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DarkSide: dual-phase, liquid argon TPC

for the direct detection of WIMPs @ detection

direct

X q
NR signal: ~ 10 keV, ~ 1 ev/t/yr —
: freeze out, indirect detection
NR backgrounds ER backgrounds Y e
NR neutrons internal and
a’s external B’s, Y’s
¥

Noble liquids are suitable targets:
M dense, inexpensive, easy to purify The problem of liquid argon is 3°Ar (1 Bq/kg) in
™ large ionization/scintillation yields (W~10 eV) atmospheric argon (AAr). Cosmogenically
M ER recoil background discrimination: 108 in LAr produced, Q = 565 keV, t12 = 269 yr.

thanks to Pulse Shape Discrimination (PSD) ==> Argon from underground is depleted!
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Direct Detection of dark matter (Sl)

DarkSide is a dual-phase TPC for the direct detection of dark matter in the form of WIMPs
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Noble liquids will dominate in the high-mass WIMP region
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Dual-phase TPC
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Rejection by lonization/Scintillation
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Rejection with Pulse Shape Discrimination
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The DarkSide experiment

Main goal: a background free WIMP search

At Laboratori Nazionali del Gran Sasso (LNGS), Italy
Currently running: DarkSide-50 (2013-2018)

Liquid argon TPC
50 kg LAr (36.9 kg fiducial mass)
19 + 19 3” PMTs
Reflectors and TPB coating

Liquid Scintillator Veto (LSV)
30 tons, 2 m radius
110 PMTs (LY = 0.5 pe/keV)

Water Cherenkov Detector (WCD)
1 kt water, 5.5 m radius
80 PMTs

Veto efficiency (99.6%) demonstrated
with AmC/AmBe calibrations
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Simulations in DarkSide

o, B, Y
neutrons

Particle Tracking

Detailed geometry

Energy deposits: _
NR quenching, Physical Process

S1 and S2 calibration

Optical Response

: . Optical Simulation
(S1, S2, non-uniformities)

Efficiency/Acceptance
Reconstruction biases Reconstruction
Hardware limitations (saturation)
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Simulations in DarkSide

a, B, ¥

neutrons

Particle Tracking

Detailed geometry

Energy deposits: _
NR quenching, Physical Process

S1 and S2 calibration G4DS

(GEANTA4)

Optical Response
(S1, S2, non-uniformities)

Optical Simulation

Efficiency/Acceptance
Reconstruction biases Reconstruction
Hardware limitations (saturation)
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G4DS, the DarkSide simulation tool
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O

ptical tuning
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Energy scale calibration
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Ng =E / W
Ni = Ng/ (l+d)
Nex = Ng - Ni

Assumptions (ER):
W= 19.5 [eV]

& = 0.21 (ER)
Constant Ys1 and Ys:
(independent on E, field)
For NR:

x =1.00 ?
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In Xenon (NEST)

Doke-Birks and Thomas-Imel joined model, fit parameters to abundant datasets.
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Scintillation yield is not constant at null field due to electrons escaping recombination (or running work

function).

Less data available for Argon, this approach is not working.
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DS50 data
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Extraction of the recombination probability from DS50
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Cross check of ER S1-energy scale

Cross check with external calibration sources (°7Co and 133Ba)

CALIS (calibration insertion system)

S1 after statistical background (32Ar) subtraction:
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No additional smearing required!
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PSD calibration
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Non-linear quenching for NR
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NR calibration: the ARIS experiment

Main goal: Let at low energy
(scintillation efficiency of NR’s)

Expose a small scale TPC to a pulsed, collimated, mono-
chromatic neutron beam (LICORNE @IPNO), coupled with
8 neutron detectors, to fix NR energy by kinematics.
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The ARIS results arXiv:1801.06653

Precision Le# at low energy LAr ER linearity
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ARIS: Field dependence, ER
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Testing the model developed for DarkSide.
For E >20 keV, Doke-Birks model fits well (fails at low E) and describes field dependence.

A ~ 2.5E-3 cm/MeV
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Field dependence, NR
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Fixing o = 1 to break the degeneracy between R and a (do not measure charge).
Under this assumption the Thomas-Imel model is favored (Doke-Birks and PARIS rejected at 50)

Thomas-Imel also describes the field induced scintillation quenching with b ~1 and C ~ 18.5.
Ni is given by assumptions on W and a.

N; .

P Agnes, MC4BSM, IPPP Durham, 2018



A comprehensive effective model for the response of LAr to ER and NR
Is available in the energy range of interest for WIMP searches
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Study of the B/y background in DS50

G4DS features spatial generators. Simulate MC spectra -
from radioactivity in materials. 2 _
oy 10°F
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High-mass analysis

532 days exposure

Blind analysis, 60% WIMP acceptance
for S1>180

Determine through MC how many ER
and NR in the blind search region

- energy scale of NR and ER
- simulation of PSD

- Y-induced Cherenkov included

Draw contours of WIMP search
region by requiring 0.1 surviving
background events in the full
exposure

Background-free search

Using S1 (det efficiency ~ 15%)
==> high threshold

Full dataset
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Sensitivity and threshold
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lonization yield, ER
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lonization yield, NR
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DarkSide for low-mass WIMPs
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Signal Generators
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Generators
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Directionality and modulations

Additional signatures to be considered in case of positive detection
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Other searches
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Solar axions
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Conclusions

G4DS, the DarkSide simulation tool, is tuned to reproduce with high accuracy the
TPC response

It features a comprehensive model for the response of LAr to ER and NR is
available in the energy range of interest for WIMP searches

==> |onization and scintillation in LAr
==> NR quenching

==> can be exported to other setup

Generators: lacking a general unified framework? Several searches are possible
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