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Abstract. We study the complementarity between dark matter experiments (direct detection and indi-
rect detection) and accelerator experiments (the CERN LHC and a /s =1TeV eTe™ linear collider)
within the framework of the constrained minimal supersymmetric standard model (MSSM). We show how
non-universality in the scalar and gaugino sectors can affect the experimental prospects to discover the
supersymmetric particles. The future experiments will explore a large part of the parameter space of the
MSSM favored by the Wilkinson Microwave Anisotropy Probe (WMAP) constraint on the relic density, but
there still exist some regions beyond reach for certain extreme (fine tuned) values of the supersymmetric
parameters. Whereas the focus point region characterized by heavy scalars will be easily probed by experi-
ments searching for dark matter, the regions with heavy gauginos and light sfermions will be accessible more
easily by collider experiments. More information on both supersymmetry and astrophysics parameters can

thus be obtained by combining the different signals.

1 Introduction

Numerous independent astrophysical and cosmological
measurements suggest that the matter in our universe is
dominated by a not yet identified dark component (see
e.g. [1-4] for reviews). The solution of this problem is cru-
cial to the understanding of our universe. The missing
matter has been probed by a variety of experiments on dif-
ferent scales of astrophysics, such as galaxy observations
through rotation curves, clusters through X-ray emission
and on the cosmological scale through CMB anisotropy
measurements. The CMB data provides the most strin-
gent constraint and gives the total fraction of dark matter
in the universe with the best accuracy. Indeed, the recent
WMAP [5, 6] results lead to a flat concordance model uni-
verse with a relic density of cold dark matter of

Qcpmh? =0.112670015  at 95% CL. (1)
The accuracy of the measurement is expected to increase
with future data from the PLANCK satellite [7] and a pre-
cision of Af2cpmh? ~ 2% has been projected.

An interesting possibility for such a cold dark mat-
ter candidate is a bath of long lived or stable weakly-
interacting massive particles (WIMPs) left over from the
Big Bang in sufficient numbers to account for their ob-
served relic density. Since additional constraints, especially
those from light element nucleosynthesis, strongly disfa-
vor the possibility that dark matter is composed solely
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of baryons [8], some form of “non-standard” matter is
required.

The standard model (SM) of high energy physics, de-
spite its success in explaining the data available today,
requires an extension to explain the hierarchy between the
weak and the Planck scales, the unification of gauge cou-
plings and the origin of electroweak symmetry breaking.
The most popular extension of the model is the minimal su-
persymmetric standard model (MSSM) [9—12]. The MSSM
predicts the existence of several new particles, namely the
superpartners of the SM ones. In most of the MSSM pa-
rameter space, the lightest supersymmetric particle (LSP)
is a stable, massive, neutral, weakly-interacting particle:
the lightest neutralino. This stable particle offers an inter-
esting and well motivated dark matter candidate. On the
other hand, at future colliders such as the Large Hadron
Collider (LHC) and the planned International Linear e*e™
Collider (ILC), supersymmetric particles are expected to
be produced and observed if low energy supersymmetry
(SUSY) is present in nature. However, even if part of the
supersymmetric spectrum is unveiled at the LHC, for ex-
ample, the properties of the particles that play a dom-
inant role in the relic density will not be measured di-
rectly or precisely. Both types of data (from astroparticle
as well as from accelerator physics) are thus needed to ex-
tract the full properties of the underlying supersymmetric
model [13].

In constrained MSSM, such as the minimal supergra-
vity model (mSUGRA), the minimization of the one-loop
scalar potential leads to the well-known relation between
the squares of the superpotential Higgs mass term and the
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soft-SUSY breaking scalar Higgs masses my, , mp, as well
as the ratio of the vacuum expectation values of the two
Higgs fields, tan 8 = vg4 /v, and the Z-boson mass M. The
relation

(m%{d —|—5m?{d> — (m?{u —|—5m§1u) tan? 3 1
tan? 3 —1 2

p?=

is imposed at the SUSY breaking scale, defined as the ge-
ometric average of the two top squark masses, Msysy =
/g Mg, This condition determines the absolute value
of the term p, leaving its sign as a free parameter of
the theory.

The four neutralinos (x9 = x, X3, X3, X}) are superposi-
tions of the neutral fermionic partners of the electroweak
gauge bosons B? and WY (respectively the B-ino and
W-ino fields) and the superpartners of the neutral Higgs
bosons I:IS, H3~(rc;§pegoively the up and down higgsino
fields). In the (B, W3, H}, H?) basis, the neutralino mass
matrix is given by

M, 0

0 My
—mycosBsinfy  mz cos [ cosOy
mzsinBsinfy  —mz sin 3 cos Oy

My =

—myzcosfBsinfy  myzsin G sin Oy
myzcosBcosby  —mysin (G cos Oy
0 —H
—u 0

(3)

where M7, M are the bino and wino mass parameters, re-
spectively. This matrix can be diagonalized using an orth-
ogonal matrix z, and we can express the LSP x (often
referred to in the following as the neutralino) as the linear
combination
X = z11B+ 219W 4 z13Hg + z14H,, . (4)
The eigenvector components determine the nature, cou-
plings and phenomenology of the neutralino. The neu-
tralino is usually called “gaugino-like” if P = |z11|? + |212]?
> 0.9, “higgsino-like” if P < 0.1, and “mixed” otherwise.
An annihilation rate consistent with the WMAP con-
straint can be obtained by several mechanisms, depending
on the model parameters: when m, ~ mz bino-x7 coan-
nihilation dominates; for large tan( values or a light pseu-

doscalar A-boson, xx 2 bb annihilation is dominant; for
a sufficiently higgsino-like neutralino, xx — tt dominates.
At the same time, a non-negligible wino component can en-
hance the annihilation process xx — W+W ™ and the xx*
and x*x~ coannihilation processes.

In the present work, we will consider neutralino dark
matter searches in direct or indirect detection experiments
and the prospects of superparticle production at future
colliders like LHC or ILC, working within the framework
of general supergravity scenarios with non-universal scalar
and gaugino soft-SUSY breaking mass terms.
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The outline of the paper is as follows. Section 2 sum-
marizes the phenomenology of the various dark matter
searches. Section 3 discusses the prospects for producing
and detecting SUSY particles and MSSM Higgs bosons
at the LHC and at a high energy ete™ collider. Section 4
presents a complementary analysis for each type of sig-
nal and the influence of non-universality on the detection
prospects of all types of experiments. For our computa-
tion, we use an interface of the latest released version of the
SUSPECT codes [14] for the MSSM particle spectrum, MI-
CROMEGAS [15,16] for the neutralino relic density, and
DARKSUSY [17] for the dark matter detection rates. Dur-
ing the writing of this paper, the authors of [18] and [19]
carried out a similar analysis and reached conclusions in
agreement with those presented here. Related work in
a variety of frameworks and dealing with cosmological relic
density aspects, present accelerators constraints and/or
dark matter searches and/or SUSY searches at future col-
liders can be found in [20-66].

2 Dark matter searches

2.1 Dark matter distribution

The dark matter distribution within the galaxy is a crucial
ingredient for many detection techniques. From N-body
simulations, this distribution is commonly parameterized
as

(r) = pol1+ (Ro/a)*]B=1/e
P = T Roy L+ (rfa)e]@-7a

(5)

where r is the galacto-centric coordinate, pg is the local
(i.e. in the neighborhood of the Sun) halo density, Ry the
solar distance to the galactic center and a a characteristic
length. While there is agreement concerning the predicted
behavior at large radii (3 ~ 3), the exponent describing the
possible cusp at the center is the subject of discrepancies
between various groups carrying out numerical simulations
(1 £+ < 1.5). Furthermore, studies of low surface bright-
ness galaxies seem to favor flat cores. Moreover, the central
region behavior may depend strongly on the physical as-
sumptions regarding baryonic effects on the central dark
matter density, supermassive black hole induced spikes,
dark matter particles scattering on stars, etc. (For a dis-
cussion, see e.g. [67—72].) Finally, possible inhomogeneities
and substructures could be present, leading to possible
clumpiness of the halo.

In contrast, there is general agreement on the local dens-
ity po that can be determined for each density profile assum-
ing compatibility with the measurements of the rotational
curves and the total mass of the galaxy; po should range
from 0.2 to 0.8 GeV cm 2 (see [2] for a discussion). For defi-
niteness, our results are presented for pg = 0.3 GeV cm 3 for
all the density profiles used in the present analysis. A more
controversial topic is the possible link between the dark
matter distribution and the total relic abundance. One can
rescale the density p(r), when the calculated value of §2, h?
is smaller than the WMAP lower bound, by assuming that
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the neutralino could form only a fraction of the total amount
of cold dark matter. In this study, however, we will not use
this procedure as we will mainly focus on the dependence of
the detection rates on the SUSY parameter space for a given
astrophysical framework.

2.2 Direct detection

Many underground experiments have been carried out
around the world in order to detect WIMP candidates by
means of their elastic scattering off target nuclei through
nuclear recoil [73]. As previously pointed out, the astro-
physical uncertainties in the predicted rate for this type
of detection technique is small. Namely, the translation
of the detection rates/sensitivities to the scattering cross
section oy, relies only on knowledge of the local dark mat-
ter density pg. Depending on the spin of the target nuclei,
the detection rate is given by the spin dependent (afg,in)
or the spin independent (a;‘;al) neutralino—nucleon elastic
cross section. The main contributing diagrams are shown
in Fig. 1.

The squark exchange contributions (mainly the first
generation 4, d squarks) are usually suppressed by the
squark masses. The spin independent cross section ¢3°2!
is then driven by neutral C'P-even Higgs boson (h, H)

exchanges (xq LLN Xq ¢ 211(2)?13(4)) and the spin depen-

dent cross section U;I;)in by Z-boson exchange (xq 2 Xq
zfs( 4)). Direct detection is thus more favored for a mixed
gaugino—higgsino neutralino and models where the scalar
Higgs boson H is sufficiently light.

In the usual mSUGRA scenario, where the soft terms
of the MSSM are assumed to be universal at the unifica-
tion scale, the spin independent cross section is constrained
by o5 < 3% 107% pb'. However, it has been shown that
if the assumption of universality in the scalar and/or gau-
gino sectors is relaxed, the cross section can be increased
significantly compared to the universal scenario and could
reach values of the order o5% ~ 10~ pb [31-35]. QCD cor-
rections to the neutralino—nucleon scattering cross sections
may also be relevant [74].

Current experiments such as EDELWEISS [75] and
CDMS [76,77] are sensitive to WIMP—proton cross sec-
tions larger than approximately 1076 pb, excluding the
DAMA region [78]. These sensitivities are slightly too

small to probe minimal SUSY models if we impose the

1 For a recent review, see [4].
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Fig. 1. Feynman diagrams of the processes
occurring in direct detection of the lightest
neutralinos: a and b spin independent pro-

9 cesses (a;‘;?l); b and c spin dependent pro-

(c) cesses (o5p )

accelerator constraints and the bound on the relic dens-
ity from WMAP. Several new or upgraded direct WIMP
detection experiments will soon reach a significantly im-
proved sensitivity (GENIUS, EDELWEISS II [79],
ZEPLIN(s) [80], CDMS II and superCDMS ([81]). The
next generation of experiments (e.g. EDELWEISS II and
CDMS 1II) will lead to a minimum of the valley sensitivity
around 1078 pb for a neutralino mass of m, = O(100 GeV).
Though challenging from the experimental point of view,
a ton size detector (ZEPLIN, SuperCDMS) should be able
to reach o3 > 10710 pb. In our study, we will take the
neutralino mass dependent projected experiment sensitiv-
ities of EDELWEISS 11 [79] and ZEPLIN [80)].

2.3 Indirect gamma detection

Dark matter can also be observed through its annihilation
products in the galactic halo. In particular, the annihila-
tion at the galactic center (GC), where the dark matter
density is important, could lead to large fluxes and promis-
ing experimental signals even if the exact behavior in the
central region is poorly constrained. Unfortunately, the as-
trophysical uncertainties dominate largely over the ones
coming from particle physics models, considerably affect-
ing the discovery prospects of indirect gamma detection
experiments.

The main annihilation processes entering in the cal-
culation of gamma-ray fluxes from the GC are depicted
in Fig. 2. The large masses of the scalar fermions and their
small Yukawa couplings usually suppress the contribu-
tion of the diagrams with ¢-channel sfermions exchange.

The dominant cross sections are thus U(XX A bl_J) x
Z - 9 2
o(xx = tf) o« [Z13(4)]

xT0d)

clxx —— WW(Z22)) « [z13(4)V12]2 and/or

[212‘/11]2 ([z13(4)zj3(4)]2), with V;; the chargino mixing
matrices. Annihilation in these channels is favored for a
wino-like and a higgsino-like neutralino. The resulting ob-
served differential gamma-ray flux at the Earth coming
from a direction forming an angle 1 with respect to the GC
is

[211(2)213(4)]2» and

1 dN! 1
iEdE,y@”>

<[ e,
line of sight

dds’Y(E’W w) —
d2dFE

(6)

2
47rmX
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Fig. 2. Feynman diagrams for the dominant channels contributing to neutralino annihilation into SM particles

where the discrete sum is over all dark matter annihilation
channels, dN'!/dE, is the differential gamma-ray yield
and (o;v) is the annihilation cross section averaged over the
velocity distribution. It is customary to isolate the depen-
dence on the halo dark matter model with respect to par-
ticle physics, defining the dimensionless quantity [82, 83]

J(AR2) =

1 1 2

8.5kpc \ 0.3 GeV /cm?

< P (r(L,9)) d1d2  (7)
AL Jline of sight

over a solid angle A2 centered on ¢ = 0.

As pointed out, a crucial ingredient for the calculation of
the annihilation fluxes is the density profile of dark matter
around the core of the GC. In the present work, we choose the
intermediate Navarro, Frenk and White (NFW) halo pro-
file [84] (v =1, Jnpw (A2 = 1072) ~ 10?). One can rescale
the fluxes to have results for other commonly used profiles
either with a stronger cusp like the one proposed by Moore
et al. [85] (v = 1.5, Juoore(A£2 = 107%) ~ 10°) or a shal-
lower slope like the one proposed by Kravtsov et al. [86]
(7 = 0.4, Jxravisov (A2 = 1073) ~ 10).% The sensitivity to
such variations in the dark matter profile of the experimen-
tal prospects will be illustrated later; see 10c and d. In the
literature, some authors [83] also consider as a theoretical
input parameter a boost factor acting on J , to account for
possible halo inhomogeneities (from clumps for instance).

Recently several experiments have detected a signifi-
cant gamma-ray flux from near the galactic center. Ob-
servations by INTEGRAL [87] and EGRET [88, 89] have
revealed ~y-ray emission from this region, although no cor-
responding sources have been identified so far. The VER-
ITAS [90] and CANGAROO [91] collaborations using, re-
spectively, the Whipple 10 meters and CANGAROO-II
atmospheric Cerenkov Telescopes (ACTs) have indepen-
dently detected TeV ~y-rays from the same region. Finally,
HESS [92] claims to have observed a signal correspond-
ing to a WIMP in the multi-TeV energy range. Here we
refrain from interpreting all these signals as due to dark
matter annihilation. Although an explanation in terms of
a heavy dark matter particle like the LSP neutralino [59,
60, 92| is possible for each signal (except for INTEGRAL;
see for instance [93] for a light dark matter scenario pro-
posal), these measurements are not compatible with each

2 For ~ > 1.5, J diverges and one has to regularize the integral

of (1).

other and cannot be explained by a single scenario. More-
over, purely astrophysical interpretations of these signals
are possible [94, 95].

In any case, considering the computational uncertain-
ties and the existence of alternative astrophysical expla-
nations [94,95], it is reasonable not to attribute these
signals to a neutralino and proceed with our analysis
of constraints on the SUSY parameter space attainable
from future experiments. Nevertheless, the EGRET sig-
nal (~4 x 1078 yem~2s71) can be seen as an upper bound
even if one has to keep in mind that it may not arise ex-
actly from the galactic center [96]. We will also consider the
sensitivities of the HESS [97] and GLAST [98] experiments
(respectively, 1012 ’ycm’2 ~! with a 100 GeV threshold
and 10710y cm=2s7! with a 1 GeV threshold) as a prob-
ing test of our models The neutralino mass dependent
integrated sensitivities used in our analysis can be found
in [99].

2.4 Indirect neutrino detection

Dark matter particles of the halo can also be trapped in as-
trophysical bodies (like the Sun) by successive elastic scat-
tering off its nuclei (hydrogen) over the age of the target
object (~ 100 years). This leads to a captured population
which annihilates, producing neutrino fluxes that can be
detected by a neutrino telescope, manifesting the presence
of dark matter. The direction of the neutrino can be used to
distinguish such flux from a diffuse background noise. The
annihilation rate at a given time ¢ can be written as [100—
102]

C

= —C’AN2 — tanh2 CCat, (8)
where C' is the capture rate, which depends on the local
density pg and on the neutralino—proton elastic cross sec-
tion. I'p ~ % = constant when the neutralino population
has reached equilibrium, and I'y ~ %CQCAt2 during the
initial collection period. When accretion is efficient, the
annihilation rate follows the capture rate C' and thus the
neutralino-quark elastic cross section, whereas only the dif-
ferential spectrum depends on the annihilation processes.

The flux is then given by

d v dNF
471'R22 F E.), ©)
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where F' labels the annihilation final states and R is the
Sun-Earth distance. As related to the local dark matter
density, the astrophysical dependence is weak, and simi-
larly in the direct detection case. One should note that the
neutralino capture rate is time dependent. The trapped
population could have been larger in the past if the Sun
traversed some clumps of dark matter.

The particle physics behavior is dominated by the cap-
ture rate driven by o, ,. The dominant processes are shown
on Fig. 1 (spin dependent for the Sun because of the non-
zero hydrogen nuclear spin). The couplings have already
been described in the section on direct detection. The
dominant diagrams describing annihilation (see Fig. 2) and
their couplings have been discussed in the section devoted
to indirect gamma detection. For our analysis we will con-
sider the fluxes coming from the Sun, which is favored for
neutralinos with a non-negligible higgsino component. In-
deed Z exchange is then allowed in neutralino—quark dif-
fusion and the resulting flux can be high. The annihilation
may also enhance the flux, especially by giving harder neu-
trino spectra when the higgsino and/or the wino fraction
are not negligible leading to t£, W+ W~ final states instead
of bb for a dominant bino neutralino [32,103].

The Earth could be another possible source, but the
resulting fluxes are beyond the reach of detection [103].
The neutralino annihilations in the galactic center can also
lead to neutrino fluxes (i = v in (7)), but the gamma flux
is much more promising given the experimental sensitivi-
ties [104].

Present experiments like MACRO [105], BAKSAN [106]
SUPER K [107] and AMANDA [108] (whose size and loca-
tion disfavor detection of horizontal fluxes from the Sun)
limit the possible fluxes to around 10%y km~2 yr—!. Future
neutrino telescopes like ANTARES [109] or a km? size like
ICECUBE [110] will be able to probe respectively around
103 and 10?m km~2 yr~!. We used the neutralino mass de-
pendent sensitivities of [111] for ANTARES and [112] for
ICECUBE.

2.5 Indirect positron detection

Neutralino annihilations in the halo can also give rise
to measurable positron fluxes. Being charged particles,
positrons interact during their propagation so that direc-
tional information is lost. Furthermore, these interactions
imply that the observed positrons do not originate from
far away in the galaxy. In addition to the variability of the
density profiles, which is a source of uncertainties at their
production, the understanding of the propagation taking
into account interactions with magnetic fields and inverse
Compton and synchrotron processes is the most relevant
and difficult question to control in order to be able to un-
derstand their fluxes and to estimate the positron spectra.
The positron flux results from the steady state solutions of
the diffusion-loss equation for the space density of cosmic
rays per unit energy, dn/de:

gdn_g. [K(s,x)v%]
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2 [b(s,x)i—:] +Q(e,2)=0,  (10)

where K is the diffusion constant (assumed spatially con-
stant throughout a “diffusion zone”, but possibly energy
dependent), b the energy loss rate and @ the source term
(see [50] for details). We take [113]

K(g) =3.3x10% [3°47 +£%47] cm?s ™! (11)

and [114]

b(e)+ = 107162571, (12)
which results from inverse Compton scattering off both
the cosmic microwave background and diffuse starlight.
The diffusion zone is a slab of thickness 2L (L = 4kpc to
fit observations of the cosmic ray flux, see [47] and refer-
ences therein). Variations of the propagation parameters
may change the results of the computation by around an
order of magnitude [51]. The source term Q = f(p(r), (ov))
can be modified if one considers the presence of clumps
in the (quite local) dark matter distribution and a pos-
sible resulting multiplicative boost factor b < 10 [52]. The
particle physics dependence also enters in the source term
and comes from the supersymmetric parameter influence
on the annihilation cross section (see Fig. 2 and Sect. 2.3).

The HEAT experiment (consisting of three flights in
1994, 1995 and 2000), observed a flux of cosmic positrons in
excess of the predicted rate, peaking around10 GeV [115].
This signal may be explained by neutralino annihila-
tion but requires a boost factor [51,53]. Furthermore, the
HEAT measurement uncertainties in the 30 GeV bin are
quite large. Consequently, we estimate here the fluxes for
the future experiments AMS-02 and PAMELA. The ex-
act positron spectrum depends on annihilation final states,
dark matter distribution and propagation parameters [51],
but as a reasonable approximation for our analysis one
may assume that the spectra are peaked at around M, /2.
At those energies, we have checked that the background
of [116] can be fitted by E>d®,+ /dQ2dE ~1.16 x E~123,
Followin+g [26, 66], we require as a condition for the detec-

tion f+|mx/2 ~ 0.01 (see [18] for more precise criteria).
Bckgd

2.6 Indirect antiproton detection

Another possible signal of dark matter may be the detec-
tion of antiproton fluxes produced by neutralino annihila-
tion. To calculate those fluxes we need to solve the propa-
gation equation for the antiprotons [54,113,116-119]:

dn dn
V. | K 5§7_ —V- Vc_
|: OR d€:| |: d€:|

; dn
—”Hvﬁ(s)aﬁl(f)d—g +Q(e,z) =0, (13)
where R is the rigidity (momentum per unit of charge,
R=1p/Z), V. the galactic wind velocity (generating con-
vections), nt! is the interstellar hydrogen density number,
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v the velocity of the antiproton and ol is the inelastic
antiproton—hydrogen cross section. We used the diffusion
model [54] of the DarkSusy package with the diffusion—
convection [116] option, and § = 0.6, V. = 10kms—1, and
Ko = 25x10%"cm?s~!. Antiprotons propagate further
than positrons; the resulting flux is consequently slightly
more sensitive to the dark matter distribution in the
galaxy, and especially in its central region. After the propa-
gation, the antiproton flux can be written

Ni 2
d_Bl (&) Ciorop(T) ,

¢5(R0,T) = b<U’U> a7 mX

%

(14)

where T is the p kinetic energy, Cprop(T) contains the
propagation effect, and b is a boost factor resulting from
the halo clumpiness (b = 1 in the case of a smooth profile).
Experiments such as BESS and CAPRICE have measured
the antiproton flux. Their signals can be fitted by an as-
trophysical background antiproton flux and are peaked at
1.76 GeV for an antiproton flux of
~2x107% cm2s ! sr~!. The measurement at 37.5 GeV
seems to suggest an excess compared to the standard as-
trophysical models. We computed the antiproton fluxes
from neutralino annihilation in those two energy bins
and, following [18], we have considered the region where
¢5(Ro,1.76) > 2 x 10~ "pem~2s Lsr~1. We also checked
that we never exceeded the experimental results from
BESS and CAPRICE in those two energy bins.

3 Collider searches

3.1 Constraints
3.1.1 The mass spectrum constraints

We have calculated lower bounds for the SUSY particles
and lightest Higgs boson masses (we excluded parame-
ter values leading to tachyons in the squark and slepton
sector). We applied the LEP2 lower bound on the light-
est chargino mass m 4 > 103.5 GeV [120]. Typically, the

most constraining bound arises from the lower bound on
the lightest Higgs boson mass. In the decoupling regime
(ma > Myz), valid everywhere in our parameter space,
mp, > 114.4 GeV [121-123]. It is well known that the the-
oretical prediction of the Higgs mass is very sensitive to
the top mass. The radiative corrections used for calculating
the Higgs mass are well described in [125]. In our analysis,
we assume m; = 175 GeV, but we also illustrate how our
results are modified when the top mass varies within the
interval (178 to 182 GeV) in Fig. 10b [124].

3.1.2 The b — sv branching ratio

One observable process for which SUSY particle contri-
butions might be large is the radiative flavor changing
decay b — sy [126—-130]. In the standard model this de-

Y. Mambrini, E. Nezri: Dark matter and collider searches in the MSSM

cay is mediated by loops containing the charge 2/3 quarks
and W-bosons. In SUSY theories additional contribu-
tions come from loops involving charginos and stops,
or top quarks and charged Higgs bosons. The measure-
ments of the inclusive decay B — X,y at CLEO [131] and
BELLE [132] give tightly bounds for the branching ratio
b — sv. The experimental value for the branching ratio of
the process b — s is (3.52£0.30 x 10~%) [133]. Combining
the theoretical errors [134] (4:0.30 x 10~%) coming from its
prediction by adding the two uncertainties in quadrature,
we obtain 2.33 x 1074 < BR(b — s7) < 4.15 x 1074, at the
30 level. Typically, the b — s+ is more important for u < 0,
but it is also relevant for p > 0, particularly when tan (3 is
large.

3.1.3 The anomalous moment of the muon

We have also taken into account the SUSY contributions
to the anomalous magnetic moment of the muon, da, =
agusy — asm [136—140]. We used in our analysis the re-
cent experimental results [141], as well as the most recent
theoretical calculations of the standard model contribu-
tions [142-144]. A discrepancy of about 2.7¢ between ex-
periment and theory is found when ete™ data are used
to estimate agm, leaving room for a SUSY contribution
of asysy = (25.249.2) x 10710 or, at the 20 level, 6.8 <
agysy0 < 43.6. Such a contribution favors p > 0 and rather
light sleptons and gauginos. However, this discrepancy is
smaller if tau data are instead used to evaluate agy. We
therefore do not restrict the parameter space with the
da, constraint, but we show the relevant contour asysy =
6.8 x 10719 instead.

3.1.4 The Bs — u™p~ branching ratio

Finally, we have considered the limit [145,146] on the
Bs — ptp~ branching ratio [147-150]. The upper bound
on this process, B(B; — utp~) < 2.9 x 1077, does not con-
strain the parameter space of mSUGRA. However, it has
been stressed recently that for non-universal soft terms the
constraint can be large [151, 152], especially for large tan
and low Higgs masses. There is also a strong correlation be-
tween the B, — uTpu~ branching ratio and cross sections
for direct [152] and indirect [59] dark matter detection.

3.2 LHC

The LHC is a pp collider with a center of mass energy of
/s =14TeV, expected to come on-line in 2007. Hadronic
colliders produce mainly colored particles such as squark
pairs ¢q, squark—antisquark pairs ¢g*, gluino pairs gg or
associated squark—gluino pairs ¢g:

qq, 99 — 44",
q9 — 49,
99, 99 — 99,
q9 —4g-
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Fig. 3. Production processes for a linear collider

The gg* final state requires an initial state of the form
qq or gg, whereas squark pairs are produced only from
the qq state. Gluino pairs come from ¢g and gg states and
the squark—gluino pairs are produced only via quark—gluon
collisions. Cross sections for squark and gluino productions
are very high at LHC, e.g. for mg = mgz = 500 GeV, (G —
g) ~ 62 pb. For an integrated luminosity of 100 fb~!, cor-
responding to one year of LHC data at high luminosity,
6.2 x 10% squark-gluino pairs are anticipated, leading to
a promising (assuming that the detectors are well under-
stood) discovery potential and to hints as to the underly-
ing SUSY model. Of course, for a heavier spectrum, cross
sections will be lower, but in any case, the production of
squarks and gluinos at the LHC, if kinematically allowed,
should be significant.

The decays of squarks and gluinos lead to multi-jets +
isolated leptons + missing Et signals. We consider the ex-
clusion limits of [153-155], which establish that squarks
and gluinos could be detected up to mgg ~ 2-2.5TeV for
the first two generations of squarks, which corresponds
nearly to the parton-parton kinematic limit of roughly
14/3 TeV. The detection of the third generation of squarks
(sbottom, b; and stop, ¢ ) appears to be more difficult with
a hadronic collider due to their special decay modes [156,
157].

3.3 Sparticle production in ete~ colliders

We also analyzed the prospects for producing SUSY par-
ticles and heavy Higgs bosons at high energy and high
luminosity ete™ colliders [158-163]. In this exploratory
study we assess the accessibility of certain production
modes simply through the corresponding total cross sec-
tion without performing any background studies. However,
in most cases the clean experimental environment offered
by eTe™ colliders should allow for the discovery of a certain
mode, given a sample of a few dozen events. Difficulties
might arise in some narrow regions of parameter space,
which we describe below. The proposed international lin-
ear collider (ILC) would operate at CM energies of around
Vs ~0.5—1 TeV, whereas the CERN CLIC linear collider is
proposed to operate in the multi-TeV regime [164]. In our
study, we have taken the example of a future linear collider
with a center of mass energy of 1 TeV and an integrated
luminosity of 500 fb~!. We will consider a given channel
visible if its total cross section exceeds o, = 0.1 fb, cor-
responding to 50 events per year.
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In our study, we consider the following production pro-
cesses, shown on Fig. 3:

ete™ =" (mainly 77 and o7)
efe” = xTxT,

ete” = xx3,

ete” — HA.

Sleptons are produced in éfi{)L pairs via the s-channel
photon and Z-boson exchange and the ¢-channel exchange
of the four neutralinos x?. Since the electron Yukawa coup-
ling is suppressed, only the gaugino fraction of the neu-
tralinos exchanged contributes to the process. Thus the
influence of the soft breaking gaugino masses M7, My and
w through My, is important in the production cross sec-
tion, because they determine precisely the gaugino fraction
of the neutralino. In particular, slepton pair production
at next-generation ete™ colliders will be accessible if mq
is not very large, away from the focus point region. The
dominant final state is the lightest state, ég, and as in su-
pergravity models, the ég—ér, mass difference may be large.
For the third generation slepton, production proceeds only
via v and Z-boson exchange. In this case, we concentrate
on the production of the lightest state, eTe™ — 7,71, which
offers the largest discovery possibilities. The formulas in
the appendix of [23,24] indicate a strong dependence of
the cross section on the selectron velocity (3. Only slep-
tons with masses of several GeV below the kinematical
limit can be observed.? Note that it is also possible to
produce and observe sleptons through their decay even if
mj > +/s/2 [165,166].

Due to couplings and kinematics, the sleptons decay
mainly into their leptonic partners and the gaugino-like
neutralinos or charginos (if allowed). Whereas the lighter
ér decays predominantly through éﬁ — e*x?, the heavier
left-handed éj, decays into the wino-like charginos Xli or
the neutralinos X3, because these processes occur via the
SU(2) coupling, which is much stronger than the U(1)y in-
volved in &5 — e x{.

The charginos are produced through s-channel photon
and Z-boson exchange as well as t-channel sneutrino ex-
change (see Fig. 3). Note that the sneutrino channel con-
tributes with a sign [23,24] opposite to the s-channel di-
agrams. The production is thus maximized in regions of

3 We can also see it at the natural cross section suppression of
spin 1 — spin 0 spin 0 processes.
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heavy sneutrinos and for higgsino-like charginos (|u| <
Ms). For a light sneutrino destructive interference can con-
siderably diminish the cross section, whereas the produc-
tion modes of higgsino-like charginos are largely insensitive
to my (the Dex+; coupling vanishes in this case). In any
case, the cross section is usually rather large, making pro-
duction possible for masses up to the kinematical thresh-
old.

For My, |u| < scalar/sleptons masses, the chargino is
the lightest charged sparticle and decays mainly into xW,
with the W decaying into an f f pair with a known branch-
ing ratio. For small slepton masses, virtual slepton ex-
change can enhance other processes leading to only 7%, x{
final states [167,168]. For large values of tan 3, a charged
Higgs boson exchange contribution can also enhance the
branching fraction for the 7 final state.

The production of the lightest neutralinos X(1),2 occurs
via s-channel Z-boson exchange and t- or u-channel ér,, ég
exchanges. A gaugino-like neutralino does not couple to
the Z-boson. However, a high higgsino fraction leads to en-
hancement of the Zx9x9 coupling and suppression of the
eéhRX(f,Q coupling proportional to the gaugino fraction of
the neutralinos. Except in the extreme higgsino limit, the
cross section is much smaller than the chargino cross sec-
tion (whose nature ensures a reasonable production rate
for gaugino-like of higgsino-like charginos through Z ex-
change).

The decay modes of the x9 depends strongly on the
SUSY parameter space and can be completely leptonic (if
the two-body decay x3 — [TIT is the dominant process) or
hadronic (if x3 — hx? is dominant). However, at an e*e™
collider, hadronic xJ decays are as easy to observe as the
leptonic decays. The only difficulty lies in regions of the

parameter space where the mass difference M0 —Myo is
1

small, and where 3 decays almost exclusively into quasi-
invisible modes.

If the pseudoscalar mass is sufficiently heavy (around
200 GeV, depending on tan 3) the model is in the so-called
decoupling regime [169,170,172,173], where the masses of
the scalar H and the pseudoscalar A (and even H* for
larger m4) are almost degenerate. In this limit, both the
(tree-level) coupling of the A and the H to massive vector
bosons are suppressed, as well as the Z Ah coupling. In this
case, the only significant Higgs production process is the
associated H A production through Z-boson exchange in
the s-channel (see Fig. 3) [169,170,172,173]. In any case,
the cross section is suppressed by the kinematical 33 factor
near threshold.

If m4 < 2my or tan? 3 > m; /my, the heavy scalar Higgs
boson H and pseudoscalar A decay predominantly into bb
and 77 pairs [169,170,172,173]. If the ¢ channel is kine-
matically allowed and for lower values of tan(, the process
A/H — tt dominates the decay modes. In some regions of
the parameter space, decays into SUSY particles are pos-
sible. These modes will be more difficult to analyze in the
framework of an eTe™ collider, but the signals should be
clear enough to be detectable [174-176].

We draw attention to the fact that we did not in-
clude initial state radiation in our calculation but we
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did verify its weak relative importance for the focus of
the present work with regard e.g. to the astrophysical
uncertainties.

4 Prospects for discovery

Using the theoretical, experimental, and cosmological con-
straints discussed in the previous sections, we perform
a full scan of the (mq, m; /2) plane for a given value of tanf
and A, fixing the higgsino parameter p to be positive.
The results are illustrated in Figs. 49, showing the regions
allowed by the different constraints imposed in universal
(Figs. 4 and 5), gaugino non-universal (Figs. 6 and 7), and
scalar non-universal (Figs. 8 and 9) scenarios. We also de-
limit the regions of the parameter space that will become
accessible in the near future for typical experiments of the
different kinds of detection discussed above. The influence
of the other external free parameters (m; and galactic pro-
files) is illustrated in Fig. 10.

The areas excluded or disfavored by the experimen-
tal constraints are shown in grey. For the anomalous mo-
ment of the muon, the black dashed lines correspond to
da, = 6.8 x 10'°, which decreases in the direction of in-
creasing mg. The cosmologically favored relic density range
0.03 < £2,h?® < 0.3 is shown in yellow (very light grey) and
the WMARP [5, 6] constraint, (1), is the internal black re-
gion inside the yellow (very light grey) area. Our start-
ing parameter space is the universal mSUGRA/CMSSM
plane, where one assumes a unified gaugino and scalar
mass at the GUT scale (my/, and mq respectively). We
first choose Ag =0, tan 8 =35, u > 0 and perform a full
scan of the (mo,my/2) plane, where 0 < mg < 6000 GeV
and 0 < my/3 <2000 GeV. We then examine the effects of
non-universal mass terms in the gaugino and Higgs sectors
(wino mass Ms|guT, gluino mass Ms|guT, up-type Higgs
mass My, |gur and down-type Higgs mass My, |qut) as
well as tan G and m;.

4.1 Universal case

For intermediate values of tan 3, two regions yield a neu-
tralino relic abundance in agreement with 2cpyh? from
WMAP. The first is at low mg, where the lighter stau,
71, is almost degenerate with the neutralino and where
71x and 717 coannihilations reduce the relic density suf-
ficiently. The second region lies along the boundary where
electroweak symmetry breaking cannot be achieved radia-
tively (hyperbolic branch/focus point (HB/FP): a high my
corresponding to a low p). In this region the neutralino is
a mixed bino-higgsino, enhancing xx annihilation through
Z exchange and xxf, xx3 coannihilations. These two re-
gions are generically thin and fine tuned. Direct dark mat-
ter detection experiments are then favored for light Higgs
scalar H (mainly low mg,m;/5) or around the HB/FP re-
gion where the higgsino fraction is sufficient to increase sig-
nificantly the scattering cross section off nuclei and allow
for detection in experiments such as ZEPLIN (see Fig. 4a).
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For indirect detection with neutrino telescopes, a signifi- detector like ICECUBE will be able to probe models satis-
cant signal from the Sun requires a large higgsigo fraction fying the WMAP constraint (see Fig. 4b).

to enhance the spin dependent interaction xqg — xg. This Indirect gamma detection of neutralinos in the galac-
can occur only in the HB/FP branch where a km?® size tic center requires an efficient annihilation cross section.
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One possible process is xx 4 bb, favored where the pseu-
doscalar A is light (low mg,m;/3), or when the xx A coup-
ling (o< z11(2)213(4)) is enhanced by the higgsino fraction
in the HB/FP branch. Another annihilation process is
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XX A tt, favored since the xxZ coupling is proportional
to zf3 4- The opening of the ¢ annihilation process is
clearly visible in Figs. 4c, 5¢c and 7c by a “bump” in the
GLAST detection rate around my/; ~ 400 GeV, corres-
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ponding to a neutralino mass around200 GeV. This zone
is within reach of the HESS telescope and will be covered
by future satellites such as GLAST, as we can clearly see
in Fig. 4c. This figure should be compared to 10c and 10d
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to emphasize the importance of the halo profile assump-
tions. The positron and antiproton fluxes have essentially
the same particle physics dependence as the gamma-ray
fluxes through the annihilation cross section factor (ov).
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The favored region for positron and antiproton production
is thus also located where the neutralino annihilation is
strong, and an experiment similar to PAMELA should be
able to detect any signal from this region for a sufficiently

large boost factor (see 4e and 4f).
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1000). A future 1 TeV linear collider can probe the slepton the higgsino fraction of the neutralinos allows for Z ex-
sector for light I (mo < 700 GeV, my,5 < 1000 GeV). xx3 change along the EWSB boundary. Chargino production
(mainly bino and wino, respectively) production is also fa- follows first the kinematical limit of wino chargino produc-
vored for low mg through selectron exchange but decreases tion (17,5 ~ 600 GeV, 2m_ 4 ~2x 0.8 xm, 221 TeV)
as mg (mainly mo) increases up to mg ~ 2000 GeV, where and then reaches higher m; /; values thanks to the higgsino
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component of Xf along the EWSB boundary at high my. Non-zero values for the trilinear coupling Ag term af-
The region with a sufficiently copious H A productionisre- fect mainly third generation sfermion masses, which be-
stricted to the lower left corner of the plane and has already  come split. Such a splitting is unimportant for dark mat-
been excluded experimentally. ter searches like direct detection and indirect neutrino de-
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tection, which involve essentially first generation quark—
squarks coupling from proton scattering. Annihilation can
be enhanced by a positive non-zero value of the trilinear
coupling through 7, b, t exchange, which may be of interest
for indirect 7, e, p detection. ~

Non-zero trilinear couplings also favor x7 (xb, xt) coan-
nihilations. The presence of such coannihilation channels
leads to small cross sections for dark matter search ex-
periments. However, the possibility exists to observe x7
coannihilation in regions of large dark matter density. In
the extreme case, the x¢ coannihilation region leads to a
signal difficult to detect at LHC (essentially missing Er
and a few jets), but on the other hand the possibility of
lighter squarks (b or £) may favor LHC detection, especially
in the low mg region. Such a trilinear mixing also favors
the discovery at a 1 TeV linear collider through production
of a lighter stau at low mg. We should notice here also that
Ay = myg pushes away the focus point region.

The value of m; strongly influences the existence and
position of the focus point region, which strongly depends
on the Yukawa coupling of the top quark. We show the
relic density and collider detection capability for m; = 178
and 182 GeV on Fig. 10a and 10b, respectively. For m; =

- aq
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178 GeV, one must extend the mg range up to 9 TeV to
reach the no-EWSB boundary, but this does not suffice for
my = 182 GeV, where this region can exist for even larger
values of mg (around 20 TeV), re-opening the question of
fine tuning. As a consequence, the range shown on Fig. 10b
does not contain any region with interesting relic density.
High values of tan 3 (~ 50) lead to light Higgs bosons
A, H, opening a Higgs funnel which decreases the relic
density. This situation enhances annihilation and favors in-
direct 7, e™,p detection. A lighter scalar Higgs boson H
also increases the direct detection rate. A high tan 3 also
enhances the splitting in the Isospin = 1/2 sfermion mass
matrix, favoring LHC discovery, e.g. in the case of a lighter
b squark, whereas for a lighter stau, 7, H, A favor their pro-
duction in a linear collider, as it is clearly shown in Fig. 5.

4.2 Gaugino sector
4.2.1 The wino mass: Ms|cuT

We show in Fig. 6 the effects of the non-universality of the
gaugino breaking mass term Mj. Other authors have al-
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ready emphasized the phenomenological and cosmological
effects of non-universality of the mass breaking terms [177—
179]. Decreasing Mz |guT increases the wino content of the
neutralino, which strongly decreases the relic density [31—
33]. A near-WMAP value is obtained for an almost equal
bino and wino amount, i.e. My ~ M5 at the SUSY break-
ing scale, requiring M ~ 0.6m; /o at the GUT scale [32].
Direct detection is favored through better couplings in the
diffusion cross section (no tan 6y, suppression of the bino
coupling). Indirect gamma, positron, and antiproton de-
tection is also facilitated by the large fluxes coming from
strong annihilation, xx — W*W ™, when m, > my, and
the enhancement of the yxA coupling for s-channel A ex-
change. For indirect neutrino detection, the wino compon-
ent has no effect on capture in the Sun, but the annihilation
can give a harder neutrino spectrum from W+ W~ decays.
The situation at LHC is the same as for the universal case.
The linear collider detection prospects are very good be-
cause of the lighter neutralino and chargino through their
wino component. The xx3,x"x~ can thus be produced
for higher values of m; /5. A smaller Ms/m; /5 ratio at the
GUT scale can lead to xx; and xx3 degeneracies, which
can affect the detection procedure. It is important to keep
in mind that the numerical computation of £2h2 is very
sensitive to the wino fraction in x. Detection prospects
are thus poor in regions of parameter space satisfying the
WMAP constraints, with low My at the GUT scale. We
show in Fig. 6 the results for My/m;/, = 0.6 at the GUT
scale, but we mention that for M/m;/, = 0.55 the whole
(mo,my/2) plane has 2,h* < 0.1, but the regions acces-
sible to dark matter experiments correspond to regions
where the relic density is too low (£2,h? < 0.03). One must
increase my /5(my) to obtain a relic density satisfying the
WMAP constraints with a smaller Ms/m, /2 Tatio.

4.2.2 The gluino mass: Ms3|cuT

Figure 7 shows the effects of non-universality of the gau-
gino mass breaking term Mjs. The gluino mass parame-
ter considerably influences the MSSM spectrum through
the renormalization group equations (see for instance [12]
for a review of the subject). Decreasing M3 decreases the
squark masses and increases the up-type Higgs mass MIQJU
at low energy, where it becomes less negative, and de-
creases the down-type Higgs mass M%Id, which implies a
smaller ma g and an increase of the higgsino content of
neutralinos and charginos. That can easily be understood
looking at the approximate tree-level relations:

2

p?~—Mpg —1/2M7 and m} ~Mg — Mz —Mj.

(15)

As a result, now relic density constraints are more easily

satisfied than in the universal case: both yx A bb annihi-
lation (higher coupling and lighter A, which can open the
A fuélnel) is enhanced and the focus point region with the
xX — tt annihilation process is enlarged. Direct detection
benefits from higher z11213 couplings and a lighter scalar
Higgs boson H. The higher higgsino fraction favors indi-
rect neutrino detection through the coupling in xqg = xq of
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the capture rate. Gamma, positron, and indirect antipro-
ton detection is favored by the annihilation enhancement.
LHC gets a strong potentiality enhancement because the
squarks (especially the ¢;) and gluinos are lighter than
in the universal case. Finally, HA production at a 1 TeV
linear collider is kinematically enhanced, H and A being
lighter than in mSUGRA. x*x~ xx3 production is also
favored, because of a lower value for p. As in the non-
universal wino mass case, smaller M;s|guTr/m; /2 values
can lead to yx; and xx3 degeneracies, now through the
higgsino component, which impedes detection, but those
regions have a too small relic density, decimated by coanni-
hilation, to be viable. These points are illustrated in Fig. 7
for the ratio M3/m;/, = 0.6 at the GUT scale [32]. Such
models with a light gluino are very interesting for SUSY
detection and all neutralino dark matter detection tech-
niques and can be found in some effective string inspired
scenarios [36—-39].

4.3 Higgs sector
4.3.1 Up-type Higgs mass: My, |cuT

Figure 8 shows the detection prospects for M., g /mo = 1.2
at the GUT scale. Increasing the up-type Higgs mass My,
at the GUT scale has some effects common with the case
described above, where the gluino mass is decreased, as
can explicitly be seen from (15). One notes that the sen-
sitivity on this parameter is high, leading to a thinner al-
lowed region with interesting results and a “no-EWSB”
area wider compared to the previous non-universal gluino
mass case. As for the gaugino sector [32] we varied non-
universal parameters in the Higgs sector at the GUT scale
(Mp, /mo and My, /mg) and found for the up-type mass
that the value of the ratio leading to a WMAP relic dens-
ity is around 1.2 for tan 8 = 35. For the universal case, the
mixed bino—-higgsino region is larger, but the pseudoscalar
Higgs A is still too heavy to open the on-shell A-pole chan-
nel. All kinds of dark matter detection are thus possible in
the resulting mixed bino—higgsino region. In this region, for
a future linear collider, chargino production is copious, and
some H A pairs are also produced. Squark and gluino pro-
duction at the LHC is not enhanced, but LHC detection
is possible over a large part of the non-excluded region of
parameter space.

4.3.2 Down-type Higgs mass: My, |cuT

Figure 9 illustrates the case of non-universality
MHd/mo = 0.4 at the GUT scale. Indeed, the ratio
Mp,/mo < 1 can have interesting phenomenological con-
sequences for the different detection rates. By decreasing
the down-type Higgs mass, My, at the GUT scale, one
essentially decreases ma g, as can be seen in (15). The
excluded region at high values of mg results from the nega-
tive mass of the pseudoscalar as well as from the absence
of EWSB. The A-pole can open more easily, providing
a corridor with the correct relic density within the WMAP
bounds. In this corridor, neutralino annihilation is large,
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facilitating discovery through indirect «,et and p detec-
tion. The low value of mpy, gives also significant direct
detection rates, but one must keep in mind that the neu-
tralino is almost exclusively bino in the whole remaining
region of the (mo,my/2) plane where the xxH coupling is
suppressed. Because of a small higgsino fraction, neutrino
telescopes are ineffective for those kinds of models. The
LHC has a discovery potential similar to that of mSUGRA,
but the allowed models cover a wider area of the parame-
ter space. Only the Higgs production H A is enhanced at
the Linear Collider compared to the universal case, while
gaugino—higgsino neutralino and chargino production is
suppressed.

5 Summary and conclusion

Dark matter experiments and collider searches will pro-
vide stringent tests of low energy supersymmetry and neu-
tralino dark matter models within the framework of the
minimal supersymmetric standard model. The possible
correlations between (or absence of) signals of different
kinds of detection impose impressive constraints on the
models and scenarios both for supersymmetry theory and
astrophysics.

We summarize the links between the different possibil-
ities to fulfill the WMAP dark matter density constraint,
the parameters involved, and the most promising detection
techniques.

The x7(f) coannihilation region typically has a small
cross section for dark matter detection. This is for huge
direct detection experiments if mz and my, are correlated
(low ms; to favor the coannihilation process and light H to
favor direct detection scattering) as well as for indirect
detection in the case of a favorable galactic profile (with
a stronger cusp than in the NFW profile). The LHC may be
of interest through ¢q if mg is correlated to m; and the ILC
through 77 to probe the 7 coannihilation region.

The Higgs funnel region xx A bb(77) of parameter
space is enlarged compared to the universal case for non-
universal M3z or My, or Mpy,. Direct detection benefits
from a large cross section. However, coupling enhanced by
a neutralino with a large higgsino component is required to
compensate for the large value of m 4. Indirect vy (e™, p) de-
tection is facilitated by this annihilation process. However,
the constraints obtained depend sensitively on the astro-
physics hypotheses. The LHC detection prospects depend
on mg; compared to m4, and for the ILC, xx3 and HA
production is favored up to the energy threshold.

The hyperbolic branch/focus point with mixed bino—
higgsino x at high mg values and especially non-universal
Ms or My, parameters is the more promising region
for the DM searches. Direct detection can provide con-
straints on the nature of the neutralino by correlations
between spin dependent/independent experiments as well
as through correlations with a neutrino telescope. Indirect
v(e™, p) detection of 7, et or p is favored through the en-
hancement of annihilation processes. Moreover, this mixed
neutralino region is the only one accessible to neutrino
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telescopes for a signal coming from the Sun (a km? size
telescope will probe up to m, ~ 600 GeV). The chargino
production in an eTe™ collider as well as gluino production
for LHC are the relevant processes, but they are suppressed
at very high values of the mass breaking terms, where
moreover §5U5Y = (.

Finally a mixed bino—wino x is very sensitive to
a non-universal My parameter. The wino component en-
hances the dark matter rates (£2h? is very sensitive to
the wino fraction). The LHC signal is significant if the
gluino mass is correlated to the wino mass and wino-like
neutralino/chargino production in ILC is possible up to
M) = 500 GeV.

However, even if a part of the supersymmetric spec-
trum is discovered at LHC, it will be difficult to meas-
ure precisely the properties of the particles entering in
the relic density computation. Consequently, both types
of data (astroparticle and accelerator physics) will be re-
quired to extract more complete information on the under-
lying model.

Whereas the focus point (FP) region characterized by
heavy scalars will be more easily probed by dark matter
searches due to the nature of the neutralino, the region
with a heavy gaugino and light sfermions will be more ac-
cessible to collider experiments. Since dark matter signals
give little information on the nature of the dark matter,
and since new physics collider signals are not easily linked
to dark matter signals, it will be crucial to combine both
astrophysical and accelerator data to constrain any super-
symmetric extension of the standard model (deeper infor-
mation on both supersymmetry and the nature of the dark
matter sector can thus be obtained by correlation of the
different signals or by absence of a signal).
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