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Outline

@ At our first meeting | introduced the Darkside physics program
@ Search for WIMPs with Liquid Argon detectors |
@ In the first phase we are iakihg data with a 50 kg detector
@ Since then there has been few updates that I’ll discuss tqday
@ Darkside-50 released the first paper with dark matter results’
@ Definition a plan for the next generation of Darkside detectors
@ French contributions to WIMPs search with Liquid Argén
@ Analysis effort for D.arksid_e-SO
@® R&D efforts for Darkside-G2

@ ANR proposal for the study of directionality of Nuclear Recoils
with Liguid Argon
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LAr or LXe

Atomic number
Physical Boiling point at 1 bar, T}, (K)
properties Density at T, (g/cm’)

W (V)
Fano factor
Ionisation Drift velocity (cm/us) at 3 kV/cm
Transversal diffusion coefficient
at 1 kV/em (cm?%/s)

Decay time?, fast (ns)
slow (ns)
Scintillation Emission peak (nm)
Light yield® (phot./Mev)
Radiation length (cm)
Moliere radius (cm)

Excellent discrimination power!

® Liquid Xenon has excellent radio-purity — key ingredient to
build large detectors

¢ Liquid Argon has much better PSD but a serious problem

® Cosmogenic 3°Ar in atmospheric argon — high rate p emitter
— pile-up if you want to build large detectors



Pulse Shape Discrimination

Recoil

Fast decay time (Singlet) ~ 7 ns

Slow decay time (Triplet) ~ 1600 ns

NR: ~70% of the energy goes in the
singlet — large f90

ER: ~30% of the energy goes in the
singlet: small f90

Amplitude [arb]
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f90: Q(0-90 ns)/Q(all)

ahother factor 102 from S1/S2



DarkSide-50

e Ekperimént instalied in the Gran Sasso Labor o T
0 ~_Double phase TPC with 50 kg of quwd Argon o | S

e '_2 vetoes system: quuld Scmtlllator and Water|;
| Cherenkov - -

eter) Water Tank

Passive shield + muon J

‘Wﬁtﬂﬁﬁﬂ
crimination
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DarkSide Collaboration

Collabor’étion s 1-00 people

'Mairily from US and ltaly

Ukraine
KINR, NAS Ukraine — Kiev
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USA
Augustana College — SD
Black Hills State University — SD
Fermilab — IL
Princeton University — NJ
SLAC National Accelerator Center — CA
Temple University — PA
University of Arkansan — AR
University of California — Los Angeles, CA
University of Chicago — IL
University of Hawail — HI
University of Houston — TX
University of Massachusetts — MA
Virginia Tech — VA

CHINA
IHEP — Belj 1ng

POLAND
Jagiellonian University — Krakow

- S o

FRANCE

Umver51te Paris Diderot, CNRS/IN2P3, CEA/IRFU, Observatoire de Paris, Sorbonne Paris Cité — Paris ;
. —— IPHC Un1vers1te de Strasbourg, CNRS/IN2P3 — Strasbourg :

" . .

ITALY
INFN Laboratori Nazionali del Gran Sasso — Assergi
Universita degli Studi and INFN — Genova
Universita degli Studi and INFN — Milano
Universita degli Studi Federico II and INFN — Napoli
Universita degli Studi and INFN — Perugia
Universita degli Studi Roma Tre and INFN — Roma

RUSSIA
Joint Institute for Nucelar Research — Dubna
Lomonosov Moscow State University — Moscow
National Research Centre Kurchatov Institute — Moscow
Saint Petersburg Nuclear Physics Institute — Gatchina



TPC

50 kg active mass of UAr (37 kg FV) -
19 top + 19 bottom High Quantum | §//¢ —— =
Efficiency 3’ PMTs (R11065) = —
- o
36 cm height, 36 cm diameter ' ’c‘ggg =

All inner surfaces coated with TPB (used to |}
shift wavelength of Ar scintillation from 128 J/
nm to 420 nm) | ' ’

_Large electron life-time (> 5 ms)

High purity of Argon
Stable operations of
electric fields

100 150 200
s since start of 24h (live-time) campaign




e Liquid Scirltillatc')r N‘eu't‘ror-\ veto

e .'detector o : e A - ' i digmeter) Water Tank

= J Passuve shleld against neutrons and gamma

~ Active vetoes

30 tonnes boron Ioaded I|qu|d scmtnllator

® Readout with 110 Iow-radloactuvuty PMTs | \ L2

® 2 m radlus sphere

- Tag neutrons from TPC through n- capture to
-measure the neutron flux

%+ segfivr gl waipe oo

: L 1 Kkton ultra pure water | |
¢ 10m helght 11 m dlameter S
e 80PMTs : ~ Both vetoes are designed to

| ' host DarkSide-G2 (5 ton TPC)!

@ Tag cosmogenic neutron events
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Underground Argon

=
9
N

Atmospheric argon  3°Ar B decay
Underground Argon  Q-value: 565 keV
Half life : 269 y
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® 39Ar B-decay with a rate of ~1 Hz/Kg in Atm. Ar

@ Even if you can distinguish ER from NR with PSD it’s
impossible to build large detectors with AAr due to pile-up
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DarkSide status

~2 months of data taking with Atmospheric Argon
Huge statistics of ER to demonstrate background free operations

® Number of 3°Ar corresponding to two decades of DarkSide-50
with UAr!

Release first physics results with this data sét '
http://arxiv.org/pdf/1410.0653v1.pdf

Replace Atmospheric Argon with Underground Argon in
December |

Start 3 years run with UAR

Move to Darkside-G2 (ton-scale LAr) in the future

11


http://arxiv.org/pdf/1410.0653v1.pdf
http://arxiv.org/pdf/1410.0653v1.pdf

Background free

¢ 2 months of data with AAr — > 20 years of UAr

® 15x10° ER selected and none of them has apulse shape
compatible with a NR above

Acceptance curves from SCENE-DS50 fgo model

.:?.'!W

100 150 200 400 450
S1 [PE]
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WIMP search

® Define the WIMP'search region as the region in which there are
less than 0.1 ER expected into the search region with the
current data-set e |

400 450
S1 [PE]

13



Nuclear recoils

neutrons tagged by VETO
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400 450
S1 [PE]
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WIMPs limits




PSD in LXe and LAr

...........................................................................
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S1 x,y,z corrected (phe)

® | Xe — ER close to the NR mean

¢ LAr — no ER leaking in the NR region (not-even in the 90%
acceptance line for the NR)

- ® These results were obtained with 50 days of Atm Argon —
>20 years of data with Underground Argon

@ Zero-background detector!
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~_same veto systems currently used by

. - Darksidhe-GZ

ReSuIts presented by Darkside gave

- very good boost to the Darkside | e s
- operatlons with funding agencies

Ton- scale TPC to be installed inside the

-DS-30

Replace PMTs with SlPM - cheaper
cleaner smaller |

= Ask for fundmg mamly to INFN +
contrlbutlon from DOE (depleted Argon)

_ Discussions will be done in the next few. -
months, start building in the next couple
of years

~ . ® Good time to join

S
g KE IR ST pr ¢ =

17



LAr on long term

- ® The Xenon technology still has the better limits for WIMPs

¢ But the Argon technology proved to be free of electron recoils
while keeping a 90% acceptance for NR

® Thanks to the PSD in Liquid Argon

® LUX have some backgrounds even keepmg a 50%
acceptance for NR '

¢ Necessary to continue the Argon
program in view of the next
generations detectors

¢ LAris certainly an interesting
technology for the ultimate WIMP

detector (Darwin?) D s ff’i};ﬁ"@m*""
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Joining Darkside

The APC and IPHC groups are already part of Darkside-50

We have recently joined the collaboration and in general they
would be very happy to have additional collaborators

@& Some discussion with Cristian Galbiati '(spokesm'an)
@ We can contribute to the analysis of Darkside-50 data

® Contributions to R&D for the next phases of this program —
SiPM and characterization of the detector

Meeting in Milan the 11th and 12th of December to strengthen
the European part of the collaboration

* We plan to attend this meeting (me and Sandro)

19



French laboratories in DS

2 Iaboratories are part of the DarkSide collaboration (APC, IPHC)

¢ APC: Davide Franco, Alessandra Tonazzo, Stefano Perasso (post-
doc), Paolo Agnes (PhD)

¢ |PHC: Anselmo Meregaglia, Cecile Jollet

Their main contribution was to write the GEANT4 based MC
simulation of the experiment — used for the on-going analyses

We are now working on the analysis of DS-50

@ Luca Agostinois workihg on the analysis of DarkSide

® Analysis of the data from the on-going calibration campaign
¢ Analysis of the data with Underground Ar next year
Participate to the necessary R&D for the next generation

® Sandro and Stefano are interested in these developments

20



French laboratories in DS

oration (APC, IPHC)

Stefano Perasso (post-

2 Ia.boratories :

- @ APC: Davide
doc), Paolo A

¢ |PHC: Ansel
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Some examples

- , TPC with SiPM on the top
¢ For DS-50 analysis there’s an

existing MC framework developed ok R s

at APC e .
® Easy to use, but still a lot of work = 1R B

to do to fully characterize the 5

detector 2t

Data/MC comparison for 3°Ar

et Al

=200

500 1000 1500 2000 2500 3000 3500 4000 -300

rharna




Directionality with LAr

S1 is different if the electric field is
parallel or perpendicular to the
nuclear recoil

Some weak hints of this effeét in .
LAr have been observed in SCENE

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

There’s a large interest in some of
the DS groups to investigate this
effect

We made an ANR proposal to build
asmallTPC

¢ Study directionality
¢ Develop SiPM

Detector:
Case 1

Detector: E I

.T.. .0 .Q

Case 2:
Less Recombination

E

-

o, 6 _0 _0

When a nuclear recoil is parallel to the electric field, [ ] ® [
as in Case 1, there will be more electron-ion Case 1:
recombination since the electron passes more ions More Recombination
as it drifts through the chamber.

Angular dependence from SCENE

d
[
=
Ul

S1 yield relative to 0 fiel

[
.
=

0.7

0

57.2 keV
Parallel to ?;

Perpendicular to E;

200 400 600 800 1000
Drift electric field [V/cm]

http://arxiv.org/abs/1406.4825




Directionality in France

® The main limitation to study the directionality is to have enough
beam time allocate -

@ Neutrons with a well defined energy

¢ Writing the ANR we discussed with the director of IPNO where
they have an excellent neutron beam for these kind of studies
(Tandem accelerator) -

Angular dependence from SCENE

d
= =
L] = L]
o . =
Ul = Ul

57.2 keV
Parallel to E;

¢ Faizal Azaiez participate to the ANR
proposal |

Perpendicular to E:

[

® We will have further discussion with
him and Cristian at the begin of 2015
to see if we can have a collaboration
also independently on the ANR

S1 yield relative to 0 fiel

0.7

0 200 400 600 800 1000
Drift electric field [V/cm]

http://arxiv.org/abs/1406.4825
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SiPM for DS-G2

Advantages of SiPM for DS-G2
® Higher QE — reduce threshold for WIMP search
¢ Smaller than PMTs — increase the FV

¢ Better PSD thanks to the higher Single Photo Electron
resolution | .

o Smaller backgrounds than PMTs that might mimic NR in the
TPC ~

Our contribution to the ANR would be mainly for the electronics
part |

¢ Development of SIiPM
® Readout electronics for the TPC

Possibility to contribute mdependently from the ANR under
investigation

25



Conclusions

- Liquid Argon TPC are good candidates to build Iarge detector to
search for direct dark matter

® Current limits are behind the ones from qumd Xenon
® Disadvantage : 39Ar emltter — use Underground Argon
@ Advantage. Pulse Shape Dlscrlmlnatlon in LAr better than in LXe

Darkside-50 is proving that it’s possible to build a background-free
detector to search for WIMPs

A ton-sc'ale detector can be built in the next years
French groups are already worklng on DarkSide
¢ The collaboratlon will be happy to have new collaborators

| believe it’s a good option for us to get involved in an experiment
searching for WIMPs

® Analysis of DarkSide-50 data |
¢ Necessary R&D towards DarkSide-G2

26






- gaseous Ar/Xe

~~liquid Ar/Xe

U

o 7

ds TPC.

' muitiplibation |

field (~3 kVicm)

driftfield
(~1 kV/cm)

Inner vessel

28



~ Noble liquids: scintillation

- Primary

- scintillation
photons emitted

and detected &
a0 i

o 'WIMP-S'catter:_
deposits energ
~intheFV
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Noble Ilq

iEi I'onized s
__electrons drift to
the gas region
~ where |
secondary
photons are
- emitted and
_ detected — 52

uids:

mzatlon
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Lowirate (=l evitonye

@ 0=10:cm:)

Low energy nuciear

EECOIIS (S1UVKEV)

~ Large masses -

Low energy thresholds |

~ Deep underground
Passive and active shielding

~ Low radioactivity
Discrimination of ER from NR

WIMPs and neutrons = Nuclear Recoils
B, Y — Electron Recoils

31



Noble liquids

Dense and relatively inexpensive — Large masses
Easy to purify
Use electrons ionization and photons scintillation
® Highionization (W~20 eV)

¢ High scintillation yield (~40 photonsIMeV)

Dlscrlmmate electron recoils from nuclear recouls

=
3
T
=
S
=
2]
~—
=
=
=
&
D
~—
s
=4

30 40 50 60
Recoil energy threshold [keV]

70
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Electron recoils in DS-50

e Use 39AR and a Krsource to estimate the light yleld for the
scintillation in DS-50

® This is a very important parameter because the pulse shape
discrimination critically depends on the number of photons
produced in the scintillation process

0

1000

2000

3000

SIPE/KeVee @ 0iield
(betterthan ‘k&j“ =0 PE/ ‘:a\//@@»

| . Light collection: 8PE/keVee @ O-field
39Ar End-point

965 keVee |
- 83mKr peak

(41 SkeV, T1/z=1 83h)

(10.0 PE)

Events/livetime/

4000 5000 6000 7000 700
S1 [PE] S1 [PE]




SCENE

NR cal

® Calibrating the response for the

ibration

ils is more difficult

nuclear reco

because you need single scatter in

the TPC

¢ Acal
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ER vs NR

NR from SCENE ——

FE —— f,, median for NR from SCENE

=

&

_— f90 median for *°Ar from DS-50

— f,, mean for *Ar from DS-50

ER from DS50 Ar f,, mean for *’Ar, null field

from Lippincott 2008
f,, median for y-rays

~ from SCENE (0.1<f <0.6)

f90 mean for *Kr from DS-50

ER from SCENE and DS50 Kr £, mean for UKr from SCENE

60 70
Energy [keV]

¢ f90forER~0.3
¢ f90 for NR ~0.7
@ This is the variable used to perform the PSD

35



Argon vs Xenon

® Xenon experiments are currently putting best limits on DM
thanks to their large volume and the lowest activity of the Xenon

® On the other side the PSD of the Xenon is worst than the one

obtainable with LAr — a background-free experiment is only
possible with LAr

LUX results — 0.6 ER events expected bélow NR mean,
some more observed close to the NR mean

LUX calibration

(a) Tritium ER Calibration

(b) AmBe and Cf-252 NR Calibration

b
o)

log 10(82 /S1) x,y,z corrected
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DarkSide-50 sensitivity

® The goal of DS-50 is to
demonstrate that DM search with
zero background can be done

@ Due to the small size of the
detector even after 3 years of
running with UAr the limit will be
just slightly better then the
current limits from LUX

@ Once the technology is
established plans to build a larger
detector — DarkSide-G2

Experimental limits
DarkSide50 - 3 y
- DarkSide50 - 2.6 y
- XenonlOO
== LUX

[ | pMsSSM (post LHC)

Threshold 35 keVq

Fiducial mass 44. kg

LY=8.0 PE/keVe. @ null field

NR Quenching from SCENE

F90 NR acceptance function of Eg
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