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Abstract: A test model has been built to study the performance of
prototypes for the ALEPH Time Projection Chamber. The device consists
of a solenoid magnet providing a magnetic field of up to 1.2 Tesla
inside a cylindric field cage of 75 cm diameter and 1.3 m length. It has
been used to test two chambers of different design. We describe the
setup and present results from measurements with these prototype
chambers using laser beams and cosmic ray particles.
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1. Introduction

The ALEPH collaboration is currently preparing an experiment [1] at the
new Large Electron Positron collider (LEP) which is now under construction
at CERN. For the central detector the ALEPH collaboration has decided to
build a large time projection chamber (TPC) based on the pioneering work
of D.Nygren et al. [2] provided that a system of laser rays can be incor-
porated for the calibration of the large drift volume and that the build-up
of space charge can be avoided by gating the TPC. Therefore TPC90 was
built as a testing facility to study the performance of prototype chambers
under realistic conditions (i.e. with long drift distance in magnetic field),
to test laser beams, to study systematic effects (influence of field inhomo-
geneities, diffusion, gas parameters etc) and to test the gating concept.
Furthermore it should serve as a testing ground for new electronics and a
new readout system which is being developed for the ALEPH TPC and last
but not least to gain operational experience with such detectors.

2. TPCS0

A cutoff view of the set up is shown in fig. 1. It consists of a solenoid
magnet with an iron return yoke providing a magnetic field in a cylindrical
volume, in which is inserted a field cage producing an electric field parallel
to the magnetic field. The field cage is closed on one side by a high volt-
age electrode which for special studies has a central quartz window of 150
mm diameter. On the opposite side the drift volume is closed by the TPC
endplate, a MWPC chamber with segménted cathode read-out. Tracks are
produced inside the drift volume by laser rays passing through windows or
by cosmic particles traversing the detector. In the following the different
components of the setup are described.

2.1 The Magnet

The magnet is a watercooled 175 cm long solenoid with inner diameter 90 cm
which is enclosed by two iron end plates and 20 iron slabs forming the re-
turn yoke. The coil is made out of 68 pancakes and contains three gaps to
allow the traversal of laser rays. The pancakes were designed such to op-



TPC90, a Test Model for the ALEPH TPC 3

timize the azimuthal field uniformity. Electrically the coil is split into two .
groups of pancakes connected in parallel. Within a group the pancakes (odd
or even numbered ones) are connected in series. The magnet can be oper-
ated in direct current mode up to 1820 Ampere producing a field of 7
kGauss and in pulsed mode (a typical cycle time is 12 sec with 3 sec flat
top) up to 3120 Ampere corresponding to a field of 12 kGauss with a peak
power consumption of 1.6 Megawatt.

2.2 The Field Cage

The field cage consists of a 10 mm thick fiberglass epoxy cylinder of 166
cm length and 75 cm inner diameter. On its inner surface are imbedded 66
copper electrode rings 2 mm thick, 19 mm wide and spaced by 1.5 mm.
These rings are cut once on the circumference to avoid closed loops for
eddy currents during pulsed operation of the magnet. The outer surface
of the cylinder is covered with a conductive paint. The electrodes are
connected to a precision resistor chain (65 x 3 MQ) mounted on the outside
of the cylinder. In the field cage imbedded are 20 quartz windows, 12 of
them are oval (12 x 50 mm?) and located at the gaps in the coil of the
magnet, thus allowing laser rays to traverse the volume from outside the
magnet. The field cage has been operated with high voltage up to 35 kVolt
corresponding to an electric field of 260 Volt/cm.

2.3 The Gas System

The drift volume (approx. 0.6 m3) is filled with the detector gas at atmos-
pheric pressure. |In standard operation premixed gas (Argon * 9% CH,) is
used in flow through mode. The gas system has provisions to protect the
detector against under/overpressure, includes gas leak detectors, an oxy-
gen meter? and a monitor chamber with a drift length of 20 cm to measure
parameters directly related to the gas like gas amplification, electron at-
tachment and drift velocity. For special studies the system is equipped
with a recirculation and purification loop using an Oxisorb filter and a mo-
lecular sieve. Under normal conditions (flow rate: 80 liters/hour, no puri-
fication) the oxygen contamination is around 20 ppm. The monitor chamber

1 Teledyne Model 316
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has been used for many studies, one of the results concerning the signal
attenuation by electron attachment is shown in fig. 2. From the slope of
the measured points it can be estimated that in the case of the ALEPH TPC
(i.e. for a drift length of 2.2 m) a contamination of 10 to 20 ppm of oxy-
gen would cause an attenuation of the signal by about 1%.

2.4 The Laser System

UV lasers are convenient tools to produce straight tracks of ionisation in
the presence of a magnetic field. TPC90 has two laser systems available.
For most of the studies a two stage nitrogen laser? is used, emitting at A =
337 nm with a pulse energy of 200 pJ and a pulse duration of 0.5 nsec.
The laser ray can be brought into the detector volume through the gaps in
the coil and the corresponding windows in the field cage or by means of a
beam splitter system located in the gap between the coil and the field cage
which produces two parallel tracks at the beginning and the end of the
drift region and a 45° track.

The second laser available is a Nd-YAG laser® which is the type forseen
for the laser calibration system of the ALEPH TPC. This laser contains a
frequency quadrupler to produce light at a wavelength of A = 266 nm with
a power of 4 mJ per pulse and a pulse duration of 8 nsec and is normally
used with a beam splitting system producing three parallel tracks.

2.5 The TPC90 Chambers

For the test setup two different chambers have been built. The first one
was constructed in the spirit of gaining experience and is modeled after the
Berkeley design [2] for PEP4. This chamber has hexagonal shape (original-
ly considered for the elements of the ALEPH TPC) and the basic structure
is made of a copper cladded fiberglass plate reinforced on the backside by
a frame and stiffening ribs. The cathode plane contains 8 straight rows of
pads (pad size 8 x 8 mm?) spaced by 72 mm, which are obtained by milling

2 MOPA-400, Multilasers, Geneva, Switzerland

3 Spectron Laser Systems Ltd, Rugby, UK
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away the copper. Above the cathode there are three planes of wires ar-
ranged as shown in fig. 3. The first one contains the sense and field
shaping wires, the second layer forms the ground grid terminating the
drift field and the third acts as the gating grid [3]. All wires are glued
at the edges with Araldite to 5 mm wide frames which also contain the
printed circuits for the electrical connections; the second and third wire
plane are glued to removable frames. The sense wires and the pads are
connected to preamplifiers located on the chamber. For the first chamber
we have used 256 electronics channels identical to those of the PEP4 TPC

[4].

The second chamber can be considered as a prototype for the sectors form-
ing the endplate of the ALEPH TPC. Although not quite the size of a final
sector it has all the relevant design features. The construction is based on
an Aluminium sandwich, is wedge shaped and the cathode plane has long
radial pads (6.7 x 30 mm?) along concentric arcs (see fig. 4). The ar-
rangement of the wire planes is identical to that of the first prototype.
First this chamber has been operated with the previously mentioned elec-
tronics, but recently it has been equipped with new electronics designed
for the ALEPH TPC. It consists of preamplifiers and line drivers in hybrid
technology located on the chamber and Time Projection Digitizers (TPD)
which are Fastbus modules containing each 64 channels with line reciever,
shaper, FlashADC and front end memories. More details on the electronics
and the read out system can be found in [5].

3. Results

From the various extensive studies which have been performed with TPC90

we will present here only a few selected results, others have been pub-
lished elsewhere [6] [7] [8].

3.1 Pad Response Function

One important parameter necessary for the position determination of a track
is the pad response function (PRF) which describes the dependence of the
signal amplitude Ai on pad i at position Y; of an avalanche at position y of
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a sense wire. It has been shown [9] that the PRF can be approximated by
a Gaussian function

A, = Ay.expl-(y-y,)?/204?] (m

The width 9 depends only on the geometrical properties of the chamber.
However, the diffusion of the drifting electrons and the ExB effect [10]
near the sense wires influence the avalanche such that the actually meas-
ured width OPRE depends on the magnetic field and the drift length. This

width OpRrp €an be parameterized as a convolution of Gaussian distributions
of the form

SpRE” = 90 * op* (B/L) * op,p® (B) (2)

where 9 and SExB describe the contribution to the width caused by the
diffusion and the ExB effect respectively. In equation (1) AO’ y and o)
are three unknowns, therefore the width of the Gaussian can be calculated
for each event, if three neighbouring pads have signals of amplitude
Ai-1’Ai' Ai+1’ by the expression:

oppp?/A? = ['n(Aiz/(Ai—l'Ai+1))]—1 3)

where A is the pitch of the pads. This ratio (3) is plotted in fig. 5 as a
function of the magnetic field for three different drift distances. ( More
details can be found in [8].) The strong decrease of the width with in-
creasing magnetic field demonstrates one of the basic concepts of the TPC,
namely that the magnetic field is not only used to measure the momentum of

particles but also to reduce the transverse diffusion of the drifting elec-
trons.

3.2 The Magnetic Field

We have measured the three components of the magnetic field inside the
volume with the goal to measure the radial and the azimuthal component to
the precision of 1 Gauss in the presence of a main component which is 104
times higher using five orthogonal hall probes and a laser to monitor their
geometrical alignment. Knowing the main component of the magnetic field on
a closed surface one can solve Maxwell's equations for a scalar potential
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[11] and can calculate the three components of the magnetic field inside the
enclosed volume (apart from a constant term). Comparing the measurement
of the three components from a fine scan in the volume (about 5000 points)
with the calculation using the above mentioned method, the discrepancy
found was less than 1 Gauss (RMS value) for the main and the radial com-
ponent and less than 2 Gauss for the azimuthal component. The absolute
values for the radial and the azimuthal component are plotted in fig. 6 for
a magnetic field of 12 kGauss.

From the measurement with a laser ray the quantity
AS = [wr/(1*w?T2)] . j'(Br/BZ)dz (4)

can be obtained. Knowing wt (where w is the cyclotron frequency and T
is the mean time between collisions of the drifting electron) the integral

| I(B,./Bz)dl (5)

can be calculated. On the other hand, the integral (5) can be computed
using the field map and we found good agreement between the measurement
and computation; a detailed discussion of the results can be found in [7].

3.3 Straightness of Laser Tracks

The variance o, of the position Y; of a laser ray as measured with the
chamber is of the order of 100 pym, hence the mean position <yi> of the
track at pad row i can be measured with an error of less than 10 um with a
few hundred laser shots. This makes the laser a well suited tool for the
study of systematic effects. We performed a scan by displacing the laser
parallel to the TPC end plate in steps of 1T mm over a range of 10 mm.
Four of these measured tracks are shown in fig. 7 (note that lines have
different vertical origin). Fitting a straight line to these points we obtain
mean residuals between 22 and 27 um. The reconstructed vertical distance
between the tracks is 1.007 #26 um, which is consistent with our precision
in the displacement of the laser ray.
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3.4 Resolution with Cosmic Particles

With the first prototype chamber the spatial resolution was measured with
cosmics and the results obtained are consistent with the expected resolution
as measured with a small test chamber [10]. Here we present some prelim-
inary results obtained with the second prototype chamber. Only five pad
rows were equipped with electronics and the chamber was not tuned to op-
timum conditions. By means of scintillation counters triggers were accepted
from cosmics traversing the detector within following limits: azimuthal angle
-7° < ¢ < 7°, polar angle 37° < © < 90°, and within the available drift
lenght, i.e. between 0 and 130 cm. The data were taken at 12 kGauss and
at a drift field of 113 V/cm with Ar *+ 9% CH,. Defining the resolution as

cyz = Z(yi_yi,fit)z / F (6)
(where Y; is the measured coordinate at pad row i and Yi fit is the coordi-
nate obtained with a parabolic fit to the points of each individual track, F
is the number of degrees of freedom) and making only a loose cut on
curved tracks we obtain a spatial resolution in the projection of the pad
plane of o, = 210 ym. Using only the information from the pads the reso-
lution in the drift direction is o_ = 1.3 mm. However, for the above men-

z
tioned reasons these results still contain systematic errors.

3.5 Measurement of lonisation Loss with Cosmic Particles

Only 52 sense wires were equipped with electronics yielding a mean value
of 46 samples (sampling length 4 mm at 1 atmosphere). Sorting the tracks
in momentum bins and calculating the truncated mean value of the 75% low-
est of the pulseheight distribution, we obtain a resolution in the measure-
ment of the ionisation loss of 27% FWHM, which can be cosidered as ade-
quate within the limitations of the electronics available at this time and the
momentum resolution” of the prototype. The relative ionisation versus mo-

mentum of particles is plotted in fig. 8 showing the relativistic rise of the
ionisation.
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4. Conclusion

The test facility TPCS0 proved to be an extremely valuable tool for testing
protoype sectors for the ALEPH TPC, to investigate the application of laser
rays and to study systematic effects in time projection chambers (e.g. pad
response function, diffusion of drifting electrons, distortions of tracks due
field inhomogeneities). It also allows to measure the spatial resolution obtai-
nable with particles and to test new electronics.
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Figure Captions

Fig. 1: Cutoff view of the TPC90 test setup

Fig. 2: Attenuation of the signal by electron attachment as a function of
oxygen contamination measured in the monitor chamber of the gas system

Fig. 3: Schematic arrangement of the wire grids above the cathode plane
Fig. 4: Photograph of the second prototype chamber

Fig. 5: The dependence of the PRF on the magnetic field for three drift
distances

Fig. 6: a) The radial component of the magnetic field plotted vs. the axial
direction for different radii b) The angular component plotted vs. the azi-

muthal angle for different radii

Fig. 7: The straightness of reconstructed laser tracks (the tracks have
different vertical origin and are spaced by 1 mm)

Fig. 8: Relative ionisation loss vs. momentum of particles



magnet coil

laser windows

wire planes

chamber

magnet yoke

holes for A
becmtubes{/\’“‘/\ st ?\
window%

high voltag_e_plate\(\;i




Attenuation

1.00

~ —ALpA 5 QA_é\—A—A"A‘A“M-A\A

L Qﬁ"c - “‘?‘—'O-O—QCOO_OC@OQJ

i o OO O\Q \

I \250 V/cm
0.95

' O
_ \
I N
m Os (#No+...)

0.90 | ppm T2 AT | \ \

:?"/ 1 PRI ST 1t s by gl 1 | [ IJJ 1

1 10 102 103

Contamination

Figure 2




00 0 00 00000 O O0O0©o000©0O0O0O0

o

o . o

. o

o

o

6
L'
i
4y

T5u0
5

75u @
H l.:
200, 7509
ol

Pigure 3

gatling wires

ground wires

sense+field wires

cathode plane
withpads 6.7x 30 mm*

charge-sensitive

preamplifiers

2



Figure 4



o%pge/ A?

Fiqure 5




B, (Gauss)

150

100

50

-50

-100

By (Gauss)

150

B, (calculated) vs. Z
[atyp=0]

R=305cm
v

3 R=20.6cm

R=2.5cm

1 : 1 r—
50 \/ 100 B0

} B, vs- ¢ R=25,Z=10
/R=4,2=10
_l]-[‘ /\ 9 . ;JT _ b)
/ S~ p(rads)
) R=25,2=65




<Y




Rel. lonisation

—
wn

—
o

1

lllli | TITIHTI

¢ run 7035 + 7 KG 3289 tracks
o run 7037 - 7 KG 3440 tracks

L 040 < Ax <0.44cm

e .

&

1

! RN Ll
1

10
Momentum [GeV]

Figure 2




	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

