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A low background PICASSO experiment to search for dark matter is in progress at the Sudbury Neutrino 
Observatory (Canada) by using 10 detectors with total target mass of 0.72 kg of 19F and exposure time of 114 kgd. 
Recoil energy thresholds are 1.7 keV which allows the sensitivity to interactions from Weakly Interacting Massive 
Particles (WIMPs) with masses below 10 GeV/c2. No dark matter signal was foundtill now. The limits in the spin 
dependent sector were obtained for WIMP masses of 20 GeV/c2 with a cross section on protons of =0.032 pb (90% 
C.L.), in the spin independent sector close to the low WIMP mass region of 7 GeV/c2 with cross section on protons = 1.41 · 10-4pb (90 % C.L.). 

 
Introduction 

 
The PICASSO detection principle based on superheated liquid droplets [1]. The presence of 19F in the target liquid 

C4F10 gives PICASSO an increased sensitivity to spin dependent WIMP interactions since, with the exception of 
neutralino scattering on free protons and 3He, 19F is the most favorable nucleus for direct detection [2]. The light target 
nucleus 19F together with the low recoil detection threshold of 1.7 keV renders the experiment particularly sensitive to 
low WIMP masses below 15 GeV/c2. This is especially interesting following the DAMA/LIBRA and recent CoGeNT 
and CRESST results [3 - 5] which are suggestive of a low mass WIMP solution of order 10 GeV/c2. 

 
PICASSO detector 

 
The detector of the PICASSO experiment is 4.5 liter acrylic container with polymerized gel where 200 µm liquid 

droplets of C4F10 are distributed. The average mass of C4F10 in the detector is 90 g corresponds 72 g of 19F. The droplets 
of C4F10 (Tboil = -1.70C) are in superheated state at ambient temperature and pressure. In this state a heat spike due to the 
energy deposited by an ionizing particle can cause the formation of a vapour bubble. This phase transition produces the 
acoustic shock and accompanied by an acoustic signal in ultrasonic frequency range. This effect can be registered with 
help of piezoelectric transducers (piezo-sensors). Since the detector captures phase transitions, it performs as an energy 
threshold device which can be controlled by setting the temperature and/or pressure. The relation between the energy 
threshold and the operating temperature in C4F10 has been determined by measurements using mono-energetic neutron 
beams and with emitters of known energies (Fig. 1, A). It allows a precise description of the temperature dependence of 
energy thresholds ranging from 0.8 keV up to 800 keV. Details of detector principle can be found in [6, 7].  
The sensitivity of the detector to different particles can be adjusted by change of the temperature with fixed pressure 
(Fig. 1, B). Expected that WIMP inducted recoil energies can be smaller than 100 keV and become detectable from the 
temperature around 300C at ambient pressure. From the temperature 50 0Cdetector is sensitive to γ, β radiation and 
cosmic muons which produce sub-keV energy clusters and can be easily separated from strongly ionizing neutron and 
WIMP recoils. In case of alpha particle events there can be two different responses. First response is the curve with 
lower threshold energy which was obtained when the gel matrix was spiked with 241Am. It means that only α-particle 
entering the droplets from the gel matrix can induce nucleation (Bragg peak trigger nucleation). The value of deposited 
energy is 71 keV. Second response is the curve with the higher alpha-energy threshold was obtained with 226Ra spiked 
detectors. In this case 226Ra daughter 222Rn diffuses into the droplets and 210Pb with the higher energy spikes droplets 
from inside. The value of recoil energy is 146 keV [8]. 



 

346 

 
Fig. 1. A – Calibration curve for the energy threshold of 19F recoils as a function of temperature obtained from 
measurements with mono-energetic neutrons; α-particle measurements are shown as open circles at 21 and 25 0C.  
B – Response to different kinds of particles in superheated C4F10. From left to right: 1.75 MeV γ-rays and minimum 
ionizing particles (dot-dashed); 19F recoils modeled assuming the scattering of a 50 GeV/c2 WIMP (red); poly-energetic 
neutrons from an AcBe source (dotted); α-particles at the Bragg peak from 241Am decays (open triangles); and 210Pb 
recoil nuclei from 226Ra spikes (full dots). 
 

Experimental setup 
 

The name of four PICASSO detectors group is TPCS (Temperature and Pressure Control System). The 
PICASSO installation in SNOLAB consists of 8 TPCSs, totally 32 detectors. The temperature range from 20 to 50 0C 
can be adjusted with precision of ±0.1 0C [9]. The active mass of each detector known with precision of 1 % but mass of 
C4F10 in detector can decrease due to diffusion of C4F10 into the gel matrix. However active mass of detector and their 
sensitivities are verified with help of calibrated AmBe neutron source. Each detector has nine piezo-sensors with 
sensitivity 27 µV/μbar. The piezo-sensors placed outside of acrylic cylinder on three different positions of detector wall. 
The electronics of one TPCS consist of 4 × 9 preamplifier boards and 4 DAQ boards based on 400 kHz digitizers. 
PICASSO installation was surrounded by 30.5 cm water shield and located in SNOLAB on depth 2070 m  
( ̴ 6000 m.w.e.).On this depth, around 90 % of 5 keV fast neutrons produced by (α, n) reaction in the surrounding rock. 
The fast neutron flux was measured is around 3000 neutrons m-2d-1. 

 
Background reduction 

 
PICASSO detector is the temperature detector which means that different temperature can be used to discriminate 

different particle interactions in superheat liquids. The signals from detector can be separated on particle inducted and 
non-particle inducted. To discriminate different kind of signals the amplitude, waveform, frequency content and signal 
rise time analysis are using (Fig. 2). 

 

 
 

Fig. 2. Left: the frequency content analysis variable (FVAR) vs. signal energy (EVAR); sectors: A – acoustic noises and 
mine blasts; B – electromagnetic noises; C – fractures; D – particle inducted events. Right: the rise time (RVAR) vs. 
signal energy (EVAR); sectors: A – particle inducted events (neutrons); B – non-particle inducted events which 
produced different kind of activities in detector matrix.  
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Due to α-particles, neutrons and noises have different amplitudes the amplitude analysis is using to discriminate 
particles by the amplitudes. Acoustic energy (EVAR) analysis is using to discriminate particle inducted recoil events 
from non-particle inducted signals (electronic noises, air bubbles). Frequency content (FVAR) analysis is using to 
suppress of fractures or secondary events which have a deficit in signal power due to weakening of the gel matrix and 
mine blast events. Avariable FVAR is constructed by taking the logarithm of the ratio of signalpower in the intervals 
from 20 - 30 kHz and 45 - 55 kHz. Signal rise time (RVAR) is analysis of first 25 µs after pulse start. This variable is 
using for suppression of class of background events with slow rise time, but with an acoustic energy and frequency 
content comparable to particle events [10]. 
 

Data collection and analysis 
 

The typically time of WIMP run is 40 h. After this the detectors are recompressed for 15 h with gauge pressure 
6 bar. It prevents bubbles growth which could damage the gel matrix. The data of 10 “golden” (i.e. best) detectors from 
32 detectors installed in SNOLAB was used for the data analysis. A total 264 WIMP runs were analysed gives the 
exposure of 114.3 kgd in background and signal regions.Approximately every three months calibration data have been 
taken at several temperatures with a weak AmBe neutron source (68.71 ± 0.74 s−1), placed on distance 10 ± 2 cm from 
each detector [11]. The analysis process is the following: 

- A list of golden runs is established for each detector. The run is “golden” when the duration of WIMP run exceeds 
15 h, duration of calibration run exceeds 1 h, gauge pressure less than 0.1 bar of ambient pressure and six from nine 
channels of DAQ are working well; 

- A selection to remove event bursts with <3 sec 
between successive triggers is applied; 

- An event selection is performed on EVAR. For 
calibration run only first 200 neutron inducted events are 
selected because large quantity of bubbles which appear in 
the calibration are decreasing the amplitude of signals; 

- The events have to pass a selection on RVAR; 
- Finally the events have to pass a selection on FVAR. 
The effects of the applied cuts for two temperatures on 

the trigger rates are illustrated for one of the detectors in 
the Table [10]. 

 
Results for spin dependent and spin independent sectors 

 
The interaction of WIMPs with nuclei of ordinary particles in case of spin dependent interaction can be given as: 

 = 4 ( )	,                                                                 (1) 
 

where  is the Fermi constant,  and  are masses of WIMP and detector nuclei;  is an enhancement factor; ( ) is the nuclear form factor [12]. The important parameter in formula below is enhancement factor which depends 
of WIMP interaction and can be calculated as: 
 = 〈 〉 + 〈 〉 ( ),                                                           (2) 

 
where  and  are effective proton and neutron strengths; 〈 〉 and 〈 〉 are the expectation values for nucleon spins 
in target nucleus: 〈 〉 = 0.44, 〈 〉 = −0.19 in 19F;  is the nuclear spin [12 - 14]. Assuming that scattering of WIMPs 
on 19F is dominated with protons, the cross section  on for scattering on protons: 
 = ( ),                                                                              (3) 

 
where  and  are WIMP-proton reduced mass;  and ( ) are enhancement factors for scattering on free proton 
and scattering on protons in 19F nucleus. With (3) the result can be converted into cross sections on protons. The 
resulting curve for WIMP cross section on protons as function of WIMP mass for the case of spindependent interaction 
shown in Fig. 3 (left). In case of spin independent interaction the enhancement factor proportional to atomic mass: ∝ . The resulting curve for spinindependent interaction showed on Fig. 3 (right). 

 
Conclusions 

 
The data taking and analysis is in progress.The purification technique of detectors production was improved which 

allow reducing of alpha background. The new variable RVAR was used to discriminate particle inducted events from 
non-particle inducted events.The sensitivity for low wimp mass region was improved which allowed to obtainthe 

Effect of the applied cuts on the trigger rate 
at 30 0C and 45 0C 

 

 Number of events 
30 0C 45 0C 

Triggers/day 23.4 ± 0.9 60.5 ± 1.2 
After 3 sec cut 15.8 ± 0.8 40.0 ± 1.0 
After EVAR cut 2.3 ± 0.3 3.2 ± 0.3 
After RVAR cut 2.2 ± 0.3 2.4 ± 0.3 
After FVAR cut 2.1 ± 0.3 2.2 ± 0.2 
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competitive results with spin independent mass. The limits in the spin dependent sector were obtained for WIMP 
masses of 20 GeV/c2 with a cross section on protons of = 0.032 pb (90 % C.L.), in the spin independent sector 
close to the low WIMP mass region of 7 GeV/c2 with cross section on protons = 1.41 · 10-4pb (90 % C.L.). 

 

 
 
Fig. 3. Left: upper limits at 90 % C.L. on spin dependent WIMP-proton interactions. PICASSO limits are shown as full 
lines. Right: PICASSO limits in the spin independent sector (90% C.L.). Only the region of recent interest in the range 
of low WIMP masses is shown [10]. 
 

REFERENCES 
 
1. Glaser D.A. // Phys. Rev. - 1952. - Vol. 87. - P. 665 - 665. 
2. Bednyakov V.A., Klapdor-Kleingrothaus H.V., Kovalenko S.G. // Phys. Rev. D. - 1997. - Vol. 55. - P. 503 - 514. 
3. Bernabei R. et al. // Eur. Phys. J. C. - 2010. - Vol. 67. - P. 39 - 49. 
4. Aalseth C.E. et al. // Phys. Rev. Lett. - 2011. - Vol. 106. - P. 131301. 
5. Angloher G. et al. Results from 730 kg days of the CRESST-II Dark Matter Search, 2011. ArXiv:1109.0702. 
6. Apfel R.E. // Nucl. Instrum. and Methods. - 1979. - Vol. 162. - P. 603 - 608. 
7. Ing H., Noulty R., McLean T. // Radiation Measurements. - 1997. - Vol. 27. - P. 1 - 11. 
8. Archambault S. et al. // New J. Phys. - 2011. - Vol. 13. - P. 043006. 
9. Archambault S. et al. // Phys. Lett. B. - 2009. - Vol. 682. - P. 185 - 192. 

10. Archambault S. et al. // Phys. Lett. B. - 2012. - Vol. 711. - P. 153 - 161. 
11. Loach J.C. Measurement of the flux of 8B solar neutrinos at the Sudbury Neutrino Observatory: Ph.D. thesis. - 

University of Oxford, 2008. 
12. Jungman G., Kamionkowski M., Griest K. // Physics Reports. - 1996. - Vol. 267. - P. 195 - 373. 
13. Engel J., Pittel S., Vogel P. // Int. J. Mod. Phys. E. - 1992. - Vol. 1. - P. 1 - 37. 
14. Pacheco F., Strottman D. // Phys. Rev. D. - 1989. - Vol. 40. - P. 2131 - 2133. 


