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�

Location: 
     Former electric solar plant Thémis 
     (French Pyrénées)
     Alt: 1650 m / Lat: 42°N / Lon: 2°E 

�

Technique : 
     sampling and timing shower 
     Cherenkov

�

40 heliostats operational till 
     Oct.2001, 53 till 2004  (54 m2 each)

�

Fast electronics (1GHz Flash ADCs)

�

70 GeV 

�

 E � 

CELESTE

CAT imager

+ ASGAT and 
   Themistocle

CELESTE sees Crab Nebula
above 60 GeV 

 � �

�

sensitivity   3.4 / hour

�

�

�-ray rate    6   / mn
 

 

�

�I (E 60 GeV)  6.2 10-10 � cm-2s-1 

Astrophys.J. 566 (2002) 343-357
+ Mkn 421

E.Paré et al., 2002, NIM A 490, 69-87

Search for  Supersymmetr ic Dark Matter  in M31 with CELESTE 
( CErenkov Low Energy Sampling &  Timing Exper iment)

I

A.Falvard et al., Astropart.Phys. 20 (2004) 467-484



M31 - Optical

M31 - Rosat

    Why M31 ? 

�

Sb spiral galaxy in the  Northern Hemisphere  !
        Ra = 00h 42m       Dec = +41° 16' 
        August - January for CELESTE     

�

M31 mass � 3 

�

 10 ¹¹ M

�

�

distance L � 0.7 Mpc

�

SBH at the center �  2 10 7 M

�

�

��� EGRET (E 

�

�

100 MeV) 

�

  1.6 10 -8 cm-2 s-1

                           (J.J.Blom et al., astro-ph/9811389)
�

DM halo profile is not completely contrained
                                (Braun APJ 372 (1991) 54)

Modeling the neutralino halo
around M31

Halo profile  (r- �

)



M31 rotation curve is well fitted by a 
two-component model (disk+bulge only) 
after  cor rection for  the ellipticity ...

Braun APJ 372 (1991) 54
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Radius (kpc)

Braun uses the mass to
light ratios (blue band)
M/L (bulge) = 6.5 

�

0.4
and
M/L (disk)   = 6.4 

�

0.4

but the disk is younger 
than the bulge so we rather expect
       M/L (disk) 

�

M/L (bulge)

=> Braun's M/L (disk) is too large
 to be consistent with the young stars 

that populate the disk.

Measurements 

  a DM halo around M31 is   
a viable possibility



However , the global rotation curve is in good agreement with
 the observations for  a NFW ( � = 1 ) halo profile  

Radius (kpc)

V
r
 ( km s-1 )

M/L(disk)=4.2 , M/L(bulge)=4.2 M/L(disk)=2.5 , M/L(bulge)=3.5 

  Results:   M/L (disk)    M /L (bulge)  

���

(38 kpc)        

���

(3.5 kpc)
                       6.4               6.5                  0                         0
                       4.2               4.2              1.2 1019                          1 1019

                       2.5               3.5              3.7 1019                          3 1019



�

DarkSusy : Gondolo et al, astro-ph/0012234
Computes (Fortran) physical quantities related to Susy DM in the Galactic Center
Hypothesis:   

�

MSSM « unification » parameters at low scale  
                            

�

 MSSM spectrum and couplings (no GUTs + RGE  hypothesis)

�

compatibility with accelerator bounds

�

choice of halo profiles, detector modelisation ( D

�

 ,Eg
threshold

 ... )

�

mSUGRA now avaliable via ISASUGRA interface
Results : relic density 

���

h2 , direct detection rates , indirect detection rates ( g , n , e+  , ... ) 

�

Other  codes exist : Neutdriver, SSARD ... (were not used)

  mSUGRA free parameter space :  m
0   

      : universal scalar mass

                                                  m
1/2  

     : gaugino mass 

                                  A
0
        : trilinear coupling

                                   tan 

�

    : ratio of the vev of the two-Higgs doublet fields 
                               sgn( �)  : sign of the Higgs-higgsino mass parameter
   AMSB :sgn( �), m

3/2 
, a

0
 , tan 

�

�

Suspect : Kneur et al, hep-ph/0211331

�

DarkSusy + Suspect 

�

DSS  (mSUGRA  + RGE)  

Simulation tools  DSS 4.0 (DarkSusy 4.0 – Suspect 2.2)



SSARD and 
ISASUGRA+DS 

Updated Post-WMAP 
Benchmarks

M.Battaglia et al., 
Eur.Phys.J. C33 (2004) 273-296

SSARD

DS+ISASUGRA

Oh2

Bulk



DSS 4.0 versus 
Updated Post-WMAP 

Benchmarks

Bulk Non Bulk



DSS 4.0 (DarkSusy 4.0 – Suspect 2.2) versus 
DarkSusy 4.0  (ISASUGRA)

DSS 4.0 ISASUGRA



�

Integrated fluxes :

Modelling for  gamma ray production 
via hadronisation (AMSB and KK)

Continuous spectrum (or g-ray lines) :

� 0 � 0
 
® W+W-,H+H-,qq- , ... 

  

                                            
p

0 
,... ® g ,n,p,e+,+X 

DSS = 2.4 Tasitsiomi

A. Tasitsiomi, A.V. Olinto, 
 Phys.Rev. D66 (2002) 083006, astro-ph/0206040  



�

Differential fluxes :

Useful for neutralino mass dependent upper limit :

DarkSusy



DSS – Tasitsiomi et al.



DSS – Tasitsiomi et al.



M31 with CELESTE, results :

Data selection : 
Principle : stability of the anode currents and 
trigger rate, correlated with atmospherical and 
experimental conditions.
=> from 20 hr raw data to 6.5 hr analysed data
(due to bad weather conditions)
Analysis : 
Special event per event dead time correction 
due to Mag 4.3 of M31 (higher individual 
trigger group rates) => specific analysis for 
M31.
Results :
Compatible with the absence of any signal. 
Limit on gamma ray emission from M31 above 
~ 50 GeV around 10-10 ph/cm2/s within 5 mrad 
field of view. 
For SUSY dark matter, J.L. takes into account 
the neutralino mass dependence of the 
spectrum.
First limit for M31 below 100 GeV,
complementary to EGRET (Blom et al. 1999) 
and HEGRA (Aharonian et al. 2003) .

3 year campain of observations (2001-04)
PhD thesis of J.Lavalle (LPTA) 



AMSB predictions

 SUSY-breaking transmitted by super-Weyl anomaly
 Cosmological moduli problem   => 10 TeV<m

3/2
<100 TeV (with m

3/2
=300 M

2
)

 Tachyonic sleptons masses  (stau)             => positive non-anomaly mediated contribution 
                                                                           to the soft masses added : m

0
 

 Gaugino mass ratio M1:M2:M3=2.8:1:7.1 (mSUGRA M1/M2=0.5)
   => LSP = Wino-like neutralino
 Low RD due to large annihilation cross sections
 moduli decays => non thermal production (+ BBN constraints)
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T.Moroi and L.Randall, 
Nucl.Phys. B570 (2000) 455-472

AMSB
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Another  formulation for  fluxes :

AMSB : 
pure Wino =>
W+W- production

1)

=>

Branching ratios : bb-bar , tt-bar, W+W-, ZZ2)



Gamma in AMSB

T.Moroi and L.Randall, 
Nucl.Phys. B570 (2000) 455-472



D.Hooper and L.Wang, Phys.Rev. D69 (2004) 035001

AMSB

mSUGRA

MSSM

GC (Moore profile) above 1 GeV





 LKP typically pure B
(1)

 ( B
(1)

-W3

(1) 
 mixing possible (RC))  

   => no chirality supression => annihilate efficiently to ffbar pairs

Annihilation cross sections proportional 
to finale state hypercharge => 
LKP annihilations are mainly lepton pairs

 Relic density (coannihilation)
  and WMAP =>

Kaluza-Klein LKP

 Universal Extra Dim. with KK-Parity => stable LKP

> 300 GeV

G. Bertone et al. Phys.Rev. D68 (2003) 044008
G.Servant and T.Tait, Nucl.Phys. B650 (2003) 391-419

 Direct and indirect detection 
   (positrons,neutrinos,gamma)

GLAST ‡-ray line ? ... Ouch !

I I I



Gamma in Kaluza-Klein G. Bertone et al. Phys.Rev. D68 (2003) 044008
G.Servant and T.Tait, Nucl.Phys. B650 (2003) 391-419



G. Bertone et al. Phys.Rev. D68 (2003) 044008

L.Bergstrom, Phys.Rev.Lett. 94 (2005) 131301, astro-ph/0410359
Internal bremsstrahlung not yet included !



mSUGRA/AMSB/KK continuous g-ray spectrum

GC , 

� �

=10-3 sr , E
th
=1 GeV

IV

- one-year (livetime) all-sky survey
- background flux 
  1.5x10-5 /cm2/s/sr (E>100 MeV), 
   spectral index -2.1



Gamma-ray lines in mSUGRA and AMSB

gg gZA.Lionetto (Cividale)



L.Bergstrom et al. , JCAP 0504 (2005) 004 (hep-ph/0412001)

Gamma-ray lines in KK

Preliminary



BBN (6L i) versus Gamma 
constraintsin mSUGRA/AMSB/KK

K.Jedamzik, Phys.Rev. D70 (2004) 083510,astro-ph/0405583, 
K.Jedamzik, Phys.Rev. D70 (2004) 063524,astro-ph/0402344

Br
i 
non Higgs :

Br
i            

 Higgs :

V



Branching ratios : bb-bar , tt-bar, W+W-, ZZ



6L i production in mSUGRA, AMSB and Kaluza-Klein

AMSB : 100% W+W-
KK       :   35% u ubar



Conclusions

   Some work already done :

 Simulation tools  (Benchmarks – tools compatibility)
 Predictions for continuum and ‡-ray lines :

  (MSSM, mSUGRA), AMSM, and KK models.
 Source modeling : M31, GC, Dwarf (Draco, Sagittarius) ...
 Complementarity : BBN (6Li) 

   Proposed contributions :

 More realistic KK annihilation spectra
   L.Bergstrom, Phys.Rev.Lett. 94 (2005) 131301 (astro-ph/0410359)
 Improved DSS interface
 C. Hugonie (NMSSM) now at Montpellier

   DD : D.G. Cerdeno et al, JHEP 0412 (2004) 048 (hep-ph/0408102)
   RD : G.Belanger et al.  (hep-ph/0505142) 
 DC2, GLAST upper limits ...

VI



DSS 3.0 (DarkSusy 3.0 – Suspect 2.2) versus 
DSS 4.0 (DarkSusy 4.0 – Suspect 2.2)
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Compatibilite WMAP : 



Effets des contraintes b – s gamma



Effets de coannihilation



DSS 3.0 DSS 4.0

Flux integres





6L i production in mSUGRA, AMSB and Kaluza-Klein



Corellation between 6L i production and gamma ray fluxes

MSUGRA AMSB

Prelim
inairy Results


