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ABSTRACT

A large cylindrical time projection chamber (TPC 90) with 60 cm
 diameter, 130 cm driftlength as well as a smaller test-chamber of

30 X 30 X 15 cm® have been used to investigate the effects of the magnetic
field on the operation of a gated grid. The magnetic field is found to
affect strongly the drifting electrons, but not for the positive ions.

The results can be well explained by the specific configuration of the
combined E and B fields near the gating grid wires and in the region of

the proportional wires.




1. INTRODUCTION

Following the introduction of the time projection chamber (TPC) by
D.R. Nygren [1] in 1974 this concept of employing large wireless driic
volumes with proportional chambers as endplanes has gained widespread
acceptance in high energy physics. The TPC is an attractive device since
it is nearly an ideal track detector providing three dimensional track
information of high resolution. This feature makes the detector especially
suitable for e e colliding beam experiments in order to investigate

complex and rare events.

Operating a large TPC as a continuously sensitive drift chamber,
however, can put a severe limitation on its performance with respect to
track and momentum resolution: in high background environments positive
jons from charge multiplication near the sense wires will eventually move
back into the drift space creating (due to their low mobility) track
distorting space charges. Also in the proportional cell of the detector
itself a high concentration of charge, caused by entering background
electrons, will have detrimental effects on the operation (gain) and

eventually on the effective lifetime of the chamber [2].

A possible solution for avoiding these problems is the use of a gated
grid for controlling the passage of drifting electrons or ions in the
TPC. We have investigated this possibility and will show in the following

the performance of a gated grid with and without magnetic field.

2. PRINCIPLE OF GATING

The safest and most efficient way to avoid space charges originating
in the proportional region is to maintain the TPC insensitive for as long
as no suitable event candidate is present. Only in the case of a valid
trigger an electronic shutter would be opened and the TPC endplate

vexposed" to the event.

One way to achieve this is to use a gated grid, which can be
appropriately operated, in order to be totally opaque or transparent to

drifting electrons approaching the detection plane of the TPC. Such a
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grid located in front of the TPC detection plane, i.e. inside the drift
volume, will then be suitably biased to satisfy the above conditions. One
can calculate this common potential, denoted by Vg, under the condition
that for transparency none of the drift field lines will be absorbed by
the gating grid and all will end beyond it on the sense wires. With the
gpecific cell geometry chosen (see fig. 1) the grid becomes transparent
for Vg being more negative (< -70 V) than the fiducial potential at the
grid location in drift space.

Then, by making Vg sufficiently positive (> 30 V) all drift field
lines will finally terminate on the gated grid wires and effectively close

the detection plane of the TPC.

Our calculations and measurements show indeed that a gating grid
could function properly this way, were it operated in a steady state mode
(static operation). However, under realistic conditions the opening and
closing of the gate (dynamic operation) must occur fast with tespect'to

the drift time of the electrons.

For the dynamic operation the common voltage Vg would be switched
between +30 V and -70 V, thereby inducing severe pickup transients in the
sensitive electronics of the chamber. We have rejected this gating
scheme, since the recovery time of the electronics would be excessively

long.

Instead we have adopted a scheme employed by Breskin et al. [3] and
more recently proposed by P. Nemethy et al. [4] to better control effects
of high particle fluxes in their detectors. To reduce the pickup problem
this gating scheme is based upon the ramping of two opposing voltages,
which are symmetrical both in height and time rate of change. To close
the grid these two potentials, denoted by * AVg, will be applied on
neighbouring wires of the grid. The periodic dipole character of the
gated grid gives opaqueness to drifting charges and the ramping of
opposing voltages results in a strong reduction in electronic pickup.
Figs. 2(a,b) illustrate the field configurations for the two modes of gate
operation. Thus Vg and t AVg specify completely the conditions of the
gated grid.
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In this paper we present results of measurements to establish values
for Vg and AVg. Especially the effect of the magnetic field on the
closing of the gated grid will be studied in detail.

. APPARATUS

The gating tests were performed in two different chambers, both
operating at atmospheric pressure. One is smaller (30 x 30 x 15 cm?®),
described elsewhere {5], and the other larger with a drift length of
130 cm and a hexagonally shaped wire chamber end plane with a width of

60 cm. This chamber "TPC90" (the magnet bore is 90 cm in diameter) is the
test setup for the ALEPH TPC and will be described in another paper.

Both chambers were equipped with similar proportional endplanes and
were operated in a magnetic field of up to 1.5 T. They were filled with a
gas mixture of argon-methane (90:10) at atmospheric pressure. Before the
larger chamber (TPC90) became available, we had investigated the electro-
static gating conditions in the small chamber by directly measuring the
electron and ion currents produced by X-ray sources as a function of the
- gate potentials. These results were verified when TPC90 came .into
operation. 1In these later tests the pulse height of tracks produced by a
UV Laser was recorded under various gating conditions. In fig. 3 we show
a schematic of the basic features of both experimental setups. A
difference between the two setups was that in the small TPC a gating grid
of 1 mm wire spacing was used, whereas the TPC90 is equipped with a grid
of 2 mm spacing. As a consequence different absolute values for the
gating parameters Vg and AVg were found for the two cases, but relative
effects due to the magnetic field were the same. In both setups the
average transparency voltage Vg and the closing potentials * AVg were
determined for a typical operating environment of the TPC; i.e.
E drift = 150 V/cm for the small chamber and E drift = 110 V/em for
TPC90 and gas amplifications between 2 X 10® and 4 X 104,
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RESULTS

4.1 No Magnetic Field

In fig. 4 the sense wire (electron) current is plotted versus the
common bias Vg for three wire amplifications. From the graphs one can
easily deduce that at a positive bias of Vg 2 30 V the transparency of
the grid is essentially zero. The plateau value of the curve defines the

100% transparent condition of the gate.

Similar results are shown in fig. 5 for the positive ion current as
measured under identical conditions at the central drift electrode. It is
remarkable that even under the condition of full gate transparency the ion
current accounts for less than 10% of the sense wire current. These
remaining positive ions may still produce serious field distortions in the
drift volume, and an effective closure of the gate is required to reduce
the ion background by two more orders of magnitude. In fig. 6 we show the

effect of a symmetric potential + AVg around the common gate bias

Vg = -100 V:

vh = vg + avg

V =Vg - AVg

Note that with V' = V7 = -100 V the grid is fully transparent for

drifting electrons.

The steep slope of the graph illustrates, how effectively the dipole
field of the gating grid reduces the charge due to gas amplification near
the sense wires down to the level of primary ionization in the drift

region.

1n summary, without magnetic field a gating grid of 1 mm wire pitch
fulfils the condition of transparency at Vg £ -100 V and AVg = 0, and
opaqueness at AVg = + 20 V.




4.2 With Magnetic Field

The small TPC was consequently placed in a spectrometer magnet at the
CERN SPS, where the gating could be tested with fields as high as 1.5 T.
For technical reasons the electron current could not be measured. As the
data in fig. 7 in comparison with fig. 6 indicate, the magnetic field of

1.5 T has essentially no influence on the positive ion feedback into the

drift volume.

As soon as the TPC90 became available the gating in a magnetic field
could be investigated again with 2 mm gating-wire pitch. One would expect
that doubling the pitch would mean in increase in AVg by a factor of two
as well, to * 40 V, in order to close the gated grid. This is indeed
the case without magnetic field, as confirmed by measurements done by

recording the pulseheight of laser tracks drifting through the grid.

As the magnetic field is increased, however, the grid again becomes
transparent to electrons, unless AVg is raised accordingly. This
behaviour is illustrated in fig. 8. Thus to compensate for the effect of
a given magnetic field the voltage step AVg has to be adjusted to Angax

to close the gate again.

max

In fig. 9 we show the systematic behaviour of AVg for various

magnetic fields. The error bars indicate the uncertainty in Angax due to
the fact that the laser signal approaches the noise level of the

electronics.

. NUMERICAL ESTIMATES

For the understanding of the gating in a magnetic field we must
recall the specific electric field configuration near the gating grid in

figure 2(b) (closed condition).

Without magnetic field, all electrons following strictly the electric
field lines, which start at the central field electrode and terminate at
the gating grid, cannot traverse this grid. 1In the presence of a magnetic
field the motion of electrons is no longer governed by the electric field

alone but by both fields through the expression [6]:
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The coordinate system used here is the z-axis is normal to the wire plane
and the x-component parallel to it, but normal to the wire direction. One

can choose a field point E(x,z), such that:

E = [E . cose, O, E sinal (3)

where a defines the angle between E(x,z) and the positive x-direction of

the wire plane. Expressions (1) to (3) will then lead to:
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In the x-z-plane the trajectories of moving charges are defined by

<
5

tany = ;E = =2, (v1)2
x x

= tana . w212

With ot >> 1 (¢ + 90°), the electric charges follow essentially the
B-field lines and ignore the electric field of the closed grid. The

larger the wt-value, the more electrons have the tendency to traverse

the grid.

We have made independent measurements of wr as a function of E and
B {7] and find for normal conditions in the drift volume, B = 1.2 T and

E = 110 V/cm, wt = 8. Given the measured dependence of wtr on E, we can
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calculate the particle trajectories from egs (4) and (6) in the vicinity
of the grid, and the result is shown for 2 values of AVg, £ 50 V and

+ 70 V, in fig. 8. The calculation is seen to agree with the measured

values.

Unlike electrons the positive ions, which travel back from the sense
wires towards the gating grid, acquire a small wr-value due to their
very low mobility. Therefore the ions follow entirely the electric field

lines while moving towards the gated grid and do not penetrate it.

. CONCLUSION

We have studied the operation of a gated grid in two TPC's, one small
and one large. These chambers are tests for the ALEPH TPC for which the
operating conditions (atmospheric pressure and high B) have been chosen
for optimum spatial resolution by taking advantage of the damping action
of a large wr, to reduce transverse diffusion. The gating data of the
test chamber can be well explained with our knowledge of wt near the
gating grid wires; i.e. they prove that the operation of a dipole gating
grid in the presence of a magnetic field is different for electrons and
ions due to their specific wr-value. Under the stringent requirement
that neither positive ions escape into the drift volume nor electrons
enter the TPC endplane, dipole-gating voltages exceeding AVg = 190 V
would be needed to close the grid at B = 1.5 T for 2 mm wire spacing.

If background conditions permit, the gating voltage could be relaxed
to the extent that the drift region is kept free of positive ions inspite
of electrons penetrating the gate. Finally, the different effect of the
gated grid on electrons and positive ions may open new interesting

possibilities by actually making use of this DIODE characteristic of the
gated detector.
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FIGURE CAPTIONS

Fig. 1 Geometry of proportional cell.

Fig. 2 (a) Electric field configuration with gated grid transparent.

(b) Electric field configuration with gated grid opaque.

Fig. 3 Schematic of experimental setup.

Fig. & Electron Current vs. Vg - transparency curve for electrons for

three different sense-wire voltages.

Fig. 5 Ion current vs. Vg - transparency curve for positive ions for
three different sense-wire voltages. E
Fig. 6 Transparency for positive ions as a function of AVg - without

magnetic field.

Fig. 7 Transparency for positive ions as a function of AVg with

magnetic field.

Fig. 8 Transparency for electrons vs. AVg for various magnetic

fields.

Fig. 9 Closing voltage Angax as a function of magnetic field.
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OPEN AND CLOSED GRID CONFIGURATIONS
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