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Preliminary measurements in a proportional counter with two independently counting wires
have shown that counting rates up to 10 counts/s per wire can be reached without critical loss
in the “true versus measured” linearity relation. In this paper, a gas-flow multiwire propor-
tional counter designed and constructed in Iran, is presented. Results obtained with a fabri-
cated detector, containing 32 Ni-chromic anode wires, are shown. Each wire is associated
with a fast pre-amplifier and a discriminator channel. Counting rates of over 107 events per
second are measured. The diameter, length, and resistance per unit length of anode wires are
35um, 3 cmand 10 Q/m, respectively. The cathode is constructed of two fiber glass printed
sheets of 4 x 12 cm? dimensions. In this detector, P, gas (10% of methane and 90% of argon)
is used. The volume of the detector sensitive area is 24 cm3. Detector signals are analyzed care-
fully through data acquisition systems (MCA, amplifier and preamplifier). Our study indi-
cates that the present detector is a position sensitive detector and that the obtained position
sensitivity resolution of this instrument is 3.5 mm.
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INTRODUCTION

The multiwire proportional chamber, introduced
and developed by Charpak, has multiple applications
in elementary particle physics and astrophysics [1].
Position detection of radioactive rays enables us to
measure the space distribution of radioactive and other
materials absorbed by the human body (radio-medi-
cine). Among other possible applications of the said
detector are the distribution measurements of
X-ray/neutron diffraction patterns [2-7]. The technol-
ogy for the fabrication of multiwire proportional coun-
ters (MWPC) has been developed recently, based on
Charpak’s invention and the development of the
multiwire proportional chamber for which he was
awarded the Nobel prize in 1992 [8]. In the field of gas
detectors, it is known that the space charge resulting
from exposure to high fluxes ultimately limits their
counting rate capability by reducing the electric field
in the active region. Some of the issues of by-passing
this limitation have been addressed, essentially based
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on the reduction of the drift path for electrons and ions:
namely, concerning microstrip [9], microgap [10], and
microdot [11] detectors. Very high counting rates may
be achieved in a MWPC by the appropriate choice of
geometry parameters, gas filling, and signal process-
ing electronics [12, 13].

POSITION SENSITIVE DETECTORS

In position sensitive detectors (PSD), the posi-
tion of the source can be determined using two meth-
ods: the charge division and rise time method. Since
the charge division method is used more often [8], in
the present investigation, the charge division method
has been applied. Because, due to certain specific rea-
sons, electromagnetic or particle rays may diffract,
this detector seems to be a proper instrument for the
measurement of diffracted rays. The multiwire pro-
portional counter contains many thin sheets acting as
anodes and cathodes. Each anode sheet was placed ex-
actly and symmetrically between two cathode sheets.
The electrode system was situated in a gas (P,,) con-
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tainer. Electrons formed by the ionization of the gas
drift toward the plane of anode wires, initially in a
nearly uniform field. As they approach, they are accel-
erated toward the nearest wire and into its surrounding
high-field region where avalanches are formed [8, 14].
In the proportional counter, the total collected charge
is proportional to initial electrons and, therefore, its
constant proportionality is called the multiplication
coefficient. In the common cylindrical geometry, elec-
trons drift inwardly from their place of formation,
along radial field lines, so that the position of the ava-
lanche is a good indicator of the axial position at which
the original ion pair was formed. If the track of inci-
dent radiation extends for some distance along the
length of the tube, then multiple avalanches will also
be distributed along the anode and only an average po-
sition can be deduced. The most common method of
position sensing in proportional tubes is based on the
principle of the charge division method [6]. The anode
wire is fabricated to have a significant resistance per
unit length, so that the collected charge is divided be-
tween amplifiers placed at both ends of the wire in a
proportion that is simply related to the position of the
interaction. By summing the output of the two amplifi-
ers, a conventional output pulse with an amplitude
proportional to the total charge is produced. A position
signal is generated by dividing the output of a single
amplifier by summed signals to give a pulse that indi-
cates the relative position along the anode wire length.
This division can be carried out either by the analog
method or by digital techniques. An alternative to the
charge division method, capable of excellent spatial
resolution, has been developed by Borkowski and
Kopp [15].

DETECTOR SIMULATION

The MWPC contains thin planes with equidis-
tant and symmetric anode wires placed between sev-
eral cathode plates. The optimum distance between the
anode and cathode was measured within the selected

voltage region, by the Garfield 7 code [16], and the
obtained value was almost 5 mm. The electric field and
equipotential surfaces in the presence of electric po-
tential, deduced by the Garfield 7 code, are shown in
fig. 1.

INVESTIGATION PROCEDURE

The investigation procedure in the present study
has been divided into two sections: assembly and ex-
perimental procedures.

Our detector contains a central anode surface
placed between two cathode plates. The assemblage
was placed in an aluminum box acting as the chamber
of the detector. The anode surface contains 32
Ni-chromic wires. The diameter, length, and resis-
tance per unit of length of the anode wires are 35
um, 3 cm, and10 ©/m, respectively. A chain resistance
of 1 kQ has been constructed using these wires, all of
them connected to a fiber glass sheet of 8 x 19 cm? di-
mensions. The cathode is made of two fiberglass
printed sheets of 4 x 12 cm? dimensions. From top to
bottom, at a distance of 5 mm, the anode circuit is sur-
rounded by a cathode circuit. The detector chamber
has ahole of 2 x 12 cm? atop of it. The hole is covered
by 0.8 mg/cm? thick Mylar, so as to allow incident ra-
diation with less attenuation to enter the Mylar cham-
ber. The door is made of plexiglas and tightened with
O-ring and screws. The schematic presentation of the
detector is shown in fig. 2.

ASSEMBLING AND CONNECTING

The detector contains a printed board circuit
(PBC), 5 mm spacers, isolation screws, an O-ring, and
resistances. The detector chamber was connected to a
high voltage power supply (SHV jack) on two sides.
Tensional force was applied to the Ni-chrome wires
before connection because, due to the increase in tem-
perature, the wires might fall. After soldering the
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wires to the PBC, it is necessary to dissociate the wires
from it with utmost precision. In order to avoid electri-
cal leakage and electric sparks at sharp points, we had
to cover these points with special isolators. After
washing the electronics and the detector chamber with
acetone, the system was assembled with electronic
items, spacers and screws. The assembled system was
then placed on two plexiglas stands, connecting the
cathode surfaces to the ground and, from two sides, the
anode wires to the SHV jack. After connecting the
O-ring and ensuring isolation, the detector door was
closed and all screws fastened. In this stage, the detec-
tor has to be filled with gas (P, ). Therefore, in order to
remove the dust and unwanted gases, the outlet was
opened for some time. The exhaust was put in water to
measure gas Debby. In this stage, the system is ready
for applying voltage. Due to the sensitivity of the elec-
tronic devices, the voltage has to be applied slowly.
The final appearance of fabricated multiwire propor-
tional detector (MWPD) is shown in fig. 3(b).

EXPERIMENTAL PROCEDURES

The assembly of electronic devices, without the
divider circuit and collector, is shown in fig. 3(a). So as
to amplify the output pulses of the MWPC, the
ORTEC-142 PC charge sensitive preamplifier and am-
plifier were used in the present work. The output
pulses of the amplifier are analogue pulses which are
converted to digital pulses by passing through the ana-
logue-to-digital converter (ADC) unit, so that the digi-
tal pulse height has been obtained by the multi-channel
analysis (MCA) unit.

As is clear from fig. 3(a), the data acquisition
procedure is as follows: a standard source is placed in a
particular are on the detector window during the cre-
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Figure 3(a). Block diagram of experiment set-up

ation of the photo peak. With the displacement of the
standard source, the channel number of the photo peak
will decrease. The shape of the photo peak on the oscil-
loscope indicates that, after the displacement of the
source, due to the increase in the resistance of anode
wires as compared to the earlier position, the pulse
height on the same channel number decreases. In the
present experiment, the high voltage, amplifier gain,
gas Debby and pressure were constant at 1700 V, one
bubble per second and 1.3 atmospheres, respectively.
The typical X-ray spectrum of the MWPC is shown in
fig. 4. In the present experiment, *! Am was used as a
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Figure 4. X-ray spectrum of silver obtained with MWPD
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variable X-ray source and generator of the main =

source (excited Ag). Silver (Ag) was excited through a % 5000 4 &

60 keV X-ray beam of a 4! Am source. The k, -X-ray g

of silver (22.4 keV) was selected as entrance radiation § 4000 4

in the present investigation. As was indicated in fig. 4, <

due to reasons listed below, the MWPC photo peak %0004

width of 22.4 keV is larger than the above photo peak 2000 4 A

width of solid state detectors [17]. rs

(1) Due to the small distance of the X-ray source 1000 + F

from the MWPC main circuit (2 cm) and the X-ray At &

source diameter (3 mm), the falling X-ray on the anode 01 2 .. 130 po

wires is not a plane wave, so that it may, at the same Voltage [V]

time, interact with many anode wires and create many
pulses with various heights, too.

(2) Due to multiple collisions of the mono-en-
ergy X-ray with the sensitive material of the MWPC
(P, gas), a lot of ionization will take place, and may
therefore, create many pulses with various heights.

The avalanche effect in an ideal gas (inert gas)
takes place at low voltages, as compared to other gas
combinations; so, one of the basic components of gas-
flow detector sensitive materials are ideal gases. The
operation region of the present detector (counts vs. ap-
plied voltage) and pulse height vs. applied voltage
curve, are shown in figs. 5 and 6, respectively.

As shown in fig. 5, the plateau length of the pres-
ent detector is 300 V, indicating that along with the in-
crease in the applied voltage, the multiplication coeffi-
cientalso increases. Our results show (fig. 6) that, with
the increase in pulse height at the end of the propor-
tional region (V > 1800), pulse height also increases
rapidly, starting the Geiger region, ultimately. As fig. 7
shows, the relationship between source position and
the channel number is linear. It also indicates that the
effective length of this detector is 8 cm, which is the
maximum displacement of the source, as the pulse
height will obey the sensitivity of this detector. The
minimum displacement of the source, which makes a
change in the channel number of the photo peak by
unit, is known as position sensitivity resolution of the
PSD. In the present measurement, the obtained posi-
tion sensitivity resolution of the MWPC was 3.5 mm.
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Figure 5. Plateau region of detector

Figure 6. Pulse height vs. applied voltage
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Figure 7. Linearity of position and channel number

DISCUSSION

This detector was designed and fabricated for
the first time in Iran. Due to the sufficient thickness of
its Myler windows, a complete spectrum of any X-ray
and low energy y-ray sources (channels and counts)
can be obtained by use of advanced circuits (dividers
and collectors) of our detector. Our investigation
shows that the space resolution of this detector in-
creases by using thin and long wires (anode wires),
meaning that, for this purpose, the distance between
anode wires needs to be decreased. The linear relation-
ship between position sensitivity and the channel
number of this detector was shown in fig. 7, demon-
strating that by increasing the position resolution of
the present detector, the slope of the linear curve will
increase. The present study shows that accurate elec-
tronic devices and the high resistance of anode wires,
as well as the best combination of gas materials, may
foster further development in the industry.
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PA3BOJ IMIO3UIINMOHO OCET/BUBOI ITPOIIOPIHMOHAJJHOT
BPOJAYA HA BA3HU BUIIE CTPYHA

[IpenuMmuHapHa Mepema IPONOPINOHATHIM OpojadueM ca ABe He3aBUCHE CTPYHE ITOKa3aja cy a
ce Mory foctihu 6p3uHe Gpojama o 10° o6poja y ceKyHau 110 je[HOj Kuly, 6e3 3HauajHuX ryOuTaKa Ha
JMHEAPHOCTU OIHOCA “TayHO — U3MEpEeHO”. Y pajy je MpHKa3aH FacHU BUIIECTPYHU NPONOPLUOHAIHU
Opojay, AU3ajHUPAH U HANPABIbEH, U U3JIOXKEHH Cy pe3ynTaT fooujeHn (paGpUUKUM JETEKTOPOM KOjH
cajipku 32 HUKJI-XpOMHe aHOAHe Xkulle. CBaka cTpyHa je IoBe3aHa ca Op3UM IIpeTIIojayaBadyeM U KaHaJIOM
3a quckpumuHanujy. IlocturayTe cy 6p3une 6pojama o mpeko 107 gorabaja y cekynau. [Ipeunuk, gy>xuna
U MOAYy>KHA OTIIOPHOCT aHOAHUX >kuuja ¢y 35 pm, 3 cm u 10 QO/m, pecnektuBHo. KaTona je HanpaBbeHa off
JiBe IITaMnaHe miove o pudepriaca gumensuja 4 cm x 12 cm. KopumtheH je rac Py, (10% meran n 90% ap-
I'OH), a OCETIbHMBA 3aNPEMUHA IeTEKTOPa je 24 cm?. CUrHau IeTEKTOPa NaKILUBO Cy aHATM3UPAHH TOMOhy
cucTeMa 3a aKBH3MLHMjy IofaTaka (BHIIEKaHAJIHOT aHaIM3aTopa, ojayaBavya M IpeTHojayaBayva). Ham
paj nokasyje Jia je oBaj JeTeKTOp MO3UIUOHO OCETI/bUB U J1a je foOujeHa pe30oylnja OCeTIbUBOCTU OBOT
HHCTpYMEHTa off 3.5 mm.

Kwyune peuu: ipoitopyuonaanu 6pojay, Go3UuOHAa OCell/bUBOCI, JOHU3AUU]A, 2ACHA
MYyAIUIAUKAYU]a, pacilodeaa HaeAeKIpUcara



