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Abstract

The performance of a drift chamber prototype for a colliding
beam vertex detector in a test beam at DESY is described. At
one (two) atmosphere gas pressure a spatial resolution of

40 ym ( 30 ym ) per wire for one cm drift length was achieved
with a 100 MHz Flash-ADC system. An excellent double track
resolution of better than 300 um over the full drift length

of 5 cm can be estimated.




A. INTRODUCTION

For tne identification of short lived rarticles and the mea-
surement of their lifetime by detection of their decay vertex
a position resolution of the tracking devices of Ax < 30 um

and a double track resolution of Ax < 0.5 mm will be necessary.

Silicon-strip detectors are ruled out because of multinle
scattering and other technical reasons and one is left with
drift chambers. A number of such detectors have been installed
recently in experiments at e+e_-machinesl) but the achievable
resolution hovers around o ~ 100 ym, still a factor of three off

from our design goal.

An improvement of this order can only be achieved by fundamental
improvements in the detection principnle. Therefore this paper
contains the description of a track detector based on the "time
expansion chamber" (TEC)Z).
In order to describe the basic features of this detector the 1li-
mitations of position resolution in drift chambers are briefly
reviewed3).
1) Physical limitations:
- range of &§-rays
- diffusion

2) Technical limitations:

- measurement of cluster position in 3-dimensional
space by projection on one coordinate (cluster
effect)

- field line distortions

- mechanical precision.

The contribution from the range of é-rays can be estimated o < 20 um

and will be excluded from further discussions. The diffusion is
given by 0?/x = 2¢;, /E with x the drift length, E the electrical

field strength and ¢ the characteristic energy of the electrons.

In standard drift chambers the requirement of "saturated" drift
velocity imposes the condition: ~ 0.3 eV resulting in

k
a@fx ~ 250 um/"cm for typical operation conditions. In TEC cham-
bers a "cool" gas is used giving a low drift velocity vy = E/p
and resulting in low diffusion of oﬁJ; ~ 100 umA[cm.

The effect of the diffusion can be reduced further, if instead
of measuring the arrival of the first electron (leading edge
discrimination) the centroid of the essentially gaussian electron

cloud of n electrons can be measured. Then one obtains ideally

where 7 is the diffusion of a single electron. Due to the slow
drift velocity in the drift region of the TEC (Fia. 1) and the
fast sional formation in the amplification region behind the grid
the anode signal reproduces sufficiently well the spatial struc-
ture of the arriving electron cloud. Coincidently the electronics
industry offers now fast components such that low cost Flash-
ADC's can be developed and successfully operated to permit the
centroid measurement on a reasonable large number of wires.

The deformation of the arriving electron cloud by the converging
field lines in the amplification region can be reduced in the

TEC by designinc a narrow amplification zone. Due to the consi-
derable reduction of 11 other contributions this effect emerges
now as one of the major limitations but does not endanger the

design goal for the position resolution at the current level.

In the TEC vertex detector a high double track resolution will
be achieved, limited by diffusion because the anode signal
after appropriate shaping reproduces the smatial extension of

the arriving electrons from ionization.

Finally a very precise mechanical construction is needed to
guarantee a homogenious drift field. This minimizes off-line
corrections, which are more important at low drift velocities

than at saturated ones.




B. TEC prototype test B.b. Electronics and data aquisition
B.a. Drift chamber and gas system

The preamplifierss) for the sense wires consist of two stage

The test chamber is shown schematically in fig. 2. The gas units ( fig. 6 ). The first stages are kept inside the
amplification or detection gap is 4 mm wide, i.e. on both chamber box near to the wires. Through short twisted pair
sides of the anode wire plane ( 10 active anodes in total cables they are connected to the second stage amplifiers
with 10 mm distance between adjacent anode wires ) there are outside of the box, which drive 50 @ cables to the counting
wire grids ( 50 um wires, 250 ym wide meshes ) at 2 mm room. The rise time of the combined preamplifiers is about
distance from the anodes. Beyond the two grids extend the 3 ns and the noise corresponds to 2000 electrons rms over

50 mm deep drift regions. To maintain high stability, all the full bandwidth.

grids are held by 18 mm thick stainless steel frames. Fig. 3 The pulses arriving at the counting room are fed to shaoersa)
shows the space around one anode wire in detail. To the left 4)

of the type described by Boie et al. A circuit diagram

and to the right there are focus wires to adjust the length is shown in fig. 7 . The shapers accept either polarity up
i + .
of a track segment sampled by the anode. Fig. 4 shows; the to about 300 mV with an output driving over - one Volt into

computed drift paths ending at the anode or at the focus a 50 0 load. Every shaper output is fanned out to a 1 ns TDC

wires respectively. The whole chamber is sitting inside a and to a CAMAC based 100 MHz 6 bit Flash-ADC, loading in

rigid aluminium box with beam entrance windows ( 180 um mylar ). 10 ns time bins a 1024 words deep 6 bit ECL memory 3 &
G s LG

The chamber has been filled with a COZ(SO%)/i-C4H10(20%) gas sampling over a total span of 10.24 us. The FADC's are built
mixture allowing for thermal electrons (lowest nossible around TRW 1029 digitizers, having a large bandwidth
diffusion) at an unsaturated drift velocity of 5 um/ns. ( 150 MHz )9).

5) 6)

In fig. 5 measurements and calculations of the drift

All FADC's are run on a common external clock. To increase
. | ffusi . . .
velGekty and dlttusion axe sAoNp the time resolution, the trigger pulse delayed by a fixed

As electron capture in CO, strongly depends on very small time span ( 9.200 ps ) is fed to one of the detection gap
contaminations by oxyqe; ) a closed loop gas system was grids to make it appear as a reference pulse at the end of
used, including a deoxo purifier and a mole sieve. In all FADC readings. The precision of this time reference
addition an "Oxisorb" purifier was installed at the gas measurement has been checked. A jitter of 240 ps is inferred
entrance to the chamber, to avoid impurities introduced from the plot in fig. 8. As an example of the FADC readings
by diffusion of air through the long ( 30 m ) plastic tubes the digitization of a sinqgle track ( left hand side ) on all
connecting the gas system with the drift chamber. The gas 10 anode wires is shown in fig. 9, together with the
composition was periodically checked by means of a gas corresponding drift length scale. The reference pulses
chromatograph. appear to the extreme right ( ror analysis the center of

gravity of the first peak only is taken ). Track data, but on

an expanded time scale are displayed in fig. 10.

The experiment was controlled by an interactive program
running on a PDP 11/40, which read the CAMAC devices, did

some on-line checking and wrote the events on magtape.




B.c. The test set-up

The test was performed at DESY with an electron beam of

4 GeV/c momentum and with a set-up as shown in fig. 11. The
trigger was generated by a coincidence of the scintillation
counters Z1, Z2 and Z3. The beam thus defined had a width
of about 4 mm. To cover the full depth of the drift space,
the test chamber could be moved in well defined ( 10 um )
steps perpendicular to the beam direction. Fig. 12 shows the
measured beam profiles for 5 different positions of the
chamber (For the first position near the grid the beam
passed through a hole in the chamber frame to be seen in
fig. 2 ). For precise knowledge of the beam position three
fixed position drift chambers CHl, CH2 and CH3, read out by

TDC's were placed up stream of the test chamber.

To get high space resolution the drift velocity has to be
constant and known with high precision. It was determined
from the differences in the drift time at several well
defined beam positions in the chamber, which were fixed by
very narrow time windows in the above mentioned chambers
CH1 through CH3. Table 1 shows the results for different
parts of the runs at gas pressures of 1 and 2 atmosnheres.

Within errors no dependence of the drift velocity on the

drift path is seen.

B.d. Flash-ADC data analysis procedure

The main steps of the data analysis are shown in fig. 13.
The raw data consist of a pulse train stored in the 1024
FADC channels. The base line height for the time marker is
determined from the mean contents of channel 700 to 990 of
the FADC. For all other pulses a global base line is
calculated from channels 10 to 350. The pulse position is

found by the following procedure (Fig. 14 ):

A threshold (T) is applied ( 3 counts above the base line )
and every signal crossing the threshold, being of a width L
or wider with at least a distance P to the next one, is
considered as one peak ( Standard Setting: L=2 channels,
P=10 channels ). Let b and e be the :channel numbers, where
the signal of one peak crosses the threshold the first
time (b) and the last time (e). Then the center of gravity
for the channels (b) through (e) is calculated:
e e
T= )Y 9max(C,- B,0)+t, / 2, max( C,- B,0)
i=b B Y isb .
with Ci being the channel content
B the base line
t. the channel number and
T the pulse position.
A least squares fit for a straight line for all the times
Tj determined ( anode numbers j=1,...,10 ) is performed
subsequently and the fitted times Fj are calculated. To take
into account the differing weights of the anodes caused by

geometry, the time residua

L =T, = Fj ( 2= Lisws ;010 )

are multiplied by a weight factor gj
10

gj = N{kzg[ak(<x2>-cx>(xk+xj)+nxkxj)-ﬂjkN]2}-1/2

N = n<x2>-<x>

n = number of anodes in the fit

Xy = position of the anode number 1 in beam direction




1 (0), if the anode number h is used ( not used )

[+1]
]

in the fit
%8

x> = Ay Xy -
151 171

The assumption is made that the resolution of all anodes is
the same. The quantity which is plotted in fig. 15 is the

weighted space residual

R. = r.g.+*vVv
j = %595

with the drift velocity Ve

(3=19)

To this distribution a gaussian curve with constant "back-
ground" is fitted.

The gaussian width o. is the resolution of the anode

number j. The resolution of the chamber is the mean value
of the o.'s of all anodes. This chamber resolution was
determined for different distances x of tracks with respect
to the detection grid. Under the assumption that a fraction
of the resolution o(x) is due to the longitudinal diffusion
(A) and the remaining part (B) is independent of drift

distance, a fit with a function

o (x) ="A2x + B2

is applied.

B.e. Results

The results presented are restricted to measurements with
clean single tracks ( >90% of the total sample ) nearly
parallel (0.80) to the read out plane. Fig. 16 shows the
anode analysis efficiency for the run at 2 atmospheres gas
pressure at different drift lengths ( For standard set of
parameters ( Fig. 14 ): T=4, p=10, L=2, M=1 ). The
inefficiency observed is mainly due to a too small signal

height as found by inspection of the raw data displays.

In fig. 17 the mean pulse width ( 2 atm. run ) is shown as a
function of the drift length. A fit through the measured
values with a function

W = C2 + xD2

delivers C = 26.1 uym and D = 68.8 um JE;:

D corresponds to the longitudinal diffusion and is in

perfect agreement with previous measurements and calculations
( see fig. 5 ) at one atmosphere pressure, when corrected

for the pressure ( 70 um/sfcm) . Term C accounts for the
intrinsic width of the electronics, which was measured to be
about 6 ns, again in good agreement with C divided by the

drift velocity of 4.8 um/ns ( C/VD = 5.4 ns ).

Following the analysis procedure described in the previous
section the chamber resolution was determined at one and two
atmospheres gas pressure ( fig. 18 ) from the FADC data (see
also table 2 ). simultanously, i.e. for the same events, the
leading edges of the signals were recorded with the TDC's
for the 2 atm. runs. One observes on average a 20%-40%
improvement of o(x) with the center of gravity, as compared
to the simpler leading edge method, where the stronger
reduction is found for longer drift paths ( Fig. 19 ). This
latter finding is explained by the fact that the spread of
the ionization structure due to longitudinal diffusion has
less influence on the center of gravity than on the leading

edge.




The points in fig. 18 are fitted by the expression

ou):“A%+B2

in which A represents the contribution from the longitudinal
diffusion, whereas B is independent of drift length and due
to mechanical precision, electronic resolution and
fluctuations of the ionization along the track. It especially
depends on the width of the arrival time distribution of the
electrons on the sense wire, or in other terms the sampled
track length. This is clearly proven in fig. 20, where a
strong dependence of the extrapolated chamber resolution

0(0) = B from the sampled track length for different running

conditions is demonstrated.

The excellent double track resolution which is achieved by

a FADC read out can be derived from the mean pulse width as
a function of drift length in fig. 17 and is visually
demonstrated in fig. 21. A double track resolution of 300 um

over the full drift length for small angle tracks can be

estimated.

C. Conclusion

For drift lengths less than 5 mm, spatial resolutions
achieved with TDC's are comparable to those with FADC's.

For longer drift paths, however, the FADC read out becomes
superior and in addition provides excellent multi track
resolution. If the tight tolerances in a mechanical layout
for a larger drift chamber can be kept, a mean spatial
resolution of 30 ym for a single wire at one cm drift length

in an experimental set-up can be expected.

The authors wish to thank our technicians at ETH Zirich and
at RWTH Aachen who contributed to the construction of the
set-up. The invaluable help of Drs. M. Pohl, I. Mirza and

J. Beissel during data taking is acknowledged.
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TABLE 1: Measured drift velocities
DRIFT PRESSURE DRIFT DRIFT
FIELD (bar) LENGTH VELOCITY
(kV/cm) (mm) (ym/ns)
13.5 + 7 6.06 + 0.12
0.70 1 27:5 % T 5.99 + 0.08
38.0 + 3.5 |6.11 * 0.18
13.5 * 4.80 + 0.08
1.10 2 24.0 + 3.5 |4.68 + 0.14
31.0 + 3. 4.80 + 0.16
38.0 + 3.5 | 4.80 + 0.19




FIGURE CAPTIONS

Fig. 1 Principle of construction for a"time expansion chamber".

Fig. 2 Exploded view of the test chamber.

; Fig. 3 Sense wire configuration.
o o
~ = &
- o e m Fig. 4 Computed isochronos lines, field lines and potential
& g ™ lines in the detection gap at the sense wire confiqu-
= = ration.
o
- g Fig. 5 Calculations (full lines) and measurements (points) of
P . B! § the drift velocity and diffusion of the gas mixture
g " used.
=
= \ﬂ Fig. 6 Two stage amplifier of the read out chain.
Il (%] .
4 e | o )
g = S < Fig. 7 Schematic of the general purnose shaver.
P o= £
2 [ 5
; ﬁ o Fig. 8 Center of gravity time jitter of the time reference
=
& o LIEB 2 signal.
AR 8
E g B g Fig. 9 Display of the 10 FADC data recorded on tame. Also
=]
% E g shown is the corresponding scale of the drift length.
x| @ o
Ol == El
> : N T Fig. 10 Expanded display of the FADC raw data.
0 aQ
=2
g % Fig. 11 Test set-up used in the DESY electron beam.
? E Fig. 12 Beam profile measured for different drift lengths.
~
Eou 1=
g £ Fig. 13 Data analysis procedure.
Fig. 14 Data analysis parameter list.
=
bril A Fig. 15 single wire residua distribution measured at a gas
w
g pressure of two atmospheres and a mean drift length
of 7 mm.

Fig. 16 Anode analysis efficiency.
Fig. 17 Mean pulse width versus drift distance.

Fig. 18 Measured spatial resolution of the chamber at one

and two atmospheres (FADC read out).

Fig. 19 Results for the chamber resolution measured simultane-

ously by a TDC and FADC system.
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Fig.

Fig.

20

21

_17_

Extrapolated chamber resolution at zero drift length
as a function of the computed sampled track length

and rms of the arrival time distribution of the drift

electrons at the anode.

Expanded display of the raw data for a multi track

event.
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