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ABSTRACT

As part of the development program for the ICARUS experiment,
which consists of a very large time projection chamber (TPC) filled with
ultra-pure liquid Ar (LAr), we have carried out tests with different
purifier systems, in order to evaluate the performance of the various paits
and to improve the purification techniques developed so far.

Electron lifetime T in LAr has been determined with an improved
method based on the measurement of the attenuation of a current due to an
electron cloud, photo-produced by a laser pulse impinging on a metallic
cathode and moving in a small drift chamber filled with the purified LAr.

Results of the above-mentioned tests are reported. During these tests,
we observed repeatedly and reproducibly an increase of T that took place
over a period of 10 to 20 hours after liquefaction. Several tests performed
in an attempt to elucidate this effect, suggest that the increase in 7 is due to
adsorption of electron-attaching impurities on the walls of the stainless
steel container, a process governed by thermal diffusion.

The electron lifetime monitoring system reported here was used to
measure the electric field dependence of t in purified LAr doped with O;
and CQ;,, for fields 100 Viem < E < 800 V/cm. The results for O, are
consistent with published data.
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voltage is applied on the anode and the grid facing it, and a negative
voltage is applied on the cathode and its respective grid.

The source of electrons is a photo-cathode made of a thin layer of gold
(1 um thick, 10 mm diameter) evaporated on a copper disk (1 mm thick,
18 mm diameter). Gold was chosen not only for its low work function
(W au = 4.9 €V) but also because it does not oxidize easily and therefore its
photoelectric characteristics do not degrade with time.

A computer simulation shows that the trajectories of the electrons
extracted from the photocathode, are not influenced by the non
uniformity of the electric field due to the effect of the edges (Fig. 3).

The light needed to produce the electrons is produced by a Nd-Yag
laser?; it is brought onto the photocathode through a quartz optical fibre
(= 100 cm long, 1.2 mm diameter) that can operate at wavelengths down
to 180 nm# The fibre enters the chamber via a cryogenic indium scaled
feed-through developed by our group and shown in Fig. 1; it ends at 5
mm from the axis of the chamber, touches the photo-cathode at an angle
of 11° in order to maximize the area hit by the light.

The laser beam is focused on the optical fibre by a quartz lens with a
focal distance of 10 cm. The ratio between the light intensity at the output
and at the input of the fibre was measured with a joulemeterS , operating
via the pyroelectric effect, to be about 3 %.

The electrons generated by the laser pulse drift from the cathode
towards the first grid, inducing a current in the cathode. After the
electron cloud crosses the first grid, the current induced in the cathode
becomes approximately zero because the grid screens the cathode.
Typical waveforms are shown in Fig. 4.

We find that although only 3 percent of the light emitted by the laser
reaches the photocathode, the number of photoelectrons injected into the
liquid is in the range 106 + 107; a number of electrons 2 106 can be
obtained for a wide combination of electric field and laser intensities.
This is because the photon energy (E,) is in fact very close to the
photoelectric threshold (Ep) .

Ey=4.66 eV
Eg=Wa+ Vo=49-02)eV=47eV

3 Model 5L400, Spectron Laser System, UK.
4 Superguide G-UV, FIBERGUIDE Inc., U.S.A,
5 pyroelectyric Joulemeter Model I3,.Molectron Detector Inc., U.S.A.
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where Vg = - 0.2 eV is the energy of the conduction band of the electrons
in LAr [4].

All the components of the monitoring system that will be in contact
with the ultra-pure Argon are cleaned following the CERN standard

procedure [1,5], but avoiding halogenated solvents.

The vessel containing the drift cell is connected to a turbo-molecular
pumping system through a cold trap, in order to reach a residual pressure
< 10-7 mbar, and to the [CARUS test purifier [1]. The vessel is immersed
into a dewar containing the LAr bath needed to condense the gas coming
from the purifier. Before each liquefaction the system is baked out under
vacuum for at least 24-+48 hours at 120°C. Such relatively low baking
temperature is used to avoid damage to the resistors and the fibre fecd-
through. After bake-out, a typical leak rate is less than 10-9 mbar litre sec-
1 and the degassing rate less than 10-12 mbar litre sec-! cm2 at room
temperature, compatible with the published data for stainless steel [6].

A typical filling can be completed in about 20 min, To evacuate the
chamber, the Ar is evaporated through a silicon oil® bubbler in order to
prevent contamination of the monitor due to back diffusion of air.

3. Determination of the electrom lifetime 1

Let t = 0 designate the firing of a laser pulse. The charge photoinjected
from the cathode travels the distance separating the cathode from the first
grid in a time Te. Since the width of the laser pulse (20 nsec) is two
orders of magnitude smaller than the shorest drift time between cathode
and first grid (T > 7 psec), the distortion of the signal due to the time
during which electrons are ejected from the cathode is negligible. Let Qc
be the integrated charge flowing into the cathode during the interval 0 <t
< Te. After t = T¢, the electron cloud drifts across the gap separating the
two grids, in a time Tp. Due to the shielding of the grids — and provided
that the biasing field is such as to guarantee transparency of the grids (e. g.
that no electrons are lost while traversing the grids) — no current flows
into/from the cathode/anode during the period Te < t < T + Tn. Finally,
the electron cloud goes past the second grid and travels the distance
separating this second grid from the anode in a time Ta. Let Q4 be the
integrated charge flowing out of the anode during the interval Tc + Tp <t
< Te + Tp + Ta. The ratio R = Qa/Qc is a function only of the drift times
Te, T, Ta and of the electron lifetime T

6 Diffusion pump oil type 705, Dow-Corning, U.S.A.
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at different distances from it. The results of both measurements, T ~ 4 ms,
agreed within experimental error.

4, Performance of different purification systems

Recall that the electron lifetimes (several milliseconds) reported
earlier [1] were obtained using Ar 60 as gas source (concentration of O, <
0.1 ppm according to the supplier), and a purification system designed for
small flow (of the order of a few thousand litres of Ar gas per hour at
STP). This system was comprised of a OXISORB cartridge? (containing
Cr imbedded in a molecular sieve bed as active element); a storage
reservoir for the purified liquid; and a home-made molecular sieve filter
containing silica gel, and Linde 4A and 13X molecular sieves, mixed in
proportion of 1/3 to 1/3 to 1/3 [1].

To evaluate the performance of the different elements making up this
purifier, as well as its performance when using lower grade Ar as a
source, we carried out the series of tests summarized below, liquifying
purified Ar under different conditions:

a) using the complete system described above and Ar 60 as gas source, at
low flow (15 /min at STP);

b) same as ) but without the home-made molecular sieve filter;

¢) same as b) but using liquid Ar 48 as a source (concentration of Oy ~ 1
ppm, according to the supplier) instead of Ar 60;

d) a purifier built with large size cartridges!! made for industrial
applications and high flow (100 m*hour at STP): a dryer cartridge
(HYDROSORB, containing a mixture of molecular sieves 4A and 13X)
and a getter (OXISORB). The purifier was operated at high flow (120
I/min at STP) using commercial liquid Argon (Ar 48).

The results are plotted in Fig. 7. An electron lifetime larger than 4
milliseconds was achieved with all 4 four configurations listed above,
corresponding to a purity level < 0.07 ppb O, equivalent.

In order to verify that these levels of purity do depend on the removal
of electronegative impurities from the Ar gas while circulating through
the purifier, At 60 was liquified without purification, i. e. directly from
the gas bottle. The result is shown in Fig. 8. A stable value of lifetime

10 OXISORB Grosspatrone, Messer Griesheim GmbH, Dusseldorf, Germany,

11 HYDROSORB & OXISORE type R20, Messer Griesheim GmbH, Dusseldorf,
Germany.
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ranging from 60 to 120 us was reached reproducibly within the same
delay of about 10 hours, after recording an initial value of ©= 3 is; this
latter value is roughly consistent with Argon 60 nominal concentration of
O, (£ 0.1 ppm). A similar effect has been reported in Ref. 7, where the
specira of a 27Bi source in LAr was observed to take about 12 hours to
stabilize after doping the LAr with Ny and Os.

5. The increase in electron lifetime after liquefaction
In an attempt to understand the increase in electron lifetime observed
after liquefaction, several hypotheses were considered:

a) purification by means of photoemitted electrons that attach to
electronegative impurities, cansing them to drift towards the anode;

b} presence of microscopic powder (particles with linear dimensions of
the order of several microns, coming from the filters that make up the
purifier), that trap the electrons and slowly deposit at the bottom of the
vessel;

c) Adsorption of contaminants on the surface of the chamber, taking
place in a time scale governed by brownian motion.

The first of these hypotheses was discarded, because the ratio between
the number of O, molecules present in the liquid and the number of
photoelectrons generated per pulse is of the order of 10"°, and the
repetition rate is orders of magnitude too small (typically ~ 1 min™) to
achieve removal of the electronegative contaminants within the observed
period.

In order to test the second and third hypothesis, we doped LAr with
certain amounts of
1) 0,12 with an impurity content, according to the supplier, of 200 ppm

of Na-Ar and 50 ppm of H20;

2) CO,J3 with an impurity content of 16 ppm of Ny, 2 ppm of O3 and 2
ppm of HzO, specified by the supplier.

Neither of the two dopants was purified. The amount of gas was
determined by introducing the dopant into a calibrated volume and
measuring its pressure. Having filled about one half of the detector with
purified LAr, the dopant was introduced into the cell by opening the

12 Medical Oxygen, Carbagas, Berne, Switzerland.
13 CQ, 48, Carbagas, Berne, Switzerland.
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Table 1. Voltages, fields and transit times corresponding to a drifting
field between cathode grid and anode grid of 400 Viem.

i = Viem Taire = 34
Veidamod = +1000V Edsify drift s
Vaod = +1500V  Faea =1000Viem  Tuoa= 3 Ms

Table 2. Voltages, fields and transit times corresponding to a drifting
field between cathode grid and anode grid of 30 Viem.

485 =
Verid cath =
Veridanod =
Vanod =

135
-125V
+125V
+187V

mUQE.
Edrin

mE._R_

I

1

20 Vicm
50 Viem
125 Vicm

.H.S_E
Tasire

Tanod

il

42 ps
183 ps

20 us
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