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Summary

The TPC has been tested with cosmic rays in July
and November, 1981. It is now installed at IR2 at
PEP and has been operating in 14 GeV ete™
beams for about a week. Preliminary analysis of the
cosmic ray data yields spatial resolutions of ny
= 260 Y and O, = 650 ¥, at a pressure of 8.6
atm. Results are also reported at 4.0 and 1.5 atm.
The operation with ete™ beams is good. No
problems with positive ions feedback in the drift
volume have been observed, so far. Events with up
to 18 tracks have been reconstructed on line.

1.0 TPC

The Time Projection Chamber is a detector that
provides 3-dimensional information on points along a
track and, at the same time, provides information on
energy loss that can be used for particle iden-
tification. A schematic drawing of the TPC used in
the PEP-4 experiment1 is shown in Fig. 1. It
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Fig. 1. A schematic drawing of the TPC.

is a 2 meter diameter, 2 meter long cylinder cen-
tered on the ete~ interaction region. The

inner radius of the TPC is 20 cm, just sufficient to
house a drift chamber, used for triggering purposes,
and the beam pipe.

A particle traversing the cylinder volume will
produce ionization along its path in the high pres—
sure argon (80%)-methane (20%) mixture. The ioniza-
tion electrons are drifted to the two endcaps by the
electric field, parallel to the beam axis, provided
by a central membrane kept at 75 KV negative poten-
tial at 8.6 atm gas pressure. A 4 KG magnetic
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field, parallel to the electric field, is produced by
a conventional solenoidal coil. This coil will be.
replaced by a 15 KG superconducting coil in the
future. In addition to providing sagitta informa-
tion for the momentum measurement, the magnetic
field is used to reduce the diffusion of the ioniza-
tion electrons in the one meter drift to the endcap
detectors.2

Each endcap consists of six proportional
chambers (sectors). Each sector consists of a plane
of grid wires (1 mm spacing), a plane of 183 sense
wires (20 ¥, 4 mm spacing) and field wires, and a
ground plane. The total gap is 8 mm with the sense
wire plane in the middle. The ground plane has 15
rows of pads etched in the copper, centered under 15
of the 183 sense wires. The pads are 7.5 % 7.5 mm
squared and provide the x,y position measurements
at 15 points along the track. The =z coordinate is
given by the time needed for the ionization to drift
to the endcaps. The signal on the sense wires and
pads is amplified and properly shaped3 before
going into charged coupled devices (CCD's) which
provide pulse height measurements at 100 ns inter-
vals (buckets). A signal is typically 5 buckets
wide. The information of each bucket is digitized
and then transferred to buffer memories. On each
pad, clusters of neighboring buckets are then made
to reconstruct the original signal and provide the
z coordinate. The x position is obtained by
finding the center of the pad clusters. The y
position is given by the position of the pad row
with some correction for oblique tracks. The TPC
thus provides unambiguous 3-dimensional informationm.
The expected resolution in x,y is 150 us in =z
is 350 p. For tracking, the two track resolution is
expected to be about 1 cm, both in xy and in z.

The sense wire pulse heights are used for meas-~
uring dE/dx, the energy loss by ionization, provid-
i 183 samples for tracks at angles greater than
45” with the beam direction. For the time being the
wires are not used for track recomstruction. For
the 12 sectors a total of 2196 wire channels and
13848 pad channels are instrumented. Tracking with
the TPC is discussed in this talk, dE/dx resolu-
tion is discussed in another contribution to this
conference.%

2.0 Data

The data used for the resolution studies repor-
ted here were taken during the November 1981 test of
the TPC. The TPC was placed inside the PEP-4
detector that included, besides the drift chamber
around the beam pipe, a drift chamber outside the
magnet coil and many layers of muon chambers inter-
leaved with the iron of the return yoke. The cosmic
rays used were required to have more than 0.6 GeV/c
momentum. The two track segments were required to
be in opposite sectors with respect to the beam line
and to be collinear within 20 mr.

Data were taken at 8.6 atm, the operating pres-
sure of the TPC, and also at 4.0 and 1.5 atm to
study the pressure dependence of the resolution.
Only 12 pad rows were instrumented for the test.
Preliminary results® of the analysis of these data
will be presented here.



3.0 Position Resolution

Only pad information is used for tracking, at
this time. Important factors that determine the
position resolution are: electronic noise, diffu-
slon in the 1 m drift space, and fonization fluctua-
tions. The geometry of the sectors and the elec-—
tronics design were optimized to provide, for a
given cost, a position resolution adequate to
achieve a momentum resolution of dp/p2 = 0.4% for
a magnetic field of 15 KG. We will discuss below
our understanding of the system at this time. More
work is needed to achieve the desired resolution.

3.1 Pad Response

For the geometry of the TPC sectors the induced
cathode signal on a pad receives contributions from
the avalanches on the wire just above it and 2 more
adjacent wires at each side. The couplings of the
wires to the pads have been measured in a test set
up with very similar geometry. The pad response has
been found to have a shape very close to
gaussian.® The 0o of the gaussian distribu-
tion for the present geometry is expected to be 3.5
mm, which means that a point on a track produces a
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order to achieve 150 u
resolution, the pulse height in the 3 pads will have
to be measured with high precision, i.e., very low
noise level and good electronic calibration is
desirable. A discussion of the calibration of the
system is included 1in ref. 4.
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For the sample of events analysed, 12% of the
points on tracks had signals on 3 pads, 79% had 2
pads, the remainder had 1 pad. For the 3-pad points
we calculate the peak and the O of the gaussian.
For the 2-pad points we calculate the position of
the peak using the 0 information determined from
the 3-pad data. The peak position provides the
coordinate along the pad row. The y coordinate is
determined by the center of the pad row. For tracks
that traverse the pad row at an angle, correction to
the y coordinate is obtained by using the pulse
heights of the 5 wires contributing to the pad sig-
nals. This geometry, 5 wires contribute to one pad
signal, has the advantage that the Landau ionization
fluctuations are reduced in the pad signal.

We have parametrized the rms deviation of the
gaussian pad response as follows:

02 = 0 2 + c 2
[}

2 2
D L/Lmax + o, tan” a

1)
where 93 depends only on the geometry of the
sector, Yp is the contribution due to diffusion
and depends on the pressure of the TPC, L 1is

the drift distance (Igax =1 m), and o, includes
the spreading of the gaussian response for tracks
traversing the pads at an angle, <, defined in Fig.
2. The o dependence is due to broadening of the
distributions when adding displaced gaussians for
the 5 different wires and from Landau fluctuations
within the collection region of each wire.

The & dependence is shown in Fig. 3 for the
8.6 atm data. We have not studied this effect in
detail yet, the value obtained for the data in Fig.
318 Oy = 3.74 mm. The diffusion term is calcu-
lated from the dependence of O on the drift
length. This is shown in Fig. 4 for a run at 8.6
atm. FEach data point corresponds to an average over
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Fig. 2. Sector geometry. The angle a, local

to each sector, is defined as the angle with the
normal to the sector inner edge.

RUN 2-26 (U/i6[81)

0.18
__0.18
=
S o.14
o~ 0N 12
o -u‘}
o" - - . L -l L — . - N A
-0.4 -0.2 0 0.2 0.4
Ne 1554, W= 580
TAN ALPHA

Pad Response, 8.0 Atm

Fig. 3. Pad response dependence on @, for 8.6
atm data. The curve is a parabolic fit.
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fit 1s also shown.
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many tracks at an average distance L from the
gsector. We have done some studies on the diffusion
term and will discuss this in the next section.

When the data are corrected for the a and L
dependence of formula (1), we get a distribution
for og that looks gaussian as shown in Fig. 5.
Table I shows the values of U obtained for
different pressure and magnetic field conditions.
As expected the measured 93 1s independent upon
these variables, indicating that all the data are
internally consistent.
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Table II. Drift velocity and (wT), measured

in this experiment. Values of (WT)e are
PEP4 RUN 2-26 111/18/81) shown for comparison.
® v
d
P E
ot
(atm) (KV/m) (wT)m (mT)c (cm/Msec)
2
wl 8.5 75.0  0.10 * 0.50  0.27 4.67 ¥ 0.08
4.0 35.0 0.66 *0.14 0.56 4.51 * 0.09
L 1.5 13.2  1.36 * 0.11  1.33 4.06 * 0.08
ot
The value of Op 1in Table I is the expected
or value for one electron. At different pressures we
ol can estimate the effective number of electrons in
the avalanche and calculate the contributjion of
wer diffusion to the resolution, as Op/YN. We
o Y YT R T obtain the values of 135 u, 218 u, and 404 ¥ for
0.2 (cmz) 8.6, 4.0, and 1.5 atm respectively, for 1 meter
Pad Response. 6.6 Atm drift.
3.3 XY and Z Resolution
Fig. 5. Distribution of 0,2, the standard The spatial resolution is obtained by calcula-
deviation of the gaussian pad response, after ting the deviation of the pad points from the fitted
the L and o dependence have been corrected track. The dependence of rmsxy on the drift
according to Eq. (1). distance L is shown in Fig. 6 for the 1.5 atm data.
3.2 Diffusion
1000
The diffusion dependence on the magnetic field, 900 N
B, and on the pressure is shown in Table I. These 00 |
v values are averages over many runs, and the errors —
. are statistical only. 1In absence of magnetic field 2 70

the diffusion term increases with decreasing pres- 00
sure with the \/; law, as expected. This can be

seen in the values of Op for B =0 shown in E 500
the last column, cDx’V§: which are scaled to 1 atm. = «00
Table I. Pressure and B dependence of 300
U() and GD. 200
100 -
P B % p o VE o TR T N A B e
(atm) (KG) (mm) (mm) (mm) 0. 0.2 0.4 0.6 0.8 1.
8.6 0. 3.59 + 0.04 1.44 * 0.10 4.23 % 0.41 N= 080, H= 767
4.0 0. 3.62 £ 0.03 2.05%* 0.08 4.11 % 0.15 meters
1.5 0. 3.54 * 0.05 3.30 £ 0.08 4.04 * 0.10 Lt )
8.6 3.9 3.59 + 0.08 1.43 + 0.05 4.20* 0.18 Fig. 6. Dependence of rmsxy on the drift
4.0 3.9 3.63 + 0.02 1.71 + 0.04 3.43 % 0.05 distance for 1.5 atm data.
1.5 3.9 3.51+* 0.03 1.96 * 0.06 2.40 * 0.07
Here the effect of the diffusion is more pronounced
The comparison of the %p values for data than at higher pressure. The contribution of the
with and without magnetic field is also of diffusion can be calculated by taking the value of
interest. We expect rmsXxy at L = 1.0 m and subtracting in

quadrature from it the value at L = 0. We find:

op(B) = 9p(0)/ VI + @r)2

where w = eB/cm and T = 1.09mv_ /eE are the cyclotron

(rmsxy)p = 420 * 23u

frequency of the electron and the mean collision which is in good agreement with the value of 404 M
time respectively, and vq 1is the drift velocity. calculated in the previous section from the pad res-
By taking the ratio of 9p(B) and %p(0) we ponse.

obtain measured values of wt, shown in Table I1I,

and can compare them with the calculated values. The dependence of rmsxy on a for one of the
Assuming ®T = 1.09 v4B/Ec and using the drift runs at 8.6 atm 1s shown in Fig. 7. Although the
velocity measured in this experiment we calculate statistics is not large, it is evident that there is
the values shown in Table II. The agreeement an o dependence for |a|>15°. It 1s independent
between (wt)y and (wT)e. 1is quite good, again of angle for [a| < 10° Uand we can use this region to
showing self consistency in the data that we are calculate the actual x¥. The distribution of
analyzing. rmsxy for these events i1s shown in Fig. 8 for the

8.6 atm data. To calculate the resolution we take
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Fig. 7. Dependence of rmsxy on the angle o
for 8.6 atm data.
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Fig. 8. Distribution of rmsxy for tracks

with |a] < 10° From it we obtain

o = 260 u.

xy

the mean of this distribution and add it in
quadrature to its standard deviation. Note that the
distribution of Fig. 8 is not gaussian and that the
peak value falls well below the quoted resolution.
At the different pressures we obtain the values
shown in Table III.

We use a similar method to measure the 2z res-—
olution. We see little dependence of rmsz on 1L,
the drift distance, therefore we average over all
tracks. The distribution of rmsz has a similar
behavior as Fig. 8, and the average is calculated in
the same way as for %yy. The results are shown
in Table III.

Table 1II. Resolution in xy and z at
different pressures.

P(atm) Ixy®) o)
8.6 260 654
4.0 299 810
1.5 439 857

The xy resolution of 8.6 atm is worse than the
150 ¥ we expected to achieve. There are many
factors that can deteriorate the resolution.

(a) Electronic noise. The noise level at this
time is about 2.4 counts, i.e., 1% of the signal for
a minimum ionizing track. This is expected to
contribute 6414 to the resolution.

(b) The electronic calibration is not
optimized. We are working on improving the
stability of the system.

(c) We expect distortions due to E X B
effects, that is effects due to radial components
of B. We have not included these corrections in
the analysis yet. Corrections are expected to be as
large as 120 u.

(d) Electrostatic distortions. The electric
field is not uniform across the drift volume. We
have observed some distortions in regions very close
to the inner and outer radius of the TPC.
Corrections for these distortions are not included.

The =z resolution is also worse than expected,
but again electronic noise and unreliable calibra-
tion affect this resolution.

We expect to improve the resolution when these
effects are better understood and corrected.

4.0 Momentum Resolution

This can be calculated by comparing the
curvature of the cosmic rays in the two track
sections in opposite sectors. The distribution of
the difference of curvatures for one of the data
runs at 8.6 atm is shown in Fig. 9. The rms
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Fig. 9. Distribution of curvature difference
for the same cosmic ray in two track portions.
The standard deviation of this distribution
yields dp/p2 = 0.081(GeV/c)~1l.

deviation of this distribution, after normalization,
gives dp/pZ = 0.081 (GeV/c)~l. The resolution

we expect to achieve for a 4 KG field is

dp/p? = 0.016 (Gev/c)~1.
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At this time the measured resolution is a factor
5.1 worse than expected. Part of this discrepancy
is due to the electrostatic distortions we mentioned
earlier. For this reason, a shorter track length is
used in the fit; two inner and two outer pad rows
are not included. We are presently studying the
time stability of the distortions and how to correct
for them.

The dp/p?2 resolution depends on the point
resolution, Oy, the length of the track
measured, L, the magnetic field, and the number of
measured points, N, approximately according to the
relation:

dp/p?2 = °xy/(BLZVﬁ)

For a 4 KG field, this dependence would predict a
deterioration of the resolution by a factor 4.5; we
observe a factor 5.1. This indicates that the
momentum resolution we measure is not inconsistent
with the results discussed so far. By correcting
for the known effects we expect to improve the
resolution considerably.

5.0 Performance of the TPC in e+ e— Beams

The TPC has been operating for a week at PEP in
14 GeV beams. An event with 16 prongs reconstructed
on line is shown in Fig. 10 and 11.

Figure 10 shows the projection of the event on
the endcaps. Only pad clusters were used for track
reconstruction. Each track found is identified by a
number or a letter. The algorithm used was
developed on Monte Carlo data; improvements are
needed. Most clusters not assocfated with tracks
are due to electronics noise.
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Fig. 10. End view of an hadronic event observed
in 14 GeV ete~ beams. The event was
reconstructed on line using only pad data.

Figure 11 shows the wire information for the
tracks, found using pad data, in one of the sectors;
specifically tracks one through 4. The peculiar
band with no data is due to a group of 16 elec-
tronics channels missing at the time the event was
detected. Bad z calibration can be seen here by
noticing that groups of 16 channels are out of

line. There are some unassociated clusters. One

ol A

set 18 clearly a spiraling electron. Another set,
in the upper corner, is due to the tail of a sat-
urated pulse, not properly shaped. This problem is
now understood and being fixed.
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Fig. 11. Wire information in one of the sectors
for 4 tracks of the event of Fig. 10.

So far, we have not detected any large effects
due to positive ion feedback. More detailed
analysis is needed. The luminosity during data

taking was 5 % 1030 cm~2/sec or less.
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