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ELECTRICAL TRANSPARENCY OF GRIDS USED
IN GASEOUS PARTICLE DETECTORS

D.M.Khazins, A.A.Kuritchin

Electrical transparency of wire grids used in gaseous particle detec-
tors is examined. A method for measuring the transparency is deve-
loped. The experimental results are presented for two kinds of grids
(linear grids made from parallel wires and meshes made from crossed
wires) with various radius-to-pitch ratios. The experimental results
are compared with the transparency calculations.

The investigation has been performed at the Laboratory of Nuclear
Problems, JINR. '

JneKTprUYecKas Npo3pauHoCTh CETOK,
[pUMeHAEMBIX B ra30pa3pAAHBIX JeTeKTOpaX YaCTHI

I.M.Xa3unc, A.A.Kypumu

Hccnenyercs anekTpudeckas Hpo3payHOCTh NPOBOJIOYHBIX CETOK,
HCIIONb3YEMBIX B Ta3opa3pAAHbIX AeTexTopax 4vactuu. PaspaGoran
MeTo, M3MepeHusa npo3pauHoctH. IlpendcTaBneHbl pe3ynbTaThk M3Me-
PeHHA A OBYX THMOB CeTOK (JIMHEHHBIX CETOK M3 IMapayuIeNbHbIX
MPOBONIOK M KJIETIATBIX CETOK, M3TOTOB/IEHHBIX M3 CKPEMIEHHBIX Hpo-
BOJIOK) [UIA pa3JIMYHBIX OTHOIUEHMH pajuyc-luar. JKCHEepHMEHTasb-
Hble pe3yIbTaThl CPaBHMBAIOTCS C pe3yNbTaTaMH aHAJTMTHYECKHX BBI-
YHCIICHHMH.

PaGora BmmonneHa B JlaGopatopuu spepHeix npoGnem OHSH.

Introduction

Wire grids are widely used in gaseous detectors of elementary
particles such as time-projection chamber, X-ray detectors, multistep
chambers, etc., to separate the drift or conversion gaps from the re-
gistering ones.

The grids usually must satisfy two contradictory requirements.
On the one hand the grids must have maximal electrical transparency
or, in other words, let the maximal number of drifting electrons pass
through itself. From this point of view sparse grids with thin wires
are good enough. On the other hand the nonuniformity of the electri-
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cal field created by the grid must be as small as possible. That naturally
calls for dense grids with closely situated wires. So the detailed know-
ledge about  geomeftrical parameters of grids on its characteristics
(transparency and field nonuniformity) are needed.

In this work the results of a study of electrical transparency of
various grids as a function of their geometrical parameters and surround-
ing electrical fields are presented for both linear grids made from paral-
lel and equidistantly placed wires and meshes made from crossed wires.
Particular attention is paid to dense grids and meshes.

The transparency of sparse grids (with small ratio of the wire
radius (R) to the wire pitch (S)) can be analytically calculated 1/,
Here we mean the grids placed in gaseous environment. In this case
electrons and ions are drifting along with electrical field lines contrary
to the vacuum case. The results of these calculations (see also the Appen-
dix) may be represented as follows,

In Fig.1 four configurations of electrical field versus various values
of the parameter

X= Q e,

RIE 01
are shown. Here Q is the linear density of the wire charge, E5 is the
value of the electrical field intensity created by outer electrodes (the
cathode and anode) in the wire position, R is the wire radius, ¢ = *1
corresponding to the sign of drifting charges.

To make it more definite let us consider the electrical transparency
(n) of the grid (Fig.1) for positive ions.

If x >1, all the field lines start from the anode and pass through
the grid. This means that the ions pass through the grid too and
trangparency is

n=1. (1)

mm A

4 4

x < -1 -1 <x <0 0<x <1 xr>1

Fig.1. Field'configurations in the chamber gaps versus the X-parameter,
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If x <-1, transparency is proportional to the number of field
lines collected by the cathode. If the cathode and anode gaps are big
enough, so that the intensity of electric fields near them may be con-
sidered uniform (E, and E,), then transparency is

7= —. (2)

The situation is more complicated for | x ! <1. It is necessary to
use the following equation (see the Appendix)

1- 4% (v 1-x2 + xarcsinx)

n - . (3)

1—217—R-x
S

The formulae (1) *(3) are correct for sparse linear grids with ratio
R/S £ 0.075, which has been checked by experiment 'L.2° To find
out the correctness limit of the calculations and the transparency of
dense linear grids and meshes we performed some measurements with
a special model.

Experimental Method

Our model (Fig.2) consists of an anode (1), a cathode (2) and
a grid (3) assembled together by plexiglas spacers (4). The working
surface of each electrode is 120x120 mm®. The cathode-grid gap (L )
was chosen (see below) equal to 20.7 mm, the grid-anode gap (L,)
varied from 4.8 mm to 6.7 mm. The changeable grid was made from
copper wires with diameters from 0.025 to 0.325 mm and had the
pitch size 3 mm.

As a source of charged particles, a corona discharge on the cathode
was chosen. With this aim the holes 6 mm in diameter with 10 mm
pitch in both directions (a total of 121 holes) were made in the cathode
surface. In the center of each hole the needles were set with tips stick-
ing out about 0.5 mm above the cathode surface. When the high vol-
tage (U,=-2.6+ -3.0 kV) is applied to the needles, the corona dis-
charge is set between the needle tips and the grounded cathode surface.
If there is some voltage on the anode and the grid, a part of ions leave -
the corona region and drift to the anode. One can then determine the
grid electrical transparency by measuring the anode (I,) and the grid
(I,) currents by the formula:

I &

n= (4)

I, +1g
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Fig.2. Design of the experimental model: (1) anode, (2) cathode, (3) grid, (4) spa-

cers, (5) needles, (6) guard wire.

The characteristic value of the corona current was Lorona = 120 pA.
And the summary current in the cathode-grid gap (I, + I g) varied from
2 to 12 1 A depending on the electrode potentials.

To avoid the surface currents from the cathode to the grid a guard
wire (6) was set under the grid.

For decreasing of edge effects the mylar sheet with the inner
window 100x100 mm in size was set in the cathode-grip gap 5 mm
below the grid. The difference between the transparency values mea-
sured with and without that sheet was smaller than 4 %.

As is said above, we used the cathode of special shape. This leads
to a strong nonuniformity of the electrical field near the cathode
surface. The influence of the nonuniformity on the transparency deter-
mination may be decreased by enlarging the cathode-grid gap. The mea-
surements for various distances L . showed that starting from L=
= 19 mm the value of transparency is not changed and in the further
measurements we used L ; = 20.7 mm.

The influence of the anode-grid distance on transparency was
not noticed.All the measurements were done with three values L , = 4.8,
5.8 and 6.7 mm and showed practically the same results.

This model does not have an air-proof casing and air was used
as a working gas. The open construction allows free access to the elec-
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trodes and easy changing of their configuration, However, the use of
air as a working gas means that the electric charge is carried by slowly
moving negative oxygen ions (due to electrons attached to oxygen mo-
lecules). Consequently a large volume charge appears, which conside-
rably changes the electric fields in the gaps. In the data analyses this
change has been taken into account.

Experimental Results

The degree of acct'lracy with which our model allows the measu-
rement of the transparency (after corrections) can be estimated from
Figs. 3 and 4, where the results of measurements with sparse linear
grids are shown with the results of calculations according to formulae
(1) ¥(3). The standard deviation of the experimental points from the
curves is 1.8 %. In Fig.3 the data without correction for the volume
charge effect are also shown. Disagreement in this case is 20 %.

In Figs.5-7 the results of transparency measurements for dense
linear grids are shown. The systematic deviation from the calculations
becomes noticeable as the ratio R/S increases, and for R/S =0.05 the
calculations are in complete disagreement with the measurements.
It should be noted that the measured values of transparency in all
cases are above the calculated ones.
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Fig.8. The same as in Fig.3 for the mesh
with R = 0.050 mm and S =3 mm. Dashed
Fig.7. The same as in Fig.3 for the grid is curve calculated by formulae (1)(3)for
with R = 0.685 mm and S = 3 mm. R/Stwice as big as the real ratio.
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Fig.9. The same as in Fig.8 for the mesh
with R = 0.150 mm and S = 3 mm.

Fig.10. The same as in Fig.8 for the mesh
with R 0.325 mm and S = 3 mm.
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In Figs.8-10 we show the results for the meshes of different den-
sity. There are no theoretical estimations for these grids. Nevertheless,
we also present the transparency curves obtained with formulae (1) +(3)
for two values of the S-parameter: one is equal to the wire pitch (as if
the transverse wires are removed), and the other is equal to half of the
wire pitch (as if the transverse wires are rotated by 90° and placed
between the longitudinal ones). All the measured points lie between
these two curves, so formulae (1) ~(3) can be used for rough estimation
of the mesh transparency for R/S up to 0.228. The data in all figures
are shown as functions of the ratio of the field intensities near the anode
and the cathode.

In order to connect them with voltage of the grid-anode gap (U,)
and of the grid-cathode gap (U, ) it is convenient to write the potential
created by the grid with the average charge density o at a sufficiently
large distance from it L > S as

F =2n0(L+38), (5)

where the parameter & depends only on the geometry of the grid.
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Fig.11. Dependence of &/S on R/S, A — measured
values 8/5 for the linear grids, O — measured values
5/S for the meshes, — — curve calculated by formu-
la (7), --- — curve calculated by formula (7) for R/S twi-
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With this form of the grid potential one can obtain the electrical
field intensity in the grid-anode gap

UL
U 1+UL
Ea=--3[1-8 LI (6)
L, 2La+5(1+-1£—@)

c
The formula for E . can be obtained by exchanging the indices a and c.

The parameter & for sparse linear grids can be calculated
6=- £ m(esh( ZEy). (7
” S

For other grids § can be found by measuring the electrical capa-
citance of the grid relatively to the flat electrodes. Some results of these
measurements compared with the calculations by formula (7) are pre-
sented in Fig.11.

,Conclusions

We believe that the experimental results presented in Figs.3 +10
will be useful for estimation of electrical transparency of the grids
used in particle detectors.

The calculations based on formulae (1) <(3) are well appropriate
for linear grids with R/S £ 0.05 and may be used as a rather close lower
limit of the transparency up to R/S = 0.1.

The transparency for the meshes with R/S <0.05 can also be
estimated with formulae (1)+(3) which gives an upper limit of the
transparency if the real value S is used, or a lower limit if the half of
the real wire pitch is used as parameter S.

The electrical transparency of even very dense linear grids and
meshes (with the optical transparency=0.5) reaches 100 % at the suffi-
ciently high anode-to-cathode electrical field intensity ratio (Figs.7
and 10).

Appendix

Here we present the derivation of formula (3) by a method some-

what different from (1).
To begin with, let us consider the problem of charge density distri-
bution q( ¢) on the surface of a single wire with radius R in an external
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electrical field Eg orthogonal to the wire axis. The polar angle ¢ is de-
fined relatively to the field direction. From the condition E,, ng. = 0
the equation follows: '

2m
[ a(y)ctg
0

l//2_¢d¢+E0cos¢ = 0. (A1)

The solution has the form:

(¢) B0 ¢+ 2 (A2
q = —sing + ,
2n 2#R )
2n
where Q = [q(¢)-d¢ is the linear charge density on the wire,
0
Hence the electric field intensity on the wire surface is:
2.-Q
E = R +2E,-sing. (A3)

For | Q|<|RE,| and for the angle range ¢, <¢ <2n-¢,

where ¢1 = arcsin[- —-Q—] , the field lines enter the wire surface and
0

the positive charges drifting along them are captured by the wire. The

electric field flux captured by a unit of wire length is:

2n - ¢
Fo=-f ERd¢ 4V Ej 2R _g® +4Qarcsin-—QE - 27Q. (A4)
_ ¢ E

1

Now let us consider a linear grid with wire pitch S. For large distan-
ces from the grid (comparable with S) the electric field flux from the
anode to the grid corresponding to one wire of unit length is:

F - [E —217;]8 | (A5)

If the grid is sufficiently sparse so that the field on the wire surface
induced by neighboring wires can be neglected the formula (A4) is
correct. Then the electric transparency is:

2.2 2 Q
F, ES-4VEGR®-Q + Qaresin —

f=lcem= Q. (A6)
F E,S -2rQ
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This formula can be generalized for negative particles coming

from the cathode by introducing X = , Where e = *1 depending

RlEol

on the sign of the drifting particles. Finally, for grid transparency we
obtain:

1 -4-2—(\/1 -x? 4 xaresinx )
7]: . . (A7)
i - 217-&);
S
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