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Abstract

A large-area, high-resolution two-dimensional position sensitive gas detector has
been developed for intermediate energy heavy ions. The x position information is
obtained by a multi-cathode read-out method and the y position by measuring the drift
time of electrons. This detector has no left-right ambiguity and very little dead layer in
the sensitive area, resulting in a detector system which is thin and homogeneous in the
whole sensitive area. The overall position resolution of 0.20 mm and 0.4 mm (FWHM)
were obtained for x and y directions, respectively. The position resolutions at lower gas
pressure were also measured to find an optimum operating condition to reduce multiple
scattering effect from the window foils and the detector gas. This detector has been

shown to be very useful for high-resolution heavy ion experiments at intermediate

energies.

1. Introduction

As a two-dimensional position detector for a magnetic spectrograph, large active
area Multi-Wire Drift Chambers (MWDC) have been widely used with high position

resolution and high count rate. However, it has a left-right ambiguity and also needs a
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large number of read-out elements. To solve this ambiguity, three layers of MWDCs are
usually used. This fact together with many dead areas of many wires and window foils
prevents a high position resolution measurement for intermediate energy heavy ions.
On the contrary, Single Wire Proportional Counter (SWPC) has no left-right ambiguity
and has a very simple structure. However, it usually does not have a large active area
and the position resolution depends on the length of the detector. And the count rate of a
charge division method for SWPCs is not high, since a resistive wire is used for the
sense wire. The resolution by the charge division method for SWPCs is ordinary about
1/1000 of the length of the sense wire. For instance, if the length of the sense wire is
longer than 50 cm, the position resolution should be worse than 0.5 mm.

A new method for read-out which uses multi-cathodes has been reported [1,2].
This read-out method is known to give a high position resolution irrelevant to the wire
length and high count rate. Therefore, this method will improve the position resolution
and the count rate problem for SWPCs. On the other hand, a good y position resolution
(<0.5 mm) has been obtained by measuring a drift ime of secondary electrons for a drift
space of 35 mm with a focal plane detector [3] for the QDD spectrograph [4] at the
Institute for Nuclear Study, University of Tokyo (INS). This is a kind of single drift
chamber of a drift length of 35 mm in y direction, and 80 cm long SWPC in x direction.
Thus, we simply extended the drift space to 10 cm as requested for the design, requiring
about 3 kV for the drift space. The diffusion effect of the secondary electrons during the
10 cm drift for the position resolution for both x and y is estimated to be 0.3 mm at an
atmospheric pressure (atm) [5,6]. This position resolutions certainly meet the requested
values of less than 0.5 mm.

This is a report of a development of a detector system which has a high count rate,
very little dead area in the counting space and no left-right ambiguity for intermediate-
energy heavy ion experiments at the Institute of Physical and Chemical Research
(RIKEN). This detector was designed as a focal plane detector of a high resolution
magnetic spectrograph, the SMART (a Swinger and a Magnetic Analyzer with Rotator

and Twisters) [7] for intermediate-energy heavy ions from the RIKEN Ring Cyclotron



(RRC) with K = 540. The requirements for the detector are as follows: The sensitive
area is 50 cm in the x direction (the momentum dispersion direction) and 10 cm in the y
direction (the angular direction). The position resolutions should be better than 0.5 mm
full width at half maximum (FWHM) in both x and y directions. The maximum count
rate should be no less than 104 counts per second (cps). The particle identification
should be made completely up to Ne isotopes, while rejecting multi-hit events.

The optimum condition was also investigated to reduce the multiple scattering
effect and d-ray effect from the foils and the gas of the detector, which worsen the final
resolution in the practical operations.

Part of this work has been already published elsewhere [8].

2. Detector Design

Figure 1 shows a schematic view of the multi-cathode read-out single-wire drift
counter (CRDC) designed here. The effective detecting area has a drift space of 100 mm
long in the drift direction (y direction) and a length of 500 mm in the x direction for the
secondary electrons which are produced by incident particles, and the thickness of the
counter is 15 mm. To realize a uniform electric field in the drift space, field wires of a
diameter of 50 um are used at an interval of 10 mm, giving very little dead layer in the
sensitive area. These field wires will be removed in the next design to achieve no dead
layer using guard plates outside the chamber as was made for the INS detector [3]. A
proportional chamber is placed on the top of the drift space. The proportional chamber is
separated from the drift space with grid wires of 50 pm of 2 mm spaces. The cross
section of the proportional chamber is a square of a side of 15 mm. The anode wire, a
gold plated tungsten wire of 55 cm long and a diameter of 12.5 pm, is set in the center of
the chamber. Multi cathodes were set along the top side of the proportional chamber.
Thus, the distance between the anode and the cathode is 7.5 mm. A high x position
resolution should be obtained by a cathode which has roughly the same width as the
distance between the anode wire and the cathodes [9]. Therefore, the cathode was

divided into 64 strips whose width is 7.5 mm with 0.5 mm separation between them.



We estimated the position resolution with this geometry to be 0.09 mm assuming 0.2 %
of the electric noise [9]. We expected less noise level than 0.2 % by introducing the
preamplifiers inside the detector box. It is also easy to handle the proportional chamber
of 15 mm of cross section. Therefore, we have chosen this size of cross section for the
proportional chamber. The strips are followed by charge-sensitive pre-amplifiers
independently. Each ten pre-amplifiers are packed into a can and enclosed in the detector
box in order to reduce the noise level.

On the other hand, the position in the y direction is determined by measuring the
drift time of the secondary electrons, using the anode signal of the proportional counter
and the signal of the plastic scintillators which are placed behind the CRDCs for the stop
and start signals, respectively. A timing filter amplifier and a constant fraction discrimi-
nator are used to get a fast timing signal from the proportional counter. The two-layer
plastic scintillators also give TOF information and also AE or E information. The anode
signals of the gas counter also provide AE information which can be used for the particle
identification.

The whole detector system consists of two CRDCs and two-layer plastic scintilla-
tors. They are all arranged in a series and perpendicularly to the beam direction in the
vicinity of the second focal plane of SMART. The distance between the two CRDCs is
55 cm. Using two dimensional position information, ray tracing is performed. This

two-scintillator system is effective to reduce background events for intermediate-energy

heavy-ions.

3. Result and Discussion

The beam tests were performed with a faint proton beam of 30 MeV from the SF-
cyclotron at INS, since this beam gives a smaller energy loss than the 135 MeV/A 12C
beam and thus the test would be more severe than the heavy ion case. The CRDC was
operated while flowing a mixed gas of Ar 70% and CH4 30%. This gas mixture was
chosen to get rather long plateau of the voltage for the drift speed of electrons [5,6]. The

x and y position resolutions were tested individually.



The position resolution of x direction was tested with a small size CRDC of 24 cm
wide and 3.5 cm high, which fitted in the detector box of the QDD spectrograph [4]. To
get a small beam spot, the QDD spectrograph was set at 0 degree without any target and
the faint beam was directly transported into the focal plane where the CRDC was set.
The detector gas pressure was 1 atm. The anode voltage was searched to be 1980 volts
for the best resolution. The overall x position resolution obtained was 0.20 mm FWHM,
as shown in fig. 2. Therefore, the intrinsic resolution of the detector should be equal or
less than 0.20 mm FWHM.

The y position resolution was tested with the full-size CRDC by a double slit
method. The CRDC was placed in the air behind the Kapton foil which was the end of
the beam duct. Two slits (0.2 mm width) were placed just before and behind the CRDC.
The voltage of 3000 volts for the drift space, the electric field strength of 0.40
volt/(cm-mmHg), was found to give the best resolution for the case of 1 atm and the drift
velocity of the electrons was also found to be well saturated at this field strength. The
position resolution in y direction was tested at the point of 15 mm and 85 mm from the
grid. The overall y position resolutions obtained were 0.4 mm in FWHM at both points.
The x position resolution with the full-size CRDC was also tested by the same way for
the test of y position resolution. The results were 0.4 mm FWHM at both y-positions.
These resolutions for both x and y positions are clearly limited by the double slit method
which is suffered from an edge scattering problem at the slit and the mulitiple scattering
effect of the window foils and the detector gas. The diffusion effect of the drifting
electrons in the drift space was not visible through the present resolutions. We are also
planning to clarify experimentally the intrinsic y-resolution with a short detector setting
the y-direction of the detector horizontally on the QDD focal plane where one can get a
small size of beam.

From the present experimental results, the CRDC designed here has been proved
to satisfy the requirements for the position resolutions at 1 atm. In our detector arrange-
ment, however, the second detector is set 55 cm behind the first detector. Therefore, the

beam spread problem by multiple scattering from the window foils and the gas of the first



detector became serious. This effect was estimated to be about 0.8 mm FWHM at the
second detector with Kapton Polyimide foil of 75 um thick and 1 atm Ar 70% + CH4
30% of 5 cm thick for the beam of 12C, 135MeV/A. To reduce this effect we needed to
use thinner foils and lower gas pressures. However, the position resolution of the drift
counter usually becomes worse when the counter is operated at lower gas pressure, since
the diffusion effect during the drift becomes larger. Therefore, we also have tested the
position resolutions of the detector at low pressures.

A gas-pressure and drift-length dependence of the position resolution in y direc-
tion was tested with a single wire drift chamber (SWDC) which has the same effective
area, 10 x 50 cm?2, since the CRDC with 10 c¢m drift space does not fit to the focal plane
box of the QDD spectrograph. Two slits (0.2 mm width) were placed just before and
behind the SWDC. The gas pressure was changed from 1 to 0.5 atm. The drift length
was also changed from 15 to 85 mm from the grid at each pressure. The voltages
applied to the drift plate, which gave the best resolution and the saturated drift velocity at
each pressure, were found to be the same, 0.40 in the unit of volt/(cm-mmHg). The
applied voltages to the anode were also searched for the best resolution at each pressure.
Figure 3 shows the drift length dependence of the y position resolution at each gas pres-
sure denoted. The position resolution changes little as a function of y at 1 atm as
mentioned before. The dependence at 0.75 atm is visible already in the figure. The
dependence becomes larger as the pressure becomes low. The lines in the figure are to
guide the eye.

As can be seen in the figure, the resolutions at the pressure of 0.75 atm are
acceptable for the present application. We can use 25 pm Kapton foil at this pressure,
reducing the multiple scattering effect from 0.8 mm to 0.5 mm. Therefore, our final
detector arrangement is as follows: The first detector has the window of 25 um thick
Kapton foil and the gas pressure of 0.75 atm, and the second has the window of 75 um
Kapton foil and the gas pressure of 1 atm being 55 cm behind the first detector. In addi-

tion a SWPC was placed to reduce erroneous trajectory construction due to 3-rays.



The CRDCs have been used for heavy-ion reaction studies at intermediate ener-
gies at RIKEN. Figure 4 shows typical momentum spectra of 12N from the
12N(12C, 12N)12B reaction at E/u = 135 MeV[10]. The particle identification was
easily made by using AE signals from the gas proportional counter and the TOF gener-
ated from the plastic counter and the RF signal of the cyclotron. The upper one is the
spectrum of an angular bin of 0° - 0.29 and the lower one is of 1.09 - 1.20. The overall
energy resolution obtained was about 700 keV FWHM. This energy resolution corre-
sponds to 1.3 mm of spatial resolution which is composed of the counter resolution, the
multiple scattering effect and the others (the beam energy spread, the d-ray effect, etc.).
They are roughly estimated to be about 0.4, 0.7 and 1 mm, respectively. We are
Planning to improve the resolution in near future by a better transport condition and
dispersion matching to reduce the beam energy spread.

There is a problem caused by 8-rays from the detector foils and gas, which
worsens the timing and position resolutions. The wrong position information caused by
the 8-rays was partially discriminated by an additional information using a third detector
which was placed just behind the second CRDC. This &-ray effect alone is not deter-
mined yet, although we estimated the effect is about 1 mm FWHM which includes the
incident beam spread as well. This problem has to be solved in the near future.

The maximum count rate of the CRDC is not fully tested yet. The spectra in fig. 4
were obtained with a count rate of about two thousand cps. We also obtained some
spectra with a count rate of 3~4 x103 cps with the same resolution.

To get accurate position information for the correct energy information, there is a
problem of non linearity[2, 9] in the position evaluation from the multistrips depending
on the choice of algorithm. Although we used simply the center of gravity method for the
moment, we will introduce a correction method of the empirical transformation in the near

future.



4. Summary

A two-dimensional position detector has been developed as a detector system of
the second focal plane of SMART for the research of intermediate-energy heavy ion reac-
tions at RIKEN. A thin and homogeneous detection area and high resolution have been
achieved by the CRDC which has a structure of a combination of a single drift space and
multi cathodes for read out.

The CRDCs were tested with the faint proton beams of 30 MeV. The best resolu-
tions obtained were 0.20 and 0.4 mm FWHM including the beam size at 1 atm for x
direction and y direction, respectively, although the Ay is not fully tested, which should
be tested. The operational condition with lower gas pressure was also searched to reduce
the multiple scattering effect. The drift length and gas pressure dependence of position
resolution was also tested using double slit method. The resolutions at the pressure of
0.75 atm were acceptable for the requirements. There are some problems that have to be
solved and modifications to be made in the near future, including the d-ray effect, a
correction method for the evaluation of position. The present detector system has been
used for heavy-ion reaction studies at intermediate energies with SMART at the RIKEN
successfully.

The authors are indebted to Professor. H. Okuno for helpful discussions and also

Professors. T. Nomura and 1. Katayama for the support.
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Figure captions
Figure 1 A schematic view of the multi-cathode read-out single-wire drift counter
(CRDC). The unit of length in the figure is mm. Each number stands for
(D pre-amplifier, (2) muiti-cathodestrips, (3) anode-wire, @) gird, ) field
wires, (6) window foil and (7) drift plate.
Figure 2. A typical x position spectrum for the proton beam of 30 MeV, obtained by
the small-size CRDC. The distance between the two peaks is 5.70 cm.
Figure 3. The gas pressure and drift length dependence of the y position resolution.
The error bar is within the dot size.
Figure 4. Typical momentum spectra of 12N from the 12N(12C, 12N)12B reaction at
E/u =135 MeV. The upper one is the spectrum of an angular bin of

00 - 0.29 and the lower one is of 1.00 - 1.20,
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