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ABSTRACT

In our research and development programme for the ICARUS experiment we have developed
a novel three-dimensional read-out scheme for liquefied noble gases TPC, where no charge
multiplication process takes place. The design avoids completely wire grids and is based on
the multi-layer circuit technique. As a consequence it is intrinsically safe and suited 10 be used
in large and modular structures as those foreseen for ICARUS. We describe here how the
electrodes structure can be simplified leading to the new design principles. We will show the
results obtained with a small prototype chamber in a 100GeV {1 beam.

1. Introduction.

The LAr TPC was first proposed in 1977 by C. Rubbia {11 with the aim to build a detector
with a large sensitive mass, that is continually sensitive, self-triggering and is able to provide
three dimensional images of any ionising event, as an electronic bubble chamber. A
configuration of the electrodes suitable for the three dimensional read-out of the events was
proposed by E. Gatti et al. [2], Following these ideas we developed, in the framework of the
JICARUS experiment, a multi-plane wire chamber made of several parallel wire grids to be
used as read-out electrodes of the LAr TPC. A 3 ton prototype making use of such technology
has been in operation since May 1991 31,
The chamber works as follows. A voltage is applied to each wire plane in order to ensure the
transparency of the grids to the drifting electrons (see ref. [4] for a detailed explanation of this
point). The position and charge of the track elements are measurcd by means of the current
induced on each sense wire. The drifting electrons reach and cross in sequence the following
wire planes: 1. A plane of wires running in the y direction (x and y are the two orthogonal
directions along which the wires are placed), functioning as a screening grid. 2. A plane of
wires running again in the y direction, located below the screening grid; its function is to
measure by induction the x co-ordinate. 3. A plane of wires running in the x direction located
below the previous plane; its function is to measure the y co-ordinate. Since this is the last
sensitive planc, the electric field is such that this plane collects the drifting electrons.
An electron drifting in the sensitive volume above the screening grid does not produce any
current in the co-ordinate planes (in the case of perfect shielding). A positive induced current
starts in the x co-ordinate plane when the electron crosses the screening grid, becomes
negalive when the electron crosses the co-ordinate plane and ends when the electron crosses
the y co-ordinate plane. The charge signal from the y co-ordinate plane has similar behaviour,
with the exception that only the positive current is present.

The originality and the performance of this novel technigue, applied to wire chambers of

dimension up to 2.5 m2 and of 2 mm grid pitch, have been discussed in detail in a recent

paper [5); nevertheless this design presents some weak points that couid be potentially
dangerous if the chambers are built on a very large scale (several tens of square meters).

Mechanics:

1. Each wire has to be kept in place with respect 0 the others without bending; this implies
very accurate absolute positioning (combs), high stress (several kilograms) to tension
the wircs, a complicated system to safely hold the wires on the frame and finally a thick
frame robust enough to absorb the forces without appreciable distortions.

2. A possible loosening of a wire inside the chamber can kill an appreciable part of the
detector.

3. The low frequency microphonic noise due to vibrations of the wires.
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practice we polarize the sense wires at +300 V and the field wires at -300 V, in order to keep
the average potential of the collection plane at ground. To measure the second co-ordinate we
must have an induction electrode plane.

In the configuration of Gatti et al. the induction plane was placed in front of the collection one
and the voltage applied was such that this grid was completely transparent to the drifting
electrons. In this scheme the drifting electrons, moving across this plane, give by induction the
signal to be detected; they then move toward the second plane where they are collected.

In the new configuration we substitute the conductive plane behind the collection grid with a
plane made of parallel electrodes acting as the induction plane. In fact the induction signal due
to electrons moving above the collection plane is visible even below the collection plane
because the latter does not act as a perfect screen. The problem is to try to maximise this
induction signal without deteriorating the collection one. The simplest way consists in
increasing the width of the induction electrodes while minimising that of the collection
electrodes, in order to favour the charge induced on the induction plane due to the solid angle
effect, and in working with a small gap between the two planes.

mm

T - .

b)

Fig.2. Equi-induction curves for the induction electrodes for the configuration described in the text. The map in

b) is shown in a plane containing the drift field and at 45 with both collection and induction electrodes.

The equi-induction map for the induction electrodes is shown in fig. 2 for a configuration
consisting of a collection plane as that of fig.1b and an induction plane located (0.5 mm below
it made of sense strips 2.54 mm wide with a 3 mm pitch, perpendicular to the collection
electrodes. The map is in a plane perpendicular to the read-out electrodes crossing them at 45°
and refers to the central induction strip.

We are now ready for the second and last step in the simplification process. A very important
feature of the new configuration is that the drifting electrodes never cross any grid. As a

consequence, the structure can be realised with metal strips deposited on the two faces of a
diclectric support employing, in practice, printed circuit techniques.

We have constructed a read-out structure consisting of a 0.5 mm thick vetronite sheet with the
collection strips on the upper face and the induction strips on the lower one. The structure is
kept rigid with a second vetronite sheet, 2 mm thick, glued on the lower side. Coliection and
induction strips are mutually perpendicular and have both a 3 mm pitch. The collection strips
are 0.1 mm wide, while the induction ones are 2.54 mm wide. Two field strips (0.1 mm wide)
are located at the two sides of each collection strip, on the same plane and at distance of 0.5

mimn.
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Fig.3. Measured and calculated shapes for the “collection” signals for a) the gridded configuration and b) the

ungridded configuration.

We now discuss the collection and induction signal shapes in this new configuration. First we
calculate the time dependence of the signal induced on the sense wire by moving the charge of
a track segment along trajectories parallel to the drift field with appropriate velocitics. We will
consider tracks parallel to the read-out planes. Fig. 3a shows the result of our calculation for
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In the printed board case, instead, a rotation of 36° around the drift axis was given to the
board in such a way that a track image, made of several contiguous wire hits, was visible on
both the collection and induction planes; the image of a multi-track event can be seen in fig. 6.
We measured the detector response to minimum ionising particles (m.i.p.), in terms of energy
and spatial resolution, as a function of the electric ficld strength and of the angle between the
track and the drift direction.

Filtered (SL&D)

Raw data

-VIEW

X

(collection strips)

Y-view
(induction strips)

O % SRR 2 R
0 200 0 200
Z-view
(drift time ps)

Fig.6. The two orthogonal views (rough and filtered data) of a three-prong interaction from the multi-layer

chamber.

A first important result is that no appreciable difference in the clectron lifetime has been
noticed (it was always higher than 3 ms) in the two cases. This confirms [6] that at LAr
temperatures the outgassing of electronegative impuritics from any material employed in the

construction of the TPC is negligible.

3.2 Energy resolution.

The energy resolution can be extracted from the distribution of the charge deposited by
minimum ionising particles on single sense strips by fitting with the convolution of a Landau
and a Gaussian functions. This is possible because the refation between the energy deposited
and the charge collected, dominated by the electron-ion recombination, for minimum ionising
particles is linear around the Landau peak. The Landau parameter is related to the intrinsic
fluctuation of dE/dx in LAr, while the variance of the Gaussian takes into account the
contribution of the electronic noise, calibration and the signal extraction algorithm.

The results obtained with both read-out chambers are very similar: the Landau parameter is
around 800 electrons, in agreement with the value predicied by the Vavilov model [71; the
overall Gaussian noise is about 400 electrons in agreement with the measurement done on the
width of the test pulse height distribution. In fig. 7 we present the two distributions of the
charge deposited on the collection electrodes obtained with the multi-layer chamber and with
the wire chamber. The data are relative to tracks running parallel to the chamber plane and a

drift field of 500 V/cm. The good agreement is evident.

320
...... Wire chamber
280 - —— Multi-layer chamber
240
Z E.N.C. = 400 electrons
[=]
2 an} ;
5 i
=
&
~ 160}
B b
(=1
3
Q
O 120}
80 |-
40
1 1 1 Yot iy
8 12 16 20 28

Deposited Charge (1000 electrons/3mm)
Fig.7. Collecied charge distributions on 3mm length for beam tracks crossing the chamber parallel to the

clectrode plane for wire chamber and multilayer chamber.
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