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We revise the impact of internal bremsstrahlung photonkéncbntext of the constrained mini-
mal supersymmetric standard modelygray dark matter annihilation searches. As an example,
we review they-ray dark matter detection prospects from Draco dwarf sgtat galaxy with

the MAGIC stereoscopic system and the CTA project. We find, foa a typical energy thresh-
old of 100 GeV, the flux of high energy photons is enhanced bygrder of magnitude in the
stau co-annihilation region, where the signal remainkatileast three orders of magnitude be-
low the sensitivity of the instruments. However, the moré&nfstic scenarios for detection are
found in the funnel and focus point regions of the paramegiacs where the effect of internal
bremsstrahlung is negligible or small.
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1. y-raysfrom neutralino annihilation

The detection of-rays coming from the annihilation of dark matter (DM) pelds that should
form the halo of galaxies is at present a very active field séagch, that can complement other in-
direct and direct DM searches. Weakly interacting massivéqges (WIMP) are very popular DM
candidates. In particular, the relic density of the lightesutralino of the minimal supersymmetric
(SUSY) extension of the standard model (MSSM) can accourthteoDM amount required to ex-
plain WMAP data [1]. In the scenarios under consideratibaré are three mechanisms producing
photons in neutralino annihilation: (1) hadronisation aettay of the annihilation products [2]
(mostly neutral pion’s) providesecondary photonhich show a continuous energy spectrum de-
creasing towardsyy, the maximum energy available. Typically this is the latgemtribution over
a wide portion of the parameter space; (2) at the one loop textralinos annihilate into pho-
tons through the processes [8k — yy and x x — Zy. Being neutralino highly non relativistic,
annihilation is almost at rest, thus outgoing photons amat monochromaticlifes) with en-
ergiesE, ~ m, and E, ~ m, — m2/4m,, respectively. Though this gammas would give a very
clear signal, the cross sectiondga* ); (3) finally, internal bremsstrahlunglB) [4] which con-
sists on the emission of additional photons from neutrgbiaio annihilation into charged particles:
XX — XXy, X being a charged lepton oV boson. In the Feynman diagrams, these photons can
be either attached to the final state charged particles tretoittual charged sparticle exchanged
by neutralinos irt-channel: the latter diagrams explain the hard photon gpacdf IB nearm,.
The cross section ig'(a® ), thus in principle intermediate between the two previomstdbution,
but as we will see, strongly dependent on the SUSY mass speetnd couplings.

The expected flux of photons with energy above an energyhble&;, set by experiments is
given by

F(Ey > En) = J(W) x fsusy(Ey > Enn). (1.1)

HereJ(W) is the astrophysical factor (we discuss it in the next Sey@md fsusyE, > Ein) is the
particle physics factor that includes all the particle ptysnformations. Given the three photon
sources discussed above, we can Witgy= fsec+ fiines+ fig, see Refs. [5, 6] for details.

For the numerical computation of IB effects we u3arkSusy 5.0.97]. In the context of
the constrained minimal supersymmetric standard model§EM) the theory at the weak scale is
determined by four parameters assigned at the gauge uiificatale: the common scalar mags
the gaugino massy /,, the trilinear coupling®\, the ratio of the Higgs vacuum expectation values,
tanB and the sign ofu, the Higgs mixing term, that we take positive. We require ribatralino
relic abundance to be inside the cosmologically favouréenial 009 < Q,h? < 0.13 (the most
recent WMAP [9] interval at 8 is 0.094 < Qpyh? < 0.128). We further require that SUSY models
satisfy the LEP bounds on Higgs and chargino massgs; 114 GeV andn,+ > 1035 GeV, and
constraints fronlb — sy. After the imposition of the phenomenological constraoriby few regions
of the parameter space survive. In these regions the melat@ight of the three contributions to
fsusyand to the flux changes drastically. To illustrate this pfiitwe select from our scan of the
parameter space four points found in Table 1 where also thkannihilation cross section and the
distinct contributions tdsysyintegrating the number of photons abdig = 100 GeV can be read.
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Model tan3 mp myp Ao (0V)  fsec  fiines fig fsusy
(A) 18 127 459 -135 29 0.008 0.018 0.079 0.1
(B) 52 982 1377 725 2600 0.72 19 10° 0.72
©) 17 2200 430 805 2225 0.04 0.06 0.02 0.12
(D) 51 8940 2218 —4221 1203 0.3 0.003 0.017 0.32

Table 1: The values ofrg, my,, Ag, My are in GeV, the sign oft is positive.(ov) is given in units of 102°
cm® s, the f’s are given in units of 102 GeV-2 cm® s~ 1.

Point (A) is on thestau co-annihilation regiorf the CMSSM parameter space: the mass of
the lightest stau is very close to,. Neutralino pair annihilation i1t~ mediated byt-channel
exchange of stau has the highest annihilation cross sedtiere f|g is the dominant contribution
being 10 and 4.4 times greater thig. and fjines.

Point (B) is on thefunnel or resonances regiorthe mass of the CP-odd neutral Higgs is
M ~ 2m§)(: pair annihilation intobEthroughsrchanneI exchange of heavy neutral Higgs bosons
is the dominant channel. In this case no photon line can laetatl to the virtual particles in
channel exchange and the IB yield is negligibleis the only relevant contribution.

Point(C) is on thefocus point or hyperbolic branch regiomhe mass of the lightest chargino
is not much bigger tham, and neutralino pairs annihilate ifdg*W— throught-channel chargino
exchange. The IB yield is small becausg is not much greater thamy and photons energy has
a cut off which corresponds to the kinematic endpgirt 1 — mNZ/rrBZ(. Here fiines is bigger than
fsecand fig, and the three contribution are of the same order.

Point (D) is another example in the focus point region. The mass ofitfelst chargino
is almost degenerate with, Neutralino pairs annihilate intd/ "W~ throught-channel chargino
exchange as i€ but in this casem, > my thus IB photons contribution is more important and
have endpoint at the neutralino mass: higigyis dominated byfseceven if fig is greater tharfjines.
Note that althoughf|g can be dominant, poir{d), or bigger or of the same order @fes, points
(D) and(C), the biggerfs,syis reached in poin{B) where fig is irrelevant, thus from the point of
view of the most promising scenario for detection there isnrmorovement: we discuss this point
in a more general way in Section 3.

2. Astrophysical target: Draco dwarf galaxy

Gamma-rays are detected by imaging air Cherenkov telesddp€T) like MAGIC, HESS,
VERITAS or satellites-based experiments like the Fermelitt. For these experiments, dwarf
spheroidal (dSph) galaxies around the Milky Way represguioal alternative target option respect
other objectives like the Galactic Centre. DSph’s are DM hated systems with inferred very
high mass-to-light ratios, and most of them are expectectfrde from any other astrophysical
source that might contribute to a possilpi¢ay signal. Therefore, the detection pfays from
them would probably imply a successful DM annihilation déts. Here we consider Draco,
which is one of the most studied dSph [11]. Located at 80 kpac®is one of the dwarfs with
more observational constraints, which helped to betteardene its DM density profile. Draco has
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already been observed by some of the quoted experimentsMAKC telescope [12], found no
gamma signal above an energy threshold of 140 GeV. As a coeseq, an upper limit for the flux
(20 level) was set to be.1 x 10 photons cm? s, assuming a power-law with spectral index
—1.5 and a point-like source. This upper limitdg10° — 10°) above the values predicted by those
SUSY models used in their analysis and therefore no constrabuld be put on the parameter
space. Fermi collaboration reported their upper limitssf@ossibley-ray annihilation signal from
Draco at lower energies [13], no significant gamma emissimva 100 MeV was reported. The
VERITAS collaboration [14] published results from 18.38uh® of observation of Draco finding
no signal. An upper limit at 95%. on the total flux was set to be4® x 1012 photons cm? s 1
above 200 GeV. The astrophysical factti¥) represents the integral of the square of the dark
matter densityppy along the direction of observatio# relative to the centre of the DM halo.
For Draco, we use the cuspy DM density profile given in Refg[palso used by the MAGIC
collaboration in their analysis [12]. In particular, we usere the value o (W) integrated over the
whole spatial extent of the source as the value of the asteigdd factor. This value can be well
approximated byl = 4—7;32 Jv PEm(r) dV, with D the distance from the Earth to the centre of the
DM halo andr measures distance inside the halo from the centre. In theeafdSraco we take
J=3.7x 10" Gev cm°. We remark that in literature others models for the halo @®fire used
providing slightly different values fad: in particular both Fermi and VERITAS analysis assume a
two parameters Navarro-Frank-White density profile [15fe Tincertainties on the astrophysical
factor are of order of a factor 2-3 using different modelss thncertainty is however irrelevant with
the present experimental sensitivity as we show in the remttan.

3. Reaults

Armed with the previous ingredients we perform a scan on #rarpeter space determining
fsusyas a function of the energy threshold, which is the imporaaintity determining the flux once
the astrophysical factor is fixed. We ggt= 0 and take two values of t#h 10 and 50 varyingng
andmy /, such that the experimental constraints discussed in $ettoe satisfied. For each value
of tanf8 we separate the models withy > 2 TeV andmy < 2 TeV in order to separate the focus
point region from the stau co-annihilation and the Higgsnflrones. In Fig. 1 the shaded areas
correspond to the totédlkysy the areas inside the dot-dashed lines corresporfgb¢@and the areas
inside the dashed lines giVighes.

In panel(a) of Fig. 1, where points are in the stau co-annihilation regiwe can appreciate
the largest contribution of IB, as shown by the pdiA). The absence of IB photons in the point
(B) is evidenced by the pan@b) where points are mostly in the funnel region, while the pafel
and(d) have points mostly in the hyperbolic branch and share ptiegewith the point§C) and
(D). To compare with the future experimental sensitivities e m these figures the sensitivity
curves of the MAGIC telescopes in stereoscopic mode [16]cditide CTA project [17] for Draco.
These curves are obtained dividing the Montecarlo simdlaensitivity for the flux (50 hours of
observation time and adbdetection level) by the total astrophysical factor diseds® Section 2.

Let us focus aEi, = 100 GeV, the typical energy threshold for the IACT. The IBfrifnution is
seen to be important only in pan@) corresponding to the stau co-annihilation region, as ergec
The order of magnitude effect has the net result of puslipgto the value~ 1023 GeV-2 cm?
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Figure 1: The particle physics factofsysyversusEy, the energy threshold of the detector. We Agt= 0
and u positive whilemg andmy , have values such that the CMSSM point predicts the neutraéfic
density inside the WMAP bounds satisfying all the phenonhagioal constraints. Also plotted are the
predicted sensitivity lines of MAGIC Il and CTA for Draco eesponding to 50 hours of observation time
and a © detection level. The black vertical line corresponds totifpcal threshold for the IACT. The
abbreviations $e¢ and “lines’ stand for secondary and monochromatic photons, resggtithe green-
dashed line thus indicates the contribution of the monauolata@ photons alone, the dashed-dot line the sum
the monochromatic and continuous secondary photons, émgermregion includes also the 1B contribution.

st as in panelb). However, the resulting value is smaller than the ones irep@r) and (d),
fsusy= 5x 10732 GeV-2 cm® s™! that is the most optimistic value. Thus we see that while 1B
increases by an order of magnitude the flux in the stau co#attioin region, that, anyway, is the
less promising parameter space region for observatiore sh sensitivity of the experiments is
more than three orders of magnitude above the predicted fNote that the same is true at a
low thresholds, say 1 GeV of interest for the Fermi satellitgsyin panel(a) is three orders of
magnitude smaller than in pané€ls), (c), (d).

4. Summary

Although IB can be significant in the evaluation of the higlergy photon flux from neutralino
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annihilation, we find that its contribution is relevant ontythe stau co-annihilation region of
the CMSSM parameter space. However, in this framework, thst mptimistic particle physics
scenarios for DM detection typically correspond to poirtshe parameter space where most of
the flux is arises from secondary photons that do not receivienportant contribution from IB.
As an example of the impact of the IB on DM search, we includdd & revision of the DM
detection prospects at Draco dwarf galaxy with MAGIC Il antufe CTA telescopes and found
that atEy, = 100 GeV, the predicted fluxes are still at least three ordErsagnitude below the
sensitivity of the IACTSs.
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