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1. Introduction

Elucidating the nature of the dark matter (DM) has becomen&ralequestion in astrophysics
and one of the most fundamental and multidisciplinary quigsscience today. However, although
the compelling evidence for the existence of the dark mattere is still an intense debate on its
nature and on how dark matter particles interact with Stahdedel. A large number of candi-
dates have been proposed for (nonbaryonic) DM. Besidesgie$t supersymmetric particle, the
axion is one of the leading candidate for cold dark matteraarg likely made an important con-
tribution to the structure formation of the universe [1]. wawver, all higher dimmensional unified
theories (including superstring, supergravity, KaluzaiKitheories) also predict a universal scalar
particle: the dilaton [2]. In supersymmetric gauge thexribe dilatonp appears as a companion
of the axion: if the dilaton arises in the real part of the Istveomponent of a chiral field, the
imaginary part corresponds to the axion field. In the KalulgirkKsupergravity, the field content of
the spacetime is assumed to arise from embedding iféthel; ) dimensional manifold, where the
di internal dimensions have variable volume from four dimengoint of view and is interpreted
as the dilaton. Also, the dilaton has various interactingswvdor instance, it couples naturally to
super Yang Mills gauge fields in curved space and plays agivole in string theory, to define the
string coupling constant a&xpA @), whereA is characteristic length typically of the order of the
Planck length. The dilaton also couples to the Ricci cumeatarms in the Brans-Dicke model of
induced gravity as well as to the QCD field strength to geeesiatonfining phase. Therefore, ac-
cording to recent results on strong weak dualities in gahigerlyy and string theory, there is strong
evidence that the axion and the dilaton should come togetiethat their properties are intimatly
connected. For theses features, it is very likely that theai may also be considered as a viable
candidate for cold dark matter, once the problem of dilatabibty is solved [3].

In this paper, | will briefly describe the general derivatiminthe quark-quark interaction po-
tential from a string inspired theory and show that the caogfphase, when it exists, depends on
tha mass of the dilaton and the length scale of the theoryn,Tiwe adopting the dilaton - gauge
field coupling function proposed by Dick, we use a semi- ngktic techniques (SLET) to solve
heavy quarkonium wave equation and predict the dilaton mésh reproduce the experimental
spectra of charmonium, bottomomium aBgdmesons.

2. Thestring inspired theory

The imprint of dilaton on a 4d effective nonabelian gaugeihés described by a Lagrangian
density [5], [7]:

1
4F ()
whereg is the dilaton field andz*" is the standard field strength tensor of the thedtyy)
denotes the non perturbative dilaton potential Bi@) represents the coupling function depending
on @. Several forms oF (¢) have been proposed in literature. Analysis of the proble@amflomb
gauge theory augmented with dilaton degrees of freedom)ipddformed as follows: First, we
consider a point like static Coulomb source defined in theframe by the current:

1
Z(@.A) = GlGh" + 500" 9=V (9) + KA} (2.1)
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I =gd(r)Cavy = panf (2.2)
whereC, is the expectation value @U(N;) generator. The field equations emerging from the
static configuration (2.2) are given by:

Dy, F He)GH] =0 (2.3)
and

_N(p) 1F e
a0 4 Jdo
After some straightforward algebra, we derive the remdekdymula for interquark potential

[6],

0,0 = GHVGEH (2.4)

u(r) = zas/ F((fz(r))dr (2.5)

. . -
with as = £ anda = g5 (5

Eqg. (2.5) shows that existence of confining phases in thectfiee theory is subject to the
following condition,

lim rF ~1(q(r)) = finite (2.6)

r—oo

At this stage, the main objective is to solve the field equmstiof motion (2.3) and (2.4) and
determine analyticallyJ (r). For this,F (@) andV(¢) have to be fixed. In the sequel the dilaton
potential is set t&/ (¢) = 3P, while forV (¢) we use the form proposed by Di% = %
[5], where f represents a coupling scale characterizingsttength of the dilaton-gluon coupling
and g is a parameter in the rang®,1|. In this model, the exact analytical solution for the in-
terquark potential is given by (up to a color factor) :

V(r) = [f—gi —9f, /s IN[E™ — 1+ R3], with the abbreviationk? = “g—ﬁNCN—:l

Remarkably the potentil (r) comes with the required behavior: a first term which accom-
modates the Coulomb interaction at short distances andamdderm linearly increasing in the
asymptotic regime with a string tensian~ gm f which depends on the dilatonic degrees of free-
domm, f.

3. Dilaton mass ver sus quar konium spectr oscopy

This analysis will be addressed as in [8] where the shiftestpansion technique is used
(SLET) wherel is the angular momentum. This method provides a powerfulyiodgechnique
for determining the bound states of the semi-relativistavevequation consisting of two quarks
of massesn, mp and total binding meson enerdy in any spherically symmetric potential. It is



Dilaton as a dark matter: An estimate of the dilaton mass Mohamed CHABAB

rapidly converging, handles highly excited states ancuohes relativistic corrections in a consis-
tent way.

Dick interquark potential reads,

Volr) = 2054 21 %m[exmmr)—l} (3.1)

To solve the equation and obtain results from the theoryirequs to specify several inputs:
me, My, M, f andas. In our numerical analysis, we set the charm and bottom guasgses to the
valuesm; = 1.89 GeV andmn, = 5.19 GeV. For the QCD coupling constant, we take into account
the running ofas,

as(my)

%) = 101 Zng){aa(my) 2in(me )’ -2

where the renormalization scale is fixedite= 21, with u is the reduced mass,

_ mmp
m +my’

(3.3)

Thus, combination of the leading order formula (3.2) andibdd experimental values(m;) =
0.12 yields,
as(charmonium = 0.31, as(bottomonium = 0.20, (3.4)

while as = 0.22 for thebc quarkonia. On the other hand, the interquark potentialmpatarsmand

f are treated as being free in our analysis and are obtainedtibg the spin-averagect, bb and

bc bound states. An excellent fit with the available experirakedata can be seen to emerge when
the following values are assignéd7],

Nc
m= 57 MeV gf,/m_mowlev. (3.5)

Therefore, the heavy quarkonium spectra favours a liglttatil with a mass about BlEV.
Here, | would like to emphasize that the estimate of the @ilahass discussed in this analysis
should be understoud as an order estimate, and not as arresalct Neverthless, this prediction
may shed some light on this (hypothetical) fundamentaigaras cold dark matter candidate.

4. General conclusion

Using a string inspired model and assuming that the dilasodark matter candidate, we
determine the mass of the dilaton from the heavy quarkonjpeetsa with Dick’s potential. This
potential, which results from the analysis of the Coulomtiogm of the theory, has a remarkable
property of leading to a confining phase which is paramegdriz/ the non zero mass for the dilaton
and a mass scale f. Through phenomenological investigafi@ick potential we show that the

Lif the standard value for the string tensioi®GeV? is used, the dilaton mass will be shifted to a value about
158 MeV.



Dilaton as a dark matter: An estimate of the dilaton mass Mohamed CHABAB

energy levels of charmonium, bottommonium and Badit well the experimental data when the
dilaton mass is given a value about\d@V. This estimate lies in the range of values predicted for
the dilaton as a cold dark matter [9] [10] and agrees with it (1-100 MeV) dark matter as a
possible explanation 5k&V gamma ray emission [11].
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