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Abstract be significantly broadened when radiation enters at finite angles

A description is given of the principle and experimentéﬂf incidence. This phenomenon has, to some extent, limited

verification of a new method which significantly reducef® application of gas-based detectors.

broadening of the position response, due to parallax, for ra- Only a small number of previous studies have been made
diation incident on a detector at finite angles of incidencby other groups to alleviate the effects of parallax. At CERN,
The technique, which can be implemented in gas-based pozone-shaped drift region was installed above a conventional
sition-sensitive detectors with planar geometry, substantiatlyo-dimensional chamber to create the spherical drift cham-
improves position resolution for scattering experiments uber [3]. A version of this detector has been used for protein
ing X-rays and neutrons, and will permit larger angular coefystallography at LURE [4]; this is the only one known to
erage than has previously been possible. An improvemdéim¢ authors that has been so applied. A method developed
of nearly a factor four in rms position resolution is predictethy Breskin et al. [5] involved weighting the position of a
which is confirmed by measurements using a gas propoecorded event according to its pulse height from a parallel

tional X-ray detector with delay-line position encoding. plate avalanche detector, but we are unaware of applications
of this method. A detector marketed by Siemens [6] has a

|. INTRODUCTION drift r_egion _Which is bounded on the entrance side with a
spherical window, and by a planar cathode at the rear. In
Structural studies of samples in a number of disciplineshort, there are few examples of gas-based detectors with
such as molecular biology, solid state physics and material sgiy parallax reduction because of the significant fabrica-
ence, are frequently made by using X-ray and neutron scatt@sn difficulties entailed. We describe here a new method
ing, especially with the monochromatic, high fluxes availabi¢yat greatly reduces the effects of parallax broadening, and
at synchrotron sources (X-rays) and reactors/spallation sourggfich is specifically designed for existing planar two-dimen-
(neutrons). Typically, these studies involve the measuremeignal chambers.
of diffraction patterns with position sensitive detectors. In spe-
cific biological studies, polymer research and, particularly, sub Il. OUTLINE OF PRINCIPLE

second time resolved studies, gas-based proportional detec-
tors play a vital role [1,2]. While these devices can be fabri- Usually, an imaging gas detector has two regions where

cated in a wide range of collecting areas, they can only be ctive conversion of X-rays occurs. The major one is the ab-
veniently made in planar geometry. Since they require an abrption and drift region, depth between the window and
sorbing region of typically a centimeter of gas in order tcathode wire plane (figure 1); the second region is that be-
achieve good detection efficiency, the position response daveen the two cathodes (deptt)2whered is the anode-
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Figure 1. Plan view which illustrates X-ray (or neutron) radiation, scattered from a sample at the focal point, inciderst mo@odional
chamber. The left hand side represents the parallel field produced by a conventional, uniform potential window, yiefidimgt gigrallax
error, while the right hand side shows the ‘spherical’ field produced by a new window design, with which parallax erificaatsigeduced.
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cathode spacing. In practice, the detector is designed soshimum,; furthermore this value is practically independent of
that the majority of photons are absorbed in the drift regidhe incident angle of the radiation. The value gfvzhich de-

Parallax broadening in a conventional gas detector G&€ndS upom, f, tandd, defines the geometry of the electric

curs in the parallel field of the complete depth of the detd(€!d lines in the volume between the entrance window and the
tor, where signal electrons always drift perpendicularly fgthode wire plane. A family of curves, perpendicular every-
the electrodes: this is shown in the left hand side of figure'§here to the field lines, defines lines of equipotential (shown

To eliminate parallax, signal electrons should move aloffythe right hand side of the detector in figure 1), and is similar
radial lines which intercept at a point coinciding with thto a family of concentric circles which would correspond to an

position of the sample under study. This focal point is a didéal spherical field.

tancef from the cathode wire plane. Such an ideal, parallax The value of the electric potential at the central line of
free, field is spherical and is that which would be produc#ue detectorr(=0) was taken as the potential of an imagi-
by a point charge located at the sample position. If the ey dipole field which produces the required focusing ef-
trance window and the cathode wire plane were held at fhet in a region close to this central line. The values of the
potential of the spherical field at their respective locationgptential from this line were carried to the entrance window
the electric field in the drift region would be spherical angy the family of equipotential lines, thus defining the re-
electrons would move along the parallax-free lines. In pragired potential on the entrance window. The resulting po-
tice, it is very hard to apply a variable potential to the cattential has a profile which is approximately Gaussian with
ode wire plane, but the potential of the entrance window can

be changed in a radially symmetric way to minimize the ef- o=z (1).

fect of parallax. The resulting field is shown in the right
hand side of the detector in figure 1.

[ll. EXPERIMENTAL SETUP

The cathode wire plane, dt=0, is an equipotential sur- o )
face, and therefore field lines must intercept it at right angles, A" initial set of measurements has been performed using
corresponding to a focal point at infinity. With increasing @ Wo-dimensional multi-wire chamber that our group has
the field lines start to bend toward the center line of the detBf:®ady built for X-ray diffraction experiments using syn-
tor; at a distancé,, the tangents to the field lines intersed’fhr_Otr_(m rad|at|0n._ This detector h_as the fqllowmg charac-
exactly the focal point, or sample position. Due to the natdfyiStics: a beryllium entrance window with an area of
of the electrostatics, the field lines continue to curve and tHecm*10cm, a drift depth=10.2mm, and a multi-wire struc-
tangents to the lines fa@> Z, intersect closer than the focafuré With half gapd =1.25mm, resulting in a total gas depth
point. It can be shown that each field line is closely approfif 12:7mm. Position readout is accomplished by an opti-
mated by a parabola, completely defined by its point of origitiz€d delay line on each of the cathodes. (An earlier ver-
at the planeZ = 0, (where its derivative is zero), and the loca'©" of this detector has been described in reference [1].)

tion of the tangent that intersects the focal point. Assuming The beryllium window has been replaced by one which
that signal electrons drift along these lines of force, it is paseates the ‘spherical’ field. It has been fabricated using stan-
sible to calculate their spread in arrival position at the anodi@rd photolithography and evaporated aluminum to form
plane by appropriately weighting the X-ray conversion poinbncentric, conducting annuli on a 50um mylar sheet. A thin
with A, the X-ray absorption length in the gas. Figure 2 shovaeser of chromium is deposited on the clear mylar before the
this spread as a function & for three different incident angles.aluminum to prevent charging up of the exposed areas. The
We see that there is a value qf for which the spread is avoltage profile on the annuli has been optimized according

to eq.(1) for these initial tests fédr18cm andA=2.5mm,
or———— " which corresponds to the absorption depth of 5.4 keV radia-
tion and a mixture of Xe/10%C(at atmospheric pressure.
This gas mixture is one which is used routinely in scattering
experiments, and the radiation is conveniently generated
from a sealed tube with a chromium anode.
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The window pattern produced for this work is shown
in figure 3. There are sixty annuli, about the maximum
that can be created across the 10cm diameter while main-
taining good edge definition of each annulus. The pitch
of the annuli is tailored such that a voltage divider com-
prising equal value resistors generates the correct
2 4 6 8 10 12 Gaussian potential profile on the window; the resistor net-

Zy [mm] work was constructed on an adjoining printed circuit

Figure 2. Parallax contribution vZ, whereZ, is the azimuthal board, figure 3. Clearly this particular window design

position in the detector at which the tangent to the drift field ifeans at least one quarter of the det_ecto_r aljea is unus-
intersects the sample position, or focal point. able, and that part used for our tests is highlighted; our
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Parallax Contribution (rms) [um]
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Figure 3. Conducting pattern on detector entrance window used in present measurements. Window material is mylar shehictivith co
annuli (black) from evaporated aluminum. The resistive divider at left applies potential which varies from 2.5kV on tha@isetir&a00V
on the outer annulus.

aim was to ensure correct application of voltage to eacteased to 600um; this latter value is wholly dominated by
annulus and this method proved very effective. parallax. In many X-ray scattering experiments, diffraction
A particularly important feature of the test window de?€@ks are accompanied by a uniform background of diffusely
sign is that a parallel field can be created in the drift regié_ﬁattered radiation, and this figure |IIl_Jstrates how a diffrac-
by just removing the low voltage end of the resistive dividdfon Peak would eventually merge with the background at
figure 3, from ground. This allows comparison of the dete@'9€r angles of incidence.
tor response with parallel field, and a ‘spherical’ field, with The spectra with thin lines in figure 4 show the seven
no physical change or movement in the experimental setaprresponding position profiles (again, normalized to the
mame number of counts) for a ‘spherical’ field in the drift

detector, which was placed 18cm from the X-ray source, '§910N; the improvement is very marked. At an angle as large

focal point. The detector could be rotated accurately abggt 12°» the FWHM is now only 180um, and as a consequence

the focal point, an angular range of zero to 12° being achithe peak intensity is a factor four greater than for the paral-
able with this arrangement. lel field. Clearly, if th_is were a o_liffraction peak it_would now
be much more easily discernible from any diffuse back-

ground.

An X-ray beam collimated to 25um was incident on t

IV. RESuULTS : o . .
An important feature of the optimization described in sec-

The spectra with thick lines in figure 4 show the detectgbn 2 is the fact that the shape and value of the ‘spherical’
position response to collimated X-rays as a function of Xeld is accurately known. It is therefore possible to calculate
ray incident angle, for a parallel field in the drift region; eaahe expected point response of the detector at any incident
position peak has been normalized to the same numbegg@dle. It is straightforward also to calculate the point response
counts. At zero degrees, the FWHM resolution is 120pfar the normal parallel field condition. Figure 5(a) shows the
consistent with previous measurements using this detegiglculated point response for the present experimental condi-
system [1]; this value is due to the combined contributiofigns for an incident angle of 12°; note the logarithmic scale
of photoelectron range [7], electron diffusion and electronim the ordinate. Exponential absorption for the parallel field
noise. As the incident angle increases, the FWHM becomggse yields the widest of the two curves. The curve for the
progressively larger because of parallax, and at 12° has‘#pherical field’ is clearly much narrower; the direct overlap
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Figure 4.Position response of detector to 25um wide X-ray beams, incident on the entrance window over the range of 0° (normadtincidence
center) to 12° (near edge of detector). Thick lines represent parallel field in the drift region, and thin lines represerggherical’ field. All
peaks are normalized to the same number of counts.

of the two curves at the right hand side of the figure corre-
sponds to X-rays absorbed between the two cathodes. Figure (@)
5(b) shows the corresponding experimental distributions, which
are just expansions of the two 12° curves in figure 4. The agree-
ment between experiment and simulation is excellent.

From the simulation, it is possible to calculate an improve%
ment factor of the ‘spherical’ field performance comparedg 1
to the parallel field. However, the simulation only takes ac=
count of parallax, and, experimentally, the improvement fac-
tor is influenced by other phenomena, especially at angles } 1
of incidence very close to normal. The predicted resolution
due to parallax alone has therefore been added quadratically
to a detector response of 50pum rms. The curve in figure 6 ' ' :

- o 3.6 3.7 3.8 3.9
shows the improvement factor for angles up to 12°, together Radius [cm]
with corresponding experimental values. Again the agree-
ment is excellent. '

(b)

An unwanted side-effect resulting from the ‘spherical’
field in the drift region is an anode gain dependence on po-
sition in the detector. There is a small degree of ‘field leak-
age’ from the multiplication region between the two cath-z
odes, into the drift region, because of the transparency of
the cathode wire plane. Thus the field at the surface of %
specific anode wire is influenced to a minor extent by the
field directly above it in the drift region. Figure 7 shows the I _
measured anode gain dependence as a function of drift field,;
the field change in the test detector is represented by the
continuous curve; for completeness, the dashed curve con- A aheAn N
tinues to higher and lower fields. The gain change over the 3.6 3.7 3.8 3.9
face of the detector is therefore a little under 20%, which Radius [cm]
contributes to a slight broadening of the anode pulse height i £ g b incid
spectrum. ThiS, in turn, is reflected in the cathode Slg igure 5. Position response of detector to X-ray eams Incident at

litud but f . di incl , near edge of detector. Thick lines represent parallel field in the
amplitudes, but for most position encoding systems, inc ift region, and thin lines represent the new ‘spherical’ field. (a)

ing th? delay-line”readout used here, Fhe absol_ute POSiti@Bresents simulation of infinitely narrow beam, (b) shows
scale is not sensitive to such changes in gas gain. measurements with a 25um wide X-ray beam.
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Figure 6. Diagram to show the factor of improvement of a detecteigure 7. Variation of gas gain with value of drift field. The drift
with a ‘spherical’ drift field over that with a parallel drift field.field in the test detector varies from approximately 2.5 kV/cm in the
Continuous curve is simulation, circles are measurements. center to 500V/cm at the edge.
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