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SNOLAB as of January 2013.
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Surface Faclility

Muon Flux = 0.27/m2/day
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The DEAP 3600 Experiment

Goal World leadlng sensitivity to Spin- Independent
Dark Matter

Max Sen51t1V1ty at 100 GeV/e2




' The DEAP 3600 Detector

. Acrylic_vessel contains 3600 kg liquid :
~argon. (Temperature ot -200 C)

. WIMP interactions in LAr produee
scrntlllatlon 11ght

. Layer of TPB converts light from
128 nm to Vlslble ¥

-+ Light is observed by array of
photomultipliers. -
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a/ﬁ GLOVE BOX

TOP SUPPORT

=

NECK PROCESS SYSTEMS
STEEL SHELL
ACRYLIC VESSEL (AV)

ACRYLIC LIGHT GUIDES

420" = MUON VETO PMTS

3600 KG
LIQUID ARGON

FILLER BLOCES

“Of course, in

reality it is a bit
more

“complicated....
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~ Why Liquid Argon ?

« Easily puriﬁedandhas a high light-yield A

Well sulted to pulse shape dlscrlmmatlon
“with two distinctly different time |

- components for scintillation .

| Well—unde_rstood,'. allows for very siglple
“scintillation detector and argon is

. inexpensive
| Has an easﬂy access1ble temperature (85K)

Allows a very large detector mass (~t0nne)
- with uniform response and long light

. attenuatlon length
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DEAP-3600 Background Budget (3 year run)

Background Raw No. Fiducial No. Events
Events in in Energy ROI
Energy ROI

Neutrons 30 <0.2 Acr+H,0 shield
—Surface a’s (2'°Po) 150 <0.2 ." Resurfacer

39Ar B’s (nat. argon) 1.6x10° <0.2

39Ar (depleted Ar)  8.0x107 <0.01 PSD

Total <0.6

Need to resurface inner vessel and ensure purity of acrylic.
—» o removal of 1 mm acrylic
o 210Pph < 1.1x10-19 g/g for 0.1 events/3 years

(strict control of Rn exposure)

All materials have been assayed/controlled (2007-2013)
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Neutrons

— go deep underground Veto resrdual muons in active water sh1e1d

- — shield locally for (a,n). Marn concern is the PMT base. Strategy is

to move PMT away with long 11ght gurde and fill in remarnrng
‘'space with neutron absorber.

— External neutrons absorbed in water.

Active water shield

~ PMT Light guide

~Clean filler between ’
PMT lightguides




4.5Billion 45500 4234 5 o o
. ‘ Eg: Uranium chain.
34;" a Protactinium _ . _ A P :

9
234
ol

o 1) Yo - Background Radiation. -

"The parent 238U is long lived

~8a’'s, 6 s, numerous y's

Even worse, it releases radon
gas, which lives 4 days,
giving ample time to migrate
into detector components.

Also, 21%Pb is long lived, and
‘often embedded in materials
after radon decays. Exposure -
to room air (radon) during
manufacture must be limited.
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'DEAP will deal with this by:

- Minimizing eXpOSure to radon -from
“the first steps of manufacture

- Sanding off the surface before
- beginning operation.

 Sanding heads on long
arm which spiral around
| ~nside of vessel
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| Aeryhc sheets thermoformed .
‘into “orange slices” then Ay | A
bonded together to form ball _' . Ball 1S maehmed to make 11ght
- . gu1de stubs .

o Alwétys sealed to keep radon out !




‘This is the current state
of th_e' acrylic vessel.

| AsofJan2014.

Next major step: Attach
photomultipliers. This
1s underway. PMT’s

] ready to attach. Some

“sanding/cleaning of
vessel being completed

first. - B




Then it will be installed in
steel vessel
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Steel vessel, suspended in water
tank for neutron shielding.




| DEAP Exper1mental Challenge 39Ar

e On earth 99. 6% of argon is 40Ar (produced in the decay Of.4OK)' |

There 1S however a small amount of radioactive 3°Ar on earth

~ 8. 1x 10 16 39Ar/g“oAr B

- — long half life... 269.2 years
— Decays by ¥Ar — K +p+v whrch is a problem for DEAP.
— This gives an activity of about—l Bqg/kg of argon. Huge !

~“Solutions: | .
~ » Rely on Pulse Shape D1scr1m1nat1on capab1l1ty in liquid argon.
Need to get dlsor1m1nat1on at 107 level

“+ In future, get source of argon depleted in ¥Ar
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~ Pulse sh_eipe discrimination in_Liquid Argon

Need good PMT coverage (high light' yield) to obtain full discrimination




How does Pulse shape d1ser1m1nat10n work?

o A reeo1llng nucleus is slow and heavy, and depos1ts * S
- allits energy ina small locahzed reg10n. ‘

~ An electron is fast and light and deposits 1ts energy
.along a long track.

The 1nteract10ns create argon dlmers in singlet and triplet states
(with different live-times). The number in each state depends on
~collision induced transfers, which because of the charge
| dens1ty, are dlfferent for electrons and recoils.

_Strategy use pulse shape d1ser1m1nat1on to d1st1ngu1sh between a
* recoil like event and an electron like event. (need factor of 10°
- rejection). | - —




- Background suppression with _PSD' in DEAP prototype
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Depleted. 3_9Ar_Source ? __

| __Productlon of 39Ar in the atmosphere is via “°Ar + n— 39Ar +n+n
where the neutrons are produced by cosmic rays.

- Underground can get away from cosmic rays and 1n underground
gas and water reservoirs there is httle neutron aetrvrty Hence:

By extraetrng argon from deep gas Wells one can get natural argon
- with low levels of 3%Ar.

Pilot program is currently in plaee It 1S Workrng Well Plans to
| upgrade oapaerty to 25 kg per day are underway




S’ra'rus of DEAP 3600

o fully funded

* being installed underground at SNOLAB
“+ pulse shape discrimination demonstrated in prototype
L all major components are being 1nstalled or commissioned:
— Acrylic vessel complete
- Shielding tank in place.
- — Steel vessel in place
— PMT’s ready to be installed on Acrylic vessel
- = Electronics installed and being tested
- Resurfacer belng commlssmned

Results eXpected in .about a year will be world leading
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Overview of current status in SI. -

| best result
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Supersymmetry predictions
favour these areas.
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DEAP 3600 1s pl‘OJGCtGd to have sen31t1V1ty an order of magmtude
hlgher than LUX, the current leader, for hlgher WIMP masses -

KEI‘\IDN 100 2012 (LNGS)

LUX 2013 (Sanfnrd Lab)

E
=
=
N

10°

Will explore much of the-parameter Space allowed by current theory.
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The MiniCleanExperiment =

 Goal: Engineering test of LAr technology

Measure light yiel_d_ compared to expectations
'_ DemOnstrate position reconstruction
Measure baekgrou—nds |

Use 2Ar spike to demonstrate pulse shape
dlSCI'lmlIlathIl in LAr

If add1t1onal fundmg 1S procured also fill with
LNe to make solar neutrm_o_ measurement.
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- The MiniClean Experiment -

~ General Features .

Outer Vacuum Cryostat

350 kg LAr, s
~150 kg LAr fiducial

» In contrast to DEAP, entire
system, including PMTs is
at LAr temperature.

| 'OtherWisé technologiés are
- very similar. ' |




Conceptual De_sign |

Vacuum vessel
mounted 1nside
water shielding
tank.

Active veto in
‘water tank.




95% solid angle- |
~coverage with close
packed faces.

PMTs at LAr
temperature need
‘platinum underlay for
photocathode |
conductivity.
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PMTC_ass'ettes: PMT and light guide and acrylic plug aSsémbly |

Acrylic plug has TPB Wavcléngth shifter.




Inserting the Optical cassettes




 Cassette loading is now complete.
Testing underway with Argon gas.

Next steps will be to insert into
‘vacuum vessel 1in cube hall.




MiniCLEAN Vacuum LED Projection

MM Testing with LED flashers.

1.5
400(
1 350(
0.5 300(
. 250
200(
05
150 . ' . 5
1 W First Argon Light. January 29, 2014
15 soo RS iy s :

| hpulsetime_sum |

NN N
-1.5

2 107 =
§ = . prompt light
10% =—
10—4 =
X B late triplet light
107 ==
10°
:| I 1 1 ] 1 I 1 1 1 1 I 1 1 1 1 I ] 1 1 1 I 1 1 1 1 I 1 1 L ] I 1 1 1 1 I 1 1 1 1 I L
0 500 1000 1500 2000 2500 3000 3500 4000

Time (ns)



Rough schedule (éas repofted at TAUP 2013)

- Assembly and initial _commisSioning complete in late 2013
4-5 weeks to condense argon gas' into LAr .
- ~8 Weeks of ealibration '-aﬁd“runni'ng: |
— Energy scale | o g
s Posmon reconstruetlon N

Neutron cahbratlon |

Prehmmary PSD .
' Then ~100 days of enrlohed argon runnmg |
. Produce at least 1010 39Ar events in the fiducial Volume
Use PSD run to compare to DEAP 3600, Dark51de 50 etc
'Pursue addltlon of LNe i |




- I The‘ PICO EXperimental Program E

Uses Superheated Liquids to Search for WIMPs

e (Use PICASSO to explain Physics of Technique) )




" What is special about COUPP/PICASSO?

| = One of ohly' a few experiments sensitive to spin dependent interactions. -

 Sensitive to low mass region in both SI and—S'D*interactiohs, due to smallness of 19F
« Capable of very low thresholds. ~ a few keV | B |

~* Very _different techniqué fromf other-experiments. Very complementary.
+ Very different background behavior ..... Not se'nSitiVe to B, y radiation




The Picasso Dark Matter Search Experiment

« Detector consists of tiny (~100 Lm) halocarbon
- liquid droplets (C,F,,) embedded in a gel.

* o The droplets are superheated - maintained at a
temperature higher than their boiling point.

—> |




Detector Openatio'n

| - When a nuclear' recoil (from WIMP, or neutron interaction, or alpha)
~deposits a spike of heat into drople’r it rapidly changes phase |

"+ The expanding bubble creates an GCOUSTIC shock wave, which can be |
_, r'ecor'ded by a sensu‘rlve piezo- -electric Transducer

_. ﬂ‘

l

"HI” ||||| |

Ll W I‘J

1000

i i

A bubble forms iff ’rhe par"rlcle cr'ea’res a heat splke ]  Mainly sensi-fi’ve to
| heavily ionizing |
particles. Alphas

wn‘rh enough energy Ep, N |
depos_l‘red within len_ P B N | are main background
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Temperature (*C)
60 50 40 30 20

o 1n drbple-t_s'
e e
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Detector Response

-""--.,,J_._ ...................................

107 1 10 10°
Threshold Energy (keV)

Detector ResPonSe Yeby well-hﬁap'pe_d by calibration.

~ We determine the WIMP interaction rate by collecting data as a function of
© temperature, then fitting the spectra to see how much WIMP signal there can be.
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Bubble Dynamics allow for alpha © nuclear recoil discrimination

0% 10t go0 109 10% time(s)

Interaction ~ Local . Phase =~ Rapid expansion
with - heating - ‘rr'ansiTion'a‘rf - of protobubble
‘electrons ~ nucledtion - ~ with strong

' | N - su‘re (10 nm) acoustic emission

2 /
pV Depends on volume

Intensity of acdustic sigﬁal:
R | | 47[ C | | acceler'a’rlon

a track
~35 um

o v B | ‘ >>VReCOI| ,
r'QCOII ‘

track = ©
_'~pom’rllke |

Especnally during
fII"ST 100 us
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B,a_c'kgr_ound from.alphapaﬁicles IT

+ Pulse Shape discrimination. Neutrons
| (calibration)
‘This has been made posSible' recently by
s1gn1ﬁeant upgrades to the PICASSO _
| DAQ e ' GlthS (mcunly)
I e N (standard run)
* New preamps with better gain control -
- to avoid signal saturation (and loss of
- signal information)
DAQ Clock speed doubled to get B O
better sampling of early signal J
3-D event localization algorithms ol : L0
‘optimized to allow compensation for ™
~path length dependent aeeoustle : '
~ attenuation. . S e
' >99% a-rejection. @ 80% WIMP acceptance
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4 Picasso Detectors located ina
- temperature/pressure controlled unit:

‘Each with 9 piez_o-eléctric transducers

« UPW shielding (30 cm — 50 cm)

« Ambient neutron flux < 1/400 !

8 such units now in operation
(32 detectors total). |

In new area of SNOLAB with:_j

{ ° Improved neutron shielding .

e Improved electronics and DAQ to
exploit discrimination

~* Improved calibration

Slide 40




Physics Program of PICO

PICASSO COUPP
PICO
Complete \ Complete COUPP-
PICASSO-32 and PICO-2L with C;F, 4L data analysis.
publish (Running) (Operational) Publish. (Data
collected)
Develop 100 kg —— coupp-60 Ke
Geyser prototype CF;I Detector
(underway) (Operational)

PICO-250L
500 Kg Scale
Bubble Chamber or
Geyser



Operation of Bubble Chamber

Bellows! Pressure
: Vessel

Stereo
Cameras

Hydraulic Fluid Pressure
Control Unit

‘-Target Is a superheated fluid
“When a bubble is produced, cameras photograph it, and trrgger
~ the pressure control system. Acoustic sensors record event.
- Rapid application of pressure puts bubble back to vapour state
- Expansion of chamber resets it to superheated state.
Pressure transrmtted to inner fluid via dual bellows system
' ' Slide 42




Prior Sup"e—rhea’red Liquids Progrdm |

: PICASSO C FlO Superheated Droplet Detectors
Reached world leading limits in SD
Discover acoustic discrimination
‘Developed method to determine thresholds
precisely. Min is <2 keV e
Not competltlve on larger scales h

- COUPP Large Volume CF;I Bubble Chambers
* - Demonstrated large scale capability
- Verified acoustic discrimination |
' Had some mystery events, possibly due to CF I

chemistry or bubble chamber operation
Threshold hmlted to~ 15 keV
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CurrenT/ Fu‘rure Superhea’red quwds Program

- PICO Joint Future Program A
Scale to 500 kg size, with Workable 11qu1d and chamber technology

PICO-2L is testing C;F; in bUbble chamber. See if myStery events go away

and low threshold can be achieved. If CDMS Sl result 1s due to WIMPs

should see ~ 1 WIMP per day h

COUPP-60 kg 18 operatronal with CF,;1 and will determine origin of mystery

- events Whlle also settlng very good phys1es 11m1t

. PICO' 250L 1s large scale “ultimate” detector currently planned as C;F,
- bubble chamber. Will own the SD sector, and have good sens1t1V1ty for SI as

well, especrally at low masses

Geyser 100 kg R&D .To test al_te!rnate chamber operation mode if mystery
_events are due to compression method or materials involved. Will also test
suitability of acrylic over quartz (easier to scale up) ~
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PICO 250L
Outer Vessel Design

PICO 250L
Fast Compression
System

PICO 250L

—
AR =

COUPP 60 Installation




" Where will this take us?

PICO 250L
will be world
best in SD
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| CF, sensitive to low masses T T - | parameter space for SUSY




And will have world leading sensitivity at low mass in SI with C,F,.

LUX. Current
best result
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- And with change of gas to CF [ or smnlar will be World leadlng at
hlgh mass as Well |
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The G2 Down Select Process >

(as I understand it)

- Phasé 1 (2013):"

~ Provide R&D only fundmg to G2 candidates. 5 of 13 selected .
. ADMX, LZ, SuperCDMS SNOLAB DarkSide, PICO
e Phase2 | | S " |
| . Proposals due to NSF and DOE in December 2013

| A Selection in J anuary 2014
B o Announcement n Feb/March 2014

e Rumour Mill:

* Requested amounts far exceed the avaﬂable 31 M$
| _' ¢ Some poss1b111ty of more money |

. Most l1kely scenario: One large one axion, one small
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Crystal Ball Gazing: Where will we be in 2020

Soudan CDMS-lite 170 eVea
SuperCDMS Soudan Low Thrashold
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DEAP 3600 (20 14) . Will be done. May be rampmg up on DEAP 50 Tonne "
LUX (2013).... Will be done. Moving on to LZ if selected. ' -
‘DarkSide 50 (2013) . will be done. Moving on to DarkSide G2 if selected

Xenon 1 tonne. ~2015 — 2018 ... will be moving on to Xenon 8 tonne
—SuperCDMS SNOLAB will be operatlonal 1f selected.

| From-SuperCDMS presentation TAUP 2013

| W111 hkely be numerous G2 31zed detectors exploring the SI sector above 30 GeV/c2




~ Crystal Ball Gazing: Where will we be in 2020
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| Only PICO 250L W111 be probmg the SI sector below 30 GeV/c2 and able to refute
or confirm hints. *

DAMIC 100 will have less senSitiVity in crOss—section, but lower mass cov_erage.

~ There is-room here for more contributions....




~ Crystal Ball Gazing: Where will we be in 2020
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Only PICO 250L will be probmg the SD sector (and perhaps SIMPLE)

| There 18 lots of room here for 1 more contributions. . ..different
technologles
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