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Abstract

Passage of neon gas through activated charcoal is planned to be the primary method of removing impurities from the liquid neon
scintillator in the CLEAN experiment. In order to quantify this technique, the breakout curves for hydrogen, nitrogen, argon and
krypton impurities in neon-saturated activated charcoal were measured. Adsorption coefficients and the number of theoretical stages
were measured for hydrogen in the temperature range between 300 and 80 K, nitrogen between 300 and 200 K, and argon between 300
and 190 K. The adsorption coefficient for krypton was measured at 300 K.
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1. Introduction

CLEAN is a detector concept based on the use of
10-100ton of liquid neon as a scintillator. While the
primary focus of CLEAN is a measurement of the p—p
solar neutrino flux [1,2], CLEAN will also be able to search
for dark matter in the form of weakly interacting massive
particles [2,3] and detect supernova neutrinos [4].

There are several characteristics of liquid neon (LNe)
that make it an attractive detection medium for rare events.
Like other noble liquids, LNe scintillates brightly in the
hard UV and does not absorb its own scintillation light.
This allows for efficient light collection in a large detector.
LNe is dense enough (p=12gcm™3) that a fiducial
volume can be defined to mitigate backgrounds from the
cryostat and the photomultipler tubes (PMTs). This is
more difficult with liquids of significantly lower density
than LNe, such as liquid helium. LNe also has both a
prompt and a slow scintillation component, thus making it
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possible to use pulse-shape analysis to distinguish between
WIMP-like nuclear recoil events and gamma rays or
neutrinos [5].

The use of activated charcoal as an adsorbent for
radioactive decay products has been well established.
Charcoal traps have been tested in other low-energy
detectors such as Borexino [6,7] and XENON [8]. Neon
presents two distinct purification advantages over other
scintillators. Neon has no inherent radioactivity, unlike
argon, krypton and xenon which have natural radioactivity
from the isotopes ¥Ar, ¥Kr and '3Xe, and organic
scintillators which must contend with the decay of “C.
Neon also has a low binding energy to charcoal compared
with possible impurities (see Table 1); only helium has a
lower binding energy presenting an opportunity for super-
ior purification [9].

As with other solar neutrino experiments such as
BorexiNno, CLEAN requires high purity of its scintillator
in order to achieve a low-energy threshold and sufficiently
low-radioactive background. In this paper we will present
data on the use of cryogenic charcoal traps to remove
impurities from neon in the gas phase.
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Table 1
Binding energies (Ep) and well depths (D) of specific atomic species to
charcoal [10]

Species Ey (meV) D (meV)
‘He 11.72 £ 0.1 16.6 + 0.4
“He 12.354+0.17 15.8

Ne 30.1 32.6

H, 416403 51.7£0.5
Ar 99 + 4 96 42

N, NM 104+3
0, NM 101.7

Kr 126 12545

NM indicates that a quantity was not measured.
1.1. Impurities

Neon contains trace contaminants from two classes:
Extreme Ultraviolet (EUV) absorbers (particularly hydro-
gen, nitrogen, oxygen, water and carbon dioxide) and
radioactive impurities (particularly, argon, krypton and
radon). EUV absorbers will decrease the number of
detected photons from any scattering event by quenching
excited Ne, molecules or by absorbing the scintillation
light. Radioactive impurities can decay creating ionization
events indistinguishable from v—e scattering, the signal for
measuring the p—p neutrino flux.

Of the radioactive isotopes, **>Rn can be easily purified
through activated charcoal traps [11,12], and any addi-
tional radon will decay away within a month of running
CLEAN [2] leaving a negligible amount of decaying radon
daughters. Both 3°Ar and ®°Kr are critical contaminants
for CLEAN because of their long lifetime and B~ emission
in the same range as that of the p—p neutrino flux
(0-420keV). Of these two radioactive isotopes, ?Ar is
produced by muon spallation on “°Ar with an atmospheric
abundance of 8.1 £0.3 x 107'° [13] and %°Kr is a fission
product of 2*>U and ?*°Pu with an atmospheric abundance
of 1.5 x 107 [14].

Detailed Monte Carlo simulations were performed [3] to
estimate acceptable levels of contaminants in neon for a
measurement of the p-p neutrino flux to the 1%
uncertainty level. The acceptable level of natural krypton
is the most stringent requirement with a concentration of
<107B gg-!. Evaluating such low levels of krypton
background is challenging, but a method using atom trap
trace analysis (ATTA) is in development [I5] and is
proceeding along with the other R&D activities of
CLEAN. Levels of natural argon must be <107 %gg~!.
Typical concentrations in commercial neon are 10 ®gg™!
for argon and <10~ gg~! for krypton.'

To achieve a 95% relative light yield, an absorption
length of 300m is required. By applying known cross-
sections for photon absorption at 80 nm [16] the following

IThis krypton concentration is near our detection threshold so it should
be considered an upper-bound.

mass fraction limits were obtained: 2.2, 9.8, 26.8 and 21.6 x
1072 gg~! for hydrogen, water, nitrogen and oxygen,
respectively [17].

2. Removal of impurities using cryo-adsorption
2.1. Background

We define adsorption as the process where molecules
(whether neon or impurities) physically bind to the
charcoal surface. We only concern ourselves with physical
adsorption because it is a reversable process [18]. By
heating the charcoal adsorber we can remove any
molecules attached to its surface making activated charcoal
a reusable purification method. An example breakout curve
is presented in Fig. 1. Following a spike impurity in the
neon flow, the impurity enters the charcoal trap at t =0
and is adsorbed onto one of the many porous binding
sites. The impurity continues through the trap until it
breaks out at r = r,. We can relate the flow rate, v, the
breakout time, f,, and the mass of the charcoal absorber,
Mygs, With the following equation that defines the adsorp-
tion coefficient,

o= (1)

Mads

where « is measured in 1kg~'. While the neon carrier gas
will also bind to adsorption sites, it will be released
relatively quickly compared to impurities because of its
much lower binding energy. In the CLEAN experiment,
neon gas will flow through a charcoal trap until the
shortest breakout time of the impurities of concern is
reached. The neon flow will then be diverted to a different
charcoal trap while the first trap is baked to remove
impurities. This procedure of exchanging traps will
continue throughout the experiment to preserve the
continuity of the purification process.
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Fig. 1. Breakout curve for H, at 120 K with w = 475s (see Eq. (3)) and
t, = 625s.
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