
The WArP Experiment @ LNGS
 The WArP detector is under commissioning at LNGS

 140 kg active target, with active LAr shield (9 tons and 300 PMTs) 

 3D Event localization and definition of fiducial volume for surface background rejection

 Cryostat designed to allocate a possible 1400 kg detector

 Ar gas with low level of radioactive 39Ar from US u.g. reservoir promising for multi-ton expt
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Main Cryostat
after positioning in Hall-B (Jul.’07) inside sustaining structure
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December 2008



WArP Inner Detector Components
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! Two simultaneous criteria to discriminate 
potential WIMP recoils from backgrounds?
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2.3 litre prototype at LNGS

• PMTs:  7 ! 2” (designed by EMI to work at 87 K)

• 7.5 cm depth (40 "s max drift time with 1kV/cm)

• stable Argon purity (<1 ppb O2 equiv.)

• Passive shield (10 cm Pb + 60 cm Polyethylene)

• Trigger threshold of about 5 keV (6 Hz rate)

April 2004: Start of underground test-runs

April 2006: 2.8 ! 107 events collected in the last

physics run
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The ArDM Experiment @ LSC
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LAr Cooling
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LEM is a thick macroscopic GEM Ref. F.Sauli, NIM A, 1997, vol. 386, p.351
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Natural argon from liquefaction of air contains!
small fractions of 39Ar radioactive isotope.!

•"! -radioactive isotope!

•"Half life: 269 years!

   Q=565 keV!

•"Mean Energy: !

  218 keV!

•"Integrated rate in !

1 ton LAr ~1kHz!

Component n per 

year 

WIMP-like 

recoils per 

year  

Container ~ 400 ~ 30 

LEM (std. mat.) ~ 10000 ~ 900 

LEM (low bg. mat.) < 20 < 2 

14 PMTs (std. mat.) ~ 12000 ~ 1000 

14 PMTs (low bg. mat.) ~ 600 ~ 50 
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We need:!

Rejection power of 108   !

OR  !
use of 39Ar-depleted argon!

D=N+H*1,F&%OP'6QRK%



microCLEAN results
pulse shape discrimination of liquid argon, above ground, little shielding

Energy (keVr)
20 40 60 80 100 120

E
le

ct
ro

n
ic

 R
ec

o
il

 C
o
n
ta

m
in

at
io

n

-10
10

-9
10

-8
10

-710

-6
10

-5
10

-410

-3
10

-210

-110

Data analyzed with prompt fraction method

Data analyzed with multi-bin method

Gaussian projection plus background prediction

DEAP & CLEAN: Single Phase LAr Detectors
 ton scale DEAP/CLEAN planned for SNOLAB 

 proposed first phase:  100 kg mini-CLEAN  with WIMP 
search goal of ~ 5 x 10-45  cm2  or ~10 events/yr 

 To reject gamma background from PMTs and Ar-39 a 
discrimination better than 10-8 for ER> 50keVr is required

 Current data from small (~7 kg) DEAP-1 and micro-
CLEAN detectors above ground demonstrate a 
discrimination of 10-5 limited by neutron back in lab
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miniCLEAN central detector

92 Hamamatsu

R5912-02-MOD

20 cm PMTs

fully immersed 

in liquid

20 cm long acrylic 

light guides

to attenuate

fast neutrons

Acrylic 

filler360 kg of LAr

or

310 kg of LNe

in central region

inner surface

coated with TPB

SNOLAB Cube Hall

miniCLEAN water tank

DEAP/CLEAN 3600 

water tank



Micro-CLEAN: PSD and  QF
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microCLEAN results
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PRELIMINARY!
GAS INPT805 Pulse Tube

Refrigerator

Heat Shield
on 

1st Stage

Liquefier
on 

2nd Stage

Hamamatsu

R5912-02-MOD

20 cm

PMTs

fully immersed in

liquid

Central volume:
20 cm diameter

10 cm high
3.1 litres

inner surface 
coated with TPB

Start with ultra-high

purity gas, run

through a getter before 

introducing to central 

volume.

Circulate at ~2 l/min 

through getter.  

GAS OUT

microCLEAN J. Nikkel Yale



Room Temperature Scintillation  
Experiments

• Inorganic alkali halide crystals (NaI (Tl), CsI (Tl) : high density, high light output

• can be produced with high purity in large mass at affordable cost (annual modulation study)

• Sensitive to both SD and SI WIMP interactions

• PSD (better for CsI) but no discrimination between electron and nuclear recoils on an event-by-event basis 

• Experiments: DAMA-LIBRA/Italy,  KIMS/Korea, ANAIS/Spain (plan for 100kg NaI expt at Canfranc) 

• ANAIS 10kg prototype



Designed to search for Annual 
Modulation of WIMP Signal 
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DAMA/LIBRA has reconfirmed their earlier 
observation of annual modulation signal 

[arXiv:0804.2741]

in the summer, 
moving against wind

in the winter, 
moving away from wind

expect an annual 
modulation in signal!WIMP “wind”

Drukier, Freese, Spergel PRD33,3495,1986



Laura Baudis, University of Zurich, colloquium, Univ. Bielefeld, June 2008

	 	 	 	 	 DAMA/LIBRA @ LNGS

• DAMA: 9 x 9.7 NaI (Tl) crystals

• BG level: 1-2 events/kg/d/keV

• Ethreshold ≈ 2keVee ≈ 25 keVr

• Data period: 7 annual cycles, until July 2002; 0.29 ton x yr

• LIBRA: 25 x 9.7 NaI (Tl) crystals in 5 x 5 matrix

• Data period: 4 annual cycles, 0.53 ton x year



 

• Total exposure: 0.82 ton x year

• Modulation amplitude:

• A cos [ω(t-t0)] 

t0 = 152.5 d, T = 1 year

• A = (0.0215 ± 0.0026) cpd/kg/keV

(at 8.3 σ CL)

• No modulation above 6 keV

A=(0.9±1.1) 10-3 cpd/kg/keV

arXiv:0804.2738
arXiv:0804.2741

DAMA/LIBRA Results: A Strong Modulation Signal



Modulation result inconsistent with WIMP Recoils

• WIMP recoils excluded by other experiments for both SD and SI

• For a  mW = 50 GeV, σSI = 2x10-6 pb, the predicted rates are:

• XENON10: 136 kg day, 4.5-27 keVr => 162 events

• CDMS R123/124: 397.8 kg day in Ge, 10-100 keVr => 62 events
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Light Mass WIMPs also recently excluded!

• a 475 g Ge with a threshold of 0.33 keV ! WIMPs  with mass <10 GeV ruled out

• see Collar et al. http://arxiv.org/abs/0807.0879 



KIMS @ Yang Yang Lab

CsI(Tl) crystals at the YangYang Underground Lab in Korea (2000 mwe)

  light yield: 5x104 photons/MeV

 QF: 8-15% between 10-100 keVe

Calibration data
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published  

PLB(2006) 

background level 

2~4 cpd/keV/kg (preliminary) 

Total crystals 

 8.7 kg x 12 = 104.4 kg 

started data taking 

Pilot run 

Engineering run 

published PRL(2007) 

12 crystal array 
  Sensitive to both SD and SI WIMP interactions
     Ge, Xe not sensitive to SD proton coupling
      complementary to CDMS, XENON10
      direct check of DAMA signal by I-127 recoil

  Easy to get large mass at an affordable cost
     annual modulation study

  High light yield ~60,000/MeV 

  Pulse shape discrimination
     better gamma rejection than NaI(Tl)

  Easy fabrication and handling

KIMs Crystals

• CsI(Tl) Crystal  8x8x30 cm3   (8.7 kg) 

•  3” PMT (9269QA) quartz window, RbCs 
PC (green enhanced) ; 5 pe/keV



Internal background 

Radioisotopes in the crystal 

137Cs : 10 mBq/kg, 

 0.35 cpd/mBq/kg @ 10 keV 

134Cs : 20 mBq/kg 

      0.07 cpd/mBq 

     0.005 cpd/mBq 
87Rb : 10 ppb 

   1.07 cpd/ppb 

Cs-137 reduction – use ultra pure water in powder production;  ~1.7 mBq/kg 

Rb reduction  - recrystalization method  ;  < 1ppb 

Latest crystals are from ~2 cpd level powder 



Nuclear recoil of 127I 

of DAMA signal region 

is ruled out unambiguiously 

!D=0.3 GeV/c2/cm3 

v0=220km/s,  vesc=650km/s 
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Cross-section upper limits 

PRL 99, 091301 (2007) 

Spin-Independent SD,  Wimp-Proton 

KIMS Results 
Direct comparison with DAMA  (same nucleus) for SI coupling
Published data (3049 kg days) rule out DAMA signal region for both SD and SI interactions for WIMPs > 20GeV
Most stringent limit on SD interactions for pure proton coupling


