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Dark Matter

Several indirect observations:
- Galaxy clusters

- Galactic rotation curves Dark Matter
- Weak lensing

- Strong lensing

- Hot gas in clusters
- Bullet Cluster

- Supernovae

- CMB

Dark Energy
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The Dark Matter candidate

collider production

X q

The Dark Matter particle properties:
- It is stable
- It interacts through gravitational force

<
- It is electrically neutral ¢

direct
detection

- It does not strongly interact
- It may weakly interact

- It should have a directionality

X q

/
\

freeze out, indirect detection

Weakly Interactive Massive Particles (WIMPs)
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Techniques for Direct Detection of WIMPs

Heat

Al2O3: CRESST-|
ROSEBUD

Bubble
cham‘bers

.. PICASSO, COUPR,

* PICO, SIMPLE byooc!
Ge: Texono, CoGeNT
CS,,CF4, %He: DRIFT
DMTPC, MIMAC
Ar+C2Hg: Newage

Directional :
Charge detectors R&D

Nal: ANAIS,
SABRE, DM-Ice
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Direct Detection Requirements

Large masses
e Low rate (~1 event/ton/yr
@ 10’ cm? in noble liquids)
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e Low intrinsic radioactivity
e Gamma background discrimination
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Current status of the Dark Matter Hunt
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Noble liquids

Dense, relatively inexpensive, easy to purify (scalable to Large Masses)

High ionization (W~20 eV)

High scintillation yield (~40,000 photons/MeV)
Transparent to their own scintillation

High electron mobility and low electron diffusion
Discrimination: ionization/scintillation

Liquid Xenon
High intrinsic radio-purity

Liquid Argon

Discrimination: ionization/scintillation + PSD

Intrinsic contamination from 3%Ar
(it can be depleted)
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Depleted Liquid Argon

arXiv:1204.60111

Alo—z =
E = Atmospheric argon 3%Ar B decay
- ~ " Underground Argon  Q-value: 565 keV
Atmospheric Ar: § S Half life : 269 y
g107
wAr/°Ar = 8 x 10716 5 E TN
a o
Rate ~ 1 Hz/kg -\ T
107 ;—‘ww
-
Underground Argon: - O,
1075 |
PAr < 6.5 mBqg/kg -
(arXiv:1204.6011) -
107 M I B BRI
0 200 400 600 800 100¢

T amvrers /ooty

39Ar Depletion: >150
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The DarkSide program

Double Phase Liquid Argon TPC, a staged approach:

DarkSide-10 DarkSide-50 DarkSide-G2
2011-2013 2013-201x 2016-2020

()
(3]

)

~1045 cm? ~1047 cm?
@ LNGS

@ Princeton
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The DarkSide Collaboration
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DarkSide Guidelines

Main goal: a bg-free experiment

Background suppression Residual background identification
Ultra-low background materials Background Identification

- Depleted Liquid Argon - Pulse shape Discrimination

- Low background photo-detectors - S2/51 ratio

- Low background material components - Neutron flux with the Borate scintillator

- Position reconstruction
Active Shields

- Water Cherenkov against muons

- Borate Scintillator against muons and n
- Multiple scattering with the TPC
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Detection signature

lonization P Excitation P

Electrons r+ Ar’
r +

A
5'— Ar A
§ Ar** .
Singlet | Triplet

Recombination P
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S2/S1 Ratio
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Rejection factor: 102 - 103
Benetti et al. (ICARUS) 1993; Benetti et al. (WARP) 2006
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The Pulse Shape Discrimination
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The Total Discrimination

Run 1282 - Log(S2/S1) vs F90
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DS-10 TPC

Double phase Argon TPC prototype

- Assembled in Princeton

- 10 kg active mass of Atmospheric Lar

- Passive water veto

-7 top + 7 bottom R11065 HQE 3" PMTs

- Electric field: Edrift = 1 kV/cm, Egas ~ 3 kV /cm
- 20 cm diamater, 20 cm height

-2 cm gas gap
Goals:
- High LY: 8.78 £ 0.01 p.e./keVee @ null field  _, . xa spectrun R
- Stable HHV at 36 kV & ol M mraiie
- GOOd discrimination g i Xl/ndflzu e Li::9.1/145
. 8 0.8 f Mean 1.096e+04 * 6.741
- Good purlty g i n Sigma 318.1 £ 5.4
- Electric field settings ER
0 0.4
8
g 0.2 [~
s

09/12/14 JJC 2014, Sete 16

n 2000 annn ADON 000 10000 12000



Installed ad hall C at LNGS

LAr TPC
36 cm x 18 cm radius

50 kg UAr (36.9 kg fiducial mass)

19 + 19 3” PMTs

Uniform Electric Field (200 V/cm)

~1 cm Gas Pocket

Extraction Electric Field (2.8 kV/cm)

Reflectors and TPB coating

Outer neutron veto
30 tons Liquid Scintillator
(1:1 TMB + PC)
110 PMTs (LY = 0.5 pe/keV)
2 m radius

Water Cherenkov detector
80 PMTs
1 kt water, 5.5 m radius

Veto’s Rejection Efficiencies:
> 99.5% against Radiogenic neutrons
> 95% against Cosmogenic neutrons

09/12/14

DS-50 Detector design
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DS-50 TCP commissioning

TPC inside Cryostat Gryosﬁhe;‘and va

- d | " !vessel o

TPG-deployegintor +

LSV = :
1 @ TN
DS50-TPC

Assembled,
Deployed

Oct 2013: Start Data Taking
Oct 2014: First Physics Paper on arxiv
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Veto commissioning
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Veto commissioning

Looking for coincidences inside/outside

the TPC (multiple interactions)

Light Yield
Liquid Scintillator LY ~ 0.5 pe/keV,
satisfactory for Veto requirements

Rate:
The background studies in the LSV
evidenced a high rate due to 4C

- |dentified “C from TMB
- TMB removed and purified

09/12/14
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The 3°Ar spectrum

Currently running with Rate: ~ 1 Hz/kg
Atmospheric Argon (rich in 3°Ar)

; -
(« - .
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The electron lifetime

Electron lifetime: ~ 5 ms
Maximum drift time in the TPC

is 375 ps at 200 V/cm

Electron drift velocity = 0.93 mm/s

- High Purity
- Stability of the Electric Field

09/12/14
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Understanding the TPC

The DarkSide MC
Geant4 based simulation of the detector

Full geometry description of:

- DarkSide-10

- DarkSide-50

- Muultiple DarkSide-G2 designs
- Neutron Veto

- Muon Veto

Single photon tracking

Full description of the optical
properties

Several generators

Three energy response model
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Understanding the TPC

1. The internal optics description
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Understanding the TPC

2. The recombination model (for PSD)

i 39Ar spectrum
Excitation P

lonization

R D D B |
Electrons - Ar 14000; fmf’m% —data ;
| 12000 QE —MC (scs) ...
Ar2’ N ]
Q | 10000 .
Singlet || Triplet 8000 LL*L i
. 6000F :
Recombination P C LH“LL ]
4000 Hﬂq’ .
o N
. e E E

The recombination probability is O 555 3003055~ 3500 30053500 400
obtained globally fitting existing npe_corr

data from different data pools
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The neutron bg estimation

Starting from (alpha, n) spectra from TALYS, TRIM
Neutron propagation through the detector
Veto efficiency studies and neutron bg estimation

10-2:— 0,
) E150% TMB S S e
¢ - |NoTMB £
Material Neutron yield & | Gd Scintillator (1g/l)
(TALYS) g
10° = BOUS. ...« A2
Cryostats (159.3 kg) <34.1n/y E [Neutrons from
38 PMT 100.3 n/y - PMTs
Fused Si;icakWindows 0.17 nfy 10 = ~ | Only for very low thrsh
(3.7 kg) = | 50% TMB loaded veto is
Teflon (50 kg) 1.7n/y B more efficient!
1 1 Ll 11 I| 1 | | I - l 1 1 1 L1 11 ll 1 1 Il Ll 11 ll
N 2 3 4
10 ~[20,40] pe 10 10 pe iA(\)/etQ,
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TPC ER calibration

Presently running with g F -
Atmospheric Argon o [ joar s e s
o. :_ :'-'. < ;0.15* Saaiine eriae -
2 o - T
Gaseous 83™Kr injection: s F .
' / =4t W t 1 i 1 | ! i
41.5 kev peak g : ‘,‘ " I ’” 100 200 300 400 500 600 'IM” ’:'0‘0
?‘ Prod 0.999
- 1077 -
I~ =
3 :w Yield Moan [PR/ke¥) 8.035 £ o.01)
g .
Average Light Yield: z |- Baselize Varissce [PE]"2 359943.492 = 4562.171
. 1073 |- :
7.9 +- 0.4 pe/keV at null field E i o me 0500 + 0.001
~7.1 pe/keV at 200 V/cm [ ar eveat 2sta (ax) @643 £ 0023
(the PSD is strongly dependent on the LY) p p— o eemiam o
0 1 2 3 4 5 6 7
$1 [PE)

Calibrations with other sources are currently ongoing
57Co, 133Ba, neutrons...

09/12/14 JJC 2014, Sete 27



TPC NR Calibration (from SCENE)

Need to study the response of the TPC to single nuclear recoils (expected from WIMPs)
SCENE Scintillation Efficiency of Nuclear Recoils in Noble Elements

% 1.05F X 49.9 keV
o JE v 29.0 keV
N E » 20.8 keV
= 0.95F = 15.2 keV
Z - o 1o 8 keV
o 0.9

ot =

o -

9 0.85F

';,‘ E

2 0.8F

= : \f\\\\{
s - \\

g 0.7F ﬁ
N C DOI: http://dx.doi.org/10.1103/PhysRevD.88.092006

— 0.65 passibsee s 1 e | 1 1 1 femsceys Y Ly | | 1 1 1 t e el | fhoeasmessed
%) 0 200 400 600 800 1000

Electric Field [V/cm]

Neutron calibration in large detectors can be affected by multiple interactions of neutrons
SCENE has collected extremely pure samples of single nuclear recoils in a small TPC resembling
DS-50 TPC design. We opted to use SCENE data @ 200V/cm, which we have access to
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The first results (42.7 days)

PSD parameter: f90 = fraction of S1 in the first 90 ns

° 1 ' :
W = arxiv.1410.0653 35000
0.9 : '
30000
25000
20000
15000
{10000
5000
0.1 - = f = : : : - -
01 lm-l-iq-l1-111-1-1-11'1F15411-|-1i1111-' o
100 150 200 250 300 350 400 450

S1 [PE]
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The first results (42.7 days)

PSD parameter: f90 = fraction of S1 in the first 90 ns

o — ' :
W - : : : : : : arxw 1410. 0653
P ] o0 SO OO SRS OO SRS S N 35000

= WIMP Expected Reglon

'c . .

0.6 - o= - '
e AGCEPEANCE CUrvesiTrom SCENE

- . - . .
. .

o 5 ........ T
- - . . . .

)/ eve - - :
. : .
0.4 ’Ar background | 15000

0.3 e T i S S - : -
P i s B ) ; 10000
0.2
0.1 e N el e e Bmm i | S5 5000
o 1 1m-l-iq-l1-111-1-1-11'1F15411-1-1i1111-' o

100 150 200 250 300 350 400 450

47.2 days livetime AAr S1 [PE]

Corresponding to 20 years of DS-50 with Underground Argon
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Discrimination comparison
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LXe = S2/S1 discrimination

Blue Solid Line: ER mean
Red Solid Line: NR mean
Dashed lines: £1.28 ¢

400

S1

LAr = PSD disrimination
(S2/51 not yet used)

No events close to the nuclear
Acceptance curves

B, arxiv:1310.8214 LUX calibration
:‘,y- . T T T !

(a) Tritium ER Calibration

log ] 0(82b/S1) X,y,z corrected
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Present Limit and Projection
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DarkSide G2

~3.8 ton: Active Uar mass.

~4.8 ton: total Uar mass.

30 ton boron-loaded liquid Scintillator Veto (LSV).
1,000 ton ultra pure water (WT).

The same outer veto sphere
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Exploiting Directionality

Expected seasonal rate modulation

WIMP wind s

galactic plane

December

This effect might strengthen the
significance of few WIMPs candidates if they will be
observed in DS-G2
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Directionality

S1 is different if the electric field is
parallel or perpendicular to the nuclear
recoil (in LAr only)

Some weak hints of this effect in
Lar observed in SCENE

Angular dependence from SCENE
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http://arxiv.org/abs/1406.4825
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Conclusions

The Liquid Argon TPC is promising technique for a large detector
for direct dark matter search

DS-50 taking data since Oct 2013
(first results in ArXiv:1410.0653)

PSD is an effective bg rejection technique

Underground Argon expected for beginning next year
The G2 phase design is currently under discussion
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