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Dark Matter Puzzle
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Materia oscura.

Esiste una teoria chiamata NUCLEOSINTESI wmolto acereditata e confortata dat
risultati sperimentall che LIMITA la quantitd di wmateria =A=IONICA esistente

nell’unlverso:
- Al massimo il 17% della materia wecessaria per
glustificare Q =0.3 puo essere costituito da

@ Materia barionica
@ Materia non barionica

MATERIA ORDBINARIA BARIONICA.
Se L MACHOs esistonp possono glustificare solo

wna plecola porzione della materia oscura.
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CERCHIAMO LA MATERIA
OSCURA SOTTOFORMA DI
PARTICELLE ELEMENTARI!!I




Materia 0SCuUra

comme pa rticelle elementart

@ Nown Ba riowica (dalla nuceleosintest);

@ Neuwtra (altrimentl interagirebbe elettromagneticamente);

% Fossile e Stabile(si deve essere disaccoppiata dall’equilibrio termico in
modo tale'da garantive una quantitd di materia sufficiente per splegare il
problema della massa mancawnte); cow guesta richtesta sto imponendo
Lmplicitamente delle condizioni sulla sua MASSA e sulla probabilita di
Lnterazione con La materia ordinaria (seziowe durto).

% Cold (now relativistica al womento del disaccoppiamento dipende dalla

sezlone d’urto, dalla massa e dal rate di ss]:.awsiowe dell’wniverso);

Una WIMP (Weak tnteractive Massive Partiele) avrebbe tutte
Le gluste caratteristiche.
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Rivelazione dil Materia Oscura al Gran Sasso
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Dark Matter & Liquid Argon

emission of scintillation light.

discrimination power

 Direct detection of Dark Matter with noble gases liquified as target medium is one of the most
promising line of development in experimental technology.

A particle interacting in noble liquid produce both atomic excitation and ionization inducing the

Simultaneous measurements of free electron charge and light is at the basis of a strong

Argon is an ideal medium for Dark Matter search and the feasibility of Ar-based detectors has
been firmly proved by the WArP Collaboration [Astropart. Phys. 28 (2008), 495].

Why noble liquids?
* High scintillation Yield

e Simultaneous measurement of scintillation and
ionization (particle discrimination)

* Potentiality to be extended to multi-ton volumes

Scintillator

Nal(TI)

Liquid Argon

Liquid Xenon

Photon Yield
[phiMeV]

4.3x104

4.0x10*

4. 104

Fast Decay
Time [ms]

232

Slow Decay
Time [ns]

250

1200-1500

27

Why liquid Argon?

* Scintillation decay times very different
(Tf = 6 ns, Ts =1200-1500 ns)

* Argon Technology fully operational

e Easily available (1% of atmosphere)

—

»  Two independent discrimination tech.

very efficient background reduction!

low cost




The WARP Experiment: detection of
WIMP-Ar elastic scattering

WIMP
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Argon recoil energy is in the
range E; ~ 10 +100 keV

Coherent cross section behave
as A? (A=40 for Argon)

Spin-independent form factor since
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spinless isotopes
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An interaction in argon produces Atomic

Ar* + Ar — Ard

Ary — 2Ar

v" ending up with the same radiative reaction

v inducing the emission of a

¥ excitation
¥ 1onization

emission of 128 nm

+ luminescence through

2 processes

J"1 T + .

Art+ Ar — Arg

Ard + e~ — Ar** + Ar

Ar™* — Ar* + heat

Ar* + Ar — Ar}

Ary — 2Ar




The WARP detection technique

“Identification of the nature of a particle interacting within a double
phase Argon detector by means of the simultaneous measurement
of the produced scintillation and ionization” (WARP Letter of Intent 1999)

In liquid Argon for energy depositions
in the range of interest for Dark Matter
searches (20-100 keV) we have that

 the amplitude of the first signal (S1)
* the pulse shape of the first signal (S1)

» the amount of free electrons that drift
toward the multiplication grids (S2)

strongly depend on the nature of the ionizing
particle (Ar recoil, electron, heavy ion, etc)

!

These quantities can be used to characterize
WIMP induced Argon recoils
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Background rejection using
Pulse Shape Discrimination on S1

Time structure of scintillation light in noble R .
gases Is characterized mainly by de-excitation
of 1 (singlet) and 3% (triplet) molecular states 4
o E——
These states, almost degenerate in energy, are ely-like interaction
characterized by very different decay times: o

singlet (fast component) ~ 7 ns

triplet (slow component) ~ 1.4 us i L
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Fast and slow components are very differently
populated by different ionizing particles

(depend on the ionization density)
A. Hitachi et al., Phys. Rev. B 27 (1983)
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The wide difference between fast and slow Time (1s)

decay times is a unique feature of Argon A parameter F has been adopted to
characterize the S1 rising time




Background rejection using S2/S1

104

The amount of primary scintillation light 3 "= _ _
(S1) depends on the ionizing particle A /
and on the deposited energy g E f
T. Doke et al., NIM A 269 (1988) S el
L= e
This holds also for the amount of free 0L
electrons surviving Ar* e~ recombination g
) : ol o L
40 20 40 60 80 Time (USJ1OO
In the 2.3 litre prototype the S2/S1ratio 3 %Ar recoil-like interaction
is found to be: § e C—
~150 for electron-like interactions ~ § “E [W
~3 for a interactions oL

Time (1s)



WARP 2.3 litre results

neutron induced Ar recoils
(Am-Be calibration source)

L : 45-100 keV
Calibration neutrons are characterized by

0.68 <F <0.87

Log (S2/S1)

8 < 52/S1 < 30 (energy dependent)

The simultaneous application of both
identification techniques allows highly
efficient discrimination of neutron induced
Argon recoils from electron/gamma-like AE
interactions. 01 02 03 04 05 06 0.7 08 0.9
Pulse Shape Discrimination Parameter (F)




Prototipo da 2.3 litri al LNGS

s PMTs: 7 x 2" (designed by EMI to work at 87 K)
* 7.5 cm depth (40 pus max drift time with 1kV/cm)
* stable Argon purity (<1 ppb O, equiv.)

* Passive shield (10 cm Pb + 60 cm Polyethylene)
PMTs * Trigger threshold of about 5 keV (6 Hz rate)

T
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Risultati della presa dati del prototipo
da 2.3 litri in Hall B
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WARP: the detector

Under construction at Gran Sasso underground Laboratories

» High sensitive mass
(140 kg scalable to 1 Ton)

» Detector threshold < 20 keV

 Active shielding
(8000 kg Liquid Argon and 300 3" PMTSs)

« Gamma shield (Pb)

* Neutron shield (Polyethylene)

. _ inner detector
e Low activity materials

neutron and y shield

active veto



.. WARP Detector mechanics

Polyethylene shield

Inner Detector

-

Active VETO







.. WARP Pre-assembly operations

» The inside of the detector is covered
with a highly reflective foil, covered by
a wavelength shifter (TPB)

LNGS Hall B

» All detector components are pre-
assembled in a clean area of the
external facilities of LNGS

« The wavelength shifter is evaporated
on the plastic reflective layer (and on
PMTs)




.. WARP Photomultipliers

e 3” and 27 Bialkali Photomultipliers developed in co-operation with
Electron Tubes EMI to work at LAr temperature (ETL D750UKFLA,
D757UKFLA)

® 7% coverage in the active veto

® 10% coverage in the inner detector

@ Low activity (0.2 Bq/PMT) and high QE (19% on average)

More than 400 PMTs verified
to work at cryogenic
temperature (77 K) in Napoli
INFN laboratories and
delivered to LNGS




WARP 140 kg status and expected
performances

» Detector construction is (almost) complete

, ) :
Cross-section [cm’] (normalised to nucleon)

e Liquid Argon filling procedure will start at
the end of March...

]
o
)l

Imp lidmoals. I:u.:v.r‘l_cduF
Ganskell Mandic Fili

WIMP Mass [GeV/c™]

OATA listed top to bottom an plot

DAMA 2000 5;L kg-days Mal -\nn Mod. Isigma w/DAMA L1996

WARP 23L, 96,5 kg- davs 55 keV threshold

ZEPLLN L1 {Jan "U:l | result

CDMS 2008 Ge

XENOMNLO 2007 Met L36 kg-d)

WARP 140k E m&

Roszkowski/Rwmz de Avstri/Trotta 2007, CMSS M Markoy Chain Monte Cados (1
Roszkows ki/Rumz de Avstri/Trotta 2007, CMSS M Markov C hain Monte Cadas (1
Ellis et. al Theary region post-LEP benchmadk points

W5 L2110



	La Collaborazione WARP
	The WARP Experiment: detection of WIMP-Ar elastic scattering
	The WARP detection technique
	Background rejection using �Pulse Shape Discrimination on S1
	Background rejection using S2/S1
	WARP 2.3 litre results
	Prototipo da 2.3 litri al LNGS
	Risultati della presa dati del prototipo� da 2.3 litri in Hall B
	WARP: the detector
	WARP 140 kg status and expected performances

