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Dark Matter Detection in Bubble Chambers

The leading dark matter candidates (WIMPs, or
Weakly Interacting Massive Particles) should be
detectable as they scatter off atomic nuclei in ter-
restrial detectors. The expected rate for these
interactions is O(102) events/kg-day or lower, so
detectors must be large with low backgrounds.

Superheated fluids are thermodynamically unsta-
ble to boiling, but cannot boil spontaneously. In
the absence of nucleation sites, localized excess

energy from an ionizing particle is required to
form the surface of the bubble (lower left).

COUPP operates bubble chambers in a thermo-
dynamic regime sensitive to highly ionizing nu-
clear recoils from WIMP scatters, but completely
Insensitive to minimum ionizing particles, inclu-
ding y's and 3’s. These chambers are sensitive
to a’s, which had been the dominant background
In early COUPP detectors.

COUPP is a series of progres-
sively larger, refrigerant filled

bubble chambers (from 509 to a
proposed 500kg device) in the
hunt to directly detect dark mat-
ter. Bubbles from a nuclear re-
coil are measured using stereo-
scopic cameras, fast pressure
transducers, and piezoelectric
acoustic sensors, allowing for
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WIMP scatters will preferentially produce low
energy O(10keV) nuclear recoils. COUPP's eff-
iciency for detecting these recoils determines our
WIMP sensitivity. While bubble nucleation thres-
hold energy is calculable [4], efficiency above
threshold must be measured.

A partial calibration has been obtained using
high energy neutron and a sources. We have
built calibration bubble chambers to measure
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COUPP-4kg has performed two

dark matter searches, from 8/09

to 12/09 in the MINOS near hall Schematic of a COUPP bubble

350ft underground at Fermilab chamber (above) and COUPP-4kg

recoils. As neutron induced fluorine recoils over-
whelm iodine recoils, the iodine measurement
uses recoils from pion scatters at Fermilab.

_____________________ [1], and from 11/10 to 6/11 at inner vessel installation (right).
e | SNOLAB 6800ft underground [2]. The dis- 107 Downstream .
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Above: Recoils in CF,I — a recoil must be above neutron from an AmBe source nucleating three which discovered and then resolved > 0 Upstream
thresholds in E and dE/dx to nucleate a bubble. bubbles. WIMPs produce only single bubbles. issues with photodissociation of the CF | pixel hits
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sioning scheduled for 09/12.

COUPP-500 is proposed for installation at
SNOLAB in 2015.
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Above: A sample pion beam scattering event. By
matching tracks with bubbles, the event-by-event
energy needed to make a bubble is determined.
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bulk alpha events produced by the decay of radon.



