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Introduction

Superheated liquid detectors are one of the
non-cryogenic detectors currently being used
to search for Weakly Interacting Massive Par-
ticles (WIMPs), one of the favoured candi-
dates for cold dark matter. PICO 2L exper-
iment uses a bubble chamber of superheated
liquid, C3F8 (b. p. -36.8

◦ C) (see Fig. 1). This
is a new generation experiment uses the tech-
niques of PICASSO [1] and COUPP [2] exper-
iments. The operation began in October, 2013
and approximately 150 kg-days of exposure
are used so far, mostly at 3 keV nuclear recoil
threshold. Two cameras are used to observe
the chamber to detect vapour bubbles from
particle interactions. As well as piezo-electric
transducers are used to acquire the acoustic

FIG. 1: Setup of PICO experiment.

∗Electronic address: susnata.seth@saha.ac.in

signal generated during the nucleation of bub-
ble.

The basic principle of operation of bubble
chamber [3] based on Seitz’s “thermal spike”
model [4]. If the energy deposited by a particle
within a certain critical length of superheated
liquid becomes greater than a certain thresh-
old energy (Ec), the vapour bubble grows,
eventually converting the superheated liquid
into the vapour phase. If the radius of vapour
bubble is less than critical radius (rc), it col-
lapses back to the liquid state. The threshold
energy (Ec) needed to form a vapour bubble
of critical radius (rc) is,

Ec = −4π

3
r3c (pv − p0) +

4π

3
r3cρvhlv

+ 4πr2c

[
σ − T

dσ

dT

]
+Wirr, (1)

where σ(T) is the surface tension of liquid
at the temperature T , pv is the equilibrium
vapour pressure of superheated liquid and p0
is the ambient pressure, ρv is the density of
the vapour and hlv is the latent heat of evap-
oration. The first term in Eq. 1 explains the
reversible mechanical energy during expansion
to a bubble of radius rc against the pressure
of the liquid. The second term represents the
energy needed to evaporate the liquid during
formation of the bubble of critical radius. The
third term describes the work needed initially
to create the liquid-vapour interface of vapour
embryo while the last term Wirr, is the irre-
versible works which has smaller contribution
than other terms. In Fig. 2 Ec for liquid C3F8

is plotted as function of temperature at a pres-
sure 30 psi.
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FIG. 2: Ec for liquid C3F8 is plotted as function
of temperature at a pressure 30 psi.

Present work
The experiment is running in two run

modes: One is WIMP run (without presence
of any source) and other is calibration run (in
presence of poly-energetic AmBe, 252Cf neu-
tron sources). For a particular run, the bubble
nucleation events can occur in the entire vol-
ume of detector. To study the particle induced
nucleation events we focus on the region near
the center of bubble chamber because random
nucleation events can be caused by the pres-
ence of air bubbles or gas pockets trapped
at the solid-liquid and liquid-liquid interfaces.
Therefore, for a particular run, the bubble
nucleation events are identified according to
the different regions of the bubble chamber,
namely, bulk, surface, collar and wall. The
different regions of the detector is defined as

1. Bulk : -5.5 cm < height <6.7 cm and
radius ≤ 7.0 cm,

2. Surface : 7.0 cm ≤ height ≤7.5 cm and
radius < 7.0 cm,

3. Collar : height ≥ 6.7 cm and radius ≥
7.0 cm, and

4. Wall : -5.5 cm < height < 6.7 cm and
7.0 cm< radius ≤ 7.2 cm.

The z co-ordinate of the position of the oc-
currence of an event is plotted as a function
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FIG. 3: The bubble nucleation events at different
position of the PICO detector.

of (distance)2 of that event from the center
of the detector in Fig. 3. The (distance)2, is
calculated as a sum of the square of x and y
co-ordinates of the position of occurrence of
an event.

Results and discussions
In Fig. 3 the bubble nucleation events from

different regions of the detector are shown for
a neutron calibration run operated at thresh-
old energy (Ec) of 5.5 keV in presence of
AmBe source kept at a distance 55 cm from
the detector. It is observed that for this run
most of the nucleation events are present in
the bulk region of the PICO detector. The
bulk region is the fiducial volume. The nucle-
ation events occur at the surface, collar, wall
will be rejected in case of study of particle in-
duced nucleation events.

Acknowledgments
We would like to thank all the members of

PICO collaboration for their valuable discus-
sions, suggestions and help.

References
[1] PICASSO Collaboration, S. Archambault

et al., Physics Letters B 711, 153 (2012).
[2] COUPP collaboration, E. Behnke et al.,

Phys. Rev. Lett. 106, 021303 (2011).
[3] D. A. Glaser, Phys. Rev., 87, 665 (1952).
[4] F. Seitz, Phys. Fluids, 1, 2 (1958).

Proceedings of the DAE Symp. on Nucl. Phys. 59 (2014) 809

Available online at www.sympnp.org/proceedings


