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Abstract. The detection rates for the lightest super symmetric particle (a dark matter
candidate) are calculated with *Ge as the detector. The calculations are performed within
the deformed shell model (DSM) based on Hartree-Fock states. First the energy levels
and ground state magnetic moment for "*Ge are calculated and compared with
experiment. The agreement is quite satisfactory. Then the nuclear wave functions are
used to calculate the detection rate as a function of detector threshold energy for a given
set of SUSY parameters. The results are compared with other theoretical calculations.
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1. Introduction

There has been overwhelming evidences for the existence of dark matter in
the universe [1, 2]. The evidences mainly come from the rotational curves of
spiral galaxies, gravitational lensing in clusters of galaxies, anisotropy in the
cosmic microwave background radiation etc. Up to now, the nature of this matter
remains a mystery. In recent years, there have been considerable theoretical and
experimental efforts to detect the cold dark matter (CDM) which is thought to be
the dominant component of the dark matter [3]. Super symmetric theories of
physics beyond the standard model provide the most promising candidates for
dark matter. In the simple picture, the dark matter in the galactic halo is assumed
to be Weakly Interacting Massive Particles (WIMP). The most appealing WIMP
candidate for nonbaryonic " Ge cold dark matter is the lightest super symmetric
particle (LSP) which is expected to be a neutral Majorana fermion travelling with
nonrelativistic velocities.
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Since the LSP (represented by y) interacts very weakly with matter, its
detection is quite difficult. One possibility to detect LSP is through its elastic
scattering from nuclei. Inelastic channels are not excited since the energy is too
low to excite the nucleus and hence the cross section should be negligible. On the
other hand exotic WIMPs can lead to large nucleon spin induced cross sections
which in turn can lead to non-negligible probability for inelastic WIMP-nucleus
scattering [3]. Here we will consider only the elastic channels. The deformed
shell model (DSM), based on Hartree-Fock (HF) deformed intrinsic states with
angular momentum projection and band mixing, is established to be a good
model to describe the properties of nuclei in the mass range A=60-100. Also, for
N=Z odd-odd nuclei, methods for isospin projection within DSM are developed
and applied. See [4] for details regarding DSM. The model is found to be quite
successful in describing spectroscopic properties, double beta decay half-lives,
L -e conversion in the field of the nucleus and so on. It will be quite interesting to
employ DSM to calculate the detection rates for the lightest super symmetric
particle (a dark matter candidate) with "*Ge as the detector.

2. Formulation

Defining the dimensionless quantity u=0q°b?/2=M,b?’Q where q
represents the momentum transfer to the nuclear target, b is the nuclear harmonic
oscillator size parameter, Q is the energy transfer to the nucleus and M, is the

nuclear mass, the LSP-nucleus differential cross section in the laboratory frame is
given by [5, 6],

do(u,v) :16 1 2ﬁd_O'dO'AS(u,v) _ "
du 2 °%mpb) VvV du
daAglfu,V) :[ £20, (o)]2 Foo (U) + 2 F20, (0) (0) Fyy (U)
IR OF Fa(W) +M?. @)

In the above, m, is the mass of the proton, v is the LSP velocity with respect to

p
the earth and o, =0.77x107>°>cm? . If the proton and neutron form factors Fz(u)
and Fy(u) are different, then

M? = (f2[ZF; (u) + NFy (u)]+ f3[ZF, (u) — NFy (u)])°. 3)
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Here, fland f;represent isoscalar and isovector parts of the axial vector

current and similarly fs0 and fS1 represent isoscalar and isovector parts of the
scalar current. These nucleonic current parameters depend on the specific SUSY
model employed. The spin structure functions F,, (u)with p,0' =01 are

defined as
Q(%K) Q(%Jf)
Fop(U)=2 = e, W,
K Qp(o)Qp'(O)

(4,x) _ | 4
QU ) = 735

X<Jf

A
PINACHEL)ANT rj)xwp(j)||3i> (4)
j=1

With wy(j)=1and wi(j)=7(]); note that = +1 for protons and -1 for neutrons.

Here Q; is the solid angle for the position vector of the j-th nucleon and j; is the
spherical Bessel function. The static spin matrix elements are defined as

Q,(0) =QE9’1) (0). As has been described in [5], the LSP detection rate is given
by the simple expression,

Ry =8.9107 x— 28 (Vesc) [yr kg ™']. 5
0 Am, [GeV](m_b)> ©)
Note that V.. =625/ is the escape velocity of the LSP from the milky way and
the LSP mass m is taken to be 110 GeV. The o g (Vesc) is Obtained using Eg. (2)
and the Maxwell velocity distribution (for v). In the integral over u, the lower
limit involves the detector threshold energy Q and the upper limit involves Vg .

The nuclear structure part is in the spin structure functions and the form
factors. It is here DSM is used. The reduced matrix element appearing in Eq. (4)
can be evaluated in DSM. Here we need the sp matrix elements of the operator of

the form t{'*Y and these are given by,

(0t £ Inel i ) =@l +D @5 D @I+D D +2)
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In the above equation, {--} is the nine-j symbol.
3. Results and discussion

Above formulation is used for LSP detection rates for scattering from "*Ge
with DSM for the nuclear structure part. The sp orbits employed are

2D/, f50,2Py2, and gg,,, with **Ni core and the sp energies are taken as

0.0, 0.78, 1.08 and 4.90 MeV respectively. The effective interaction used is the
modified Kuo interaction [8]. The HF sp spectrum is shown in Fig. la. For "*Ge,
the experimental energy spectrum has positive and negative parity levels at low
energy. Hence, for band mixing in DSM three intrinsic states with positive parity
and three with negative parity are considered. The final energy spectrum and its
comparison with experiment is shown in Fig. 1b. Since spin contributions play an
important role in the calculation of the decay rates, the magnetic moment is
decomposed into orbital and spin parts for this nucleus. The DSM value for the
magnetic moment (using bare values for the g-factors) is -0.811 py and it is close
to experimental value -0.879 py [7]. The matrix elements of the proton orbital
and spin angular momenta are 0.581 and -0.001 respectively and similarly, for
neutron the values are 3.558 and 0.362 respectively.
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Fig.1: (a) The lowest prolate HF sp spectrum for "*Ge. The HF energy E in MeV and the
mass quadrupole moment Q in units of the square of the oscillator length parameter b are
also given. Protons are represented by circles and neutrons by crosses. (b) Theoretical
(DSM) and experimental (EXPT) spectra of "*Ge. Data are taken from [7]

Depending on the SUSY parameters, the detection rate varies widely as
described in [5]. The same feature is also found in DSM. The values of the

parameters fJ, fx, fd and f! are taken from [9] and they are

3.55x107%,5.31x1072,8.02x10*and —0.15x fJ respectively. For "*Ge, DSM

gives the values of Qg and € to be 0.798 and -0.803. These values are smaller
than those quoted in [5], where a quasi-particle-phonon model (QPM) is used, by
20 to 30 percent. The spin structure functions which do not depend on the
oscillator length parameter are plotted in Fig. 2. The structure functions for *Ge
are similar to those obtained using QPM in [5]. Ressell et al. [10] calculated

S, that are related to the spin structure functions defined above, using shell

model. The spin structure functions from DSM are similar to their values.
Following these, the detection rate as a function of Q is obtained using Eq. (5)
and the results are shown in Fig 2. Results in the figure show that "*Ge is a good
detector for detecting dark matter.
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Fig. 2: Spin structure functions for *Ge as a function of momentum transfer u. Shown in
the insect figure is LSP detection rate as a function of Q, the detector threshold energy.

5. Conclusion
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Applications of DSM to study the detection rates for the light super
symmetric particle, a dark matter candidate, with "Ge as the detector is presented
in this paper. It is a problem of current interest in nuclear structure. In future, in
the topic of dark matter, DSM will be employed to study inelastic (spin
dependent) WIMP-nucleus scattering in ®*Kr and this is unlike LSP that involves
only elastic scattering.
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