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We report the result of a blinded search for Weakly Interacting Massive Particles (WIMPs) using
the majority of the SuperCDMS Soudan dataset. With an exposure of 1690 kg days, a single
candidate event is observed, consistent with expected backgrounds. This analysis (combined with
previous Ge results) sets an upper limit on the spin-independent WIMP–nucleon cross section of
1.4 × 10−44 (1.0 × 10−44) cm2 at 46 GeV/c2. These results set the strongest limits for WIMP–
germanium-nucleus interactions for masses >12 GeV/c2.

PACS numbers: 95.35.+d, 14.80.Ly, 29.40.Wk, 95.55.Vj
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Astrophysical observations indicate that the matter
content of the universe is dominated by non-baryonic,
cold dark matter (DM) [1]. Weakly Interacting Massive
Particles (WIMPs) are a favored class of dark matter
candidates [2], and their thermal production in the early
universe would yield a relic density that is consistent with
the observed matter abundance. The weak interaction of
WIMPs with normal matter would enable their detec-
tion in laboratory experiments [2] via elastic scattering
with nuclei, yielding an approximately exponential en-
ergy spectrum [3].

We present the results of a search for DM scat-
ters off atomic nuclei using 15 interleaved Z-sensitive
Ionization- and Phonon-mediated (iZIP) detectors [4]
of the SuperCDMS Soudan experiment. It employs
the Cryogenic Dark Matter Search (CDMS II) [5] low-
background apparatus [6], which consists of a cryostat
surrounded by a passive shield and outer muon veto
situated beneath an overburden of 2090 meters wa-
ter equivalent. The passive shield comprises 40 cm of
outer polyethylene, 22.5 cm of lead, and 10 cm of inner
polyethylene. The cryostat and internal cold hardware
provide an additional 3 cm of copper shielding. Each
0.6 kg iZIP detector consists of a 76-mm diameter, 25-
mm thick, cylindrical, high-purity germanium substrate
in which a recoiling nucleus or electron creates electron-
hole pairs and phonons. An applied electric field (bias),
parallel to the cylindrical axis in the bulk and transverse
to that axis near the faces, causes electrons and holes to
drift to inner disklike and outer annular electrodes on the
two faces. Four phonon sensors are distributed on each
face.

For each event, we reconstruct two energy parame-
ters: (1) “ionization energy,” which is the number of
electron-hole pairs collected, converted to energy units,
and is estimated from the combination of electron and
hole information, and (2) “recoil energy,” which is ob-
tained by subtracting from the total phonon energy an
ionization-signal-derived estimate of Neganov-Trofimov-
Luke phonon energy [7, 8]. The ratio of ionization energy
to recoil energy is “ionization yield.” Because it is sup-
pressed for nuclear recoils relative to electron recoils by a
factor of ≈3 in germanium, ionization yield is the key pa-
rameter discriminating nuclear recoils (e.g., due to dark
matter) from background-induced electron recoils.

Because we may misidentify electron recoils with sup-
pressed ionization collection as nuclear recoils, we ex-
clude regions near the surface of the detector for which
ionization collection is incomplete using four radial- and
z-position proxies: (1) “ionization radial partition,” the
ionization signal in the outer electrode divided by the
sum of the outer and inner electrode signals, with one
estimate each from the hole and electron collection faces,
(2) a “phonon radial partition” constructed in an analo-
gous fashion, (3) “ionization z partition,” the difference
in electron and hole ionization energy estimates divided
by their optimal combination, and (4) a “phonon z par-
tition” analogue.

A combination of the event parameters defines a “fidu-
cial volume” inside each detector, within which we search
for nuclear recoils. Events inside the fiducial volume are
labeled “bulk” while those outside are labeled “surface.”
This procedure is termed “fiducialization” hereafter. An
early, conservative fiducialization study [4] yielded a very
low probability for misidentifying surface electron recoils
as bulk nuclear recoils: <1.7 × 10−5 for 8–115 keV. The
excellent iZIP background rejection allows for a nearly
background-free search, which makes effective use of a
given experimental exposure while being robust to back-
ground systematics. To maximize sensitivity, we opti-
mize the fiducial volume, trading off between signal ac-
ceptance and expected misidentified background. An
analysis with an 8 keV threshold is most sensitive to DM
masses >10 GeV/c2.

We use datasets taken from March 2012 through July
2014. Approximately 70% of this time was used for
DM-search data, while 10% was used for calibration
and the remaining 20% was lost to experimental main-
tenance and periods of high detector noise. The total
raw live time is 534 d. We removed data in which de-
tectors were not functioning normally, yielding a total
exposure of 1690 kg days. Data taken multiple times
per week with a 133Ba gamma-ray source provides a
high-statistics electron-recoil sample for estimating back-
ground misidentification. The ionization and phonon en-
ergies were calibrated using the 133Ba 356 keV line and
checked with the 10.36 keV Ge-activation line, which was
recovered to ≈5% accuracy [9]. Every few months, we
took data with a 252Cf neutron source to produce a sam-
ple of nuclear recoils to measure signal acceptance.

The region of parameter space used to search for nu-
clear recoils from DM interactions is defined using neu-
tron calibration data. In order to minimize bias, we ex-
cluded (“blinded”) this region prior to defining signal-
acceptance and background-rejection criteria. An event
was blinded if its energy exceeded a time-varying thresh-
old value (3σ above the mean of the noise distribution),
its recoil energy was below 150 keV, it was not identi-
fied as being due to low-frequency noise or an electronics
glitch, its ionization partition parameters placed it within
a loosely defined fiducial volume, it deposited energy in
only a single detector, and its ionization yield lay within
a loosely defined nuclear-recoil acceptance region. Spe-
cific time periods not used for the DM search were left
completely unblinded for special studies, as were the two
to three days following neutron calibrations due to el-
evated backgrounds from a germanium electron-capture
peak at 10.36 keV [10]. Only data that remained blinded
throughout our analysis was eligible for inclusion in the
signal dataset; we excluded data considered in the prior,
low-mass analysis [11] because it was no longer blinded.

Figure 1 shows the hardware phonon trigger efficiency

as a function of energy, measured using the fraction of
multiple-scatter 133Ba events in a detector that also trig-
gered in the detector.

Data quality cuts exclude events with erroneous or un-
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