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1 Search for dark matter with liquid argon
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We are building a one ton liquid argon time
projection chamber to detect recoil nuclei
from the scattering of Weak Interacting Mas-
sive Particles. WIMPs (in particular the lightest
supersymmetric particle, the neutralino), are
among the favorite candidates for the miss-
ing non-baryonic matter in the universe. De-
tails on the experiment can be found in our
previous annual reports.

In 2007 the Zurich group concluded its lab-
oratory development program for the light
readout system and the ArDM collaboration
started to assemble the full-scale one ton ap-
paratus. A sketch of the detector is shown in
Fig. 1.1. The working principle is as follows: in
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Figure 1.1: Sketch of the ArDM detector.
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liquid argon a WIMP collision leading to 30 keV
nuclear recoils produces about 400 VUV (128
nm) photons, together with a few free elec-
tfrons. The latfter are driffed in a strong verti-
cal electric field and are detected in the gas
phase by a large electron multiplier above the
surface of the liquid, while the VUV scintillation
light is shiffed into blue light by a wavelength
shifter (WLS) and detected by cryogenic pho-
tomultipliers at the bottom of the vessel.

From extensive tests performed by our group
we concluded that the highest light collec-
tion efficiency would be achieved with WLSs
made of a 254 u thick Teflon fabric (Tetratex)
coated with ~1mg/cm? tetraphenyl butadi-
ene (TPB) (1) (see below). We constructed a
large evaporation chamber capable of coat-
ing a 1.4m long and 0.3 m wide sheet of Tetro-
tex. Twelve sheetfs were coated to cover
the cylindrical side walls inside the electric
field shapers (Fig. 1.2). The light detection
system consists of fourteen 8” hemispherical
PMTs in a staggered arrangement at the bot-
tom of the vessel (Fig. 1.3. We have investi-
gated PMTs for their functionality and quan-
tum efficiency at low temperature. The best
result was obtained with Hamamatsu PMTs
(R5912-MOD) manufactured with Pt-underlay.
A light but sufficiently strong mechanical sup-
port was constructed to withstand the buoy-
ant force (= 1kN) acting on the PMTs in liquid
argon. Eight PMTs were installed for readout
tests. The PMT glass was coated with a thin
wavelength shifting layer of a transparent TPB-
paraloid compound to increase the VUV light



yield. Vacuum feedthroughs, cables for the
high voltage and signal lines were installed, as
well as parts of the data acquisition system.

The ratio of primary scinftillation light to ioniza-
tion charge collected after a given drifttime
in an external electric field is different for nu-
clear recoils and minimum ionizing particles,
being very high for the former, due to quench-
ing. This provides the main discrimination be-
tween WIMPs and background. In liquid, on
the other hand, the VUV photons are pro-
duced by ionization from the spin singlet and
friplet states of the excited dimer A% which
have different lifetimes (= = 7 ns, resp. 1.6
us in liquid). These states are populated dif-
ferently according to the excitation process:
for heavy ionization (such as nuclear recoils)
the singlet dominates, while for minimum ion-
izing particles (such as electrons) the ftriplet
dominates. Hence the discrimination of de-
cay fime allows a further separation between
WIMP induced recoils and background from ~
or electrons.

A considerable effort was devoted in 2007 to
measure the mean decay lives of the fast (12
ns) and slow (3.2 us) components of argon lu-
minescence in argon gas at NTP (which are
different from liquid) and to determine the
population ratio between the slow and fast
components. We used a 29Pb-source emit-
ting 5.3 MeV a-particles and 1.2 MeV elec-
trons. This work initiated in ref. (2) is the sub-
ject of a recent publication (3). Figure 1.4
shows for instance that the mean life of the
slow component strongly depends on argon

purity.

We have also determined that the fast decay-
ing component in gaseous argon at NTP stems
from UV-light from the so-called (4) third con-
tinuum above 160 nm, while the slow compo-
nent is due to 128 nm photons from the sec-
ond continuum. This appears to be in contrast
to liquid in which both components are due to
128 nm VUV-photons. The measurement was
performed by inserting a thin quartz plate in
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Figure 1.2: HV divider, WLS foils and photomultipli-
ers under UV illumination.

Figure 1.3: PMT support structure built by our group
with three of the fourteen 8" (Hamamatsu R5912-
MOD) PMTs.
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Figure 1.4: Time distribution from an a-source in
gaseous argon as a function of contaminating resid-
ual air pressure for 10~2 (a), 1073 (b), 2.3 x 10~% (c)
and 10~ mbar (d) (from [3]).

front of the PMT photocathode to absorb ra-
diation below 200 nm. Figure 1.5 shows that
the fast component is not affected, while the
slow component is absorbed (3).

Similar measurements were made in liquid ar-
gon (98). Inliquid we noticed that the light yield
was slowly decreasing with time after lique-
faction. However, the decay time of the sec-
ond component (r = 1.6 us) was not affected.
The origin of this effect is not understood yet,
but could be interpreted either as due to the
slow cooling of the dynodes (poor heat con-
ductance of the PMT leads) or due to impuri-
ties which are absorbing the UV-light.

We also measured the light yield depen-
dence on the WLS thickness of evaporated
specular reflectors foils. The measurements
were made with a small cell containing
gaseous argon at atmospheric pressure. Two
materials were selected, Tetratex and ESR-
foils from 3M, and the optimum thickness of
the TPB layer on the reflector was determined
experimentally (1). The best conversion ef-
ficiency, uniformity and reproducibility were
achieved by evaporating TPB on the reflec-
tor. Several disks of ESR foils (diameter 70mm)
were covered with TPB layers of different thick-
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Figure 1.5:
Time distribution without (green) and with (black)
absorbing quartz plate.

nesses. The TPB thickness was determined by
weighing the disks before and after evaporo-
tion. The increase in brightness with TPB thick-
ness is apparent under UV illumination (300
nm) (Fig. 1.6). The response to 128 nm light
was determined using scinfillation light from
gaseous argon and an a-source. The light
yield of the slow component (3.2 us in gas)
is shown in Fig. 1.7 as a function of thick-
ness. The data are consistent with a saturo-

Figure 1.6: Disks of ESR-foils covered with TPB under
ambient and UV light.



tion of VUV conversion efficiency above 1 mg
-cm~2, Tetratex coated with 1 mg - cm~2 TPB
was finally chosen for the one ton detector.

As mentioned above, impurities in argon
strongly reduce the lifetime of the slow scin-
tillation component. We have therefore built
a liquid-argon purity monitor based on the
measurement of the lifetime of the triplet ex-
cimer state. A small liquid argon cell contain-
ing a 2'%Pb-source emitting both « and 3 is
viewed by a photomultiplier with MgF, win-
dow and Csle photocathode which is sen-
sitive to 128 um VUV-photons (quantum effi-
ciency ~ 20%). Figure 1.8 shows the correla-
tion between the fraction R of the fast (< 50
ns) scinfillation component and the total pulse
height. The «a-signal is clearly separated from
the p-signal and noise. The decay time dis-
tribution is shown in Fig. 1.9 for a-particles. A
simple exponential fit leads to a mean life of
~ 470 ns for the slow component (while 1.6 us
is expected) and hence indicates a sizeable
impurity contamination in the liquid.

The ArDM detector is being assembled at
CERN for preliminary readout measurements.
We envisage to first install the detector in one
of the former LEP pits (OPAL area) for back-
ground studies, before moving to a deep un-
derground site.
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Figure 1.7: Number of photoelectrons (pe) as a func-
tion of WLS thickness.
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Figure 1.8: Ratio of the fast (<50 ns) signal to the to-
tal signal in liquid argon vs. total signal in the purity
monitor.
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Figure 1.9: Decay time distribution for «-particles.



