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Supersymmetric Models Minimal Supersymmetric Standard Model (MSSM)

Standard Minimal Supersymmetric Model conserving R-parity = © LSP by assumption

Scalar lepton sector

Whssw=ey ) YO R L)

Veor=(M2)" Lj* L +[ej (A H! []R))+h.C.]

vmass—I'm2 —m2 cos 268( 4+, sin? Oyy)]]]
A [mi—m? Bz +eL )l Mass parameter:
mass __[2_ 1 2 ~k i i % :
Vmass—=[m2+ I m2 cos 23] 7; i, 7 Experimental constraints on 7 mass:
mass __[ 7,2 in2 2 77, ® e
\/79 =[m2+egsin® 0y m2 cos 26]T4]g ®
~

2my 21872
arp="Tp [17(721) ] 0(mz—2my)

®

mg > 45 — 50 GeV

»
{

my = mg

v is a WIMP = may account for cold dark matter content of the Universe
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Supersymmetric Models Minimal Supersymmetric Standard Model (MSSM)

Phenomenology in the MSSM models

Relic abundance Q;h? compared with
the WMAP interval for CDM:

0.092<Qcpmh?<0.124

 coherent elastic scattering on nucleon connected with

DAMA/Nal annual modulation region:

—¢(s2 h,H
€0 nucleon=¢€ (Jnucleon+gnuc/eon)

QP

§=min(1 7W)
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Supersymmetric Models Models with a right-handed sneutrino field (LR models)

Right-handed sneutrino field N

Wip = e(uH!FE—YHILIRI+ Y HELINY)
Vo = (MZ)WLFL/+(MR)Y NM N —[ey(AVHILIR/+AY HPLIN)+h.C.]

 mass eigenstates:

of = (57, N¥)
Vinass = % CDL:, M%FI (o7 = { Dp=+c0s 0 I +sin6 N
2 _ g
F= = VAvsinf—pmpeote Z coupling weakend by sin® ¢
Z—-width bound may be avoided
e m2+1m? cos(253)+m3, F2 ATzp= M Zuuss
LR F2 m’2V+m2D

Free parameters while
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Supersymmetric Models Models with a right-handed sneutrino field (LR models)

Sneutrino parameter space: sin —my

|
"'"".1;'.

F2=102 GeV?
1 GeV<my<1TeV F2=103 GeV?

F2=10*GeV?
® =
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Supersymmetric Models Models with a lepton—number violating term (} models)
H _ ! J
V. = 5-dim operator £ = g,/ Mx(e;LjH;)(ewliH)) + h.c.
Vinass= [mi+ % m% cos(203) ]Ijz 17L+ mB(l/LI/L+l/ v )

mass eigenstates

of = (o))
=
Vmass = § ]_/M‘_/ q)l_/
| Tk
2 m+3 mzcos(2,6) m2, { Ifr @(TH_TL)
v m2-+%m2 cos(28) =75 (L=7)

Free parameter while
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Supersymmetric Models Models with a Majorana mass term ( Maj models)

Models with right-handed sneutrinos and lepton—-number violating interactions: the case

for a see-saw neutrino mass

Wiy = ej(uH] =Y/ HILIR+ YHRZLINY)+ LMV R
Vioft (ME)IJ le* Z;/+(MI%I)IJ NN —
[(m2)V NN ey (A HI LRI +AY HRLIRY)+h.cC.]
®
ol =0 Nt o= Rir) e
)
m2+D?+m? F2+mpM 0 0
M FP4mpM  ma+MP+m2+m% 0 0
i 0 0 mZ+D?+m, F2—mpM
0 0

2 2 p2 2 o2
Fe—mpM my+M=+mp—mg

HEENEIENSES my, M, mg and F2 Rl
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Supersymmetric Models Models with a Majorana mass term ( Maj models)

Constraints from one—loop neutrino masses

Maj M = 1TeV

mye < 2eV

my,r < 18MeV

PR L "
0o S0 00e 10 107 109 104 10°€ L0001 1 1o¢ 1o = . S0t ot e 1 aer e
(Gev)

am,

S — R(E|.Epibm)
R(Eq,E2:0)

Suppression Taclo:

Sce 7’5 S
m,, as bound: I models strongly constrained contrary to Maj models

C. Arina (University of Turin) Sneutrinos CDM EURO-GDR SUSY 2007 9/18



Phenomenological relevant sneutrino configurations Relic abundance

Qh? vs my

© Arma, N Rornenga (2007

LR

viable
configurations
mg, > 15GeV

m, < 1TeV

¥

m,;1 > 10 GeV

Maj M = 1TeV j M =10°GeV

M = 1TeV
viable
configurations
m,;1 > 5GeV

mg, < 1TeV

M = 10° GeV
heavy 74

subdominant
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Phenomenological relevant sneutrino configurations Direct detection searches

. - (scalar)
Direct detection rates o, .., VS M

LR
viable
configurations

12

excluded

Maj M = 10" GeV

M =1TeV
viable
configurations

M = 10° GeV

excluded
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Phenomenological relevant sneutrino configurations Direct detection searches

Cosmologically viable sneutrino configurations

LR
my < [\
viable light o
my > 102GeV

(2
F2 > 10° GeV

viable heavy o

Maj M = 1TeV

104

M =1TeV
viable ©

4

small my
F2 in all range
for both light

and heavy ¥
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Phenomenological relevant sneutrino configurations Indirect detection rates

Annihilation signals from the galaxy and the Earth center

- - ‘_ ® Antimatter:
—O— > .

: D+ — X+p

WWM ' _ P+ — X+ D
BESS, PAMELA
AMS, GAPS

® Gamma ray’s

b+ — X+
EGRET, GLAST

3 AMANDA
L ® neutrino flux from the center of the Earth, due to
‘5 ki annihilation of sneutrinoss captured by gravitational
: MO attraction
n SuperKamiokande, MACRO, AMANDA

% Neutrino
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Phenomenological relevant sneutrino configurations Indirect detection rates

pand D rates

Maj M = 1TeV

good deal of
complementarity

one channel
detectable by

two detectors

and two channels

detectable by
the same

detector
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Phenomenological relevant sneutrino configurations Indirect detection rates

Indirect searches and direct detection
complementarity

Maj M = 1TeV

© different © configurations may be probed or excluded by indirect
and direct searches
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Phenomenological relevant sneutrino configurations Indirect detection rates

~’s and v expected signals

Maj M = 1TeV

LR
— p profile r—1-5

for EGRET excess
sensitive to a large
fraction of ©
configurations

j M =1TeV
M =1TeV

rates

NFW and Moore profiles

in the GLAST sensitivity

o107 under current

sensitivity
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Conclusions

Summary

© Analysis of sneutrino phenomenology in MSSM and extended SUSY models:
MSSM CDM # mainly excluded by direct detection searches, except fine—tuned
configurations, where they are subdominant halo component
LR 15GeV < my < 1TeV may account for CDM and annual modulation
signal of DAMA/Nal
¥ phenomenology similar to MSSM sneutrinos if a 2 eV bound on the
neutrino mass is chosen
M =1TeV 5GeV < mp < 1TeV may account for CDM and annual modulation
signal of DAMA/Nal
M = 10°GeV heavy (m; > 102 GeV) & subdominant DM halo components
© prediction for the indirect annihilation rates for the relevant cosmological configurations:
LR 50GeV < m; < 200GeV => detectable p, D signals by AMS, PAMELA
and GAPS
M =1TeV mjy < 90GeV in the sensitivity range of PAMELA, AMS for p, D signals
and of GLAST for ~ signals
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Conclusions

Indirect detection fluxes

B

o T2
Q‘DM(r7 Z; T;_J) = %(Uannv>0 gﬁ(T_) |:mi1

dNF
9p(Tp) = 2o BR(#171 — F) dT—
qRM(r, z; Tp) — @(Ro, 0, Tp)
two zone diffusion model

T.0.A. at solar minimum

'S
OOM(E,, ) = - {52 0 (Ey) I(¥)
1) = [0, P2, [ 0)]0A

D
p excess expected in the low energy tail
secondary p tends to loose energy
through noninelastic collisions
D signals not affected by this problem
very few secondary D are
produced at low energy

for kinematical reasons

dependent on the shape of the density profile p
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dN, _ Tamn dNy
GE. = arae 2 BRrGE
(scalar)
dependent on &0, -+ and on pe
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