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The physics case

® WIMPs are still excellent candidates for particle dark matter
® WIMP masses: | GeV - 100 TeV and cross sections: 10740 - [0-° cm?

° | aWIMP s dlscovered by a ton or multl-ton scale experlment we
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WIMP masses and scattering cross
sections

Example for theoretical predictions from supersymmetry

Unified SUSY (Constrained MSSM) General SUSY (p9MSSM)

BayesFITS (2013) ] BayesFITS (2013)

: _ < &x* (basic +X100+X ) >5.99
POSterIOr pdf * Best fit gaugino, g;>0.9 ’

CMSSM, v >O inner: 1o region ) mixed, 0.1 <g; <0.9

. outer: 20 region o
Log Priors higgsino, g, <0.1

POMSSM, 1 % it
arXiv:1302.5956 Yy=43+12 MeV arXiv:1306.1567
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L. Roszkowski, DM@UCLA, 26 Feb 2014



Available parameter space for VWIMPs

CoGeNT

Neutrinos

: Asymmetric DM
[] Magnetic DM
D Extra dimensions
[ ] SUSY MSSM
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Interaction rates for elastic scattering

Recoil rate after integration over VWIMP velocity distribution

events | A L _OWN (V) y 00
100 107%%cm? 220kms=! 0.3 GeVem—

kg year

atomic
nucleus

30 40 50
Recoil energy threshold [keV]



The DarkSide program at LNGS

A scalable technology for direct WIMP search:
2-phase low background argon TPC

DarkSide-10 DarkSide-50 DarkSide-G2
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DarkSide
a null background strategy

® Time Projection Chamber (identify nuclear recoils from VWIMPs)

= Pulse Shape Discrimination of Primary Scintillation, S| (rejects B/y, ~107)

= |onization:Scintillation Ratio, S2/S| (rejects B/Y, ~10?)

= 3D reconstruction of interactions (rejects Y and surface bkgs)
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Radon-free clean assembly room
< 5 mBg/m3in >100 m?
(CRH)

U veto and n passive shield
1000 ton water Cherenkov
80 8” PMTs
(WT - Borexino CTF)

neutron veto (LSV)

30 ton borated liquid scintillator (50%PC
+50% TMB +PPO)

110 8” PMTs




DarkSide-50 Status

® TPC, neutron veto, muon veto commissioned; physics run started end of October 2013
with atmospheric argon target

Largest fraction of November 201 3-January 2014 dedicated to improvements of DAQ
and data handling and processing, with the goal to permit large collection of 3?Ar decays

for GI- and G2-scale study of betas’ rejection

As of February 20 already collected 3>< IO7 3"Ar events in 6 5 Ilve days (equwalent to




280 kgxday Exposure

total_sl _corr_ f90 after_lsv_cuts_hist

|
|
. tries 2.119474e+07
I an x 131.2
|
1
|

Mean y 0.3062

RMS x 40.52

RMS y 0.05257

160 180 200
S1 [PE]
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DarkSide-50 Expected Sensitivity

Experimental limits
DarkSide50 - 3 y
DarkSide50 - 2.6 y
XenonlO00

| | pMSSM (post LHC)

Threshold 35 keV:
Fiducial mass 44.1 kg (95%)
LY=8.0 PE/keVee @ null field

NR Quenching from SCENE
F90 acceptance energy dependent




DarkSide-50 Prospects

® Data collection restarted February 22 with smart FPGA-based trigger for
online data reduction

® Live time now >90%, aiming to reach >95% soon!

® 44 kg fiducial in a 50 kg target

e 1,365 kgxday exposure as of Mar 18,2014 (44 kg x 3| days)




DarkSide-50 Exposure
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DarkSide-50 Prospects

® March-April 2014: exchange TMB - one of two components of

scintillator was produced with 10% carbon from methanol, resulting
in high '4C

® May-June 2014:°Ar spike to collect G2-sized statistical sample




total £90

G2 Exposure (5 Years)

140

Entries 2.454012e+09
Mean x 141

Mean vy 0.303
RMS x 34.93

RMS y 0.05026

160 180 200
total sl corr [PE]
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DarkSide-G2 Expected Sensitivity

Experimental limits
DarkSide50 - 3 y (th 35)

DarkSideG2 - 5 y (th 47)

-===== DarkSideG2 - 5 y (th 55)
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DS-G2 projected sensitivity
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