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The CoGeNT Collaboration has recently presented the results of their first 15 months of data, including
the measurement of the spectrum of nuclear recoil candidate events, and the time variation of those events.
These results appear consistent with the signal anticipated from a relatively light dark matter particle
scattering elastically with nuclei. In this paper, we independently analyze the data set collected by
CoGeNT and explore the implications of these results for dark matter. We find that the observed spectrum
and rate is consistent with originating from dark matter particles with a mass in the range of 4.5-12 GeV
and an elastic scattering cross section with nucleons of approximately ~107%° cm?. We confirm the
conclusion of the CoGeNT Collaboration that the data also includes a somewhat statistically significant
(2.70) indication of annual modulation, with a phase, period, and amplitude consistent with that predicted
for dark matter. CoGeNT’s phase is also consistent with the annual modulation reported by the DAMA/
LIBRA Collaboration. We also discuss the null results reported by CDMS and XENON100, and comment
on the prospects for other experiments to detect a dark matter particle with the properties implied by

CoGeNT.
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L. INTRODUCTION

Although there exists an abundance of evidence that the
vast majority of matter in our universe is nonbaryonic and
does not significantly emit, reflect, or absorb light, the
nature of this dark matter remains unknown. Among the
techniques being pursued to identify the particle identity of
dark matter are direct detection experiments, which are
designed to observe particles of dark matter in the Galactic
Halo through their elastic scattering with nuclei in a target
material.

Many of the technologies and target materials currently
used in direct detection experiments are most sensitive to
dark matter particles with masses greater than ~10 GeV.
By virtue of their very low electronic noise, however, the
P-type point contact germanium detectors employed by the
CoGeNT Collaboration are able to detect very low energy
scattering events and thus, despite their modest target mass
of 475 grams (330 grams fiducial), are quite sensitive to
low-mass weakly interacting massive particles.

In early 2010, the CoGeNT Collaboration reported the
observation of ~100 events above expected backgrounds
over a period of 56 days, with ionization energies in the
range of approximately 0.4 to 1.0 keV [1]. One possible
interpretation of these events is the elastic scattering of
dark matter particles with a mass in the range of approxi-
mately 5-10 GeV and a cross section with nucleons on the
order of ~107%° ¢cm? [2]. Alternatively, a fraction of these
events could be residual surface events, or unaccounted for
L-shell electron capture events [1].

Very recently, the CoGeNT Collaboration has an-
nounced the results of their analysis of a full 15 months
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of data [3]. This larger data set has been used to provide a
much more detailed measurement of the spectrum of ob-
served events. Furthermore, their analysis has revealed a
time variation in the rate of low energy nuclear recoil
events, with a quoted significance of 2.8¢. As a result of
the Earth’s motion around the Sun and relative to the rest
frame of the dark matter halo, the rate of dark matter elastic
scattering events is predicted to vary with an annual
cycle [4]. The modulation reported by the CoGeNT
Collaboration is consistent in amplitude, phase, and period
with that predicted to arise from elastically scattering dark
matter [5].

The only other direct detection experiment to report
the observation of an annual modulation in their event
rate is DAMA/LIBRA. In particular, the DAMA/LIBRA
Collaboration reports a high significance (8.90) detection
of annual modulation with a phase and period consistent
with elastically scattering dark matter [6]. The spectrum of
the signals reported by DAMA/LIBRA and CoGeNT each
point toward a similar range of dark matter parameter
space [7]. Furthermore, the range of dark matter mass
implied by CoGeNT and DAMA/LIBRA is very similar
to that required to explain the spectrum of gamma rays
observed by the Fermi Gamma Ray Space Telescope from
the inner 0.5° around the Galactic center [8], and for the
observed synchrotron emission known as the Wilkinson
microwave anisotropy probe Haze [9].

In this paper, we present an independent analysis of the
data recently provided by CoGeNT and discuss the impli-
cations of this data for particle dark matter. In Sec. II, we
calculate the spectrum of events predicted to result from
elastically scattering dark matter particles and compare
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this prediction to that reported by CoGeNT. In doing so, we
find that for a reasonable range of dark matter velocity
distributions, the spectrum of the CoGeNT excess is con-
sistent with a dark matter particle with a mass in the range
of 4.5 to 12 GeV. In Sec. III, we discuss the properties of
CoGeNT’s annual modulation. In Sec. IV, we consider the
constraints on a dark matter interpretation of the CoGeNT
signal from other direct detection experiments and discuss
the implications of the CoGeNT result for other dark
matter searches currently being conducted. In Sec. V, we
summarize our results and conclusions.

II. COGENT’S SPECTRUM AND ELASTICALLY
SCATTERING DARK MATTER

The CoGeNT detector, located in Northern Minnesota’s
Soudan Underground Laboratory, observes nuclear recoil
events as ionization. In the left frame of Fig. 1, we show the
raw spectrum of events (between 0.5 and 3.2 keVee) ob-
served by CoGeNT as a function of ionization energy (in
keV-electron equivalent, keVee). Some of these events are
the result of cosmogenically-activated radioisotopes de-
caying via electron capture. Most apparent are peaks ap-
pearing near 1.1 and 1.3 keVee, which result from Zn® and
Ge®, respectively. These backgrounds correspond to the
L-shell peaks associated with the isotopes listed in Table 1.
By measuring the magnitude of the corresponding K-shell
peaks (which appear at higher energies), the rate of these
backgrounds can be reliably predicted. In Table I, the total
number of events predicted in each L-shell peak is given
(over all time after the beginning of the current CoGeNT
data set), along with the fractional uncertainty in this
quantity. The half-life of each decay is also listed, along
with the central energy of each peak (the width of each
peak is determined by the energy resolution of the detector,
and varies between 0.0728 and 0.0777 keVee over the
relevant energy range).
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TABLE I. Characteristics of the backgrounds from
cosmogenically-activated radioisotopes decaying via electron
capture (EC). By measuring the corresponding K-shell peaks,
the properties of these L-shell peaks can be well-constrained.
Listed here are the total number of events predicted in each
L-shell peak (over all time after the beginning of the current
CoGeNT data set), along with the fractional uncertainty in this
quantity. The half-life of each decay is also given, along with the
central energy of each peak.

Total Uncertainty Energy Half-Life
Isotope Events (%) (keV) (days)
As” 12.74 33.48 1.414 80
Ge%® 639.0 1.35 1.298 271
Ga%® 52.83 5.11 1.194 271
Zn% 211.2 2.23 1.096 244
Ni’® 1.53 23.46 0.926 5.9
Co6:38 9.44 44.9 0.846 71
Co”’ 2.59 8.0 0.846 271
Fe¥ 44.94 11.63 0.769 996
Mn** 21.09 9.34 0.695 312
Crd! 2.94 15.29 0.628 28
V4 14.91 12.26 0.564 330

In the right frame of Fig. 1, we show the spectrum of
events reported by CoGeNT, after subtracting the L-shell
peaks and correcting for the detector efficiency. Above
approximately 1.5 to 2.0 keVee, the spectrum of events
observed by CoGeNT is approximately flat and displays no
obvious features. At lower energies, however, the rate
climbs rapidly. These events appearing below 1.5 keVee
are not associated with any known backgrounds [1].

To assess the hypothesis that the excess events reported
by CoGeNT are the product of the elastic scattering of dark
matter particles, we will compare CoGeNT’s event spec-
trum to that predicted from dark matter. The spectrum
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In the left frame, we show the raw spectrum of events reported by CoGeNT. In the right frame, the spectrum is shown after

subtracting the predicted contribution from L-shell electron capture peaks and correcting for the detector efficiency. For comparison,
we show the spectrum predicted for a dark matter particle with a mass of 7 GeV, an elastic scattering cross section with nucleons of
1.2 X 1074 c¢m?, alocal density of 0.3 GeV/cm?, and with a velocity distribution described by v, = 250 km/s and v, = 550 km/s.
The dashed line represents the spectrum of dark matter events alone, while the solid line is the dark matter spectrum plus a flat

background.
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velocities, which we take to be the standard Maxwell-

(in nuclear recoil energy) of dark matter induced elastic
Boltzmann distribution:

scattering events is given by [10]
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where Ny is the number of target nuclei, mpy is the mass  The Earth’s speed relative to the galactic halo is given
of the dark matter particle, ppy; is the local dark matter by v,=wvg+vgcosycosiw(t—1,)] where vy = v+
density (which we take to be 0.3 GeV/cm?), v is the dark 12 km/s, v, = 30 km/s, cosy = 0.51, t, is the date of
matter velocity in the frame of the Earth, v, is the velocity  the peak in the annual modulation (generally anticipated to
of the Earth with respect to the galactic halo, and f(v, ¥,)  lie within several weeks of late May or early June), and
is the distribution function of dark matter particle w = 21/year. We will consider values of v, over a range
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FIG. 2. The 90% (solid line) and 99% (dashed line) confidence level contours for the spectrum of events observed by CoGeNT, for 9
choices of the velocity distribution parameters (v, and v, ). Also shown are contours for the predicted fractional modulation (given as

a percentage of the overall rate) over the energy range of 0.5 to 3.0 keVee.
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of 180 to 320 km/s and values of the galactic escape
velocity between 460 and 640 km/s [11]. This function
should be thought of as a reasonable, but approximate,
parametrization of the dark matter’s true velocity distribu-
tion. Departures from a Maxwellian velocity distribution
are not unexpected and could non-negligibly impact the
spectrum of dark matter induced events, as well as the
degree of seasonal variation in the rate [12,13].
As the germanium isotopes which make up the
CoGeNT detector contain little net spin, we consider
spin-independent interactions to generate the observed

events. In this case, we have
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where w, is the reduced mass of the dark matter particle
and nucleon (proton or neutron), o, is the scattering cross
section of the dark matter particle with neutrons, Z and A
are the atomic and mass numbers of the nucleus, and f,, ,
are the coupling strengths of the dark matter particle to
neutrons and protons, respectively. Unless stated other-
wise, our results have been calculated under the assump-
tion that f, = f,,. The nuclear form factor, F(q), accounts
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FIG. 3. The same as Fig. 2, except that the contours for the predicted fractional modulation (given as a percentage of the overall rate)

correspond to the energy range of 0.5 to 0.9 keVee.
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for the finite momentum transfer in scattering events. In
our calculations, we adopt the Helm form factor with
parameters as described in our previous work [5]. To
convert from nuclear recoil energy to the measured ioniza-
tion energy, we have scaled the results by the quenching
factor for germanium as described in Refs. [14,15] (Qg. =
0.218 at Er = 3 keV, and with the energy dependence
predicted by the Lindhard theory [7]).

In the right frame of Fig. 1, we compare the prediction
from dark matter to the spectrum of events observed by
CoGeNT. In particular, we show the result for the case of
a 7 GeV weakly interacting massive particle with an
elastic scattering cross section with nucleons of opy—y =
1.2 X 1074 ¢cm?, with a velocity distribution described by
vy = 250 km/s and v, = 550 km/s. The dashed line
denotes the contribution from dark matter alone, while
the solid line also includes a flat background.

Considering a wider range of dark matter masses,
cross sections, and velocity distributions, we show in
Figs. 2 and 3 the range of parameter space that provides
a good fit to the spectrum observed by CoGeNT. We find
that for a reasonable range of velocity distributions, the
CoGeNT spectrum can be well-fit by dark matter particles
with masses in the range of approximately 4.5 to 12 GeV.
Here, we have allowed the normalization of the flat back-
ground to float, but have removed the L-shell peaks ac-
cording to the parameters listed in Table. 1. Also shown in
these figures are contours which denote the fractional
annual modulation (as a percentage of the average rate)
that is predicted to be observed by CoGeNT over an energy
range of 0.5-3.0 keVee (Fig. 2) and 0.5 to 0.9 keVee
(Fig. 3). In the next section, we will compare the predicted
and observed annual modulations in more detail.

III. COGENT’S ANNUAL MODULATION

If the excess of events reported by CoGeNT is in fact the
result of elastically scattering dark matter particles, then
we should expect a degree of seasonal variation in the
event rate. Because of the Earth’s motion around the Sun,
the rate of dark matter recoil events is predicted to vary
throughout the year, peaking within several weeks of late
May or early June [4]. In a previous study, we predicted
that if CoGeNT’s excess is the result of dark matter, the
signal rate (not including backgrounds) should modulate
at a level of between 1% and 21% over the energy range
of 0.4 to 1.0 keVee (and between 1% and 16% over 0.5
to 0.9 keVee) [5]. This fractional modulation is defined
as (Rummer = Ruinier)/ (2Rqye), Where Rgummer and Ryinger
denote the maxima and minima of the rate. If nonmodulat-
ing backgrounds are included, the predicted fractional
modulation will be diluted accordingly.

From the contours shown in Figs. 2 and 3, we see that the
newly reported CoGeNT spectrum leads to an anticipated
annual modulation at the level of 5% to 16% between 0.5
and 0.9 keVee and between 4% to 10% between 0.5 and
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3.0 keVee. In a previous study (see Fig. 3 of Ref. [5]), we
found that a dark matter interpretation of CoGeNT’s events
should lead to a percentage modulation between approxi-
mately 1% and 14% (after including the flat background
component). If the rate observed by CoGeNT did not
demonstrate an annual modulation at approximately this
magnitude, it would be difficult to interpret their excess
events as a product of elastically scattering dark matter.
In Fig. 4, we plot the rate of events observed by CoGeNT
with energies between 0.5 and 3.2 keVee as a function of
time, after subtracting the contribution from L-shell peaks.
Based on our analysis of this data, we find that the presence
of an annual modulation is favored over a flat event rate at a
confidence level corresponding to 2.70 (the CoGeNT
Collaboration, in their own analysis, finds a similar signifi-
cance of 2.8¢ for events between 0.5 and 3.0 keVee [3]). In
particular, we find a modulation of 16 = 5% (including the
flat background, but after the subtraction of L-shell peaks),
and with a phase that peaks at April 18 = 16 days. Again,
the CoGeNT Collaboration’s analysis yields very similar
conclusions (16.6 = 3.8%, peaking at April 16 * 12 days).
Comparing the phase of this observed modulation to that
reported by the DAMA/LIBRA Collaboration, we find that
both CoGeNT and DAMA/LIBRA prefer a peak rate that
occurs somewhat earlier than the late May/early June
region typically expected from dark matter (the phase of
DAMA/LIBRA modulation between 2 and 4 keV and
between 2 and 6 keV, has been reported as May 16 = 7
days and May 26 = 7 days, respectively). The combination
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FIG. 4. The rate of events between 0.5 and 3.2 keVee observed
by CoGeNT, as a function of time, after the subtraction of
L-shell peaks. Times are given in units of days since the begin-
ning of CoGeNT’s data taking (Dec. 4, 2009). The solid curve
represents the best fit annual modulation (16%, peaking at
April 18), while the flat line is the constant rate with the best
fit normalization.
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FIG. 5. The spectrum of the annual modulation amplitude
observed by CoGeNT for three choices of the phase. Also shown
for comparison is the modulation spectrum predicted for two
dark matter scenarios: mpy = 7 GeV, vy = 250 km/s (solid
line), and mpy = 11 GeV, vy, = 180 km/s (dashed line); each
with opy_y = 1.2 X 107%° cm? and v, = 550 km/s.
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of CoGeNT and DAMA data collectively favors a
modulation that peaks in early or mid-May. Studies based
on N-body simulations find that 68% of all realizations
feature a peak rate that is within *20 days from late
May/early June [12]. Thus, we conclude that the phase of
the modulation favored by CoGeNT is consistent with that
reported by DAMA/LIBRA, and with that expected from
elastically scattering dark matter.

Although the statistics provided by CoGeNT are limited,
we can begin to study the spectrum of the observed modu-
lation amplitude. In Fig. 5, we show the observed modu-
lation amplitude, for three choices of the phase (peaking at
April 18, May 9, and May 26). We find the presence of
modulation in each of the three energy bins below
3.2 keVee, but no statistically significant modulation at
higher energies. We also show in each of these frames
the modulation spectrum that is predicted for two dark
matter scenarios: mpy = 7 GeV, vy = 250 km/s (solid)
and mpy = 11 GeV, vy = 180 km/s (dashed); each with
opy—y = 1.2 X 1074 cm? and v, = 550 km/s. At this
point, we note that there appears to be somewhat more
modulation observed at 1.4-3.2 keVee than is predicted,
although more data will be needed to evaluate this issue
with satisfactory statistical significance. The modulation in
this energy range could be enhanced if the dark matter’s
velocity distribution were to depart significantly from the
Maxwellian form that we have assumed. Streams in the
local dark matter distribution, for example, could consid-
erably enhance the modulation amplitude in this energy
range [16]. Alternatively, inelastically scattering dark mat-
ter [17] could potentially lead to the observed modulation
amplitude.

IV. RESULTS OF AND PROSPECTS FOR OTHER
DIRECT DETECTION EXPERIMENTS

In this section, we discuss the implications of the results
of other direct detection experiments on a dark matter
interpretation of the CoGeNT spectrum and modulation.
We will also discuss the prospects for other direct detection
experiments which may be sensitive to dark matter in the
~5-10 GeV mass range.

A. Comparison with results from DAMA/LIBRA

The only direct detection experiment other than
CoGeNT to report the observation of an annual modulation
is DAMA/LIBRA [6]. The statistical significance of
DAMA’s modulation is very high (8.90), and demonstrates
a phase which is compatible with that measured by
CoGeNT (peaking at May 16 =7 days between 2 and
4 keV and May 26 * 7 days between 2 and 6 keV, com-
pared to April 18 = 16 days for CoGeNT). The combina-
tion of CoGeNT and DAMA/LIBRA data favor a
modulation that peaks in early to mid-May, which is con-
sistent with expectations from dark matter simulations
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FIG. 6. A comparison of the parameter space favored by the
CoGeNT spectrum with that favored by the modulation spectrum
reported by DAMA/LIBRA [7]. Solid and dashed lines denote
90% and 99% confidence level contours, respectively. Good
agreement is found, but somewhat large quenching factors
for low-energy nuclear recoils on sodium are required (Qy, ~
0.40-0.45) [7].

[12]. A peak at May 9, for example, falls within 1.30
of both experiments (using the 2-4 keVee result for
DAMA/LIBRA).

In Fig. 6, we compare the regions of the dark matter
parameter space favored by the CoGeNT spectrum to those
favored by the modulation spectrum reported by DAMA/
LIBRA (the DAMA region has been taken from Ref. [7],
and we have used the velocity distribution parameters from
that study for comparison). The agreement is clearly very
good, but requires the quenching factors for low-energy
nuclear recoils on sodium to be somewhat larger than are
often assumed (Qy, ~ 0.40-0.45 rather than Qy, ~ 0.3,
see also Refs. [7,18]). We have not included any effects of
channeling [19] in these results. If significant channeling
occurs in DAMA’s Nal crystals, the favored range of
masses and cross sections would be modified.

B. Constraints from CDMS and XENON

The CDMS and XENON100 Collaborations have each
presented results which they interpret to exclude or
strongly constrain dark matter interpretations of the
CoGeNT signal (see Fig. 7). Here, we will briefly review
these results and discuss means by which they could po-
tentially be reconciled with CoGeNT.

In April of 2011, the XENONI100 Collaboration pre-
sented the result of their first 100 live days of data [20], and
concluded that (for a velocity distribution given by vy =
220 km/s, ve = 54478 km/s) a dark matter particle
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FIG. 7. Constraints on light dark matter particles as presented

by the CDMS (dotted-dashed line) [28] and XENON100 (dotted
line) [20] Collaboration. For a discussion of these constraints and
their implications for CoGeNT, see the text and Refs. [23,24,30].

with a mass of 7 GeV is required to possess a nucleon-
level cross section less than ~3 X 10~ c¢cm?. The
constraint falls off quickly with the mass of the dark
matter; however, for a 6.5 GeV mass, for example, the
quoted constraint is weaker by a factor of 5, to
~1.5 X 1074% cm? (see Fig. 7). At face value, this result
appears to exclude the region of parameter space consistent
with the spectrum reported by CoGeNT. There are a num-
ber of ways, however, in which this constraint could be
significantly weaker than it appears. First, any uncertain-
ties in the scintillation efficiency of liquid xenon, L,
and/or in the quenching factor of germanium, could impact
the corresponding constraints for dark matter particles
with mass in the range of interest. The XENON100 con-
straints have been derived using measurements of L. as
described in Refs. [21,22], which have been criticized in
Refs. [23,24]. Even modest changes to these values at the
lowest measured energies (~ 3—4 keV) can lead to much
weaker constraints on light dark matter particles. For ex-
ample, with a 7 GeV dark matter mass, the XENON100
constraints correspond to approximately opy_y =
3X 1074, 1 X 1074, and 5 X 107%° cm? using the Ly
measurements as reported in Refs. [21,22,25], respectively
[24]. It has been argued that the relatively large (9.3 eV)
band-gap in liquid xenon should lead to suppression of
xenon’s sensitivity to nuclear recoils in the energy range
of interest (see Ref. [23], and references therein). Many of
these issues also apply to constraints on light dark matter
making use of only the ionization signal in liquid xenon
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detectors. In particular, the constraints claimed by the
XENONI10 Collaboration [26] depend critically on the
relationship between the recoil energy of an event and
observed ionization yield which, over the energy range of
interest, is at least as uncertain as L. [23,24].

Alternatively, any apparent conflict between CoGeNT
and XENONT100 could be resolved if dark matter particles
couple differently to protons and neutrons [2,27]. In par-
ticular, for a ratio of these couplings given by f,/f, =
—0.7, the constraint from xenon-based experiments is
weakened by a factor of ~20 relative to that found in the
fn = [, case.

The rate of low-energy events reported by the CDMS
Collaboration is also somewhat lower than those observed
by CoGeNT [28,29]. The degree to which these spectra are
discrepant has been discussed elsewhere, and depends on
issues such as the precise calibration of the CDMS energy
scale, and on the choice of basing the CDMS measurement
on the single detector with the lowest rate, or on the
average of the eight detectors (see Ref. [30] and the ap-
pendix of Ref. [28] for opposing viewpoints on this and
related issues).

As both CDMS and CoGeNT use germanium (along
with silicon in the case of CDMS) as their dark matter
target, differences in their relative rates cannot be ac-
counted for by varying the ratio of f, and f,. One possi-
bility is that the relatively warm temperature of CoGeNT
compared to CDMS (7 = 90 K vs 0.040 K) leads to a
fraction of events to be channeled at CoGeNT, but not at
CDMS. Although theoretical estimates suggest that the
probability of channeling is too low to account for this
discrepancy [31], the nonoccurrence of channeling in ger-
manium crystals is yet to be experimentally confirmed.

2'0_"|'"'|""|""|""|""|"
COUPP, Winter
A m="7 GeV
L5 0=1.2x10"* cm?® ]

Events (per day)

Recoil Energy Threshold (keV)
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C. Predictions for COUPP and CRESST

Experiments which make use of relatively light ele-
ments, such as CRESST (CaW04) and COUPP (CF3I)
are potentially well-suited to detect and study light dark
matter particles. If CoGeNT is in fact observing the elastic
scattering of dark matter particles, these experiments
should also be capable of observing such events.

In a number of conference talks given over the past year,
members of the CRESST Collaboration have reported an
excess of events which appears to be consistent with the
elastic scattering of dark matter [32]. More specifically,
based on approximately 700 kg-days of data, CRESST
observes a rate of events in their oxygen band (events
which are consistent with the recoil of an oxygen nucleus)
which is in excess of their expected backgrounds at the
level of 4.60. For dark matter particles with a mass in the
range favored by CoGeNT, spin-independent scattering
is expected to occur mostly with oxygen nuclei (rather
than with CRESST’s tungsten or calcium). Although
more details of this analysis will be needed before any
firm conclusions can be drawn, the preliminary results
from CRESST appear to favor dark matter particles with
a mass and elastic scattering rate similar to that implied by
CoGeNT [7,32]. In particular, it was recently reported that
the spectrum of CRESST’s events is best fit by a dark
matter particle with a mass of 13 GeV and a cross section
with nucleons of 3 X 1074 ¢cm?, although the confidence
contours around this best fit model have not been reported
[32]. We eagerly await further details pertaining to the
CRESST analysis.

The COUPP Collaboration has very recently begun
operation of their 4 kg chamber at SNOLAB (3.3 kg fidu-
cial). A dark matter particle near the center of the region

ZOIIIIII
COUPP, Summer
L m="7 GeV

= 15[ 0=1.2x107* em® ]
K ,
“
) L
B 10t
. L
-
g
q>> L
= 05

0.0 =

Recoil Energy Threshold (keV)

FIG. 8. The event rate (with a fidicual mass of 3.3 kg) at COUPP from a CoGeNT-like dark matter particle as a function of the recoil
energy threshold in the winter (left) and summer (right). The overall rate is predicted to vary dramatically with threshold.
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preferred by CoGeNT and DAMA/LIBRA is predicted to
generate ~(0.7 events at COUPP per day, when running
with a recoil energy threshold of ~7 keV. If their back-
grounds are as low as anticipated, COUPP could rapidly
accumulate a significant excess of events.

Over the past several months, the 4 kg COUPP chamber
has been operated at temperatures and pressures corre-
sponding to three different recoil energy thresholds, esti-
mated at 7, 10, and 15 keV. In Fig. 8, we show the event
rate predicted at COUPP for a CoGeNT-like dark matter
particle, as a function of the recoil energy threshold. From
this figure, it is clear that this variation of threshold is
predicted to result in a dramatic variation in the rate of
dark matter induced events. The approximately 20 live
days of data taken at each of 7 and 10 keV thresholds
[33] should be anticipated to contain ~14 and ~4 events,
respectively, from dark matter scattering. In contrast, less
than one event per month is anticipated when running with
a threshold of 15 keV. With a sufficiently large exposure, it
may also be possible for COUPP to observe season varia-
tions in their event rate. The predicted rate with a 15 keV
threshold, in particular, can vary by a factor of 2—3 between
summer and winter.

Both COUPP and CRESST could enhance their event
rate from light dark matter particles per target mass
by adopting a target material which does not contain
heavy nuclei. The COUPP Collaboration, for example,
has considered replacing their CF3I target with C3F8,
resulting in a roughly 50% higher event rate from light
dark matter particles (after accounting for the lower den-
sity). Similarly, the CRESST Collaboration is considering
using Al203 as a target more favorable for low-mass dark
matter [32].

V. SUMMARY AND CONCLUSIONS

The possibility that the excess of low-energy events as
originally reported by the CoGeNT Collaboration last year
[1] as the result of elastically scattering dark matter parti-
cles has received a great deal of attention [2,5,7,13,27,34].
The most clear and straightforward test of this hypothesis
was to observe whether the rate of this excess modulated
with time, and if so whether its modulation was consistent
in amplitude, phase, and period with the annual modulation
predicted for elastically scattering dark matter [4,5,7,35].
With the most recent results from CoGeNT, based on
15 months of data taking, we have learned that such a
modulation does in fact appear to be present (with a
statistical significance of 2.7-2.80), and is consistent
with a simple interpretation as a relatively light dark matter
particle (m = 5-12 GeV) with a sizeable elastic scattering
cross section with nucleons (opy_y ~ 10740 cm?).

PHYSICAL REVIEW D 84, 083001 (2011)

In this paper, we have independently analyzed the
CoGeNT data (as made available by the CoGeNT
Collaboration) and reached similar conclusions to those
presented by the CoGeNT Collaboration [3]. In particular,
we find that over the energy range of 0.5 to 3.2 keVee, the
overall rate (after the subtraction of L-shell peaks) modu-
lates with an amplitude of 16 £ 5%, with a period consis-
tent with 1 yr, and with a phase that peaks at April 18 = 16
days. If the true phase peaks in early May, this would
represent a modulation consistent with that reported by
the DAMA/LIBRA Collaboration [6].

Looking forward, it is clear that more data will be
required to better explore the dark matter interpretation
of the CoGeNT signal. Although the current data set is
sufficient to identify a modestly statistically significant
annual modulation, the energy spectrum of this modulation
cannot yet be studied in much detail. If the existing
CoGeNT detector is able to recommence its operation
following the recent fire in the Soudan Mine, the additional
exposure will certainly be valuable in further efforts to
characterize the signal in question. Furthermore, the first
of four detectors to make up the CoGeNT-4 (C4) experi-
ment is planned to be deployed later this year. Each of
these four detectors will offer a fiducial mass 2 to 3 times
larger than in the current CoGeNT detector.
Approximately 17 months of data taken with the first of
the C4 detectors is projected to identify the presence of
annual modulation with a significance of So. The entire C4
experiment will offer the ability to measure the spectrum of
this modulation in considerable detail, allowing us to begin
to disentangle the mass and cross section of the dark matter
particle from the dark matter’s velocity distribution.

If the excess CoGeNT events and their modulation is the
result of an elastically scattering dark matter particle, then
the CRESST and COUPP experiments should also be
capable of observing a significant rate of dark matter
induced events. The CRESST Collaboration has reported
the observation of an excess of events roughly consistent
with that anticipated from a CoGeNT-like dark matter
particle. We eagerly await further details from CRESST,
and the presentation of the first results from COUPP at
SNOLAB.
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