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Abstract

We study the thermal production of the dark matter in the early universe,

which provides weakly interacting massive particle as a good dark matter can-

didate. We also study the extension of the Standard Model to deal with the

dark matter problem. We add an additional multiplet to the standard model,

such that this new multiplet contains the dark matter candidate. Using this

minimalistic approach, we assign the quantum numbers to that multiplet . The

stability of the dark matter demands that the multiplets with n ≥ 7 provide

the dark matter candidate. Furthermore, we can compute the mass of the

multiplet by using thermal production scenario and also the present density of

the dark matter, ΩDM ' 0.3.
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Chapter 1

The Thermal Relic Abundance of

the DM

1.1 Introduction

In astronomy and cosmology, dark matter is matter that is inferred to ex-

ist from gravitational e�ects on visible matter and gravitational lensing of

background radiation, but that neither emits nor scatters light or other elec-

tromagnetic radiation (and so cannot be directly detected via optical or radio

astronomy)[1]. Its existence was hypothesized to account for discrepancies be-

tween calculations of the mass of galaxies, clusters of galaxies and the entire

universe made through dynamical and general relativistic means, and calcula-

tions based on the mass of the visible "luminous" matter these objects contain:

stars and the gas and dust of the interstellar and intergalactic medium.

According to observations of structures larger than solar systems, as well

as Big Bang cosmology interpreted under the Friedmann equations and the

FLRW metric, dark matter accounts for 23% of the mass-energy density of the

observable universe. In comparison, ordinary matter accounts for only 4.6% of

the mass-energy density of the observable universe, with the remainder being

attributable to dark energy[2, 3]. From these �gures, dark matter constitutes

83%, of the matter in the universe, whereas ordinary matter makes up only

17%.

There are many observational evidences of the dark matter. One of them

is the Galactic Rotation Curves. In this case, one measures the velocity of an

object that orbits a galaxy as function of its distance from it. According to

1
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the theory, the object that far away from the galaxy should have the smaller

velocity compare to the nearer one, since the mass distribution is concentrated

in the galaxy. However, according to the observation, the velocity of those

objects is nearly constant. This implies the presence of the �missing mass�

that contributes to the object that makes its velocity constant.

Figure 1.1: The velocity of the object orbiting the galaxy as function of its
distance

Another evidence of the dark matter is the structure formation of the uni-

verse. Observations suggest that structure formation in the universe proceeds

hierarchically, with the smallest structures collapsing �rst and followed by

galaxies and then clusters of galaxies. As the structures collapse in the evolv-

ing universe, they begin to "light up" as the baryonic matter heats up through

gravitational contraction and the object approaches hydrostatic pressure bal-

ance. Ordinary baryonic matter had too high a temperature, and too much

pressure left over from the Big Bang to collapse and form smaller structures,

such as stars. Dark matter acts as a compactor of structure. This model

not only corresponds with statistical surveying of the visible structure in the

universe but also corresponds precisely to the dark matter predictions of the

cosmic microwave background. This model of structure formation requires

dark matter to succeed. Large computer simulations of billions of dark matter

particles have been used [4] to con�rm that the dark matter model of structure

formation is consistent with the structures observed in the universe through

galaxy surveys, such as the Sloan Digital Sky Survey and 2dF Galaxy Redshift

Survey.
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There are several candidates for the dark matter. One of them is the

weakly interacting massive particles (WIMPs). In this case the dark matter

was in equilibrium with the hot plasma in the early universe. The dark matter

in that era was interacting tightly with the other particles, the dark matter

particles can annihilate each other to produce other species and vice versa. As

the temperature dropped below its mass, these particles decoupled from the

plasma and were not able to maintain the equilibrium anymore and remained

as a remnant from that era. In this thesis, we will discuss about this scenario

and then study the Minimal Dark Matter model that provides a good candidate

dark matter.

1.2 Boltzmann Equation for Annihilation

In this section we will study about the Boltzmann equation which formalizes

the statement that the rate of change in the abundance of a given particle is the

di�erence between the rates for producing and eliminating that species. We

will use this equation to compute the Dark Matter abundance in the universe

and further to study its properties. To begin with, we denote the number

density of the particle in interest as n1, and to simplify the problem, let's

suppose that the only process a�ecting the abundance of this species is an

annihilation with species 2 producing two particles, say particle 3 and 4. In

schematic language, that statement can be written as 1 + 2 ↔ 3 + 4; i.e.,

particle 1 (with number density n1) and particle 2 can annihilate producing

particles 3 and 4, or the inverse process can produce particles 1 and 2. The

Boltzmann equation for this system in an expanding universe is

a−3
d(n1a

3)

dt
=

ˆ
d3p1

(2π)32E1

ˆ
d3p2

(2π)32E2

ˆ
d3p3

(2π)32E3

ˆ
d3p4

(2π)32E4

× (2π)4δ3(p1 + p2 − p3 − p4)δ(E1 + E2 − E3 − E4) |M |2

× {f3f4 [1± f1] [1± f2]− f1f2 [1± f3] [1± f4]} . (1.1)

In the absence of interactions, the left- hand side of Eq. (1.1) says that

the density times a3 is conserved. This re�ects the nature of the expanding

universe: as the comoving grids expands, the volume of a region containing a

�xed number of particles grows as a3. Therefore, the physical number density
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of these particles falls as a−3. Interactions are included in the right-hand side

of the Boltzmann equation. Let's consider the interaction term starting from

the last line and moving up. We see that the rate of producing species 1 is

proportional to the occupation numbers of species 3 and 4, f3 and f4. Similarly

the loss term is proportional to f1f2. The 1±f terms, with plus sign for bosons

and minus sign for fermion, represent the phenomena of Bose enhancement and

Pauli blocking. If particles of type 1 already exist, a reaction producing more

such particles is more likely to occur if 1 is a boson and less likely if a fermion.

The Dirac delta functions enforce energy and momentum conservation. The

amplitude M is determined from the particle interactions. And �nally, the

integrals appears on the �rst line state the total number of interactions that

occurs in this process.

Since we will typically interested in systems at temperatures smaller than

E−µ, where µ is the chemical potential, the exponential in the Bose-Einstein

or Fermi-Dirac distribution is large and dwarfs the ±1 in the denominator .

The Bose-Einstein and Fermi-Dirac distribution is given by

f =
1

e(E−µ)/T ± 1
, (1.2)

where in Bose-Einstein case the denominator is −1 and for Fermi-Dirac case

is +1. In our case, the Bose-Einstein and Fermi-Dirac distribution becomes

f(E)→ e
µ
T e−

E
T , (1.3)

and the Pauli blocking/Bose enhancement factors in the Boltzmann equation

can be neglected. Under these approximations, the last line of Eq. (1.1)

becomes

f3f4 [1± f1] [1± f2]−f1f2 [1± f3] [1± f4]→ e−(E1+E2)/T
{
e(µ3+µ4)/T − e(µ1+µ2)/T

}
.

(1.4)

Here We have used energy conservation, E1 + E2 = E3 + E4. We will use

the number densities themselves as the time-dependent functions to be solved

for, instead of µ. The number density of species i is related to µi via

ni = gie
µi
T

ˆ
d3p

(2π)3
e−

Ei
T , (1.5)
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where gi is the degeneracy of the species. It will also be useful to de�ne the

species-dependent equilibrium number density as

ni = gi

ˆ
d3p

(2π)3
e−

Ei
T = gi

(
miT

2π

) 3
2

e−
mi
T , (1.6)

if mi � T and

ni = gi

ˆ
d3p

(2π)3
e−

Ei
T = gi

T 3

π2
, (1.7)

if mi � T . With this de�nition, e
µi
T can be written as ni

n
(0)
i

, so the last line of

equation (1.1) is equal to

e−(E1+E2)/T

{
n3n4

n
(0)
3 n

(0)
4

− n1n2

n
(0)
1 n

(0)
2

}
. (1.8)

With these approximations the Boltzmann equation now simpli�es enormously.

If we de�ne the thermally averaged cross section as

< σv > ≡ 1

n
(0)
1 n

(0)
2

ˆ
d3p1

(2π)32E1

ˆ
d3p2

(2π)32E2

ˆ
d3p3

(2π)32E3

ˆ
d3p4

(2π)32E4

e−(E1+E2)/T

× |M |2 {f3f4 [1± f1] [1± f2]− f1f2 [1± f3] [1± f4]}

×(2π)4δ(E1 + E2 − E3 − E4)δ
3(p1 + p2 − p3 − p4). (1.9)

Then, the Boltzmann equation becomes

a−3
d(n1a

3)

dt
= n

(0)
1 n

(0)
2 < σv >

{
n3n4

n
(0)
3 n

(0)
4

− n1n2

n
(0)
1 n

(0)
2

}
. (1.10)

We thus have a simple ordinary di�erential equation for the number density.

We will use this to study the thermal relic abundance of the dark matter

particle.

1.3 The Dark Matter Abundance

There is strong evidence for nonbaryonic dark matter in the universe, with

Ωdm w 0.3. In the early universe, the dark matter particles were in equi-

librium with the rest of the cosmic plasma at high temperatures, but then

experienced freeze-out as the temperature dropped below its mass. Freeze-out
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is the inability of annihilation to keep the particle in equilibrium. The purpose

of this section, is to solve the Boltzmann equation for such a particle, deter-

mining the epoch of freeze-out and its relic abundance. The hope is that, by

�xing its relic abundance so that Ωdm w 0.3, we will learn something about

the properties of the particle, such as its mass and cross section.

In the standard scenario, two heavy particles X can annihilate producing

two light (essentially massless) particles l. The light particles are assumed to be

very tightly coupled to the cosmic plasma, so they are in complete equilibrium

(chemical as well as kinetic), with nl = n
(0)
l . There is then only one unknown

nX , the abundance of the heavy particle. We can use Eq.(1.10) to solve for

this abundance:

a−3
d(nXa

3)

dt
=< σv >

{
(n

(0)
X )2 − n2

X

}
. (1.11)

To go further, recall that the temperature typically scales as a−1, so if we

multiply and divide the factor of nXa
3 inside the parentheses on the left by

T 3, we can remove (aT 3) outside the derivative, leaving T 3d(nX/T
3)/dt. If we

de�ne

Y ≡ nx
T 3
. (1.12)

We have the di�erential equation for Y instead for nXa
3 as

dY

dt
= T 3 < σv >

{
Y 2
EQ − Y 2

}
, (1.13)

with YEQ ≡ n
(0)
X /T .

It is convenient to introduce a new time variable,

x ≡ m

T
, (1.14)

where m ,the mass of the heavy particle, sets a rough scale for the temperature

during the region of the interest. A very large temperature corresponds to

x � 1, in which case reactions proceed rapidly so Y ' YEQ. Since the X

particles are relativistic at these epoch, the mi � T limit of Eq. (1.7) implies

that Y ' 1. For low x, the equilibrium abundance YEQ becomes exponentially

suppressed (e−x). Because of this suppression, the X particles will become so

rare, they will not be able to �nd each other fast enough to maintain the

equilibrium abundance. This is the onset of freeze-out. Since we use the new
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time variable x, we need to change the old variable t to the new one. To do

this, we need the Jacobian dx
dt

= Hx, which can be obtained by using the FRW

equation and applying the chain rules of the di�erentiation. Typically, dark

matter production occurs deep in the radiation era where the energy density

scales as T 4, so H = H(m)/x2. Then the evolution equation becomes

dY

dx
=

λ

x2
{
Y 2
EQ − Y 2

}
, (1.15)

the numerical solution of this equation is provided by (1.2). The ratio of the

annihilation rate to the expansion rate is parameterized by

λ ≡ m3 < σv >

H(m)
. (1.16)

In many theories λ is a constant, but in some, the thermally averaged cross

section is temperature dependent. Generally, we can not �nd the analytic

solutions for Eq. (1.15). We will use our understanding about freeze-out

process to get an analytic expression for the �nal freeze-out abundance Y∞ ≡
Y (x =∞). In fact, well after freeze-out, Y will much larger than YEQ: the X

particles will not able to annihilate fast enough to maintain equilibrium. Thus

at late times,

dY

dx
= − λ

x2
Y 2. (1.17)

By integrating this equation analytically from the epoch of freeze-out xf until

very late times x =∞ we get

1

Y∞
− 1

Yf
=

λ

xf
. (1.18)

Typically Y at freeze-out Yf is signi�cantly larger than Y∞, so a simple analytic

approximation is

Y∞ '
xf
λ
, (1.19)

the value of xf is approximately 10.

After freeze-out, the heavy particle density simply falls o� as a−3. So its

energy density today is equal to m
(
a1
a0

)3
times its number density where a1

corresponds to a time su�ciently late that Y has reached its asymptotic value,

Y∞. The number density at that time is Y∞T
3
1 , so
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Figure 1.2: Abundance of heavy stable particle as the temperature drops be-
neath its mass. Black line is equilibrium abundance.

ρX = mY∞T
3
0

(
a1T1
a0T0

)3

' mY∞T
3
0

30
. (1.20)

The second equality is non trivial. We might expect that aT remains constant

through the evolution of the universe. As the universe expands, photons are

heated by the annihilation of the zoo of particles with masses between 1MeV

and 100 GeV, so T does not fall as a−1. To �nd the fractional of critical density

today contributed by X, insert our expression for Y∞ and divide by ρcr:

ΩX =
xf
λ

mT 3
0

30ρcr

=
H(m)xfT

3
0

30m2 〈σv〉 ρcr
. (1.21)

To �nd the present density of heavy particles, then, we need to compute

the Hubble rate when the temperature was equal to the X mass, H(m), for

which we need the energy density when the temperature was equal to m. The
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energy density in the radiation era is given by

ρ =
π2

30
T 4

[ ∑
i=bosons

gi +
7

8

∑
i=fermion

gi

]
≡ g∗

π2

30
T 4, (1.22)

with g∗ a function of temperature and bosons/fermions are relativistic. To

get ΩX = Ωdm ' 0.3 , we use the temperature of dark matter production,

T ∼ 100 GeV, g∗(m) includes contributions from all particles in the standard

model (including also weak bosons and higgs bosons) and it is of order 100.

Normalizing g∗(m) and xf by their nominal values leads to

ΩX = 0.3h−2
(xf

10

)(g∗(m)

100

)1/2
10−39cm2

〈σv〉
. (1.23)

With the mass of order 100 GeV, the 〈σv〉in this process is surprisingly has

the same order as g4/M2
W which is the typical scale of weak interaction. This

is a good sign , since the dark matter interacts weakly.
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Chapter 2

The Minimal Dark Matter Model

2.1 Introduction

The Standard Model is the theory that plays an important role in Particle

Physics. It covers almost everything in Particle Physics, and has a good agree-

ment with the experimental results. However, this theory does not include the

dark matter. There are no dark matter candidates in this theory, therefore

the dark matter problem goes beyond the Standard Model. The most promis-

ing theory beyond the Standard Model is Supersymmetry which states that

for every particle, there is a superpartner particle. However, (i) the presence

of a number of unknown parameters (e.g. all sparticle masses) obscures the

phenomenology of the dark matter candidates; (ii) the stability of the dark

matter candidates is the result of extra features introduced by hand (e.g. R-

symmetry).

In the Minimal Dark Matter model [5], however, we follow a minimalistic

approach. Focussing on the dark matter problem, we just add to the Stan-

dard Model a multiplet χ+h.c. with spin, isospin and hypercharge quantum

numbers, and search for the assignments that provide the following properties:

1. χ has no strong interactions.

2. χ is an n-tuplet of the SU(2)L gauge group, with n={1,2,3,4,5,.....}.

3. For each value of n there are few hypercharge assignment that make one

of the components of χ neutral, 0 = Q = T3 + Y where T3 is the usual

diagonal generator of SU(2)L. For a doublet, n = 2, one needs Y = 1/2.

For a triplet, n = 3, one needs Y = 0 (such that the component with

11
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T3 = 0 is neutral), or Y = 1 (such that the components with | T3 |= 1

are neutral). For a quadruplet, n = 4, Y = {1/2, 3/2}. For quintuplet,

n = 5, Y = {0, 1, 2}.

4. The lightest component is automatically stable on cosmological time-

scales. The mass splitting induced by loop corrections tends to make

charged components of the multiplet become heavier. And those heavy

particles will decay into the lightest one which has the neutral electric

charge.

5. The only renormalizable interactions of χ to other Standard Model par-

ticles are gauge type, such that new physics is determined by one new

parameter: the tree-level mass M of the Minimal Dark Matter (MDM)

multiplet. We compute the value of M for which the termal relic abun-

dance equals the measured Dark Matter abundance.

2.2 The Minimal Dark Matter Candidates

In this thesis, we only concentrate on scalar dark matter candidates. We

consider the following extension of the Standard Model:

L = LSM + c | Dµχ |2 −cM2 | χ |2, (2.1)

where χ is a spin 0 bosonic multiplet, c=1/2 for a real scalar and c=1 for a

complex scalar whileM is the tree-level mass of the particle. Starting from the

doublet, we want to �nd the multiplet that satis�es the above requirements.

In the doublet case, the dark matter candidate coupled with the Standard

Model lepton singlet and also lepton doublet. This can happen because we

can form a singlet representation of SU(2) × U(1) in this case, i.e. 2 × 2 =

1 ⊕ 3. In the triplet case, we can also form a singlet representation, namely

3 × (2 × 2) = 3 × (1 ⊕ 3) = 3 × 1 ⊕ 5 ⊕ 3 ⊕ 1. In this case, the Dark Matter

candidate can decay into HH∗for Y = 0 and HH, LL, for Y = 1, where H‘is

the higgs doublet in the Standard Model and L is a Standard Model lepton

doublet. In the quadruplet case, again we can form a singlet representation,

that is 4 × 2 × 2 × 2 = 5 ⊕ 3 ⊕ 5 ⊕ 3 ⊕ 7 ⊕ 5 ⊕ 3 ⊕ 1. In this case, the Dark

Matter can decay into HHH∗ for Y = 1/2 and also HHH for Y = 0.
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The singlet representation can also be formed in the quintuplet and sixtu-

plet case, in the quintuplet case we have 5×2×2×2×2 ∼ 9⊕7⊕5⊕3⊕1 and

in the sixtuplet case we have 6× 2× 2× 2× 2× 2 ∼ 11⊕ 9⊕ 7⊕ 5⊕ 3⊕ 1. In

the quintuplet case, the Dark Matter can decay into HHH∗H∗for Y = 0 while

in the sixtuplet case it can decay into HHH∗H∗H∗ for Y=1/2. In these cases,

the Dark Matter candidates couple to the Standard Model Particles and they

can decay into the Standard Model Particles. This is can not be true, unless

those decay channels are suppresed (e.g. by invoking some extra symmetry).

Since we are interested in the minimalistic approach, we will not use these

n-tuplet (n = 2 to n = 6) as a Dark Matter candidate.

For n ≥ 7, there are no interaction between the multiplet with the Standard

Model particles, since no SM particles have the quantum numbers that allow

sizable coupling to χ. Therefore, these multiplets is stable and provide good

candidate of the dark matter.

2.3 The Thermal Relic Minimal Dark Matter

Abundance

Assuming that Dark Matter arises as a thermal relic in the early universe, we

can compute its abundance as a function of its mass M . Requiring that χ

makes all the observed Dark Matter, we can therefore determine M .

By neglecting the mass splitting 4M � M of each component [5], we

can write a single Boltzmann equation that describes the evolution of the

total abundance of all components χi of the multiplet as a whole. It also

includes all co-annihilations in the form of
∑

ij σA(χiχj → SM particles).

Since we will �nd that the observed Dark Matter abundance is obtained for

M2 � M2
z , we can compute the relevant thermally-averaged cross-section in

the SU(2)L-symmetric limit. Furthermore as usual the freeze-out temperature

is Tf v M/26 � M , such that the �nal Dark Matter abundance can be well

approximated as [6, 7]

nDM(s)

s(T )
≈
√

180

πgSM

1

MPlTf 〈σAv〉
, (2.2)

and also



14 CHAPTER 2. THE THERMAL RELIC OF MDM

M

Tf
≈ ln

gχMMPl 〈σAv〉
240g

1/2
SM

, (2.3)

where gSM is the number of the Standard Model degrees-of-freedom in the ther-

mal equilibrium at the freeze-out temperature Tf , and s is their total entropy.

Within the standard cosmological model, present data demand ΩDMh
2 =

0.110± 0.006 i.e. nDM/s = (0.40± 0.02)eV/M [8].

In the scalar case, the dominant annihilation channel of the Dark Matter

particle is into SU(2)L⊗U(1)Y vector bosons and the annihilation into scalars

and fermions are suppressed by the velocity square of the dark matter. The

diagramms contributing in such process is given by

• The annihilation into neutral vector bosons χ(k1)χ
∗(−k2)→ A3(k

′
1)A3(k

′
2)

Figure 2.1: The diagrams that contribute to the annihilation into neutral gauge
bosons

• The annihilation into the charged vector bosons χ(k1)χ
∗(−k2)→ W+(k

′
1)W

−(k
′
2)

The amplitude of the last diagramm in Fig.2.2 is proportional to the veloc-

ity square of the dark matter particle. Since the dark matter particles move

non-relativistically, this diagramm will be suppresed, and therefore will not

contribute to this process. We can compute the averaged cross-section of these

processes by using the above Lagrangian. The kinetic term of that Lagrangian

is

L = |Dµχ|2 =
∣∣(∂µ − igAaµT a − ig′Y Bµ)χ

∣∣2 , (2.4)

and this term is proportional to L ∼ − igA1
µT

1 − igA2
µT

2 − igA3
µT

3 − ig′Y Bµ

, if we de�ne the new �elds W+
µ ,W

−
µ and new generators T+, T− as

W±
µ =

1√
2

(A1
µ ∓ A2

µ) (2.5)
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Figure 2.2: The diagrams that contribute to the annihilations into charged
vector bosons

T± = T 1 ± iT 2, (2.6)

and doing the rotation to the A3
µ and Bµ�elds as

A3
µ = cWZµ + sWAµ (2.7)

Bµ = −sWZµ + cWAµ, (2.8)

where cW and sW are the cosines and the sines of the Weinberg angle, we will

get the new expression in the Lagrangian as

L =

∣∣∣∣{∂µ − ig√
2

(
W+
µ T

+ +W−
µ T

−)+ icW

(
−gT 3 +

(g′)2Y

g

)
Zµ − icWg′

(
T 3 + Y

)
Aµ

}
χ

∣∣∣∣2 .
(2.9)

Since the dark matter candidate is electrically neutral, Q = T 3 + Y = 0, this

implies that the coupling constant to the neutral gauge boson is given by

gNC =
gY

cW
, (2.10)

and the T± component is given by

(T±)ij = δi,j∓1

√
n− 1

2

(
n− 1

2
+ 1

)
− i(i± 1), (2.11)
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using these values, the coupling constant of the charged gauge bosons are

g±CC =
g
√
n2 − (1∓ Y )2

2
√

2
, (2.12)

and the Lagrangian becomes

L ∼
∑
j

∣∣∂µχ−j − igNCZµχ−j − ig+CCW+
µ χ−j+1 − ig−CCW

−
µ χ−j−1

∣∣2 (2.13)

`Using these equations, the averaged cross-section is given by

〈σv〉 ' g4(3− 4n2 + n4) + 16Y 4g′4 + 8g2g′2Y 2(n2 − 1)

64πM2gχ
(2.14)

where gχ = 2n for a complex scalar and gχ = n for a real scalar. We will use

this equation to compute the mass of the dark matter candidates.

2.3.1 The Minimal Dark Matter Candidate Masses

By using the results from the previous section, we can compute the Dark

Matter masses of each multiplet. In this subsection, we are going to compute

the mass of the Dark Matter candidates. We will compute the Dark Matter

candidate from n=2 to n=7 multiplet. Using gSM ≈ 100 and MPl = 1.22 ×
1028eV in the Eq.(2.3), and also

〈σv〉 =
f(n, Y )

64πM2gχ
, (2.15)

where f(n, Y ) is given by

f(n, Y ) = g4(3− 4n2 + n4) + 16Y 4g′4 + 8g2g′2Y 2(n2 − 1) (2.16)

the Dark Matter mass is determined by

M2 =
1.23× 1024 × f(n, Y ) (eV )2

gχ
. (2.17)

The result of the computation is listed in the table below
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Quantum number
DM can decay into DM mass (TeV)

SU(2)L U(1)Y

2 1/2 EL 0.54
3 0 HH∗ 2.0
3 1 HH, LL 1.6
4 1/2 HHH∗ 2.4
4 3/2 HHH 2.9
5 0 HHH∗H∗ 5.0
6 1/2 HHHH∗H∗ 4.9
7 0 − 8.5

Table 2.1: The MDM decay channels and its mass
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Chapter 3

Conclusion

We have discussed the thermal production scenario of the dark matter, that

provides weakly interacting massive particles (WIMPs) as a dark matter can-

didate. We also see that in order to get the present density of the dark matter

its cross-section is of order g4/M2
W which is the scale of weak interaction. This

can be taken as good sign, since dark matter interacts weakly.

Following the minimalistic approach, we add the additional scalar multiplet

to the Standard Model Lagrangian and examine the suitable candidate for the

dark matter. With this approach, the good candidates seem to be the multiplet

with n ≥ 7.

To conclude; The Scalar minimal dark matter provides the dark matter

candidates for n ≥ 7. Which means there are a lot of candidate for the dark

matter in this model. Of course, not all of them will be the true dark matter.

One needs to do some experiments to verify the particular value of n that

allowed by the experiments. We hope this veri�cation will be done at the near

future.
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