Physics Letters B 690 (2010) 462-465

www.elsevier.com/locate/physletb —

Contents lists available at ScienceDirect

Physics Letters B

et

Primordial He’ abundance implied by the mirror dark matter interpretation

of the DAMA/LIBRA signal

Paolo Ciarcelluti®*, Robert FootP

@ Département AGO-IFPA, Université de Liége, 4000, Belgium
b School of Physics, University of Melbourne, 3010, Australia

ARTICLE INFO ABSTRACT

Article history:

Received 5 March 2010

Received in revised form 2 June 2010
Accepted 3 June 2010

Available online 4 June 2010

Editor: A. Ringwald

We compute the primordial mirror helium He’ mass fraction emerging from Big Bang nucleosynthesis
in the mirror sector of particles in the presence of kinetic mixing between photons and mirror photons.
We explore the kinetic mixing parameter (&) values relevant for cosmology and which are also currently
probed by the dark matter direct detection experiments. In particular, we find that for & ~ 1079, as
suggested by the DAMA/Libra and other experiments, a large HeO mass fraction (Y &~ 90%) is produced.

Such a large value of the primordial He’ mass fraction will have important implications for the mirror
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dark matter interpretation of the direct detection experiments, as well as for the study of mirror star
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During the last decade or so a huge experimental effort has
been underway to directly detect dark matter and some interesting
data are now available. In particular the impressive annual modu-
lation signal obtained by the DAMA/Nal experiment [1] has been
confirmed with some precision in the DAMA/LIBRA experiment [2],
and represents exciting evidence for the discovery of dark matter.
Mirror dark matter has emerged as one simple explanation [3-5]
for this and other experiments and thus deserves to be well stud-
ied in all its aspects. Very briefly, mirror particles and forces are
the hypothetical duplicate of the standard particles and forces with
gravity usually assumed to be common to both sectors. The theory
in the modern context of gauge theories was proposed in 1991
[6] although the basic idea is much older [7] (for a review, see
Ref. [8]).

The mirror dark matter paradigm implies a spectrum of dark
matter particles with known masses, given by the masses of the
stable nuclei and electrons (H', He', ..., 0, ..., Fe’,¢’,...)." The flat
rotation curves observed in spiral galaxies can be explained if
the galactic halos consist of an approximately spherically dis-
tributed gas of such mirror particles [9]. Of course, in addition
to this predominant spherical gas component, a more complex
subcomponent is also possible and expected, consisting of mirror
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white dwarfs, stars with mixtures of ordinary and mirror matter,
etc., which might ultimately be revealed in various ways, see e.g.
Ref. [10].

Besides gravity, mirror particles can couple to the ordinary ones
via renormalizable photon-mirror photon kinetic mixing [6,11]
with Lagrangian density

€
l:mixzzF'wa;/,u (1)

where FAV = gHAY — 9VAH* and F'HY = gH A’V — 9VA'H are the
field strength tensors for ordinary and mirror electromagnetism
respectively. This mixing enables mirror charged particles to cou-
ple to ordinary photons with charge eqe, where ¢ = —1 for ¢/,
q=+1 for p/, etc. This interaction leads to important implications,
not least is the possibility that mirror dark matter can be directly
detected in experiments. It turns out that the DAMA annual mod-
ulation signal [1,2] can be fully explained [3] via elastic scattering
of the ~ O’ component of the halo, with:

so
0.1

where &4 =ngmy /(0.3 GeV/cm?) is the halo mass fraction of the
species A’. Other, but more tentative evidence for mirror dark mat-
ter has emerged from the CDMS electron scattering data [12]. It
was shown [4] that this data can be interpreted in terms of e’
scattering on electrons, and suggests

€ ~ 1077 (2)

€~0.7x107°. (3)
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Finally, interpreting the two dark matter candidate events iden-
tified by the CDMSII/Ge analysis [13] as the expected Fe’ signal,
yields the estimate [5]

éFe’ ~ 109

037" 107°. (4)
The compatibility of € ~ 10~2 with cosmological constraints has
been examined in Ref. [14], where we showed that such mixing
is consistent with constraints from ordinary Big Bang Nucleosyn-
thesis (BBN) as well as the more stringent constraints from Cos-
mic Microwave Background (CMB) measurements and Large Scale
Structure (LSS) considerations [15]. Importantly, € ~ 1072 is also
compatible with all experimental and astrophysical constraints, for
a review see Ref. [16].

The mirror dark matter interpretation of the direct detection
experiments depends on the mirror He’ mass fraction, Yy, and it
is the subject of the present Letter to compute it. The dependence
comes about in the following way. Halo mirror particles form a self
interacting plasma with a Maxwellian distribution:

fitvy =emamv T
— e~ v2/vilil (5)

where the index i labels the particle type [i =e¢’, H, He/, O,
Fe/, ...]. The dynamics of the mirror particle plasma has been in-
vestigated previously [9], where it was found that the condition of
hydrostatic equilibrium implied that the temperature of the plasma
satisfied:

1_
T~ Emvfot (6)

where m =) nym;/ Y _n; is the mean mass of the particles in the

plasma, and v &~ 254 km/s is the local rotational velocity for our

galaxy [17]. Assuming the plasma is completely ionized, a reason-

able approximation since it turns out that the temperature of the

plasma is ~ 1 keV, then:
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Clearly, Egs. (5), (6) imply that the velocity dispersion of the par-

ticles in the mirror matter halo depends on the particular particle

species and satisfies:
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Thus, we see a dependence of the velocity dispersion of the halo
dark matter particles on the parameter Yy . Consequently, event
rates in dark matter experiments actually depend on Yy, and
thus it is necessary and important to compute it. It is also use-
ful to know the primordial He’ mass fraction in order to study
mirror star formation and evolution. While the DAMA experiments
turn out to be relatively insensitive to Yy, other experiments,
such as electron scattering experiments, exhibit a greater sensitiv-
ity to Yy, and might ultimately be able to measure this parame-
ter [4].

Previous works on BBN in the mirror sector [18] have parame-
terized the abundance of He’ in terms of some initial T'/T value,
without considering the effects of photon-mirror photon kinetic
mixing. Here we consider the implications of kinetic mixing for
mirror BBN, and assume an effective initial condition of T’ < T. In
the aforementioned papers it has already been emphasised that,

compared with the ordinary matter sector, we expect a larger mir-
ror helium mass fraction if T’ < T, as currently required. Essen-
tially, this is because the expansion rate of the Universe is faster
at earlier times, which implies that the freeze out temperature of
mirror weak interactions will be higher than that in the ordinary
sector. Given the calculation of the T’/T evolution of Ref. [14], we
can estimate the mirror helium mass fraction as a function of €
within the theory, which we now discuss.

We assume the initial condition T’ <« T. During the evolution of
the early Universe the photon-mirror photon kinetic mixing pop-
ulates and heats the mirror sector via the process ete™ — e’ *e/~.
The e’* will thermalize with y’, however, because most of the '+
are produced in the low T’ <5 MeV region, mirror weak interac-
tions are too weak to significantly populate the vé_#_r. Thus to a
good approximation the radiation content of the mirror sector con-
sists just of ¢’* and y'.

From our earlier paper [14], we obtained an approximate ana-
lytical expression for T’/T which is valid for T' > 1 MeV and for
T <100 MeV, and is given by:

T/ 1/4 1 1 1/4
“—(%a) |-~ . (9)
T \g T T

Here, we have assumed the initial condition T’ =0 at T =T; and
27¢(3)%a?e? Mp
388

where « is the fine structure constant, Mp; the Planck mass,
g (g’) the energetic effective degrees of freedom for ordinary (mir-
ror) particles, and w ~ 0.8 takes into account the effect of various
approximations (Maxwellian statistics instead of Fermi-Dirac, ne-
glecting Pauli-blocking factors, etc.). Assuming T; >> 100 MeV then
Eq. (9) reduces to:

T N 0.25 [ € (11)
T (T/MeV)1/4 10-9°

In this theory the mirror sector starts with a temperature much
lower than the temperature of the ordinary sector, and later the
interactions induced by photon-mirror photon kinetic mixing in-
creases only the temperature of mirror electrons, positrons and
photons, since neutrinos are decoupled. We may thus assume
T, < T', where T' =T, >~ T, which is a reasonable approxima-
tion for the € values of interest. Thus, in this scenario the only
reactions we need to consider to compute Yy are

A=w X (10)

n+etT—>p+79 and p'+e " —n' +V. (12)

We may neglect mirror neutron decay n’ — p’ +e'~ + ¥/, since
the n’ lifetime is much longer than the available time for primor-
dial mirror nucleosynthesis, which we estimate to happen in the
first few seconds of the Universe. The reaction rates of the pro-
cesses (12) can be adapted from the standard relations present in
e.g. Ref. [19], in which we can neglect the Pauli blocking effect on
neutrinos because T,y <« T’:
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