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Abstract

We study potential signals of neutralino dark matter indirect detection by neutrino telescopes in a wide
range of CMSSM parameters. We also compare with direct detection potential signals taking into account
in both cases present and future experiment sensitivities. Only models with neutralino annihilation into
gauge bosons can satisfy cosmological constraints and current neutrino indirect detection sensitivities. For
both direct and indirect detection, only next generation experiments will be able to really test this kind of
models.
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1 Introduction

Our present understanding of the universe is described in the context of general relativity and cosmology.
The densities of its components are related by [ﬂ] :

Qtot -1

Qa)—1=
(a) 1-— Qtot + QACE2 =+ Qmata_l + Qrela_2 '

(1)

where a is the scale factor. This equation and current experimental results suggest and focus on a flat
universe with the following parameters [} :
cosmological constant : 24 = 0.7 £0.1
matter : Qner =0.34+0.1
baryonic matter : € = 0.04 & 0.01 ; including Qs 5 0.01
cold dark matter : Qpy = 0.26 £ 0.1
relativistic components : 0.01 < Q.o < 0.05
neutrinos : 0.01 < Q, <0.05
photons : ., = 487173 x 1072
Hubble’s constant : h = Ho /100 km~!.s7? ~Mpc_1 =0.72 £0.08



In the framework of the Minimal SuperSymmetric Model (MSSM) [E, H, E, E, ﬂ], the lightest super-
symmetric particle (LSP) is typically the lightest of the neutralinos x:(= X), X2, X3, x4, the mass eigen-
states of the neutral gauge and Higgs boson superpartners (l;, WS, H~r2, ﬁg) Assuming R-parity conservation
(R = (—1)B+5+29) the neutralino is stable and is typically a good candidate for cold dark matter [E] In this
context, all sparticles produced after the big-bang give a neutralino in their decay chain, leading to a relic
bath of x in the present universe. These neutralinos could be observed via direct detection (x interaction
with a nucleus of a detector), or indirect detection of their annihilation products (v, v, p, D, e+). We will
mainly focus in this paper on v indirect detection. The relic neutralinos are gravitationally captured by
massive astrophysical bodies and accumulated at the centre of these objects by successive elastic scatterings
on their nuclei. The captured neutralino population annihilates and gives rise to neutrino fluxes which could
be detectable in neutrino telescopes like Amanda/Icecube, Antares, Baikal.

2 Neutralino in the CMSSM

In the MSSM, the mass matrix of neutralinos in the basis (—il;, —iW3, H~r2, ﬁg) is

My 0 —myzcos Bsinfw  myzsin 8 sin Oy
M _ 0 Mo —myz cos Scosfw  myzsin B cos fw (2)
XoX2:X3:X4 —mzcosfBsinfw myz cos 3 cosw 0 —u
—myzsin@sinfw myzsin 8 cos fw —u 0

where M, M; are mass term of U(1) and SU(2) gaugino fields, p is the higgsino “mass” parameter and
tan 8 =< H, > | < Hq > is the ratio of the neutral Higgs vacuum expected values.
The neutralino composition is :

X = Nib+ NoW? + NaHO + Ny HY (3)

and we define its gaugino fraction as : gfrec = |Nl|2 + |NQ|2.

In this model, the introduction of soft terms in the Lagrangian breaks explicitly supersymmetry, leading
to a low energy effective theory with 124 parameters. The MSSM is therefore not very predictive, and a
non biased exploration of its parameter space is not possible. As a first step, we will therefore as usual
concentrate on gravity-mediated supersymmetry breaking in supergravity [H] inspired models, with Grand
Unification of soft terms at Equr ~ 2.10'¢ GeV parameterized by mg (common scalar mass)7 my/z (common
gaugino mass) and Ao (common trilinear term). Together with tan 3 and sgn(u), these define a 5 parameters
constraint MSSM (CMSSM) or mSugra model. [E, @, E] model, from which the 124 parameters can be
deduced through renormalization group equations (RGE).
Due to large top Yukawa coupling, renormalization group evolution can drive m%u |Qpwsp and/or m%d lOpwsn
to negative values, such that the electroweak symmetry breaking (EWSB) originates purely in quantum cor-
rections ; which realizes radiative electroweak symmetry breaking. Minimization of the scalar potential at the
electroweak breaking scale Qgwsp yields the condition :

2 2 2
1 5 _ de|QEWSB - mHu|QEWSB tan” 8
Az

my = -1’ —mi,lo -1’ (4)
2 tan2ﬂ_ 1 EWSB u EWSB EWSB !

~
tan ,HZ5

where usually Qrwsp ~ /M M, IE] to minimize one loop contributions.
Such mSugra models offer the theoretical advantage over generic MSSM models that problems such as Lan-
dau poles, charge and color breaking (CCB) minima are partially addressed when dealing with RGE.

In mSugra, there are two kinds of neutralinos [B, @] :

- almost pure bino-like neutralino :
RGE drive M1|g wep = 0.41M1|cur = 0.41m )5 << |6|Qpwes
and Ma|Qpwss = 0.83Mi1|gur = 0.83m1 /2 << [tlQpwss

- for mo 2 1000 GeV, the neutralino can be a bino-higgsino mixture (tan 3 2> 5) :
The increase of mo drives m%, to be less negative so that both |m%, | and |u| (via eq. E ) decrease.
One can then have |p|quwss < Mi|Qpwsys depending on my /. When |u| is too small, EWSB cannot
be achieved.

In addition the very low mo region can lead to models with tachyonic sfermions (low m; ;) or a slepton LSP.

These two behaviors are shown on figure ﬂin the (mo, m/,) plane. The neutralino mass is ~ 0.4m; /,
but is affected by low u values at high mg.
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Figure 1: a) Gaugino fraction, b) value of ¢ and ¢) neutralino mass in the (mo, m12) plane. Region where x is not the
LSP or EWSB is not achieved are also indicated. Our default choice for top mass and the potential minimization scale
are : my = 174,3 GeV and Qewsp = /M3, m;,, except in the last section when these values are specified explicitly.

In this paper, the RGE, SUSY spectrum and potential minimization are derived using the SUSPECT
program @, E] which includes 2 loops RGE [@, tadpole method to minimize the scalar potential [E]
and all radiative corrections in the mass spectrum [20]. The neutralino relic density, including xy* and yy2
coannihilations, and detection signals are calculated by the DarkSUSY (DS) package [E, El which correctly
implements s-channel poles and thresholds [E] Our interface (available from nezri@in2p3.fr, submitted for
inclusion in DS) shortcuts the DS spectrum recalculation, to comply with the SUSPECT spectra which have
been checked [P4]] against SOFTSUSY [@]

3 Branching ratios in neutralino annihilation

The leading processes in neutralino annihilation are shown in figure , where the last two processes are
proportional to the higgsino/wino fraction of x and XE+)~
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Figure 2: Leading channels in neutralino annihilation, with their parametric dependance of their amplitude, N; being
defined in equation

In mSugra models, one can typically distinguish different regions of annihilation branching ratios in the
(mo, my/2) plane, for almost any values of tan 8(> 5) (see figure E)

Above top thresholds : my 2> mi,p & my, 2 400 GeV or slightly higher in the mixed higgsino
region.
Region I : low mg (< 500 — 1000 GeV), the neutralino is almost purely bino like. Despite a very low
higgsino fraction of y, the Z exchange amplitude, being proportional to the sfermion mass, is significant in

IThese calculations use a neutralino local density px = 0.3 GeV/ecm® and a Maxwellian velocity distribution with vy =
220 km -s~!
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Figure 3: Typical regions of neutralino annihilation.

the top channel yy ot (mtmx/m2z)2N§(4). The leading processes are yx 4 tf and vy Z tt, which

have an opposite sign. This cancellation makes xyx ~ bb become the dominant process. Its amplitude
o« %(5—2)2[\71 N34y is strongly enhanced for high tan 3, both from the explicit dependence, and because
m 4 decreases when tan /3 increases. So in the region I, the total annihilation cross section a;?_x
for high values of tan 3.

Region II : when mg increases (< 1500 — 2000 GeV), m 4 increases and, for intermediate tan§ values, the

is important

XX 2 bb amplitude decreases. Since sfermion masses also increase, the yx -5 & channel no longer cancels

XX Z tt, which becomes the dominant process. However, for high tan 3, xy 2 bb is enhanced and stays
dominant. Globally, since all scalar masses have been increased by mg, and the higgsino fraction is still
small, the neutralino annihilation cross section is smaller than in region I.

Region III : increasing further mg (> 2000 — 2500 GeV), for any value of tan 3, one finally approaches the

m:rgX )2]\73?(4) then dominates all other processes,

mixed higgsino-bino region. The xx 25 tF channel (
which are suppressed by the increase of scalar masses. So we are left with a ¢ region parallel to the highest

higgsino fraction isocurves. The mo value separating this region from the previous xx 25 bb region depends
on tan . All in all, the neutralino annihilation is strongly enhanced by Z exchange.

Between top and W/Z thresholds :
Region IV : since my < myop, the neutralino annihilates almost only into bb. Even if some xx _g) bb occurs,
the xx A bb amplitude is dominant.
Region V : increasing mg (and ma), xx 2 bb remains dominant and this process is still quite efficient
for high values of tan 5. For intermediate values of tan 3, xx 2 bb and XX 25 bb both occur but their

amplitudes are small and the total annihilation is not efficient.
Region VI : increasing further mo disfavours scalar exchange, but even small, the higgsino fraction allows

+
XX 2 WHW and xx 2% ZZ to dominate and enhance the total annihilation. Again, the mo values
delimiting the boundary with region V depend on tan 3 (via ma).

Below W /Z thresholds :
Region VII : the dominant process is xyx — bb via A and/or 7 exchange, depending on mg, tan 8 and the
higgsino fraction.

This analysis is illustrated on figures E and E, showing the four most important branching ratios for

tan 3 = 45 and 10 (the omitted process xx 2 77 behaves as XX 2 bb but with a smaller amplitude due to
the m,/m; ratio).

It offers a qualitative understanding of the relic density picture (figure E) The annihilation is efficient
for low values of my (depending on tan ) and for a mixed neutralino along the no-EWSB boundary. This
gives the “V” (or “U”) shape of the relic density profile for large (or small) tan 3. According to the cur-
rent cosmological parameter values, we take the neutralino as an interesting cold dark matter candidate if
0.025 < Qh? < 0.3. Figure H also shows the region in the (mo, m;,,) plane excluded by the experimental
constraints from the Particle Data Group 2000 [R€] implemented in DarkSusy, that we have updated with :
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Figure 4: Dominant branching ratios of the neutralino annihilation in the (mo, mi/2) plane

m_+ > 104 GeV m; > 100 GeV for f~: fl,glji,f/, myz > 300 GeV ; mg, , > 260 GeV for ¢ = ﬁ,ci, §,¢ and
3 .
—6.107"° < a,(SUSY) < 58.107"° [p7.

As noted in previous studies [E, E], the muon anomalous moment and b — sv strongly favours p > 0, to
which we restrict in what follows. In figure [, the grey tail at large mg is excluded by the chargino bound
; it directly bites into the region relevant for neutrino indirect detection. Less relevant is the exclusion of
small mo and m,, values, which comes both from the Higgs mass limit and the b — s+ branching ratio, as
calculated by default in DS. The range BR(b — sv) =1 = 4 x 10" chosen by default in Darksusy may
seem too low in view of latest CLEO and Belle measurements [@] However the leading order calculation
@] implemented underestimates the SM value to 2.4 x 10™*, while next to leading order corrections give
3.6 x107* [@] so that this range should roughly correspond to 2.2 = 5.2 x 107, excluding a bit more than
the range 2 — 5 x 10™* chosen for instance in [ﬂ] We have checked that replacing the implemented Higgs
limit [ﬂ] by an aggressive version of the latest limit [@] (mp > 114 GeV for all sin (3 — «)) only excludes a
few more points around (mo = 1000, m; /, = 150) where neutrino fluxes are beyond reach.

In mSugra, yxT and yy2 coannihilations (included in DS) happen only in the mixed neutralino region,
decreasing further the relic density. x7 coannihilation happens for low values of tan 3, for which there is
no mixed region. y# coannihilation @, E, @] happens for high values of Ag. In both cases, sfermion
coannihilations (missing in DS) are relevant to lower the relic density in regions of large m,, which we will
see are beyond reach of indirect detection. We therefore do not expect their proper inclusion to change our
conclusions.



A0=0 ; tan()=45 ; u >0

1000
L a 2
L 1 Qh
800 g}
-
L o
- [ €
I
> 600
S [
g L
E 400~
200—
0.025 no EWSB
C 1 ! ! ! !
500 1000 1500 2000 2500 3000
mo (GeV)
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constraints as discussed in the text.

4 Neutralino-proton cross section : capture rate and direct
detection signals.

Capture :

If present in the halo, relic neutralinos must accumulate in astrophysical bodies (of mass Mj) like the Sun
or the Earth. The capture rate C' depends on the neutralino-quark elastic cross section : oy_4. Neutralinos
bemg Majora.na particles, their Vectorlal interaction vanishes and the allowed interactions are scalar (via

Xq LN xq 1in t channel and xq 4, Xq in s channel) and axial (Vla Xq N xq in t channel and xq 4 xqin s
channel). Depending on the SplIl content of the nuclel N present in the body, scalar and/or axial interactions
are involved. Roughly C' ~ EN Albe—L < 2. >N F(vy, Vese, my, mn), where py, vy are the local
neutralino density and Veloc1ty7 fn is the den51ty of nucleus N in the body, ox the nucleus-neutralino
elastic cross section, ves. the escape velocity and F' a suppression factor depending on masses and velocity
mismatching. As Mg >> Mgy, the neutralino capture is much more efficient in the Sun than in the Earth
and is maximized for m, ~ my as mi%N ~ mﬂ;aii\] = (mT:ﬁ-::LI:,)T

For the Farth, scalar interactions dominate. By increasing mo from its low value region, sfermions and H
exchanges first decrease, and the cross-section rises again when approaching the mixed higgsino region (see
figure Ea). The capture rate is resonant for m, ~ 56 GeV around the iron mass.

For the Sun, the spin of hydrogen allows for axial interaction, which is higher due to the Z coupling. The
latter depends strongly on the neutralino higgsino fraction and is independent of tan 3, so the cross-section

follows the higgsino fraction isocurves as can be seen by comparing figure and
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To summarize, due to the large solar mass and the spin dependent neutralino-quark cross section, the
storage of neutralinos is much more efficient in the Sun than in the Earth.

Direct detection :
The elastic cross section of neutralino on a nucleus also depends on oy _4, the nucleus mass number A and
its spin content. Depending on the chosen nuclei target, current and future direct detection experiments
are sensitive to the scalar coupling (CDMS (Ge) [@]7 Edelweiss (Ge) [@]7 Zeplin (Xe) [@]) or to the axial
coupling (MACHe3 3He) I@] Comparison between experiment sensitivities and a set of mSugra models
are shown on figure é

5 Neutrino indirect detection

As xx — vi is strongly suppressed by the tiny neutrino mass, neutrino fluxes come from decays of primary
annihilation products, with a mean energy spectrum F, ~ % to W;—X The most energetic spectra, called
“hard” come from neutralino annihilations into WW, ZZ and the low energetic, “soft”, ones comes from bb
@] Muon neutrinos give rise to muon fluxes by charged-current interactions in the Earth. As both the v
charged-current cross section and the produced muon range are proportional to E,, high energy neutrinos
are easier to detect. Considering that the population of captured neutralinos has a velocity below the escape
velocity, and therefore neglecting evaporation, the number N, of neutralinos in the centre of a massive
astrophysical object depends on the balance between capture and annihilation rates : Nx =C — CANi7
where C4 is the total annihilation cross section times relative velocity per volume. The annihilation rate at
a given time t is then :

Ta= %CANi = gtanh2 VCCat (5)

with I'a ~ % = cste when the neutralino population has reached equilibrium, and "4 = %CQC'At2 in the
initial collection period (Earth case).

So, when accretion is efficient, the annihilation rate does not depend on annihilation processes, but follows
the capture rate C and thus the neutralino-quark elastic cross section.

For the Sun, neutralinos are not in equilibrium in the whole (mg, m, ;> ) plane studied. This result is different
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Figure 7: v fluxes from the Sun (a), the corresponding p fluxes above 5 GeV (b) and their ratio (c).

from [@] where the calculation is based on Neutdriver [E] In our calculation we find that the annihilation is
on average less efficient, and equilibrium more difficult to reach. For high m¢ values, equilibrium is reached
and v(u) fluxes follow essentially the higgsino fraction a and the spin dependent oip_‘ Z isocurves H For low
my, the equilibrium fluxes would drop with my and C, but the smaller capture rate hiders equilibrium (eg
\/C'C'Ato ~ 1 for mg = 500,m, o, = 800 ) and the annihilation rate feels the increasing annihilation cross-
section. This effect is stronger for high m, /; values where the neutralinos are heavier and more bino-like, and
where capture is smaller. This effect is also larger when tan 8 (and thus o;?_x) is low, because neutralinos
are less in equilibrium, so that a?_x evolution is more felt in v() fluxes (e.g. W and top thresholds appear
more clearly).

For the Earth, neutralinos are not in equilibrium. Neutrino fluxes depend on C? and annihilation, %iving

an enhancement in the low and high mg regions where fluxes are boosted by annihilation (see figure f| and

0
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Figure 8: v fluxes from the Earth (a), the corresponding p fluxes above 5 GeV (b) and their ratio (c).

E) Since Mgy < M and J;C_“;, < ofﬁz, the capture rate and v fluxes from the Earth are much smaller than

from the Sun.

Comparing v fluzes and p fluzes, the v — p conversion factor increases with m,;, due to the increase of
m, leading to more energetic neutrinos. This ratio also follows the annihilation final state regions described
above. Indeed, spectra from WW, ZZ and to a lesser extent tf are more energetic than bb spectra, so neu-
trino conversion into muon is more efficient in the mixed bino-higgsino region above W and top thresholds
(see figure ﬂ and E)
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Figure 9: a) Direct detection experiment sensitivities and a set of models in the (o529, my) plane. The excluded models
by current accelerators constraints are not displayed. b) Indirect detection experiment sensitivities in the (1 fluzg, my)
plane with 5 GeV threshold of the same sample as a). Dotted, dash-dotted and dashed curves are respectively the Macro,
Baksan and Super-Kamiokande upper limits. Solid lines indicate the future Antares and Icecube sensitivities.

Comparison with indirect detection experiment sensitivities : Muon fluxes coming from neutralinos anni-
hilation in the Sun are shown in figure E MSugra models predicting a good relic density of neutralinos give
neutrino/muon fluxes which can be as high the current experimental limits(Baksan @], Macro [@],Super



Kamiokande [@]) The 0.1 km? Antares detector will explore further the interesting parameter space @]
Next generation neutrinos telescopes (Icecube, Antares km?®) will be much more efficient to test such models,

eg Icecube expected sensitivity ~ 102 g km? - yr=! from the Sun @]
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Figure 10: Comparison between y fluxes from the Sun and neutralino-proton cross sections : a) scalar, b) spin dependent

Indirect vs Direct detection : a high neutralino-proton cross section is efficient to both direct and indirect
(via capture) detection. The large mo mixed higgsino-bino region pointed out in @, @] favours both direct
and indirect detection due to the enhancement of o _, and cr?_x. Both enter in the indirect detection which
is moreover favoured by the production of more energetic neutrinos in WW, ZZ, tt decays leading to better
conversion into muons (figure E) This mixed region, which has a good relic density, is very attractive for
neutrino indirect detection signal.

Hovewer, no current experiment is able to really test such models. Figure Iﬂ shows the region of the
(mo, my /) plane which can be explored by future direct detection experiments and neutrino telescopes.

6 Variations

In this section, we discuss the robutness of the indirect detection picture described above, with respect to
variations of 1) mSugra input parameters like Ap or tan 3,
2) experimental experimental uncertainties on the top quark mass and
3) theoretical uncertainties on the scale of electroweak symmetry breaking Qrwss

Ap : Varying Ap away from 0 does not change too much the analysis above. Annihilation branching ratio
regions, as well as the no-EWSB boundary and slope can be slightly displaced. For moderate tan 5 ~ 20,
quite large and negative values of Ag (eg —800 GeV) can enhance 777~ channel annihilation along the 7
LSP region (i.e. low mg) due to splitting in the { mass matrix. For such values, the ¥y coannihilation [@]
could also affect the relic density, but in this region, neutrino fluxes are too small to be detected anyway
(see figure |L]). The same happens with the ¢t channel for 400 < m;;, < 600 and mo < 700 (~ |Ao|). The
ty IE, E, | coannihilation can also happen for Ag ~ —2000 GeV, but the usual cosmologically interesting
region is reduced (due to the negative squared mass arising in sfermion matrices at low mg and because the
mixed region is pushed to higher values of mg). In addition, this coannihilation region produces neutrino
fluxes from the Sun around 10~ ' km™2 - yr=!, too low to be detected. In view of latest results on cosmolog-
ical parameters, figure @a shows models with 0.03 < QA% < 0.3 in the (mo, my /) plane for different values
of Ag, as well as models giving p fluxes from the Sun > 10 (b) and 10® g km™2 - yr™! (c). Last models are
confined in the mixed higgsino-bino region. In addition, only those models with mw < m, < m; giving a

+
hard spectrum of neutrinos via yyx 2 WHW and XX Xy 77 can simultaneously satisfy 0.1 < Qh? < 0.3,
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Figure 11: a) v telescopes sensitivities and b) direct detection experiments sensitivities in the (1o, m;2) plane.

while yielding a high muon flux.

tan 8 : the branching ratio picture does not qualitatively change for different values of tan 3. Low values
of tan 3 can add a xyy — tt region for low mo and open a Tx coannihilation [@] region along the 7 LSP
region, but u fluxes are small and such values of tan /# reduce the mixed neutralino region which is the most
interesting for indirect detection. As discussed previously, the boundaries of branching ratio regions move
with tan 8 (compare figure B and E) When tan 8 grows, the cosmologically motivated region is wider due
to the annihilation enhancement via A exchange (in regions I/1I and IV/V). Applying the conservative cut
0.03 < Qh? < 0.3, all values of tan 8 provide interesting models for neutrino indirect detection (see figure
). For too large values of tan 3, the bb region is extended and leads to soft neutrino spectra. In this case it
becomes more difficult to conciliate a tighter limit on the relic density with current experimental sensitivities.
Values of tan 3 ~ 10 — 35 give more models satisfying both relic density 0.1 < Qh® < 0.3 and high fluxes.

EWSB scale : Qrwsp 1s the scale at which the running of the soft SUSY breaking terms is frozen
and the minimization of the scalar potential is achieved. When the full potential is minimized within a
multi-scale RG treatment, Qrwsp should not affect physics. Hovewer, the one-loop single scale effective
potential does depend on Qrwss, and the tree-level relations (equation E) only hold in terms of running
parameters at Qewsp, if Qrwsp 18 chosen ~ \/W [ the potential can be minimized pertubatively.
Varying Qgwsp away from this value is therefore not physical, but gives a hint on the theoretical uncertain-
ties associated with a single scale RG and potential minimization approach. When Qgwsp is lowered, the
RG running drives p to smaller values. This leads to a wider region of the (mo, m;/;) plane where EWSB
cannot be achieved. In the remaining allowed region, the lower values of u slightly increase the higgsino
fraction of the neutralino and the annihilation cross-section giving more cosmologically acceptable models.
Figure E and E shows the relic density and u fluxes from the Sun and the Earth in the (mo, m; ;) plane for

Qrwss = % and %\/W For Qewsp = %\/W the annihilation pole of yy i) bb in s channel for
ma ~ 2m, effects is seen which usually appears for higher values of tan 3. This clearly confirms the strong
influence of annihilation processes on v(u) fluxes coming from the Earth away from equilibrium (figure E)
The higher higgsino fraction also enhances the elastic cross section o, _4, but the stronger annihilation leads
to less models which are both interesting from the cosmological point of view and in terms of Sun muon
fluxes (figures @ and E) As before, muons fluxes from the Earth are much too weak to be detected.

Increasing qew s drives to the opposite effect : higher values of || and reduced cosmological favoured region.

Top mass : the experimental value is m; = 174.3 £ 5.1 GeV @] Our default choice up to know has
been to take the central value. However lowering m; means that we lower the top Yukawa coupling Y; so
that the RG decreasing of quu is less efficient and the region where EWSB does not occur is wider (see
eq.E7 figure E and E} Nevertheless the mixed higgsino region is larger favouring annihilation and capture,
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Figure 13: Branching ratio of neutralino annihilation in (mo, m1/2) plane (same as figure H for tan 8 = 10).
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Figure 15: a) Relic density, ¢ fluxes from the Sun (b) and the Earth (c) in the (mo, m1,2) plane for Qewss

and m; = 174.3 GeV.

1 — —
2V mg, Mi,

but there are no additional models satysfying both cosmology and v/ fluxes are favoured (figure E, @ and
E) Increasing the top mass lead to the opposite effect, which is less interesting for our study.

It should also be noticed that in Q@gwsp and/or m; variation region with heavier neutralino are cosmo-

logically allowed.

7 Conclusion

In this paper, we have analysed, within the framework of the constrained Minimal Supersymmetric Standard
Model (a.k.a. mSugra), the possible indirect detection of neutralino dark matter through the neutrinos
produced by its annihilation in the earth and the sun. In particular, we have presented an original study of
the relative weight of various annihilation channels crucial to indirect detection. Fixing the halo dark matter
density to py = 0.3 GeV/cm® and allowing for the widest range of cosmological relic density 0.03 < Qh? < 0.3,
we find that a neutrino signal from the centre of the Earth is beyond reach of the present and even future
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Figure 16: a) Relic density, ¢ fluxes from the Sun (b) and the Earth (c) in the (mo, m1/2) plane for Qewss = %\/W

and m; = 174.3 GeV.
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Figure 17: a) Relic density, ¢ fluxes from the Sun (b) and the Earth (c) in the (mo, m;,2) plane for Qewsp = VG My

and m; = 170 GeV.
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Figure 18: a) Relic density, ¢ fluxes from the Sun (b) and the Earth (c) in the (mo, m1/2) plane for Qewss = %\/W

for m; = 170 GeV.

neutrino telescopes.

For the larger Sun, we find that a neutrino signal may be found, but only in the large mo "focus point"
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Figure 19: a) Dark matter favoured models for differents values of@gwsp and top mass in the (mo, my ;) plane (a).
Colors and symbols correspond to different values of m; and Qrwss : e.g. (170 ; 1/2) means m; = 170 GeV and

Qewss =

%‘ /m; m; . The models that moreover yield a muon flux from the Sun larger than > 10> km™2 - yr~! and

> 10° km ™2 - yr~! are shown in b) and c).

region []ﬁ, @] where the neutralino has a larger higgsino component which increases both neutralino-nucleon
elastic scattering and neutralino annihilation cross-sections. Since in this region, both are related by s- and
t-channel crossing (exactly above tf threshold and approximately below), any parameter change reducing
the relic density inevitably increases the neutrino flux. When conversion into muons is taken into account
with a 5 GeV threshold on the muon energy, the only models providing both a relevant (but rather low)
relic density, and fluxes around the current indirect detection sensitivity (103u km ~2 -yr_l) are those with

+
my, < m; and xx 2L WHAWT or XX 25 ZZ as dominant annihilation processes. Other kinds of models
could favorise such channels to happen more generically [@] The next generation of neutrino telescopes
(with a km? size) will be much more efficient to probe mSugra models, especially for m, > m;. If a neutrino
signal is found in this framework, then neutralino dark matter should also be accessible to future direct
detection experiments, and a chargino with m,+ < 350 GeV should be found in accelerators.

To conclude, a comparison with previous related work is in order. Earlier studies [E],[@] of neutralino
indirect detection were performed in the unconstrained MSSM, where p is a free parameter, and mixed
neutralinos occur rather easily. Taking an mSugra slice in this huge parameter space obviously introduces
many correlations, for instance between the neutrino flux and the relic density or afff ” (and even J;C_azl,).
The effect of this slicing in the (my, 75°%}) was shown in I@] for small tan 8 and in IE] for large tanf.
Our fig. 9 agrees with this last result, with the addition of the focus point region forming the upper-right
cloud. We should note however that a comparison in the (mo, m; /) plane is more difficult, specially at large
tan 3, because of the theoretical uncertainties in the RGE used to translate these parameters into physical

uantities. As an example, for a given value of tan 3, the slope of the EWSB boundary decreases between
|, this work and [#§]. As another example, the strong annihilation via s-channel A, Ho scalars appears
above tan 8 > 50 in [{] and [@]7 tan 3 > 35 in [@], and tan 8 > 60 (or tan 8 = 45, Qrwss = \/m;, my_/5,
see fig. 16) in the present work using SUSPECT. Finally, we find a muon event rate compatible with [2§],
and larger than @] Part of this difference comes from a higher threshold (25 GeV instead of our 5 GeV).
The rest might be attributed to a high sensitivity in the renormalization group equations at large mgy and
tan 8. It seems [p4] that using SOFTSUSY [Rq] or SUSPECT [[id, [[4| may be safer than ISASUGRAI[F1] in
this region.
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