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The DO Argon purity Test Cell (ATC) measures the Os-equivalent pollution of
a liquid argon sample extracted from the calorimeters. The cell consists in two
radioactive sources, a (?4'Am) and B (!°®Ru), immersed in liquid argon which
produce ionizations. Then, the created charges are drifted by an adjustable electric
field. Due to absorption of e~ by electronegative impurities, the total collected
charge depends on the O3 pollution. The device is an upgraded version of Run I
DO ATC. Its present sensitivity is estimated to be better than + 0.15 ppm.

A pulser with adjustable frequency is used to calibrate the electronics. The electric
field is ramped step by step between 5 kV cm™! and 15 kV cm~!. Furthermore, for
calibration purpose, the ATC is equipped with a system to pollute a pure Argon
sample, with a given amount of O.

The setup and method of analysis of @ and 8 measurements will be described.
Measurements of the purity of the gas Argon from the three calorimeters (Central,
North and South End Cap) will be presented.

1. Introduction

The signal of drifting electrons in liquid argon is highly affected by recombina-
tion with Oz (or other electronegative molecules)!, so that the Argon purity
needs to be precisely monitored before filling the D0 calorimeters. Pollution
above 1 ppm would deteriorate the signal significantly?.

The principle of the measurement is the following : two radioactive sources
(a 24! Am and 3 1% Ru) produce ionizations in the liquid Argon between two
electrodes where an electric field can be adjusted (fig. 1). The collected charge
depends both on the electric field and on the Os pollution.

1.1. The ATC and the modifications for Run II

The ATC developed, built and operated for Run I*** has been upgraded®® and
tested at Grenoble from January to June 2000. Main modifications concern :

(1) the electronics which is based on NIM modules (developed for the AT-



LAS experiment”). A pulser with adjustable frequency and with the
same shape as the signal (width 1.5 us, amplitude 50 mV) is used for
calibration purposes,

(2) the possibility to pollute at a given level a pure Argon sample, to
calibrate the system,

(3) the data acquisition interface card (National Instrument AT MIO
16E10 ) and the acquisition program written in LabWindows/CVI ®.

The cell ( fig. 1) contains two sources : an a source (*!Am, 5.4 MeV,
activity ~ 2 kBq which has already been used for Run I) and a 3 source (1°6Ru,
3.5 MeV, with an activity of 40 kBq). These sources have been manufactured
by Isotope Products in Burbank (USA) by electro-deposition on a 2.5 ¢cm
diameter stainless steel electrode. The gap between cathode and anode is 2.15
mm. In addition for the 8 source, a second gap of the same width is used as
a trigger. The HV is varied between ~5 and 15 kV/cm for the a and between
~1 and 15 kV/cm for the 8. The field in the trigger gap is set at 10kV/cm.
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Figure 1. Alpha and Beta sources layout

1.2. Cooling procedure

Argon is filled in gaseous phase by “cryogenic pumping” It is cooled down
by liquid Nitrogen. By adjusting the Nitrogen pressure, one can get a stable
pressure of Argon at ~ 5+ 1 PSI. For cross-checking purposes, three temper-
ature probes (Pt100) are placed close to the cell and show that temperature
(T=89.0 £ 0.5 K ) is stable with variations below 1 K. This is consistent
with the Pressure-Temperature phase diagram?®. The 10 liters of liquid Argon,
which are necessary for the measurements, are usually obtained in 3 hours.



1.3. Electronics and Data acquisition

The signal goes through the following electronic chain:

(1) apreamplifier (designed at ISN), which is placed outside of the cryostat
as close as possible to the cell, in order to minimize noise,

(2) a shaper, a constant fraction discriminator (CFD), a Charge Voltage
Convertor,

(3) a data acquisition card (National Instrument) to allow data analysis
on a PC, using LabWindows/CVL.®.

In addition to the source signal, the calibration pulser signal and the
pedestal are also measured on line (with typically 40000 events in total for
each high voltage value). For a given LAr sample and for twenty values of the
electric field, the acquisition time is around 1 hour. The pedestal, the pulser
and the a signals are fitted with a Gaussian distribution while the g signal is
fitted by a Moyal fit®. The mean values are used to compute the pollution.

2. Measurements with a source
2.1. Absorption factor

a particles deposit almost all their energy over 10 — 20um. This induces a
constant current over a period of time equal to the drift time ¢4 between the
electrodes®.

For a sample with pollution p and for each value of the electric field E, a
normalized ratio X (E, p) is defined as:

X(E,p) = < signal(E,p) > — < pedestal >
P) = T Calibration > — < pedestal >

(1)

Where < signal(E, p) > is the mean value of the signal produced by the source,
< calibration > and < pedestal > are the mean values of the calibration
signal and of the pedestal. In this ratio possible fluctuations of the gain of the
electronic chain cancel.

Collected charge Q(E,p) and absorption Abs(E,p) are related by!°:

Q(E.p) = Qo% In(1 + €) x Abs(E, p) @)

where Qg is the total charge produced, %ln(l + &) describes initial recom-
bination of electron-pairs, and Abs(E,p) is the absorption factor. Since no
theoretical model provides a satisfactory description of this recombination, a
parameterized formula obtained by the ISN-ATLAS group” is used :

EE =a(l —c x e7P) (3)



with @ = 474 £ 1.4 kV/cm, b = 0.143 £ 0.006 ¢cm/kV and ¢ = 0.403 + 0.010!*
Furthermore, the absorption factor is:

AbS(E,p) = )\(Efd’p)(l — e_d/)‘(EvP)) (4)

with:
AE,p)=ax E/p (5)

where A(E,p) is the absorption length, d is the gap between the electrodes,
and o = 14.2 + 1.4 mm? ppm/kV(!?).
Eventually, assuming that X (E, p) is proportional to Q(E, p), one gets:

X(Eap) aF —pd
= x(l—ea
TIn(1+ ) x Cpor — pd <1777 ©

Chrorm is a normalization term that, in particular, takes into account charge to
voltage conversion factor. The equation 6 is fitted as a function of E, where p

and Cjorm are the parameters. The pollution p affects mostly the curvature
of Abs(E,p) vs E.

2.2. Calibration and errors
2.2.1. Main sources of uncertainties on p measurement

The main sources of errors on the Os-equivalent pollution are due to the :

(1) fit error and statistical error on the peak determination for signal,
pulser and pedestal : £0.07 ppm.

(2) error on the gap measurement : 2.5 %

(3) precision of the high voltage settings : 2 %

(4) error on parameters a, b, ¢ and on trapping constant a.

Other systematic errors (electronic fluctuations, non linear response of the
preamplifiers...) are more difficult to evaluate and can be estimated with a
calibration, as explained below.

2.2.2. Calibration

Equation 6 shows that p is an absolute measurement. However, to cross-
check the validity of the fit, the possibility of doing calibrated pollutions has
been added. First, the cryostat is filled with high purity Argon (for example
certified with less than 0.1 ppm O3). Then, a given volume of pure O is added,
followed by an Argon gas flow (coming from the cylinder) during 30 minutes,
so that 100% of the O is transfered into the cryostat. From the quantity of



O2 and LAr in the cryostat, a nominal (i.e. ezpected) value for the pollution is
derived. Experimentally, one has found that measurements get stable and are
consistent with the nominal pollution after one hour. The relative uncertainty
of the nominal pollution is ~ 10 %. Figure 2(a) shows different calibration
measurements. The standard deviation of measurements varies from 0.05 to
0.1 ppm depending on the pollution range. We choose to set it at 0.1 ppm for
all measured values to be conservative.

To cross check the consistency of the measurements, one can compare
nominal and measured pollutions. A linear fit is then realized (Ppomina =
@ X Pmeasured + ), giving the following results:

(1) a =0.95+0.05
(2) b=0.03+0.04

Where a and b are the fit parameters, Ppomina; i the nominal pollution and
Pmeasured 1S the measured pollution.

Nominal and measured pollutions are in very good agreement within a large
range (from 0.1 to 5 ppm). So the calibration validates the procedure and pro-
vides an estimation of the systematic errors by adding quadratically the error
on a and on Ppeqsured- Figure 3 shows the total error of the measurements:
for low pollution measurements (p < 1 ppm), uncertainties are lower than 0.15

3. Measurements with a 3 source
3.1. Properties of the B source

B are minimum ionizing particles so that most of them cross the gap depositing
energy along their path producing a linear decreasing current?. The signal of
the second gap is used as a trigger to provide a good rejection of the elec-
tronic noise. Because of this minimum ionizing behavior, concentration of
ion-electron pairs along the track is small, so that recombination effects are
much lower than for « particles.

3.2. Calibration

As for @ measurement, a linear fit is performed and the estimation of the
systematic errors is obtained with the same method (fig. 3). The large error
at high pollution is due to a lack of calibration data taken in this domain.

For each calibration sample an empirical fit is done using the following
expression:

. > _
< signal(E,p) > — < pedestal > ot (dtex E+gxE)xe B (7)
< pulser > — < pedestal >
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Figure 2. (a) a: Absorption measurement of samples with known pollution vs electric field.
(notation measured/nominal is used for the results on the figure. (b) 8: Central Calorimeter
measurement (Dec.2001).

Where the same conventions as for equation 1 are used. a, b, ¢, d and g are
the parameters of the fit. More precisely, the fitted quantity is the expression
on the left hand side of the previous equation divided by its asymptotic value
reached for high electric fields (E > 12 kV/cm).

The calibration has shown that d is a linear function of the pollution p. Fig-
ure 2(b) shows a measurement of the Central Calorimeter compared with two
calibration samples.

3.3. Results

Figure 3 shows that for low pollution, 8 source measurements are slightly better
than a source measurements. During the years 2000-2001, several campaigns
of measurements have been performed. Results are summarized in table 1.
It clearly appears that the purity of all the three calorimeters are far better
than 0.5 ppm. This is very satisfactory after 5 years of storage in the Dewar,
proving that the Argon cryogenic system has no leak. So we conclude that
the Ar purity of the dewar has not been degraded and can be used for Run II
wihout any correction. The analysis of the first data of the DO calorimeter are
in good agreement with expectation and confirmed a posteriori this result!3.



Alpha and Beta. Error vs Measured pollution
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Figure 3. Errors on a and § measurement as a function of the pollution.
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Table 1. Summary of all the measurement performed with a and g sources.
| Sample | Extracted Phase | ALPHA | BETA | date
dewar gas 0.34 + 0.12 - July 2000
dewar liquid 0.33 £ 0.12 - July 2000
dewar gas 0.25 + 0.12 | 0.18 £ 0.10 October 2000
dewar liquid 0.37 £ 0.12 | 0.19 £ 0.10 October 2000
C.C. gas 0.49 £ 0.12 | 0.38 £ 0.11 | December 2000
N.E.C. gas 0.16 £ 0.12 | 0.21 £ 0.10 | December 2000
C.C. gas 0.07 &£ 0.12 | 0.10 £ 0.10 | December 2001
N.E.C. gas 0.11 £ 0.12 | 0.09 + 0.10 | December 2001
S.E.C. gas 0.17 + 0.12 | 0.14 £ 0.10 | December 2001

the Acquisition soft.
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