus point is
absent up to 5 TeV
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