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Sear ch for Supersymmetric Dark Matter in M31 with CELESTE
( CErenkov Low Energy Sampling & Timing Experiment)

.5 - EPacetal, 2002, NIM A 490, 69-87
gl CELESTE

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

L ocation:

Former electric solar plant Thémis
(French Pyréneées)

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 m? each)
Fast electronics (1GHz Flash ADCs)
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Modeling the neutralino halo dny 1 (Nyov) )
_aroundM31 g6 T i /AQ /mp Y dgia
ptical= s i s | Astrophysics

2y

Halo profile (r )

Why M31 ?
Sb spiral galaxy in the Northern Hemisphere !
Ra = 00h 42m Dec = +41° 16'

ROSAT PSPC

M3

S August - January for CELESTE

04-156 keV

M3lmass 3 1041 M
distanceL 0.7 Mpc
SBH atthecenter 210'M
FSRET(E 100 MeV) 1.610°cm?*s?
(J.J.Blom et a., astro-ph/9811389)

DM halo profileis not completely contrained
(Braun APJ 372 (1991) 54)
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40 M 31 rotation curveiswell fitted by a

, two-component model (disk+bulge only)

Astroghysics after correction for the dlipticity ...
2y

Braun uses the mass to
light ratios (blue band)
M/L (bulge) =6.5 0.4
and

M/L (disk) =64 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) istoo large
to be consistent with the young stars
that populate the disk.

aDM hao around M31is
aviable possibility



However, the global rotation curveisin good agreement with
the observationsfor aNFW ( =1) halo profile

V (kms?)

M/L(disk)=4.2 , M/L (bulge)=4.2 Ll M/L(disk)=2.5, M/L (bulge)=3.5
250 :— \"\:.. ) 50 :— %an g
200 _— A0 }
150 - e 2 -
100 ; { ------------ TS [6]8] j _____
O | - total 50 B /; [ total
s disque + bulbe i ,,,,,,,, disque + bulbe
................ halo L hale
07||||||||||||||\|||||||||I|||| 0_||||||I|w|||w||||||\|||\|||\|
o S 10 15 20 25 30 o = 1a 15 20 25 30

Radius (kpc)




Simulation tools DSS 4.0 (DarkSusy 4.0 — Suspect 2.2) (Nyow)

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

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 ,E® )

threshold **"

MSUGRA now avaliable via ISASUGRA interface
Results: relic density  h?, direct detection rates, indirect detectionrates(g,n, €, ...)

Suspect : Kneur et a, hep-ph/0211331

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



Superasymmetric spectra in poat-WNMAP benchmark scenarios -

Mode | A B U D] F|] FJ G| W] F|] '] K] ] M
i | OO0 | 250 | 400 | 525 | 300 | 1KY [ 375 | 936 | 3500 | 750 | 130K | 450 | 1840
[ 1 Hwh] [ 1144m] | 17WWN]
g | 1200 | 60 | 85 [ 110 [ 1530 | 3450 [ 115 | 245 | 175 | 285 | 1000 | 300 | 1100 |
[140) | (10 ()| (1) [1hmn [12) (419 [ (1807 | (A0 [aHm) (14
tan 3 5| 10| 1| 10| 10| 10| 20| 20| 35| 35| 35| 50| &0
E;ign(p;-l-++—++++++—++
o (mgz) | 121 | 125 | 123 | 121 | 124 | 120 (124 | 120|123 (120 | 118|122 | 117
my 175 [ 175 | 175 [ 175 | 171 | 171|175 | 175|175 |175 | 175|175 | 175
Masges
[{mz)] | 741 [ 333 [ 508 [ 634 | 205 | 496 [ 471 | 1026 [439 [ 843 [ 1317 [ 540 [ 1764

Supersymmetric spectra in post-WMAP benchmarks

calenlated with TSASUGRA 7.67 _

Madel Al B & ¥ E Fri G H| T J’ K| L' M

w2 600 | 250 (400 | 525 | 300 | 1000 | 375 | 935 | 350 | 7h0 | 1300 | 450 | 1840
mo | 107 | 57| B0 | 101 | 1532 | 3440 [ 113 | 244 | 181 | 299 | 1001 | 303 [ 1155
tan g B 10| 10 10 W[ W[ 20 2 B[ 3BT 4&i| ol
sign () +| +| +| = 4| 4| | H| +| +| = FF
i 175|175 | 175 | 17¥6 | 171 | 17¥1 [ 176 | 1¥h | 175 | 1¥% | 175 | 1V6 | 175

Masses

[(mz)[ | 773 | 339 | 519 | 663 | 217 | 606 | 485 | 1002 | 452 | 891 | 1420 | 563 | 1940

1181 | 535 | 816 | 1043 | 1602 | 2816 | 770 | 1701 | 725 | 1423 | 2349 | 904 | 3217

Table 1: Proposed post-WMAP CMSSM henchmark points and mass spectre (in GeV), as
caletdated using ISASUGRA 7.67 [} and adapting the values of mg and tan 5 (when i is
large) to give the best fit to the SSARD spectra shown in Teble 77, as deseribed in the tect.

Relic density 0, 4%, b — sy and g, — 2 in post-WMAP benchmark scenarios

%Xh,: SSARD 1212 .12
Q, h%: Micromegas | .09 | .12 | .12
BR(} —» #y) x10* |39 | 3.1 |38
Sa, x10° 033213

.1{}\’ A3 (13 12 (16| 10 | 10| 14
2.5?/ A2 16 |12 | 08 | 012 | 11 | G027

| 33|36 |25 |34 42 |25 35
003 (27|04 45|11 |-03 34| 0.3

Table 1: Comparison of Qxhj for the henchmark points in Table 7?7 computed with the SSARD
code 1] (top line), and the Micromegas code [?] interfoced with ISASUGRA 7.67 f1] (second
line) wsing the fitted parameters shown in Tuble 77, The third and fourth lines show the
telues of b — sy and g, — 2 calevloted using SSARD.

m, (GeV)

SSARD and
| SASUGRA+DS
Updated Post-WM AP
Benchmarks

M.Battagliaet al.,
Eur.Phys.J. C33 (2004) 273-296
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0.004 < 0y < 0.129



mmmwm MODEL: rondmQO00C0002 mmmmm
mxdels : B omod = 2

ml /2 = 250 . 000
m0 = B9 . 000
tgheta = 10. 000
gegnf{m) = 1.000

Nentralino mase= 93.2608518

Dha =
Dh2 Fllis & =
Dh2 Fllise B

dif oh2 A %
dif oh2 B % =

fintg = 119.148

mmmmm MODFEL: rodoQ0000005 mmmmm
modeles : C omod = 3

ml /2 = 400 . 000
md = B8 . 000
tgbheta = 10000
sgn{mm) = 1000

Nentraline mass= 184 143800

Dhe =
DhZ Fllie A =
Dhd Fllie B

dif oh2 A& %
dif oh2 B % =

.12

106.518

mmmmm MODEL: rodoQ0000007 mmmmm
modele : G omod = T

fintg =

ml/2 = 37T6. 000
w0 = 116, 000
tgbeta = 20000
ggn{m} = 1.000

Nentralino maesse= 1B63.826369

Dha =
Dh2 Fllis & 0.130
Dh2 FEllis B

dif oh2 A %
dif oh2 B % =

fintg =

wmomen MODFL: rodmCOO000000 mmmmw
madeles @ I pmod = 9

ml /2 = 360 .000

[i4] = 173000

tgbeta = 35.000

ggnfimo) = 1.000

Nentrelino mess= 143 .010008

Dh2 =
Dh2 Fllie &
Dh2 Fllie B
dif och2 & %
dif ch2 B ¥ =

0.122

fintg = 485.120

mammm HODEL: rodmQ0000010 memmm
modele : L omod = 12

ml /2 = 4RO .000

om0 = 209_000

tgbeta = 47.000

sgn{mu) = 1.000

Nentralino maes= 187.235184

Dh2 =

Dh2 Fllie &
Dh2 Fllie B
dif ch2 & %
dif ch2 B ¥ =

0.101

0. 100

()

1082 89

fintg =

DSS 4.0 ver sus

Updated Post-WM AP

Benchmarks

wommn MONEL: rodmOd0001 wmmwms

misle =
ml/2

)
tgbeta
sgn (mo}
Nentraling
Dh2 =
Dh2 Ellie A
Dh2 Ellie B

=

nmad = 1
B0 . 000
116. 000

B. 000
1.0

maee= 252.120592

0.093
0120
0.090

=29.280
3.040

2_3756

mmmmm MONEL: roded0000004

nzdele : D omod = 4

ml/2 = B26. 000

) = 109, 000
tgbata = 10, 000
ggn{mm) = =1._000
Nentralino mess= 220.822144
Dh2 = 0.093

Dh2 Fllis A = 0.100

Dh2 Fllie B = 0090

dif oh2 A % = ~T.B82

dif oh2 B % = 3.196
fintg = 1.809

mommn MNDEL: rodmQO0000005 mmmmm
mxdele : E omod = B

ml1/2 = B0 . 000

) = 1530 000
tgbeta = 10, 000
ggn{mm) = 1. 000
Nentraling mess= 124.44852
Dh2 =

Dh2 Fllise A =

Dh2 Fllise B =

dif oh2 A % =

dif ch2 B % =

fintg =

mmmmn MODEL: rodod0000S wmmmm
mdele : F omod = 8

ml/2 = 1000 . OO

e = 3450000
tgbeta = 10 000
ggn{mm) = 1. 000
Neontralino mess= 440.4935844
Dh2 =

Dh2 Ellis A

Dh2 FEllie B

dif oh2 A %

dif oh2 B %

fintg =

womm MODFL: rodo(O000008 »wmmm
mxdsels : H omed = 8

ml/2 = 945, M)

ol = 248 000
tgbeta = 20000
ggn{m)} = 1. 000

Nentraling mess~= 403.133177
Dh2 = (.143

Dh2 Fllie A = 0.130
Dh2 Fllie B = 0.180
dif oh2 A % = 8.851
dif oh2 B % = -12.184
fintg = 0.809

mommmmmmmn MOOFL: rodomO0000010 memmm
mezdels @ J omod = 10

mlf2 = TEO. 000

o) = 290 . 000
tgbeta = 35.000
egn{m)} = 1. 000

Neontraling mess~= 320.291181
0h2 = 0.104

Oh2 Fllis A = 0.100
Dh2 Fllie B = 0.080
dif oh2 A % = 3.402
dif oh2 B % = 22.721
fintg = 16. 297

mommn MODEL: rodmQ0000011 mmmmm
mxdels : K omod = 11

ml/2 = 1300 O

ol = 988 . 000
tgbeata = 38000
egn{m) = =1._ 000

Neontralino mess~= B&71.B627398
0h2 = 0.161

Dh2 Fllis A = 0.100
Dh2 Fllis B = 0.120
dif oh2 A % = 33.802
dif oh2 B % = 20.323
fintg = 85854

wmmn MODEL: rodm00000013 mmmmm
medels : M omod = 13

ml/2 = 1840, 000

md = 1110.000

tgbeta = &5 000

egn{m) = 1. 000
Neontralino mess= 821.3824531
Dh2 = 0.259

Dh2 Fllis A = 0. 140
Dh2 Fllie B = 0.270
dif oh2 A ¥ = 46.048
dif ch2 B ¥ = -4.084
fintg = 49,912



DSS 4.0 (DarkSusy 4.0 — Suspect 2.2) versus
DarkSusy 4.0 (ISASUGRA)
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Modelling for gamma ray production
via hadronisation (AMSB and KK)

Continuous spectrum (or g-ray lines) :

° '%® WW HH,qq ,

Ly p..

<ILYO'V>

® g,n,p,e’,+X c« }{
. = ""ﬁ:‘“:i ;
A. Tasitsiomi, A.V. Oli SUSY
. . Tasitsomi, A.V. Olinto,
I ntegrated ﬂ UXES . Phys.Rev. D66 (2002) 083006, astro-ph/0206040
By, 5 32 10 1/2, 5 -1/2_10
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Differential fluxes: N, = / dny dr
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DSS - Tagtsiomi et al.
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DSS - Tagtsiomi et al.
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M 31 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 ph/cnm?/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) .
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P T.Moroi and L.Randall,
‘ AMSB predictions Nucl.Phys. B570 (2000) 455-472
@ SUSY -breaking transmitted by super-Weyl anomaly .
» Cosmological moduli problem =>10 TeV<m_ <100 TeV (withm_=300M)  5USY
@ Tachyonic sleptons masses (stau) => positive non-anomaly mediated contribution
N 5 1 to the soft masses added : m
mg = My — ( B¢+ 5y) m3/2—I—D terms 0

@ Gaugino massratio M1:M2:M3=2.8:1:7.1 (mMSUGRA M1/M2=0.5)

=> LSP = Wino-like neutralino (thermal) 9 _4 My \?
@ Low RD dueto large annihilation cross sections QX W >3 107" X (100 GeV)
@ moduli decays => non thermal production (+ BBN constraints)
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Another formulation for fluxes:

1 Ny{(owv)
A 2m?
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X 2
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2) Branching ratios : bb-bar , tt-bar, 4
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Gammain AMSB

T.Moroi and L.Randal,
Nucl.Phys. B570 (2000) 455-472
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y—Rays >1 GeV {m™ yr

1408

106

104

GC (Moore profile) above 1 GeV

| I |
D.Hooper and L.Wang, Phys.Rev. D69 (2004) 035001
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- G. Bertone et a. Phys.Rev. D68 (2003) 044008
‘ Kaluza-Klein LKP Y (2003)

G.Servant and T.Tait, Nucl.Phys. B650 (2003) 391-419

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

> LKPtypically pureB (B -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 =>

@ Direct and indirect detection
(positrons,neutrinos,gamma)

GLAST fFrayline? ... Ouch!



- - G. Bertone et a. Phys.Rev. D68 (2003) 044008
Gammain Kaluza-Klen G.Servant and T.Tait, Nucl.Phys. B650 (2003) 391-419
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Internal bremsstrahlung not yet included !
L.Bergstrom, Phys.Rev.Lett. 94 (2005) 131301, astro-ph/0410359

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



‘ MSUGRA/AM SB/KK continuous g-ray spectrum

GC,  =10°sr,E =1GeV

- one-year (livetime) all-sky survey
- background flux

1.5x10-5 /cm2/g/sr (E>100 MeV),
spectral index -2.1



Gamma-ray linesin mSUGRA and AM SB

OJ A Lionetto (Cividale) oz



L.Bergstrom et a. , JCAP 0504 (2005) 004 (hep-ph/0412001)
Gamma-ray linesin KK

Preliminary



. K Jedamzik, Phys.Rev. D70 (2004) 083510, astro-ph/0405583,
BBN ("L1) versus Gamma K jedamzik, PhysRev. D70 (2004) 063524, astro-ph/0402344

‘ constraintsn mSUGRA/AM SB/K K

Br.non Higgs:
Br Higgs:




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



°Li production in mMSUGRA, 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 (°Li)

Proposed contributions :

@ Morerealistic KK annihilation spectra
L.Bergstrom, Phys.Rev.Lett. 94 (2005) 131301 (astro-ph/0410359)
@ |[mproved DSS interface
@ C. Hugonie (NM SSM) now at Montpel lier
DD : D.G. Cerdeno et al, JHEP 0412 (2004) 048 (hep-ph/0408102)
RD : G.Belanger et a. (hep-ph/0505142)
@ DC2, GLAST upper limits....



DSS 3.0 (DarkSusy 3.0 — Suspect 2.2) versus
DSS 4.0 (DarkSusy 4.0 — Suspect 2.2)

Compatibilite WMAP :

Sgn( )
50 m_ 3000
50 m, 1600

01 A, 2000
3 tan 60



Effets des contraintes b —sgamma



Effets de coannihilation



Flux integres






°Li production in mSUGRA, AM SB and Kaluza-K lein



Corellation between °Li production and gamma ray fluxes
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