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The DarkSide Program at LNGS




DarkSide

Direct-detection dark
matter program at LNGS
based on 2-phase depleted
argon TPCs

Staged approach, with 5o
kg and ton-scale detectors
(10745 cm?2 and 1074° cm?
target sensitivities)
Develop technology for
ultimate multi-ton
detectors

Aim to have very low
backgrounds, and be able
to demonstrate them in situ
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Two Phase Argon TPC
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“S2/S1"” Electron Recolil Discrimination

Electromagnetic Events
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The recombination probability (and hence the ratio of
S2/S1a light) also depends on ionization density
102-103discrimination



“S1” Electron Recolil Discrimination

Electromagnetic Events
3 /_ . .

§3 o LA g LA M 0 é u
s [ ' 50 & - ""‘F‘lr//,' | 2
3 378— S - hal . .r n 10
Fd EP | - - B i Nuclear Recoils
376 - 2 i i
- ElectronRecoil 1 £ L -.5_.'_ g )
374 t - o s alm -
- = = - = o H -
C 200 — ] 2-" = . " _p#lq‘:
e 250 = 1 'ﬁ"_ - - e - —
n —-300 gl = - -ﬂﬂ::‘.
3 N ~ Ll L - — 10
363—._12 PRI SRS AU SR S S S T N S é P l» L 1-350 g o : -;ﬁ El - :
sample time [us] (@) - -. g . o . -
(@) — o =
a J0 g’ - - -_- = —
N3 Yoy ™ - = mum ™
s r E 5 _lr— .- o —
9 375— —50 2 - [l
8 EP =
.-3.370— —5'100 5 - - 1
365 . —-150 g» 2.—_. :
Nuclear Recoil 3 £ -&r Data from DarkSide-10
360 — —-
] ~ (npe > 200)
- —-250 =
Illllllllllllll l llllllllllllllllllllllll

1 LJ LA Ll 1
.. 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

|
|
g
I
P

345 =-350

N Pulse Shape Parameter

The ratio of light from singlet (~7 ns decay time) and triplet (2.6 ps
decay time) depends on ionization density
>108 additional discrimination from pulse shape

= >10%°total electron recoil rejection in 2-phase argon!



Depleted Argon

39Ar is produced by cosmic
rays in the atmosphere

~1 Bg/kg in commercial argon
Underground argon is
shielded, so contains less
39Ar
CO2 from Kinder Morgan
Doe Canyon Complex

(Cortez, CO) contains ~600 M= 8-
m Argon AW 108 31
o ) k9
3 tons Ar produced/day

~62 kg of argon collected

f For details: NIM A 587:46-51 (2008),
SO Tar AIP Conf. Proc. 1338:217-220 (2011)



Depleted Argon

Measure residual 39Ar O Depleted Argon Measurement
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>50
39Ar likely not the dominant source of electron
recoils in DarkSide-50!



DarkSide Background Strateqgy

Depleted argon and
other novel
technologies give very
ow background levels
~urther suppress
packgrounds and assay
them in situ using
active background
suppression techniques




Highly-Efficient Neutron Veto

Surround DarkSide with
boron-loaded liquid
scintillator

Fast neutron captures

Detect nuclear recoil
products of neutron capture

Efﬁaently detect escaping
neutrons and veto any
associated nuclear recoil
backgrounds

>99.5% efficiency for
radiogenic neutrons

>95% efficiency for
cosmogenic neutrons

For details: NIM A 664:18-26 (2011)



Cosmogenic Veto

Install DarkSide in the
Borexino CTF tank in LNGS,
taly

Detect the Cerenkov light
oroduced by the muons and
other shower particles

Veto the (~simultaneous)

neutron-induced background
events

CTF tank + neutron veto
reduce cosmogenic
backgrounds by >>103




DarkSide-50 Background Estimates

Total WIMP background in (ev / 0.1 tonne-yr) for R11065 (QUPIDs):

Detector Element Electron Recoil Radiogenic Neutron |Cosmogenic Neutron
Backgrounds Recoil Backgrounds | Recoil Backgrounds
Raw After Cuts Raw After Cuts | Raw | After Cuts
3Ar (0.04 Bg/kg) |<2.5x107|  <0.016 - - -
Fused Silica | 3.3x10* | 2.0x10~5 0.17 43%x107% 021 | 1.3x10°°
PTFE 4,800 3.0x106 0.39 9.8x10~% | 2.7 1.6x10~4
Copper 4,500_ 2.8x1076 |5.0x103 1.3><10—:5 1.5 9.0><10-f Surface Backgrounds
R11065 PMTs | 2.6x10% | 1.6x10~3 19.4 48x102 |0.34| 2.0x10°°
QUPIDs (1 mBq)| 7.0x10* | 4.2x10~° 0.31 78x10~%4 [0.34| 2.0x10°° Raw After cuts
Stainless Steel | 5.5x10* | 3.4x10~° 2.5 6.3x10~3 | 30 0.0018
Veto Scintillator 70 4.3x10~8 0.030 7.5x10~° 26 0.0016 4.5X10° <0.01
Veto PMTs 2.5%x10% | 1.6x10~3 0.023 5.8x107° - -
Veto tank 1.7x10° | 1.1x10~% [6.7x10~%| 1.7x10~7 | 19 0.0071
Water 6,100 3.8x1076 [6.7x10~%| 1.7x107% | 19 0.0071
CTF tank 8,300 5.1x107% |3.5x10~3| 8.7x10~% |0.068] 2.6x10~°
LNGS Rock 920 5.7x10~7 0.061 1.5x10~% |0.31 0.012
Total - 0.019 (0.017) - 0.055 (0.008)| — | 0.030 (0.030)

Very conservative estimates: DarkSide should
demonstrate background free ton-yr exposures!



10 kg Prototype

Test some important
DarkSide technologies

Control of gas layer

Charge drift and S2 light

collection

Light yield
Background
suppression studies
Give us experience
building and operating
an argon TPC




DarkSide-10 at Princeton

WO runs, seven
months total,
during 2010-2011

Good light yield

Successful 2-phase
operation!

*2Na Spectrum, Zero Field
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DarkSide-10 at Princeton

WO runs, seven
months total,
during 2010-2011

Good light yield

Successful 2-phase
operation!

ected for drift

Logl0(82/81) corr

Logl0 (82/81) corrected for drift

Run 1282 - Log(S2/S1) vs F90
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DarkSide-10 at LNGS

DarkSide-10 upgraded,
moved to LNGS

Water shielding to ‘
reduce background rate [
Study low background
operation

Electron recoil rejection
Surface backgrounds



DarkSide-10 at LNGS

DarkSide-10 upgraded,
moved to LNGS

Water shielding to
reduce background rate
Study low background
operation

Electron recoil rejection
Surface backgrounds




Summary

DarkSide designed to have

very low, very well

understood backgrounds \Q'D T T T Ty
DarkSide-10 operating at 10\

LNGS Tl

DarkSide-5o under goebl AN, .

construction g . S
Deployment in late 2012 5 \

Neutron veto, utilities will be g“’“

large enough fora gT Ziove

detector 2 1% \\\\

DarkSide is well positionedto ~__F ¥=.a
contribute to the continuing == T e
program of ever more O e 00 oo a0 o e i
sensitive experiments

7

1 ton-year
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