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Science Results from the DM-Ice17 
Dark Matter Experiment

Analysis of 4 Years of Data of the DM-Ice17 Dark Matter Experiment
Antonia Hubbard (Yale University) for the DM-Ice collaboration
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Only operating direct detection 
experiment in the Southern Hemisphere

Dark matter sensitivity
Background characterization

Cosmogenic activation

Muon modulation 
and phosphorescence

IceCube muon coincidence

DM-Ice17 has a unique ability to identify a dark 
matter modulation and examine the nature of the 
DAMA modulation. It is the first of three generations 
of NaI(Tl) detectors that will run across both 
hemispheres to separate a dark matter modulation 
(same phase across hemispheres) from seasonal 
variations (opposite phase) like the muon flux (right). 
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Fig. 1. The temporal behavior of the South Pole stratosphere from May 2007 to April 2009 is compared to IceTop DOM counting rate and
the high energy muon rate in the deep ice. (a) The temperature profiles of the stratosphere at pressure layers from 20 hPa to 100 hPa where
the first cosmic ray interactions happen. (b) The IceTop DOM counting rate (black -observed, blue -after barometric correction) and the surface
pressure (orange). (c) The IceCube muon trigger rate and the calculated effective temperature (red).

is sparse during the winter when the balloons do not
reach high altitudes, and satellite based soundings fail
to return reliable data. For such periods NOAA derives
temperatures from their models. We utilize both the
ground-based data and satellite measurements/models
for our analysis.

A. Barometric effect
In first order approximation, the simple correlation

between log of rate change ∆{lnR} and the surface
pressure change ∆P is

∆{lnR} = β ·∆P (1)

where β is the barometric coefficient.
As shown by the black line in the Figure 1b, the

observed IceTop DOM counting rate varies by ±10% in
anti-correlation with surface pressure, and the barometric
coefficient is determined to be β = −0.42%/hPa. Using
this value, the pressure corrected scaler rate is plotted
as the smoother line (blue) in Figure 1b. The cosmic
ray shower rate detected by the IceTop array also varies
by ±17% in anti-correlation with surface pressure, and
can be corrected with a β value of −0.77%/hPa. As
expected [3], the IceCube muon rate shown in Figure
1c is not correlated with surface pressure. However,
during exceptional stratospheric temperature changes,
the second order temperature effect on pressure becomes
large enough to cause anti-correlation of the high energy
muon rate with the barometric pressure. During such

events the effect directly reflects sudden stratospheric
density changes, specifically in the ozone layer.

B. Seasonal Temperature Modulation
Figure 1 clearly demonstrates the seasonal temper-

ature effect on the rates. The IceTop DOM counting
rate, after barometric correction, shows ±5% negative
temperature correlation. On the other hand, the IceCube
muon rate is positively correlated with ±10% seasonal
variation.
From the phenomenological studies [4][5], it is known

that correlation between temperature and muon intensity
can be described by the effective temperature Teff ,
defined by the weighted average of temperatures from
the surface to the top of the atmosphere. Teff approxi-
mates the atmosphere as an isothermal body, weighting
each pressure layer according to its relevance to muon
production in atmosphere [5][6].
The variation of muon rate ∆Rµ/ < Rµ > is related

to the effective temperature as
∆Rµ

< Rµ >
= αT

∆Teff

< Teff >
, (2)

where αT is the atmospheric temperature coefficient.
Using balloon and satellite data for the South Pole

atmosphere, we calculated the effective temperature as
the red line in Figure 1c. We see that it traces the
IceCube muon rate remarkably well. The calculated
temperature coefficient αT = 0.9 for the IceCube muon

Figure 2. Upper panel: cosmic muon signal measured by Borexino as a function of time. Lower panel:
e↵ective temperature, Te↵, computed using eq. 5.2 and averaging over the four daily measurements.
Daily binning is used in both panels. The curves show the sinusoidal fit to the data (see text).

Figure 3. Cosmic muon flux: four years data set folded onto a one year period. Daily binning. The
curve shows the sinusoidal fit to the data (see text).

where the approximation may be done considering that the temperature is measured at
discrete atmospheric levels, X

n

.
Figure 4 shows the temperature in the atmosphere for the LNGS site and the weight

function, W , as functions of the pressure levels. As can be seen, the higher layers of the
atmosphere are given higher weights, as it is in these layers that most of the muons energetic
enough to reach underground sites are produced. Muons produced at a lower altitude will
be on average less energetic and a larger fraction of them will lie below threshold (Ethr).
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DM-Ice17 was designed to determine the feasibility 
of a South Pole NaI(Tl) experiment. Its mass and 
contamination levels preclude a stringent exclusion 
limit. The full-scale, 250 kg, DM-Ice250 detector 
will confirm or exclude a DAMA-sized modulation to 
5σ in 2 years with a 2 dru (2x DAMA-level) 
background rate in the region of interest. 
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Muons in DM-Ice17 are correlated with IceCube 
muons by their event time. 93% of Det-1 muons 

are coincident. Knowing the direct path of the 
muon through the DM-Ice17 volume provides a 

new IceCube reconstruction metric and improves 
misreconstruction rates by a factor of two.

A. J. F. Hubbard thesis 

DM-Ice17 Det-1

Muon events are identified by their pulse 
height and shape. The observed muon rate 
of  2.93±0.04 muons/crystal/day with a 
12.3±1.7% modulation is consistent with 
atmospheric temperature expectation and 
IceCube observation.  

Muon-induced phosphorescence is 
observed, inducing up to tens of millions of 
photons directly following the muon 
interaction. These photons arrive as single 
photoelectrons in the low energy region but 
are rejected by noise cuts in data 
processing. They exhibit a decay time of 
5.5±0.5s. 
Preprint in preparation
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Isotopes are activated during 
shipment, deployment, and 
pre-deployment testing. The 
sources of cosmogenic 
activation and minimization 
considerations for the full-
scale detector have been 
studied. Short-lived isotopes 
offer a unique calibration tool 
for the in-ice DM-Ice17 
detector. 
W. C. Pettus thesis
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We have determined the background 
contamination by measuring components before 
deployment and comparing internal contamination 
lines to GEANT4 simulation. Detector response 
exhibits competitive resolution and light yield 
stability to within 2%. Changes in light yield are 
characterized and accounted for in analysis. 
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