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Abstract: The PICASSO experiment searches for cold dark matter through the direct detection of weakly interacting massive particles (WIMPs) via
their spin-dependent interactions with fluorine at SNOLAB, Sudbury - ON, Canada. The detection principle is based on the superheated droplet
technique; the detectors consist of agel matrix with millions of droplets of superheated fluorocarbon (C4F10) dispersed in it.

The previous phase of the experiment, which employed 1-litre detector modules (for atotal of about 20g of active mass), ended in 2005. The present
phase of the PICASSO experiment consists of 32 4.5-litre detector modules for a total of approximately 1,795 g of active mass. In this talk, | will
give an overview of the experiment, discuss the progress in background mitigation, which includes improved purification and fabrication
techniques, as well as a background discrimination technique that we have recently discovered.
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Seitz theory of phase transition of superheated liquids

Liquid-to-vapour phase transition

Shock wave

Not to scale
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» Room Temperature operation

7> Insensitive to mips — better than up to 10%at
operating temperatures (pressures)

Experiments: SIMPLE, COUPP, PICASSO
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» Room Temperature operation

» Insensitive to mips — better than up to 109 at
operating temperatures (pressures)

Experiments: SIMPLE, COUPP, PICASSO




1) Polymerized Aqueous Gel Matrix

2) Freon C,F,  Droplets
Inert Component ) .

3
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» Fabrication technique based on the Bubble Detectors produced by Bubble Technology Industries
* Modified to customize the detectors for the Dark Matter Search (Larger, Cleaner)
» Gel mngredients: water, acrylamide, bis-acrylammde. .. (to equalize densities)

» Gel ingredients — saltless: water, glycol, glycerine (viscosity principle)
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“Search for Dark Matter with Moderately Superheated Liquids”
(V.Z., Il Nuovo Cimento, 107, 2, 1994)

» each droplet 1s an independent “clean” Bubble
Chamber

» keV threshold for DM induced recoils

» with full efficiency for nuclear recoils

* continuous operation 40h

» recompression recycles burst droplets

» low cost, with potential for a large DM
expermmentin house fabrication

-3 [esgaraed Dy personal neutron dosimeters @ Bubble Technology Industries, ON

1stgeneration™ : 10mi

2" generation - 1L

37 generation : 4.5L




1) Polymerized Aqueous Gel Matrix
Inert Component

E
£
G
(=

» Fabrication technique based on the Bubble Detectors produced by Bubble Technology Industries

* Modified to customize the detectors for the Dark Matter Search (Larger, Cleaner)
» Gel mngredients: water, acrylamide, bis-acrylamude. .. (to equalize densities)

» Gel ingredients — saltless: water, glycol, glycerine (viscosity principle)




1) Polymerized Aqueous Gel Matrix
Inert Component

2) Freon C,F, Droplets

Diameter

» Fabrication technmique based on the Bubble Detectors produced by Bubble Technology Industries

*» Modified to customize the detectors for the Dark Matter Search (Larger, Cleaner)

» Gel ingredients: water, acrylamide, bis-acrylamude. .. (to equalize densities)

» Gel ingredients — saltless: water, glycol, glycerine (viscosity principle)




1) Polymerized Aqueous Gel Matrix
Inert Component

Diameter

» Fabrication techmique based on the Bubble Detectors produced by Bubble Technology Industries

* Modified to customize the detectors for the Dark Matter Search (Larger, Cleaner)

» Gel mngredients: water, acrylamide, bis-acrylamude. .. (to equalize densities)
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“Search for Dark Matter with Moderately Superheated Liquids”
(V.Z., Il Nuovo Cimento, 107, 2, 1994)

* each droplet 1s an mmdependent “clean” Bubble
Chamber

» keV threshold for DM induced recoils
» with full efficiency for nuclear recoils
» continuous operation 40h

» recompression recycles burst droplets

» low cost, with potential for a large DM
expermmentin house fabrication

s [esparaed Dy personal neutron dosimeters @ Bubble Technology Indusiries, ON

1stgeneration™ : 10mi

2 generation - 1L

3 generation : 4.5L
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» Fabrication technique based on the Bubble Detectors produced by Bubble Technology Industries
*» Modified to customize the detectors for the Dark Matter Search (Larger, Cleaner)

» Gel ingredients: water, acrylamde, bis-acrylammde. .. (to equalize densities)

» Gel ingredients — saltless: water, glycol, glycerine (viscosity principle)
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“Search for Dark Matter with Moderately Superheated Liquids”
(V.Z., Il Nuovo Cimento, 107, 2, 1994)

* each droplet 1s an independent “clean” Bubble
Chamber

» keV threshold for DM induced recoils

» with full efficiency for nuclear recoils

» continuous operation 40h

» recompression recycles burst droplets

» low cost, with potential for a large DM
expermmentin house fabrication

* I suired by personal neutron dosimeters @ Bubble Technology Industnes, ON

1stgeneration™ : 10mi

Fﬁ

2 generation - 1L

3™ generation : 4.5L




Operation cycle

Data taking: (> 30h)
Temperature range: ~15 C
to ~50 C

Relative pressure: O psi

Recompression: (~10h)
Relative pressure: ~ 90 psi

Duty Cycle: ~75%

! M.-H Genest

| Piezo sensor |
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Temperature range: ~15 C
to ~50 C
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« R&D in collaboration with BTI, Chalk River
» start with monomer matrix solution

» add heavy CsClI solution to match density of
active gas (p = 1.6 g/cm?)

» add active gas in liquid form
» magnetic stirring to disperse droplets
 polymerize matrix

» all done in clean room to avoid U/Th, Rn




Weighing of C,F ., during detector fabrication
Control of active mass by calibration in know AcBe neutron flux
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Neutralino interaction with matter: — 4653

Enhancement factor

Depending on the type of target nucleus Spin independent interaction (C, < A?)
and neutralino composition

Spin dependent interaction

l

Ca = (8/m)(@,<S,>+ 2,<S,>(J+1)/J

isotope Unpaired

A

Spin of the nucleus is approximately the spin
of the unpaired proton or neutron

1Xe
Pirsa: 09060058




= Calibration with mono-energetic neutrons
= neutron induced nuclear recoils similar to WIMPS
= at low energies only s-wave scattering is important

= Reaction: “Li(p,n) reaction at 6 MV UdeM-Tandem

- recoil detection efficiency
| = control of active mass in detectors

e comparison of different liquids

Ideal tool for calibrating
droplet detectors!
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navtrons minimal anergy (kaV)

temperature ("C

SDD1000 efficiency

30 40 S0 &0 70

Recoil energy of °F E, (keV) Page 33/96




S0% efficiency
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Evolution of the energy threshold for '°F recoils (1.23 bar)
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Threshold energy (KeV)
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Limit of stability when thermal fluctuations deposit £, within R,

Theory predicts instability of liquid phase at app. 90% T,

C

y response

(3- electrons)

Homogeneous nucleation
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Recoil spectra

Count rate (events/gd)
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Detector Response to 2 pb Dark Matter

Y- response
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* Cosmic ray muons —» induce high energy neutrons (E > 10MeV)

* Radioactivity from the environment neutrons — (E < 10 MeV)

« MIPS = Mostly suppressed at the operating temperature range
(better than up to 1019)

» g-particles are the dominant background (for WIMP runs, mainly from CsCl)

Count rate h:“g"]

2 14 18 18 20 X 24 28 28 30 32 34 36 35 40

Temperature (°C)

| M. B.-Hesder, NLH. Genest |
- |




Recoil spectra
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Cosmic ray muons —> induce high energy neutrons (E > 10MeV)

Radioactivity from the environment neutrons — (E < 10 MeV)

MIPS = Mostly suppressed at the operating temperature range
(better than up to 1019

a-particles are the dominant background (for WIMP runs, mainly from CsCl)

Count rate {.:'1{;"]

5 18 20 12 J4 285 28 30 3 34 35 385 40

Temperature (°C)

| M. B.-Heider, M.H. Genest |




Installation at SNO
underground facility at a
depth of 6,800 fee

Data taking and data analysis
during 2004/05

Important step for PICASSO
as a long term data taking
experiment

Fabrication of the 1-liter
detectors in house

~20g of active mass

Creighton mine shaft head #9
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Operation in the (active) mine at SNO
« 2 piezo sensors per module

« N2 compression system




Meutralino Signal Effect
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Count rate [art, uniis)

FTAREETR AT

40 =

Temperatuns [ °C |

25
Temperature [°C

* 3 one-litre detectors

» ~20g of active mass

+ 1.98 + 0.19 kgd




SPIN DEPENDENT
Neutron-Neutralino

'_':E.kEDDE.DCF L Upper limit of o, =21.5 pb
FICASSO for M= 29GeV/c?

CDMS(Ge)

M, (GeVic)

Courtesy http:/ /dmtools.brown.edu/
Gaitskell&Mandic




SPIN DEPENDENT
Proton-Neutralino

v cDwms (si)

Upper limit of o, = 1.3 pb
for M. = 23GeV/c?

DD
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M, (GeV/c?)

Courtesy http:/ / dmtools.brown.edu/
Gaitskell&Mandic




SPIN DEPENDENT
Neutron-Neutralino

Upper limit of o, =21.5 pb
for M}{: 29GeV/c?
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M, (GeVic)

Courtesy http:/ /dmtools.brown.edu/
Gaitskell&Mandic




SPIN DEPENDENT
Proton-Neutralino

V'  cDwms (si)

Upper limit of o, = 1.3 pb
< for M_= 29GeV/c?
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Courtesy http:/ / dmtools.brown.edu/
Gaitskell&Mandic




Neutralino couplings to protons and neutrons

a,-a, plane




» First experiment at SNOLAB *
- 4.5 L Detector Modules: 32 o
» Total net detector volume: ~150 L

- Total active mass (C,F,,): ~ 2.2 kg

« Acoustic channels: 288 (9 channels per detector)

» Mineral oil compression system




Improved fabrication Method: The 4.5L detector

1. Reduction of the internal background: Cleaner materials

2. Improved fabrication procedure — Defect-free gel & Homogeneous distribution of droplets

3. Reduction of the internal background - Purification of the ingredients
(PICASSO Collaboration technology)

Exp-1D PZS50A | PZSS0B PZS50D PZS60B&C
CsCl concentration S50% S0% 60% 60%
HZrO concentration 2g 028 g 005¢g 0.13 g
Zr[L Zr/L Zr/L Zr/L
Extraction efficiency
222Th >99.7% >98.8% 99.8+0.4% | 99.1+1.5%
229Ra >99.6% | 99.2+0.8% = 97.0+£1.2%
226Ra >99.5% | 97.3+1.1% | 64.9+3.8% | 97.110.6%
212Pb ~ - - 96.1+0.8%
21281 - - - 92.8+1.6%

- New method: co-
precipitation of Th, Ra

and Pb with (HZrO)
Hydrous Zircontum

Oxade




Improved fabrication Method: The 4.5L detector — Saltless

Saltless detectors: Glycol + Glycerine

2. Same Improved fabrication procedure — Defect-free gel & Homogeneous
distribution of droplets

3. Reduction of the internal background - Purification of the ingredients
(PICASSO Collaboration technology)




Improved fabrication Method: The 4.5L detector

1. Reduction of the internal background: Cleaner materials

2. Improved fabrication procedure — Defect-free gel & Homogeneous distribution of droplets

3. Reduction of the internal background - Purification of the ingredients
(PICASSO Collaboration technology)

1

Exp-1D PZS50A | PZSS0B PZS50D | PZS60B&C
CsCl concentration S0% S0% 60% 60%
HZrO concentration 2g 028 g 0.05 g 0.13 g
Zr[L Zr/L Zr[1 Zr/L
Extraction efficiency
228Th >99. 7% >98.8% 99.8+0.1% | 99.1+1.5%
229Ra >99.6% | 99.2+0.8% = 97.0+£1.2%
226Ra >99.5% | 97.3+1.1% | 64.9+3.8% | 97.110.6%
s - - - 96.1+0.8%
21281 - - - | 92.8+1.6%

|

> New method: co-
ecipitation of Th, Ra

ud Pb wath (HZrO)
rdrous Zirconimam

ide




Expected performance of the 4.5L PICASSO detector’s production

- Droplet Distribution

sitaleEiies (O

Diameter

- Higher loading

Active Mass: ~ 7g/L - Active Mass: ~ 19g/L detector




» Performance
- All piezos sensors see individual events
* No dead regions

» Localization of events

E_tm

Themee Lual

Reconstruction of event position very promising

Allows suppression of hot spots or surface
events

Determine t, from wave form

Reconstruction efficiency > 80%




Neutron shielding

Fission neutrons in the
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Neutrons going through the water p— e
[ shielding Shielding: 30 cm water
10 [ | 1 [ | i
0° e - 10° - cubes placed around

Pirsa: 09060058

Neutron energy (MeV) the experimental set-up
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LOWER LEVEL OF THE TPCS

(The red arrow means the direction of opening, i.e. the front part of the TPCS.)

S0Urce =

g = Saltless

M = C4AF10, N = C4F8,

S = Detector without CAF10. Same solution of CsCl and monomer that the detector

139.

Mb134 | |Mb 135 Mb 93 Mb 72
LIFE I8 I 2 ,

Mb101 | | Mb 124 Ng 99 Mb 71

110 9 0 3

| TS 3 TPCS 1
Mg 110 Mb 126 Mb 118 Mb 117
16 17 24 2
Mg 112 Mg 123 Mb 116 Mb 114

19 18 21 26
TPESR S TPCS ]
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UPPER LEVEL OF THE TPCS
(The red arrow means the direction of opening, 1.e. the front part of the TPCS.)
source =

g = Saltless

M = CAF10, N = C4FS,
S = Detector without CAF10. Same solution of CsCl and monomer that the detector 139.

Sb 140 Mb 139 Mg 108 Mg 141 |

. 15 12 5 -:6:-6 =
Mg 137 Mg 136 Mg 131 Mg 106
14 13 4 1

TPCS 4 TPCS 2
Mb 094 Mb 127 Mb 122 Mb 121
20 21 28 e
| | Mb 070 Mb125 | Mb 119 Mb 120
~ EiE )22 | 31 30

TPCS 6 TPCS 8



)
m
=
S
S
&
S
o
0
£
(oL,




PICASSO events

neutrons

alpha backagroung




Data Analysis

« PVar

— High pass filter events

— Integrate Power to get
energy




Data Analysis

« FVar

— Fourier Transform

— Ratio between low and
high frequency
windows




What next with PVar?

» Use neutron calibration runs to get PVar
distributions for neutrons.

» Fit a Gaussian and select 95% : this will
be our signal

« |f PVar>PCut => we got particle induced
event!!




PVar Distributions for
Calibration Runs
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Nomalized Counts

PVar Distributions for neutron and
alpha background
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FVar Distributions for neutron and background
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Ar bubbles
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PICASSO detector responses

Threshold Energy (keV)
10° 10 1




Null Hypothesis
Alpha Rate Fitted: Detectors 71,72
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« Rates have been normalized to F'°




Systematics

Systematic

Active mass (CF. )

Neutron Threshold Energy

Pressure variation

Hydrostatic pressure gradient
iInside detector

Energy resolution

Temperature

Uncertainty
5%

3%

3%

2%

20%
0.1C




PICASSO
New Results




PICASSO New Results

0.15pb
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PICASSO New Results

0.15pb
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DAMA/LIBRA(08) S

PICASSO '
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kg days
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exposure
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32 det
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Timeline & Milestones

26 kg (32- modues)

Data taking 8 =16 modules

Data taking 20 modules

Preamps, DAQ boards

Fabrication +16 modules

Data taking 32 modules

R&D — backg. /100

26 kg (backg/100)

Data taking 32 modules

0.006 pb

R&D 30L mod. high Idg

30L detector prod

0.002 pb

Data taking Ladder Lab

* Present background of 0.003 cts g'h’




» Phase |b with 32 detectors is running!

» All detectors installed

» Upgrade gradually with cleaner detectors
—"saltless” detectors

» New discovery of n - a discrimination

» Physics results in July 2009

» Complete Phase Ib with 700 kgd in 2009

» R&D on purification (1/100) and 30L detectors
» Prepare 25 kg phase — 7000 kgd




