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ANKOK Collaboration
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e High voltage
e 2012~
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Outline

Double Phase Argon Detector
— Physics Goal

R&D results

— 10 kg prototype detector

— January 2013, Surface Run
e Basic properties of double phase detector operation
e Particle Identification performance

Ongoing effort

Plan and Summary



Water

He Xe
Boiling point (K) 4.2 165 373
Density (g/cm3) 0.125 |1.2 2.4 3.0 1
- Radiation length (cm) | 755 24 4.9 2.8 36
Scintillation (y/keV) 20 30 25 42 -
Scintillation A (nm) 80 78 150 175 -
Price (yen/L liquid) 2000 50000 100,000 | 1,000,000 | 100
iy e Den S|ty 1.4 g / Cm3o
v P Boiling point: -186°C
............................. ° Charged particle
“““ — lonization electron:
Y. 4 Charged ° “40/I§eV , \ﬁdeloehol's on
L Saafale — Scintillation light: particle
A e “40/keV 7 electric field
b e 128 nm (VUV) impurity, etc
Scintillation Light — (Cherenkov light)
e 39Ar background

— ~1Bqvy/1kgLAr




Scintillation Light : Pulse Shape Discriminator

e Scintillati(cj)nl Light Ne 18 15,000
— Fast and slow component
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Double Phase Argon Det
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Physics Goal
<107 g ~—————==—1WARP(2007)
?1040 Er>60keV. 100kg-day
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High WIMP mass
— Larger detector volume . B et
Low WIMP mass: Prior studies by Darkside and DEAP/CLEAN
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Electron Drift and 9
Liquid Argon Purity =¥ e
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— 500 ps for 1m drift, V = 100 kV f o v
o w T E drift (kV/om)
e Electronegative impurities in
—~10°

liquid argon absorb drift electrons 2
— Oxygen, water, organic

— Commercial LAr: ~1 ppm O, equiv.
— 1 ppb: Tt=300 ps

— 1m (500 ps) drift: <1 ppb
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e High voltage and high purity e\

— Essential R&D issue for LAr detector  10° 10% 10" 1 10 10°
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Waseda LAr Teststand
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- 10kg Prototype Detector
AN KOK’lO £08 'F_ield shapers
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CW(Cockcroft-Walton) Circuit
oSmall (AC) input voltage , large (DC) output voltage
stainles; oSmall discharge at LAr temperature (~ once per day)

Thickn|  ASource of radioactive background
Mesh pPrecTm & T [

8 1 ‘\ ] Ll
Y Signal readout:
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January, 2013 Surface Run

pt
bl AR A
f— LOId (';A.\\
<48 Head | Jlevelmefer
7/-F 170 n
P = o e
K1) 7 heEE
B2
YI+N\—
= === 7-'}-yl~'
———————— e e py—g 48cm—-
------------- VOPI
7‘&*5 Ocm-g—

v' ~50L LAr Filling in few hours
v' Liquid level kept within ~ 1mm
v' 10 days stable operation

v’ pressure, temperature

—~~
O
N
q,_') 50 =LY EERIE L LA e
-}
)
(0 -100 BRANOAE i e
| .
(O]
O 150
E 200 i i i i i
Iq_') i 0 50 100 150 200 250 300
Time (Hours)
— 2 -
| - -
© -
) 1.5 Jarf b g e —
N -
o | -
[l 1 SR HRRUUTUENREL RRTREUTRENRURORRTRRNNEE ERRRURURNTRRURAREIRNERNULL SUNURUUIRURRURNTRRTROLS. SOOI SUUURUNPIERS. S !
S .
(T e e e —
o Pressure |1
D— 0 i i i i i -
0 50 100 150 200 250 300
Time (Hours)
)
E nE r
D 6 E
() S
1 5 ;
T 50
=) S . .
[ S s a— ——— L|qu|d Level
— 40 = ; i i
0 50 100 150 200 250 300

Time (Hours)



\Iﬁas
N\,

Anode
igger counter
PMT PMT
£ S1 Drift :50V/cm |
S Extraction:5kV
2 300 i
L )
200 [
i S2
100 - 1
L |
O e ——
0 200 400 600

800

Time(us)

o Gamma

60Co Gas

vetol |veto2 Anode

trig
PMT PMT

3 [ ST ‘ Drift:500V/cm
% 20: Vs | IExtractlon:5k_V
T

- Typical Event(mu,gamma)
- oCosmic Muon




I.lqmd Argon Purity
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S1 Pulse Shape, E Dependence
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Detector Simulation

e Optical Photon simulation e Electric Field Simulation

— Geant 4 — FEMTET (Murata software)
— S1, S2 detection efficiency — Electron drift and S2
for each PMTs emission
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Simulation
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~ Particle Identification
—~+ v-like event~ 4 neutron-like evept

> log(S2/S1) = 1.58 = 15: 2s1) ~0.1

j “CoyRun | _ 1: Self trigger Run _

j P I 5 Og_im. R T
~ PSD = 1.52 -7 PSD =0.68

| think we unserstand
- how to build and operate double phase argon detector
- certain ability to distinguish electron and nuclear recoil events
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Ongoing Effort

e (Dincrease light collection efficiency

— Achieve the level of prior studies ( ~ 5
pes/keVee =20 keV Er threshold)
e <1 pes/keVee for the 10 kg

prototype detector
— Further incensement using new

technique

e use VUV MPPC, infrared Ar |

scintillation

e (@QUnderstand background

— radioactive and environmental

— gamma and neutron
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TPB coating optimization '
e TPB: Wavelength shifter . ]
— 128 nm Ar scintillation light — 430 58\

— 1 toluene + 5% pararoid + 0.5% TPEE=s
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Plan for Next Step (summer 2013 surface Run)

e Single phase detector
— 10cm ¢ x10cm L (1 kg)
— 2 x3” PMTs (high Q.E.)
— Maximum LCE
e TPB coating, reflector, etc
— PSD should provide ~10°y
reduction
e Active VETO by surrounding

LAr
— 4 x2” PMTs

e Water shield to reduce
neutron background

e Based on the result of this

run, we will design the
detector for physics Run
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Summary and Plan

WIMP dark matter search using double phase argon detector :
ANKOK project

We have build 10 kg prototype detector
— demonstration of double phase argon detector
— measure basic properties of the double phase detectors
— evidence for electron/nuclear recoil separation

Ongoing effort
— Increase light collection efficiency

e = lower Er threshold, = better electron/nuclear separation
— Understand radioactive and environmental background

Plan

— Optimize the detector in terms of physics sensitivity
— take surface physics Run

— Go underground!



