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A Novel Method to Extract Dark Matter Parameters from Neutrino Telescope Data
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Growing evidence from a wide range of cosmological and astrophysical 
observations shows that about 82 % of the matter content of the universe is 
composed of Dark Matter whose exact identity is yet unknown. 
         

  

Introduction

<σ> ~ pb

Generic weak interaction yields

<σ> ~ α2 (100 GeV)-2 ~ pb
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Figure 1. A schematic of the comoving number density of a stable species as it evolves
through the process of thermal freeze-out.

Hubble expansion. When this takes place, the comoving number density of
WIMPs becomes fixed — thermal freeze-out has occurred.

The temperature at which the number density of the species X departs
from equilibrium and freezes out is found by numerically solving the Boltz-
mann equation. Introducing the variable x ! mX/T , the temperature at
which freeze-out occurs is approximately given by

xFO !
mX

TFO
" ln

!
c(c + 2)

"
45

8

gX

2!3

mXMPl(a + 6b/xFO)

g1/2
! x1/2

FO

#
. (6)

Here, c # 0.5 is a numerically determined quantity, g! is the number of
external degrees of freedom available (in the Standard Model, g! # 120 at
T # 1 TeV and g! # 65 at T # 1 GeV), and a and b are terms in the non-
relativistic expansion, < "XX̄ |v| >= a + b < v2 > +O(v4). The resulting
density of WIMPs remaining in the universe today is approximately given
by

!Xh2 "
1.04 $ 109 GeV!1

MPl

xFO

g1/2
! (a + 3b/xFO)

. (7)
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If X has a GeV-TeV scale mass and a roughly weak-scale annihilation cross
section, freeze-out occurs at xFO ! 20 " 30, resulting in a relic abundance
of

!Xh2 ! 0.1

!
xFO

20

"!
g!

80

"!1/2! a + 3b/xFO

3 # 10!26cm3/s

"!1

. (8)

In other words, if a GeV-TeV scale particle is to be thermally produced with
an abundance similar to the measured density of dark matter, it must have
a thermally averaged annihilation cross section on the order of 3 # 10!26

cm3/s. Remarkably, this is very similar to the numerical value arrived
at for a generic weak-scale interaction. In particular, !2/(100 GeV)2 $
pb, which in our choice of units (and including a factor of velocity) is
$ 3#10!26 cm3/s. The similarly between this result and the value required
to generate the observed quantity of dark matter has been dubbed the
“WIMP miracle”. While far from constituting a proof, this argument has
lead many to conclude that dark matter is likely to consist of particles
with weak-scale masses and interactions and certainly provides us with
motivation for exploring an electroweak origin of our universe’s missing
matter.

2.1. Case Example – The Thermal Abundance of a Light or

Heavy neutrino

At first glance, the Standard Model itself appears to contain a plausible
candidate for dark matter in the form of neutrinos. Being stable and weakly
interacting, neutrinos are a natural place to start in our hunt for dark
matter’s identity.

In the case of a Standard Model neutrino species, the relatively small
annihilation cross section (< "|v| >$ 10!32 cm3/s) and light mass leads to
an overall freeze-out temperature on the order of TFO $ MeV, and a relic
density of

!"+"̄h2 ! 0.1

!
m"

9 eV

"
. (9)

As constraints on Standard Model neutrino masses require m" to be well
below 9 eV, we are forced to conclude that only a small fraction of the dark
matter could possibly consist of Standard Model neutrinos. Furthermore,
even if these constraints did not exist, such light neutrinos would be highly
relativistic at the time of freeze-out (TFO/m" $ MeV/m" % 1) and thus
would constitute hot dark matter, in conflict with observations of large
scale structure.
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Dark Matter Trapping and Annihilation inside the Sun
χ

The WIMPs are expected to propagate in the 
space between the stars and planets. In time a 
considerable number of WIMPs will interact 
with the nuclei inside the Sun and lose energy. 
If the velocity drops below the escape velocity, 
the particle will be captured by the 
gravitational potential of the Sun. The DM 
particles will eventually thermalize inside the 
Sun and having a relatively large density inside 
the core, the DM particles will annihilate with 
each other.

~109cm ~ 0.01 Rsun

χ

νμ

Detector

every scattered WIMP will ultimately be captured. Taking these and other
e!ects into account leads us to a solar capture rate of [86]:

C! ! 1.3 " 1021 sec"1

!
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v̄local

"

"
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)

10"6 pb

%

, (42)

where !local is the local dark matter density and v̄local is the local rms veloc-
ity of halo dark matter particles. "Xi,SD and "Xi,SI are the spin-dependent
and spin-independent elastic scattering cross sections of the WIMP with
nuclei species i, and Ai is a factor denoting the relative abundance and
form factor for each species. In the case of the Sun, AH ! 1.0, AHe ! 0.07,
and AO ! 0.0005. The quantity S contains dynamical information and is
given by

S(x) =

&
F (x)3/2

1 + F (x)3/2

'2/3

(43)

where

F (x) =
3

2

x

(x # 1)2

!
vesc

v̄local

"2

, (44)

and vesc ! 1156 km/s is the escape velocity of the Sun. Notice that for
WIMPs much heavier than the target nuclei S $ 1/mX , leading the capture
rate to be suppressed by two factors of the WIMP mass. In this case
(mX ! 30 GeV), we can write the capture rate as:
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%

.(45)

If the capture rate and annihilation cross sections are su"ciently large,
equilibrium will be reached between these processes. For N(t) WIMPs in
the Sun, the rate of change of this quantity is given by

Ṅ(t) = C! # A!N(t)2 # E!N, (46)

where C! is the capture rate described above and A! is the annihilation
cross section times the relative WIMP velocity per volume. E! is the
inverse time for a WIMP to escape the Sun via evaporation. Evaporation
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we consider the direct annihilation of DM 
particles to neutrinos

The neutrinos are monochromatic (the average 
velocity of DM is (3T☉/mDM)1/2=60 km/sec)

1 Introduction

Growing evidence from a wide range of cosmological and astrophysical observations shows

that about 82 % of the matter content of the universe is composed of Dark Matter (DM)

whose exact identity is yet unknown (i.e., !DM/(!DM +!baryon) = 82 % [1]). In the literature

[2], various candidates for DM have been suggested among which Weakly Interacting Massive

Particles (WIMPs) are arguably the most popular class of candidates [3]. The WIMPs are

expected to propagate in the space between the stars and planets just like an asteroid which

is subject to gravitational force from the various astrophysical bodies. In time a considerable

number of WIMPs will interact with the nuclei inside the Sun and lose energy. If the velocity

drops below the escape velocity, the particle will be captured by the gravitational potential of

the Sun [4]. The DM particles will eventually thermalize inside the Sun. Having a relatively

large density inside the core, the DM particles will annihilate with each other. Depending

on the annihilation modes, two classes of the WIMP models can be identified: (1) DM pair

directly annihilate to neutrino pairs (that is ""̄ or ""+ "̄"̄). (2) DM pair particles annihilate

to various particles whose subsequent decay produce neutrinos alongside other particles.

In both cases, the neutrinos can be detected in the neutrino telescopes such as IceCube,

provided that the cross section of the WIMPs with nuclei is of the order of ! 10!6 pb

or larger. Indirect detection of DM through registering the neutrinos has been thoroughly

studied in the literature [5].

The oscillation length of the neutrinos due to 12-mixing can be estimated as

Losc =
4#E!

!m2
12

! 3" 1011 cm

!

E!

100 GeV

"!

8" 10!5 eV2

!m2
12

"

, (1)

which is of order of few percent of the distance between the Sun and the Earth. If the

energy resolution of the detector ($E/E) is worse than 1 % and the width of the spectrum is

larger than $E/E, averaging the oscillatory terms is justified. However, for a monochromatic

spectrum, dropping the oscillatory terms may lead to an error. Investigating the observable

e"ects of these terms and information that they carry is the subject of the present letter. We

shall demonstrate this e"ect by diagrams based on explicit calculation. We also demonstrate

that integrating over production point does not justify dropping the oscillatory terms.

The DM particles captured inside the Sun are non-relativistic and have an average velocity
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Losc is of the order of the 
variation of Earth-Sun 
distance over a year 

Seasonal variation of 
the flux of neutrinos 

should be seen ✔

Seasonal Variation
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Figure 2: The dependence of the ratios P̄eµ/!Peµ" and P̄µµ/!Pµµ" on the energy of the produced

neutrinos in the annihilation of the DM particles inside the Sun. P̄!" is the oscillation probability

!! # !" obtained by integrating over the production point of neutrinos inside the Sun taking into

account the oscillatory terms. To perform this analysis, we have taken the neutrino mass scheme to

be normal hierarchical. The !P!"" is the same quantity without taking into account the oscillatory

terms. Deviation of the ratio P̄!"/!P!"" from one is a measure of the significance of the oscillatory

terms.

3 Width of the spectrum of neutrinos

The spectrum of neutrinos from direct annihilation of dark matter particles at rest will be

monochromatic. In reality, however several thermal and quantum mechanical e!ects lead to

widening of the spectrum. Let us consider them one by one.

Thermal widening: The dark matter particles can fall in gravitational potential of the

Sun and despite the very low cross section can eventually be thermalized. The temperature

in the Sun center is about 1 keV so the average velocity is given by v̄ = (3T/mDM)1/2 $

60 km/sec(100 GeV/mDM)1/2. The widening due to this velocity is

"E

E
%

v̄

c
% 10!4

!

T

1.3 keV

"1/2 !100 GeV

mDM

"1/2

. (7)

Decoherence due to gravitational acceleration: The DM particles become accelerated in

the gravitational field of the Sun so neutrinos from the annihilation of a DM pair will have a

coherence length smaller than they would if the acceleration did not exist. We follow the same

logic as in [14] to calculate the wavepacket size. Notice that this is a quantum mechanical
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The graphs show the dependence of the ratios Peμ/⟨Peμ⟩ and P̄μμ/⟨Pμμ⟩ on the 
energy of the produced neutrinos in the annihilation of the DM particles inside 
the Sun. P̄αβ is the oscillation probability να → νβ obtained by integrating over 
the production point of neutrinos inside the Sun taking into account the 
oscillatory terms. We have taken the neutrino mass scheme to be normal 
hierarchical. The ⟨Pαβ⟩ is the same quantity without taking into account the 
oscillatory terms. Deviation of the ratio Pαβ /⟨Pαβ ⟩ from one is a measure of 
the significance of the oscillatory terms.

Does integration over 
the production region of 
the neutrinos, averages 
out the oscillatory terms

?
the neutrino oscillation probability. As demonstrated in Ref. [1], contrary to

general assumptions, in the case of monochromatic spectrum resulting from

the direct annihilation of DM particles into neutrino pairs, the e!ects of the

oscillatory terms are not averaged out. As discussed in Ref. [1], absorption

of neutrinos, their scattering or !! regeneration on the way out of the Sun

do not erase the e!ects of the oscillatory terms. The spectrum of neutrinos

emerging from the Sun center will consist of a sharp line, corresponding to un-

scattered neutrinos, superimposed on a continuous spectrum corresponding

to scattered or regenerated neutrinos. The sharp line can still give rise to

oscillatory behavior. Following Ref. [1], we define the seasonal variation, ",

as

"(t1,"t1; t2,"t2) !
Ñ(t1,"t1)" Ñ(t2,"t2)

Ñ(t1,"t1) + Ñ(t2,"t2)
(1)

where

Ñ(t,"t) !
! t+!t
t (dNµ/dt)dt

! t+!t
t Aeff ("[t])L!2(t)dt

(2)

in which L is the distance between the Sun and the Earth and Aeff("[t])

is the e!ective area of the detector which depends on the angle between

the beam direction and the axis of the detectors, "(t). As the Earth orbits

around the Sun, L and " both change with time during a year. Notice that

with this definition, the 1/L2 dependence of the flux does not a!ect ". "

vanishes when the oscillatory terms are absent or averaged out. As shown

in [1], " can be substantially large and exceed 50 % so with a moderate

accuracy, its nonzero value, which is a proof of the existence of the mode

(DM + DM # !!) can be established. The value of " depends on the DM

mass, Br(DM + DM # !!) and the initial flavor composition as well as

neutrino oscillation parameters. As pointed out in Ref. [1], the value " can

be used to extract information on the initial flavor composition, especially

when it is combined with energy spectrum measurements.
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4.2 Observable quantities at neutrino telescopes

In this subsection, we quantify the observable quantities that we shall use

in our subsequent analysis; namely, the seasonal variation and the ratio of

µ-track events to shower-like events. We define two versions of the observable

!(t1,!t1; t2,!t2) in Eq. (1).

• The !IC(t1,!t1; t2,!t2) is the seasonal variation of the through-going

µ-track events for the whole IceCube. To compute!IC, we calculate the

number of µ-track events (per unit of time) with the following formula

dN IC
µ

dt
=

! mDM

Ethr

! E!µ

Ethr

d"!µ

dE!µ

"

d!CC
!p

dEµ
(E!µ)"p +

d!CC
!n

dEµ
(E!µ)"n

#

! Aeff(Eµ, #[t]) (Rµ(Eµ, Ethr) + d) dEµdE!µ + ($µ " $̄µ), (4)

where d"!µ/dE!µ is the flux of $µ at the IceCube site, d!CC
!p /dEµ and

d!CC
!n /dEµ are the scattering CC partial cross section of muon neutrinos

o# proton and neutron respectively, "p # 5/9NA cm!3 and "n # 4/9NA

cm!3 are the number densities of protons and neutrons in the vicinity

of the IceCube in terms of Avogadro’s number NA, Rµ is the muon

range in the ice [16], and d = 1 km is the size of IceCube. Aeff , which

is given in appendix of [17], is the IceCube’s e#ective area of muon

detection and depends on the zenith angle of the arriving neutrinos

#[t]. Finally, The Ethr is the energy threshold of muon detection at

the IceCube which we have set equal to 40 GeV [17]. Notice that in

writing Eq. (4), we have taken into account the fact that the maximum

Eµ equals E!µ .

• The second version of the observable defined in Eq. (1) is!DC(t1,!t1; t2,!t2)

corresponding to the seasonal variation of the DeepCore µ-track events.

The number of µ-track events determining !DC is given by
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dNDC
µ

dt
=

! mDM

Ethr

! E!µ

Ethr

d!!µ

dE!µ

"

d!CC
!p

dEµ
(E!µ)"p +

d!CC
!n

dEµ
(E!µ)"n

#

! V DC
eff (Eµ) dEµ dE!µ + (#µ " #̄µ). (5)

where V DC
eff is the e"ective volume of the DeepCore given by [5]

V DC
eff (Eµ) = (0.0056 logEµ + 0.0146)#(275#Eµ)+0.0283#(Eµ#275),

(6)

in which #(x) is the Heaviside step function and Eµ is in GeV unit.

We have set also the energy threshold of the muon detection at the

DeepCore equal to 40 GeV [18].

In order to employ the shower-like events in our analysis, we define the

following observable

R $
Number of µ-track events

Number of shower-like events
. (7)

Similar to the observable $, we define two quantities RIC and RDC corre-

sponding to the through-going and DeepCore events respectively. In the case

of RIC, the numerator of Eq. (7) will be calculated using Eq. (4) and for the

denominator we use the geometrical volume of the whole IceCube detector.

Similarly, for the calculation of the numerator of RDC we use Eq. (5); while in

the denominator we use the geometrical volume of the DeepCore. Generally,

if Eshower
thr % mDM , where Eshower

thr is the energy threshold for the detection of

shower-like events, there will be no shower-like events at the detector. To

carry out this analysis, we set Eshower
thr equal to 100 GeV. This assumption is

rather optimistic as in reality Eshower
thr & 1 TeV. However, in this paper our
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"

d!CC
!p

dEµ
(E!µ)"p +

d!CC
!n

dEµ
(E!µ)"n

#

! V DC
eff (Eµ) dEµ dE!µ + (#µ " #̄µ). (5)

where V DC
eff is the e"ective volume of the DeepCore given by [5]

V DC
eff (Eµ) = (0.0056 logEµ + 0.0146)#(275#Eµ)+0.0283#(Eµ#275),

(6)

in which #(x) is the Heaviside step function and Eµ is in GeV unit.

We have set also the energy threshold of the muon detection at the

DeepCore equal to 40 GeV [18].

In order to employ the shower-like events in our analysis, we define the

following observable

R $
Number of µ-track events

Number of shower-like events
. (7)

Similar to the observable $, we define two quantities RIC and RDC corre-

sponding to the through-going and DeepCore events respectively. In the case

of RIC, the numerator of Eq. (7) will be calculated using Eq. (4) and for the

denominator we use the geometrical volume of the whole IceCube detector.

Similarly, for the calculation of the numerator of RDC we use Eq. (5); while in

the denominator we use the geometrical volume of the DeepCore. Generally,

if Eshower
thr % mDM , where Eshower

thr is the energy threshold for the detection of

shower-like events, there will be no shower-like events at the detector. To

carry out this analysis, we set Eshower
thr equal to 100 GeV. This assumption is

rather optimistic as in reality Eshower
thr & 1 TeV. However, in this paper our
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3 Theoretical motivation

As discussed in Ref. [1], in order to have non-vanishing !, the following

two conditions are necessary: (1) The neutrino spectrum has to include a

sharp line with width !E/E ! 4"E/(!m2L) which can be realized if the

DM annihilation into neutrino pair is significant; (2) the neutrino flux at

production must be non-democratic; i.e., F 0
!e : F 0

!µ : F 0
!! "= 1 : 1 : 1. The

first condition should be satisfied to prevent the oscillatory terms from being

averaged out. The second condition is also necessary because for F 0 # F 0
!e =

F 0
!µ = F 0

!! , the neutrino flux at Earth will be independent of the oscillation

probability (F!" =
!

" F
0
!#P (#" $ ##) = F 0

!

" P (#" $ ##) = F 0) and as

a result, ! will vanish because it comes from the oscillatory terms in the

oscillation probability.

As discussed in Ref. [2], various classes of models can be built that satisfy

both these conditions. An explicit example is given in Ref. [10]. In order to

measure !, the number of collected neutrino events has to be larger than a

few hundred. If the flux is close to the upper bound from AMANDA, such

an amount of data can be collected at IceCube. For mDM % 100 GeV, the

neutrino emission from the Sun with a rate of order of 1020 sec!1 will be

enough to lead to a few hundred events per year. In the saturation limit

where the capture rate of DM particles by the Sun, C", equals the neutrino

emission rate (i.e., two times the annihilation rate), the neutrino emission

rate can be translated into a bound on the DM-nuclei cross section. As seen

from Eqs. (9.25) and (9.26) of [11], for spin-independent scattering mediated

by a scalar, with a DM-nucleon cross section, $n, as small as 10!9 pb, C" =

1020 sec!1 can be achieved. Such cross section is below the present bound on

spin-independent DM-nucleon cross section [12]. It is noteworthy that while

the Sun is mainly composed of protons, for spin-independent interactions,

the heavier nuclei inside the Sun play the dominant role in capturing the
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which should be added to the contribution from the continuous part of the

spectrum. In general, the µ-track events can be written as

A+ BK(t,!t), (23)

where A comes from the continuous part of the spectrum. A priori, both A
and B are unknown. While

! ! !m2
12L/(2mDM) " 2" ,

the variation in ! due to seasonal change in the Sun Earth distance !L #
5$106 km is of the order of 2". This means by studying the seasonal changes

in muon track events, the ratio !m2
12/mDM can be derived. Histograms in
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Figure 1: Number of the through-going µ-track events from the spring equinox

(20 March) to autumn equinox (22 September) for !13 = 0 (left) and !13 = 7!

(right). In drawing these histograms, we have assumed that DM particles with

mass mDM = 270 GeV decay via DM+DM% "e"̄e. For the DM capture rate in
the Sun, we have taken C" = 3.4$ 1022 s#1.

Fig. 1 display such seasonal changes for the case that DM pair dominantly

annihilates into neutrino pairs. The horizontal axis shows the months be-

tween spring and autumn equinoxes during which neutrinos pass the Earth to

reach the IceCube. As discussed in the previous section, during these months

atmospheric muon background due to absorption by Earth is reduced and

19

We define Δ as a measure 
of the existence or absence 

of the oscillatory terms 

We calculate numerically the number of muon-tracks (both through-going events for the whole IceCube and the 
contained events in the DeepCore) for different periods of time during the year. For the propagation of the 
neutrinos inside the Sun, we consider the oscillation , absorption and ντ-regeneration in the matter density of Sun.    

Through-going events for the whole IceCube DeepCore contained events 

××

Number of the through-going μ-track events 
from the spring equinox (20 March) to autumn 

equinox (22 September) for θ13=0. We 
assumed mDM=270 GeV and DM+DM→νeν ē. 

Also, we took C⊙=3.4 × 1022 s−1.

Ann. channel N/I θ13 δ ΔIC(3	 Apr.) ΔDC(3	 Apr.)

DM+DM→νeνe N and I 0 0 0.5 0.5

DM+DM→νeνe N 7° 0 0.5 0.4

DM+DM→νeνe I 7° 0 0.4 0.4

DM+DM→νeνe N 7° π 0.4 0.4

DM+DM→νeνe I 7° π 0.4 0.4

DM+DM→νμνμ N 0 0 0.1 0.1

DM+DM→νμνμ N 7° 0 0.1 0.05

DM+DM→νμνμ I 7° 0 0.2 0.1

DM+DM→νμνμ N 7° π 0.1 0.1

DM+DM→νμνμ I 7° π 0.1 0.0

DM+DM→ντ ντ N 0 0 0.1 0.0

DM+DM→ντ ντ N 7° 0 0.1 0.0

DM+DM→ντ ντ I 7° 0 0.0 0.0

DM+DM→ντ ντ N 7° π 0.0 0.0

DM+DM→ντ ντ I 7° π 0.1 0.0

Seasonal variation for DM particles with mass mDM=200 GeV 
and different annihilation modes. N/I indicates normal 
versus inverted neutrino mass scheme. ∆3Apr is the seasonal 
variation between the two points shown in the figure, 
∆3Apr≡∆(3 Apr,186 days,6 Oct,179 days).

!
!/2

Perihelion
Sun

t0=3 April

t0+"t=6 October

Aphelion

Figure 3: Positions of the Earth on t0 = 3 April and t0 +!t = 6 October, where !t = 186 days.

another set, we have chosen t0 = 3 of April and !t = 186 days which correspond to the

points in the orbit indicated in Fig. 3.

We have taken two values of !13 (!13 = 0 and !13 = 10!) and set the CP-violating phase, ",

equal to zero. We have calculated !(t0,!t) for the case of exactly monochromatic spectrum

as well as for a narrow Gaussian with width given by the thermal fluctuations of the dark

matter [see, Eq. (7)]. As expected from the previous section, the di"erence in ! for two cases

(monochromatic versus Gaussian with the width given in Eq. (7)) is quite negligible. In both

cases, ! significantly deviates from zero which means seasonal variation due to oscillatory

terms is significant and potentially measureable.

Several features are obvious in the figures of Tables 1 and 2. As can be seen from Table 1,

in the case !13 = 0, the values of!(t0,!t) (for both t0 = 20 March and t0 = 3 April) are equal

for NH and IH. This equality is a consequence of the fact that for !13 = 0, the contribution

of #3 to #e is zero so both the NH and IH cases are equivalent. By comparing the figures

in Table 1 with the figures of Table 2 it can be seen that the value of !(t0,!t) is typically

larger for the annihilation of DM particle to electron neutrinos (DM+DM! #e#̄e). Thus, if

the measurements of neutrino telescopes (such as IceCube) show a large value for !(t0,!t),

the annihilation of DM particles to #e (and #̄e) will be favored.

In the real experiments such as IceCube, measurement of !(t0,!t) will be more tricky

and statistical errors and background events have to be taken into account carefully. The
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Numerical Results Conclusion
In neutrino telescopes such as IceCube, the direction of μ-track can be reconstructed by amazing 
precision of ~1° which means neutrinos from the Sun can be singled out. Measurement of the 
spectrum of neutrinos is going to be challenging.

Two situations 

can be 

considered

Spectrum can be 

constructed

Spectrum cannot be 

constructed

Δ  ≠  0 A sharp feature should be present
in the spectrum of neutrinos 

If  a sharp line observed in 

the spectrum, but Δ = 0

χχ →






qq̄

��̄
Z,W

±
, H





→ ναν̄β

t⊙

τeq
= 103

�
�σv�ann

3× 10−26cm3s−1

�1/2 �
7× 108cm

rDM

�3/2

χχ → νν̄

F
0
νe = F

0
νµ = F

0
ντ

1

Time variation of μ-track events contains valuable information on the nature of DM particles. By 
studying the μ-track events over different time intervals, the value of ∆m212/mDM  can be extracted. 
Thus, by this method, mDM can be checked against the value derived from studying the endpoint of the 
spectrum or from the accelerator experiments. To carry out this analysis, it will be enough to take data 
from 20th of March to 23rd of September when the neutrino from the Sun pass through the Earth to 
reach the detector and as a result the atmospheric muon background will not be a problem.
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Among the various candidates, the Weakly 
Interacting Massive Particles (WIMPs) are arguably 
the most popular class of candidates. The reason 
of this popularity is the coincidence of the value 
of the annihilation cross section inferred from 
the present dark matter abundance with the 
generic value of the weak interaction annihilation 
cross section (the so-called WIMP miracle).  


