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This document describes the public release of data pertinent to the SuperCDMS publication titled
“Constraints on dark photons and axionlike particles from the SuperCDMS Soudan experiment”
[1]. This release includes electron recoil data from four iZIP detectors, taken between October 2012
and July 2013 [2], as well as data from CDMSlite runs 2 and 3. The CDMSlite runs are described
in [3] and [4] respectively, but here are used with an extended energy range.

The files are described in Section 1. The use of these data in setting limits on dark photon
kinetic mixing and the axioelectric coupling constant is described in Section 2.

For both detector types, the total measured phonon signal is calibrated with electron recoil
events to determine the energy scale. We use the standard unit of keV throughout, as here this is
equivalent to keVee, which is sometimes used to avoid ambiguity; details about the keVee energy
scale are described in [3] (especially Eq. 3) and the accompanying data release 1.

Questions about the data or the extracted limits should be directed to the SuperCDMS publi-
cations chair at supercdms-publications@fnal.gov.

1 Description of the Files

The 17 text files accompanying this data release are located in the data files directory of the .zip
file and are described in this section.

1.1 iZIP Data

eventEnergy T#Z#.txt: This refers to four different files, one for each of the iZIP detectors T1Z1,
T2Z1, T2Z2, and T4Z3; the ‘#’ signs in the file name here are placeholders for the corre-
sponding numbers. Each of these files contains a single column with a sorted list of event
energies in keV. This list includes all events for that detector with reconstructed energy be-
tween 2 and 510 keV that pass the data quality and fiducial volume selection criteria. There
are 10723, 11035, 7838, and 26254 events for T1Z1, T2Z1, T2Z2, and T4Z3, respectively. The
event energy spectra are shown in Figure 1.

efficiency iZIP.txt: This file contains information on the energy-dependent efficiency function
in the analysis range from 2 to 510 keV for the four iZIP detectors. There are thirteen
columns. The first column corresponds to the energy in keV. Columns two to four correspond
to T1Z1: column two gives the T1Z1 detection efficiency at that energy, and columns three
and four give the lower and upper 1σ (68%) uncertainties on the efficiency, respectively. The
uncertainties are given as the difference from the central efficiency. The remaining columns
correspond to the other three detectors, following the same pattern (columns 5-7 for T2Z1,
columns 8-10 for T2Z2, and columns 11-13 for T4Z3). The efficiencies are shown in Figure 2.

1See “Public Release #1 of CDMSlite Run 2 Data (July 9, 2017)” at https://supercdms.slac.stanford.edu/public-
data or the arXiv ancillary files of Ref. [5].
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Figure 1: The iZIP event rate from 2 to 510 keV for T1Z1, T2Z1, T2Z2, and T4Z3. The spectra
are shown in 10-keV bins and normalized by the detector exposure in g·days as listed in Tab. III
of [1]. The spectra correspond to the event lists in eventEnergy T1Z1.txt and the respective files
for the other detectors.
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Figure 2: The iZIP signal efficiency (black line) from 2 to 510 keV, with 1σ uncertainty band
(orange). Data are from the efficiency iZIP.txt file.

1.2 CDMSlite Run 2 Data

eventEnergy CDMSliteR2.txt: This file contains a single column with a sorted list of event ener-
gies in keV. This list includes all 2408 events with reconstructed energy of less than 25.5 keV
that pass the data quality and fiducial volume selection criteria. The event energy spectrum
is shown in Figure 3 (blue).

efficiency CDMSliteR2.txt: This file contains information on the energy-dependent efficiency
function in the analysis range from 0 to 25.5 keV (as for Run 2, we will use keV in this
document). There are four columns: the first column corresponds to the energy in keV,
column two gives the detection efficiency at that energy, and columns three and four give the
lower and upper 1σ (68%) uncertainties on the efficiency, respectively. The uncertainties are
given as the difference from the central efficiency. The efficiency is shown in the top panel of
Figure 4.

1.3 CDMSlite Run 3 Data

eventEnergy CDMSliteR3-#.txt: This refers to two different files, one for each of the measurement
periods of CDMSlite Run 3; the ‘#’ signs in the file name here is a placeholder for ‘1’ or ‘2’

3



indicating the corresponding measurement period. Each of these files contains a single column
with a sorted list of event energies in keV. This list includes all events with reconstructed
energy of less than 25.5 keV that pass the data quality and fiducial volume selection criteria.
There are 1482 and 1255 events in Periods 1 and 2, respectively. The event energy spectra
are shown in Figure 3 (orange and black for Periods 1 and 2 respectively).

efficiency CDMSliteR3.txt: This file contains information on the energy-dependent efficiency
function in the analysis range from 0 to 25.5 keV. There are seven columns: the first column
corresponds to the energy in keV; columns two to four refer to CDMSlite Run 3 Period 1
and columns five to seven refer to CDMSlite Run 3 Period 2. Columns two and five give
the detection efficiency at that energy; columns three/six and four/seven give the lower and
upper 1σ (68%) uncertainties on the efficiency, respectively. The uncertainties are given as
the difference from the central efficiency. The efficiencies are shown in the middle and bottom
panels of Figure 4.

Figure 3: The CDMSlite event rate up to 25.5 keV for CDMSlite Run 2, Run 3 Period 1, and Run 3
Period 2. The spectra are shown in 0.75 keV bins and normalized by the detector exposure in g·days
as listed in Tab. I of [1]. The spectra correspond to the event lists in eventEnergy CDMSliteR2.txt,
eventEnergy CDMSliteR3-1.txt, and eventEnergy CDMSliteR3-2.txt, respectively.
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Figure 4: The CDMSlite signal efficiency (black line) up to 25.5 keV, with 1σ uncertainty band
(orange). Data are from the efficiency CDMSliteR2.txt and efficiency CDMSliteR3.txt files.

1.4 Supplementary Data

Some additional information is required to reproduce the results reported in [1]. The files containing
the respective information are described in this subsection.

The final limits for both dark photon and axionlike particles (ALPs) are dependent on the
photoelectric cross section; the corresponding information is found in the following file:

photoelectric cross-section.txt: This file provides information on the photoelectric cross sec-
tion for Ge in three columns. The first column is the energy in keV. The second column is
the nominal photoelectric cross section in units of cm2/g, and the third column is the conser-
vative photoelectric cross section, also in cm2/g. Both photoelectric cross sections are shown
in Figure 5. For more information on the different cross section data, including the difference
between the nominal and the conservative cross sections, see [1].
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Figure 5: Photoelectric cross section (σpe) for Ge, in units of cm2/g, as a function of energy. Data
are from the photoelectric cross-section.txt file.

A selection process detailed in the corresponding publication [1] was used to determine which
datasets to use to calculate the final limit at a given mass. The chosen method avoids bias in-
troduced by simply picking the overall best limit without allowing datasets with a significantly
higher background rate to artificially worsen our result. The following files list which datasets were
included in the calculation of the different limits.

dataset selection iZIP.txt: This file indicates which iZIP detectors are used to produce the
iZIP limit at each mass. There are five columns. The first column is the dark matter
candidate mass in keV/c2. The following four columns correspond to the four iZIP detectors
in the order T1Z1, T2Z1, T2Z2, T4Z3. If a detector is used in the limit calculation at a given
mass, the value in its respective row and column is 1. If not, the value is 0.

dataset selection CDMSlite.txt: This file indicates which CDMSlite runs are used to produce
the CDMSlite limit at each mass. There are four columns. The first column is the dark matter
candidate mass in keV/c2. The following three columns correspond to the two CDMSlite runs
in the order 2, 3-1, 3-2. If a dataset is used in the limit calculation at a given mass, the value
in its respective row and column is 1. If not, the value is 0.

dataset selection combined.txt: This file indicates which datasets are used to produce the
combined limit at each mass. There are eight columns. The first column is the dark matter
candidate mass in keV/c2. The following four columns correspond to the four iZIP detectors in
the order T1Z1, T2Z1, T2Z2, T4Z3. The final three columns correspond to the two CDMSlite
runs in the order 2, 3-1, 3-2. If a dataset is used in the limit calculation at a given mass, the
value in its respective row and column is 1. If not, the value is 0.
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1.5 Exclusion Limits

exclusion limits iZIP.txt: This file includes the exclusion limits determined using the iZIP
detectors. There are ten columns. The first column is the energy in keV (for columns 2-4)
or the dark matter mass in units of keV/c2 (for columns 5-10). The following three columns
are the 90% CL upper limit on the event rate (in events/(g day)) and the respective lower
and upper uncertainty on that limit. The next three columns are the 90% CL upper limit
on the ALP gae coupling parameter and the respective uncertainty band. The final three
columns are the 90% CL upper limit on ε, describing the kinetic mixing between dark photon
and standard model photon, and the respective uncertainty band. The ALP and dark photon
upper uncertainty bands are calculated using the conservative photoelectric cross section, and
are referred to as the conservative limits. The three limit types are shown in Figure 6.

exclusion limits CDMSlite.txt: This file includes the exclusion limits determined using the
CDMSlite data sets. It follows the same format as exclusion limits iZIP.txt. The three
limit types are shown in Figure 7.

exclusion limits combined.txt: This file includes exclusion limits determined using both iZIP
and CDMSlite data. It follows the same format as exclusion limits iZIP.txt. In Ref. [1]
these limits are referred to as the “Soudan upper limits” or the “combined limits”. The three
limit types are shown in Figure 8.

Figure 6: The 90% CL upper limit from the iZIP detectors used in this analysis on the event rate
(top panel), the ALP coupling constant gae (middle panel) and the dark photon/standard photon
mixing parameter ε (bottom panel). The respective uncertainty bands are shown in orange. Data
are from the exclusion limits iZIP.txt file.
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Figure 7: The 90% CL upper limit from the CDMSlite datasets on the event rate (top panel), the
ALP coupling constant gae (middle panel) and the dark photon/standard photon mixing parameter
ε (bottom panel). The respective uncertainty bands are shown in orange. Data are from the
exclusion limits CDMSlite.txt file.

Figure 8: The 90% CL upper limit from the combined iZIP and CDMSlite data on the event rate
(top panel), the ALP coupling constant gae (middle panel) and the dark photon/standard photon
mixing parameter ε (bottom panel). The respective uncertainty bands are shown in orange. Data
are from the exclusion limits combined.txt file.
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2 Description of Limit Setting Calculation

2.1 Limit Calculation

Limits on the event rate are calculated for each detector using the corresponding spectrum, expo-
sure, resolution model, and efficiency. Spectra and efficiencies are found in the eventEnergy *.txt

and efficiency *.txt files respectively. For the exposure and the resolution models used in this
analysis, see Ref. [1]. Limits on the parameters of interest (ε and gae) are calculated using the rate
limit and the photoelectric cross section curves. Photoelectric cross section data used are found in
the file: photoelectric cross-section.txt. Here the procedure for calculating the rate limits,
combining the data sets, and converting to the physical quantities is described.

The process for calculating the rate for a particular detector at a given energy E is as follows:

• Calculate the energy resolution σ at energy E for that detector.

• Count the number of observed events N with a reconstructed energy larger than E − σ and
smaller than E + σ, or, in the case of CDMSlite near threshold, smaller than the threshold
described at the end of this section.

• Calculate the 90% Poisson upper limit N90 on the number of observed events.
Note: the 90% Poisson upper limit corresponds to the mean of a Poisson distribution whose
integral from 0 to N equals 0.1. This means that 90% of random numbers drawn from this
Poisson distribution will return a number equal to or larger than the observed number of
events.

• Convert N90 to the 90% upper limit on the rate, R90, by dividing by the exposure-weighted
efficiency at energy E. The efficiency is calculated by multiplying the signal shape (a nor-
malized Gaussian with width σ centered on E) bin-wise by the detection efficiency given in
the efficiency *.txt files and integrating between the window edges (E ± σ).

• Convert R90 to the 90% upper limit on the relevant parameter of interest (gae or ε) by using
Eq. 2 and Eq. 4 in Ref. [1]. Note: these equations depend on the photoelectric cross section.
For the results given in [1], we linearly interpolated the photoelectric cross section as found
in the photoelectric cross-section.txt file to the required masses. Other interpolation
techniques (e.g. a cubic spline or a logarithmic interpolation) would produce a slightly more
conservative result at some masses above around 400 eV/c2.

For CDMSlite near threshold, the efficiency drops off strongly, thus the effective signal distri-
bution becomes very non-Gaussian. In this situation, instead of cutting of at +1σ of the primary
Gaussian signal distribution, the cutoff is set at the +1σ-equivalent point on the effective sig-
nal distribution, i.e. the Gaussian distribution multiplied by the efficiency curve given in the
efficiency *.txt files. The +1σ-equivalent point is determined as the point where the tail end
of the normalized signal (Gaussian distribution multiplied by the efficiency curve) is the same as
the tail end of a normalized Gaussian curve from +1σ to infinity, which is roughly 15.9%. On the
left side we keep the original −1σ cutoff. The rest of the rate calculation is the same as described
above. This modified choice of window size is applied to CDMSlite Run 2 for particle masses below
100 eV/c2 and for CDMSlite Run 3 below 200 eV/c2.

The uncertainty band on the rate limit is calculated with different combinations of the upper and
lower bounds of the resolution model and detection efficiency, selecting whichever gives the highest
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or lowest rate, respectively. In the conversion to the physical quantities, the upper edge of the un-
certainty band is calculated using the upper edge of the rate uncertainty band and the conservative
photoelectric cross section data, found in the third column of photoelectric cross-section.txt.
The lower edge of the uncertainty band is calculated using the lower edge of the rate uncertainty
band and the nominal cross section data.

2.2 Combining Datasets

The method of combining data sets is described in [1]. For the iZIP-only and CDMSlite-only limits
this method is applied separately for iZIP and CDMSlite. For the combined limit, all detectors and
data sets are included. Here we reiterate the main steps:

• For each dark matter particle mass, count the events within the analysis window in each
detector that covers the respective mass (as described above).

• Calculate the rate for each detector by dividing the above number by the energy-dependent
efficiency at that energy and by the exposure of this detector.

• Pick the detector with the lowest resulting rate; this detector will always be part of the final
analysis.

• Compare each other detector to this detector. If their rates differ by more than 3σ (based
on simple counting statistics), discard the detector with the higher background for this mass,
otherwise keep it.

• Once the comparison is complete, combine the data from all detectors that were kept: add
the event numbers from all detectors included, calculate the Poisson upper limit on this sum,
and then convert this limit into a rate limit by dividing by the sum of the efficiency corrected
exposures of all included detectors.
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