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Abstract 

The most important process for directly detecting dark matter is the LSP-nucleus 
elastic scattering by measuring the energy of the recoiling nucleus. In the present 
work we explore a novel process that is the detection of the dark matter constituents 
by observing the low energy ionization electrons. We develop the formalism and 
apply it in calculating the ratio of the ionization rate to the nuclear recoil rate in a 
variety of atoms. The obtained ratios are essentially independent of all parameters 
of supersymmetry except the neutralino mass, but they crucially depend on the 
electron energy cut off. Based on our results it is both interesting and realistic to 
detect the LSP by measuring the ionization electrons following the-LSP nuclear 
collisions. 

1 Introduction 

Supersymmetry naturally provides candidates for the dark mat
ter constituents where the most favored is the lightest supersym-
metric particle (LSP). 

However the event rates, of LSP-nucleus elastic scattering, are 
expected to be quite low and the nuclear recoil energies are ex
tremely small. Thus one has to try to reduce the background to 
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the lowest possible level and to understand possible origins of 
backgrounds to be corrected for [1,2]. Anyway one has to search 
for characteristic signatures associated with the LSP. Such are: 

• The time dependence of the event rates, which is due to the 
motion of the Earth (modulation effect). 

• The correlation of the observed rates of directionally sensitive 
experiments with the motion of the sun. 

• Inelastic excitations to low lying excited nuclear states have 
also been considered [3]. 

• Detecting the dark matter constituents by observing the low 
energy electrons, which follow the ionization of the atom during 
the LSP-nucleus collision [1,2]. 

The last possibility may be realized with the technology of gaseous 
TPC detectors [4]. We propose that the produced electrons in 
atomic excitation should be studied by exclusive measurements 
and we consider a number of experimentally interesting targets. 

2 The essential ingredients of our calculation 

The differential cross section for the LSP nucleus scattering lead
ing to the emission of electrons in the case of non-relativistic 
neutralino takes the form [1,2] 

^-IwJ^jEr^whr^^ (1) 

In order to avoid any complications arising from questions re
garding the allowed SUSY parameter space, we will present our 
results normalized to the standard neutralino-nucleus cross sec
tion. The obtained branching ratios are essentially independent 
of all parameters of supersymmetry except the neutralino mass 
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and take the form [1,2] 

&nrec ^ ni 

Sì, g . Il άξΚ&μ^μΜξ + Λ))]» 
/ο12^[F(2mrî;Ç)P l J 

where F(ç) is the nuclear form factor. The nuclear form factor 
F(u) entering in Eq. (2) has the general form 

F(u) = jFz(u) + ^FN(u) . (3) 

The proton and neutron form factors (Fz{u) and FN(U) respec
tively) are calculated by the Fourier transform of the proton den
sity distribution pz{?) and neutron density distribution /9jv(r) re
spectively. In the present work pz(r) and PN{?) are constructed 
using harmonic oscillator wave functions. 

In the present work we consider also very accurate spin-independent 
atomic wave functions obtained by Bunge et al [5], by applying 
the Roothaan-Hartree-Fock method (RHF) to calculate analyti
cal self-consistent-field atomic wave function. 

The LSP obeys a velocity distribution. In our vicinity it is com
monly assumed that LSP obeys a simple Maxwell-Boltzmann ve
locity distribution with respect to the galactic center, namely 

f(v) = - e-{v2/vl) U\ 

with VQ = 220Km/s. One has to imposes by hand an upper ve
locity bound (escape velocity), vesc = 2.84L>0· 

Folding both the numerator and denominator of Eq. (2) with the 
LSP velocity distribution, after multiplying each with the LSP 
flux Ä ™_v w e obtain the differential ratio i ^ f , with Re the 
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Fig. 1. The differential rate for ionization electrons, divided by the total rate asso

ciated with the nuclear recoils, as a function of the electron energy Τ (in keV) for 

various atoms. The results exhibited were obtained for a typical LSP mass mx = 100 

GeV by including a nuclear form factor, but without recoil threshold effects. 

rate for the ionization. The resulting expression takes the form: 

ri 0,1 &nrec ni 

jVrnaX]yv2e-V2/vi ìnhf2v/Vo)dv „ 

j j w £>ν26-ν*/νξ smh(2v/vo)dv ' v } 

In Eq. (5) vmax is the escape velocity, while vmin = ./iL_zi2il a n d 
V r"r 

V'min — 2μΓ 

3 Results and Discussion 

The results for the differential ratio ^ ^ f are exhibited by consid

ering three different atoms (40Ar, 7 6 Ge and 132Xe) for the typical 

LSP mass mx — 100 GeV (see Fig. 1). If we then integrate the 

differential rate ^ ^ with respect to the electron kinetic energy 

T, we obtain the relevant event rate ratio ^ . The thus obtained 

results for a number of nuclei are shown in Fig. 2a. They are 

presented as a function of the threshold energy for electron de

tection Eth for LSP mass mx = 100 GeV. We also present them 

as functions of the LSP mass m x , for Eth = 0-2 keV (Fig. 2b). 
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Fig. 2. (a) The total ionization rate per electron divided by the standard nuclear 
recoil rate as a function of the electron threshold energy. The results exhibited were 
obtained for a typical LSP mass mx = 100 GeV by including a nuclear form factor, 
but no threshold effects on recoils, (b) The same quantity plotted as a function of the 
mass mx of the LSP. The results were obtained for a threshold energy Eth = 0.2 keV 

E„, [keV] 

Fig. 3. The same as in Fig. 2a except that now the ionization rate Re per electron 
is multiplied by the atomic number Ζ to obtain the rate per atom. A quenching 
factor of about 1/3 has also been included in the denominator. 

3 0 -

2 5 -

§ T 2 0 -

QC 

Psl 1-»' 

1 . 0 -

O 5 -

S^" 
( (a) 

1 Eit,=°-2 k e V 

Em=0.4 keV 
E„,=0-6 keV 

,'' 

24 -

20 -

1 6 -

12 -

8 -

4 -

,"' 

(b) 

' " Χ θ τ · 
£„=0.2 k » v 

E „ = 0 · 4 k e v 
E„=o.e k e v 

m [GeV] 
SO 1 0 0 1SO 2 0 0 2 5 0 

m [GeV] 

Fig. 4. The same as in Fig. 2b except that now the electron ionization rate per 
electron has been multiplied by the atomic number Ζ (the relative event rate per 
atom is r = - Z ^ )· A quenching factor of about 1/3 has also been included in the 
denominator (standard nuclear recoil). 
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We clearly see that the results are very sensitive to the thresh

old energy. It is also clear that the heavier targets are favored. 

It is encouraging that branching ratios per electron of 10% are 

possible, if one can reach threshold energies as low as 200 eV, 

which is feasible for gas targets [1]. It should be mentioned that 

in obtaining these results we assumed threshold effects for the 

ionization electrons, but not for the nuclear recoils. So far, the 

ratio of the electron rate to the recoil rate is normalized to one 

electron per atom. In practice, the total electron rate for given 

detector mass is obtained by multiplying the above rate per elec

tron by the atomic number Z. Therefore the ratio of the total 

electron rate per atom to the nuclear recoil rate is plotted as a 

function of the threshold energy in Fig. 3 and as a function of 

the LSP mass in Fig. 4. Here a quenching factor of « 0.3 has in 

addition been used for the nuclear recoil. The thus obtained ratio 

is very impressive, even at an electron threshold higher than 0.5 

keV. 
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