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Abstract: Dwarf Spheroidal galaxies are amongst the best targetsateisdor a Dark Matter (DM)
annihilation signal. The annihilation of WIMPs in the canté Sagittarius dwarf spheroidal (Sgr dSph)
galaxy would produce high energyrays in the final state. Observations carried out with the.5.S.
array of Imaging Atmospheric Cherenkov telescopes areepted. A careful modelling of the Dark
Matter halo profile of Sgr dwarf was performed using latesasueements on its structural parameters.
Constraints on the velocity-weighted cross section of Daltter particles are derived in the framework
of Supersymmetric and Kaluza-Klein models.

Introduction H.E.S.S. array of Imaging Atmospheric Cherenk
Telescopes (IACTSs), designed for high sensitiv
Astrophysical and cosmological observations pro- measurements in the 100 GeV - 10 TeV ene
vide a substantial body of evidences for the ex- regime, is a suitable instrument to detect VHE
istence of Cold Dark Matter (CDM) although its rays and investigate their possible origin.
nature remains still unknown. It is commonly as- Dwarf Spheroidal galaxies such as Sagittar
sumed that CDM is composed of yet undiscov- or Canis Major, discovered recently in the L
ered non-baryonic particles for which plausible cal Group, are among the most extreme D
candidates are Weakly Interacting Massive Parti- dominated environments. Indeed, measurem
cles (WIMPs). In most theories, candidates for of roughly constant radial velocity dispersion
CDM are predicted in theories beyond the Standard stars imply large mass to luminosity ratios [4]. T
Model of particle physics [1]. The annihilation of ~core of the Sgr dSph at I=5.@nd b=-14 in galac-
WIMPs into y-rays may lead to detectable very tic coordinates at a distance of about 24 kpc fre
high energy (VHE, E> 100 GeV)~-ray fluxes the Sun [5]. Latest velocity dispersion measu
above background via continuum emission from ments on M giant stars with 2MASS yields a me
the hadronization and decay of the cascading an-to light ratio of about 25 [6]. The luminous densi

nihilation products, predominantly frorf’s gen- profile of Sgr dSph has two components [7]. T
erated in the quark jets. Among the best-motivated compact component, namely the core, is charac
CDM candidates are the lightest neutralipgpro- ~ ized by a size of about 3 pc FWHM, which corr

vided by R-parity conserving supersymmetric ex- sponds to a point-like region for H.E.S.S. This
tensions of the Standard Model [2], and the lightest the DM annihilation region from which-ray sig-

Kaluza-Klein particle (LKP) [3] in universal extra nal may be expected. A diffuse componentis w
dimension theories which is most often the first KK  fitted by a King model with a characteristic size

mode of the hypercharge gauge bosBfY). The 1.6 kpc.
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We present in this paper the observations of the Sgror a cored profile [15] folded with the point spre:

dSph galaxy by the H.E.S.S. array of Imaging At- function (PSF) of H.E.S.S., the integration regi

mospheric Cherenkov Telescopes. A careful mod- allows to retrieve a significant fraction of the e

eling of the Dark Matter halo using the latest mea- pected signal. See Table 1.

surements on the structural parameters of Sagittar-No significanty-ray excess is detected in the sl

ius is presented to derive constraints on the WIMP map. We thus derived the 95% confidence le

velocity-weighted annihilation rate. upper limit on the observed number ofrays:
N9%CL- - The limit is computed knowing the
numbers of events in the signal and backgrot

S_earCh for VHE v-rays from observa- regions above the energy of 250 GeV using |

tions of Sagittariusdwarf by H.E.S.S. Feldman & Cousins method [16] and we obta
N9%C.L. = 56. Given the acceptance of the d

H.E.S.S. (High Energy Stereoscopic System) has tector for the observations of the Sgr dSph, a 9

observed the Sgr dSph in June 2006 with zenith confidence level upper limit on the-ray flux is

angles ranging from°7to 43> around an average also derived:

value of 19. A total of 11 hours of high qual-

ity data are available for the analysis after standard ~ ®(E, > 250 GeV) < 3.6 x 10~ cm s~

selection cuts. After calibration of the raw shower ©5%c.r.) @O

images from PMT signals [8], two independent

reconstruction techniques were combined to se-

lect v-ray events and reconstruct their direction Predictions of v-ray from Dark Matter

and energy. The first one uses the Hillas moment annihilations

method [9]. The second analysis referred hereafter

as “Model Analysis”, is based on the pixel-per- The~-ray flux from annihilations of DM particles

pixel comparison of the shower image with atem- of massmp,, accumulating in a spherical DN
plate generated by a semi-analytical shower devel- halo can be expressed in the form:

opment model [10, 11]. The separation betwegen

candidates and hadrons is done using a combina- ds(aQ.E,) 1 (ov) dN, < FAQIAQ
. : T~ dB, im 2 I (AQ)

tion of the Model goodness-of-fit parameter [11] R ma dby _
and the Hillas mean scaled width and length pa- Pm:cs Astrophysics
rameters, which results in an improved background 2)

rejection [12]. An additional cut on the primaryin- 35 5 product of a particle physics component w
Fera_ction depth is used to improve background re- g astrophysics component. The particle phys
jection. part containgov), the velocity-weighted annihila
The on-source signal is defined by integrating all tjon cross section, andN., /dE,, the differential
the events with angular positi@rin a circle around ~-ray spectrum summed over the whole final sta
the target position with a radius éf.;. Thetar-  jth their corresponding branching ratios. The :
get position is chosen according to the photomet- trophysical part corresponds to the line-of-sig
ric measurements of the Sgr dSph luminous cusp jntegrated squared density of the DM distributi
showing that the position of the center corresponds j, averaged over the instrument solid angle integ
to the center of the globular cluster M 54 [13]. tion region for H.E.S.S.4Q = 2 x 10~?sr):

The target position is thus found to BBRA =

18"55™59.9s, Dec = —30d28'59.9”) in equato- J(AQ) = 5 [AqPSF = [, . p*(r[s])ds d
rial coordinates (J2000.0). The signal coming from 3)
Sgr dSph is expected to come from a region of where PSF is the point spread function of H.E.S
1.5 pc, about 30", much smaller the H.E.S.S. point The mass distribution of the DM halo of Sgr dwe
spread function (PSF). A.,; value of 0.14 suit- has been described by plausible models taking i
able for a point-like source was therefore used in account the best available measurements of the
the analysis. In case of a Navarro-Frenk-White dwarf galactic structure parameters. We have u
(NFW) density profile [14] for which follows r—! two widely different models. The first has a NF
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Halo type Parameters J Fraction of signal
(10%GeVZem™®) | in AQ =2 x 107 5sr
Cusped NFW halqg rs =0.2kpc 2.2 93.6%
A =3.3x10"Mg
Cored halo r.=15pc 75.0 99.9%
V, = 13.4km s~ !

Table 1: Structural parameters for a cusped NEWA) and a coredi(, v,) DM halo model, respectively
The values of the solid-angle-averaged |.0.s integratadrsgl DM distribution are reported in both cas
for the solid angle integration regiakf) = 2 x 10~ ?sr.

cusped profile [14] with the mass density given by

A

e W

pNEw (1) =

with A the normalization factor and, the scale
radius taken from [15]. Using Eq. 3, the value.bf

obtained with this model is reported in Table 1. We
have also studied a core-type halo model as in [15]

characterized by the mass density:

2

2 4 .2
vy 3ri+r

= 1nG (r2 4+ 1r2)2

Peore(T) (%)
wherer. is the core radius ang, a velocity scale.
However, we have tried to update thg andr,
values which were used in [15]. By inserting in

the Jeans equation the luminosity profile of the Sgr

dwarf core of the form:

Vo’l"cza

2+

v(r) = (6)
we estimated from the data of [18]= 2.69+0.10
andr. = 1.5 pc. Note that the value of is
only an upper limit. The value of the central ve-
locity dispersion of Sgr Dwarf iss = 8.2 +

0.3kms™! [17]. We have assumed that the veloc-
ity dispersion is independent of position. The value

of v, is then given by, = /ao = 13.4kms™".
The cored model gives a very large value .bf
which is reported in Table 1. The third column of

Table 1 gives the amount of signal expected in the

solid angle integration regionQ = 2 x 10~ ?sr.

Fig. 1 shows the limits in the case of a cored (green

. satisfying in addition the WMAP constraints on tt

CDM relic density (blue points). The SUSY mo
els are calculated with DarkSUSY4.1 [18]. In tt
case of a cusped NFW profile, the H.E.S.S. «
servations do not establish severe constraints
the velocity-weighted cross section. For a cot
profile, due to a higher central density, stronc
constraints are derived and some pMSSM moc
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Figure 1: Upper limits at 95% C.L. ofvv) ver-
sus the DM particle mass in the case of a cus)
NFW (red dotted line) and a cored (green dast
line) DM halo profiles respectively. The pMSSI
parameter space was explored with DarkSU
4.1 [18], each point on the plot correspondi
to a specific model (grey point). Amongst the
models, those satisfying in addition the WMA
constraints on the CDM relic density are overle
as blue square. The limits in case of neutrali

dashed line) and cusped NFW (red dotted line) pro- dark matter from pMSSM are derived using t

file using the value of/ computed above. Pre-
dictions for phenomenological MSSM (pMSSM)

parametrisation from [19] for a higgsino-type ne
tralino annihilatiornry profiles.

models are displayed (grey points) as well as those
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can be excluded in the upper part of the pMSSM position. The Sagittarius dwarf DM halo profil
scanned region. has been modeled using latest measurements «
In the case of KK dark matter, the differential structure parameters. Constraints have been
spectrum is parametrized using Pythia [20] simu- rived on the velocity-weighted cross section of t
lations and branching ratios from [3]. Predictions DM particle in the framework of supersymmetr
for the velocity-weighted cross section df'Bdark and Kaluza-Klein models.

matter particle are performed using the formula

given in [21]. In this case, the expression for

(ov) depends analytically on tHe(!) mass square. References
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Conclusions

The observations of Sgr dSph with H.E.S.S. reveal
no significanty-ray excess at the nominal target
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