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ABSTRACT

‘High spatial and time resolution multiwire proportional
chambersl'2 and a readout system has been developed. These
chambers will be used at the secondary beam lines of NAL,
Spatial resolution of *0.25mm and time resolution of lénsec

at FWHM obtained from 0.5mm wire spaced chambers.

JE
aFE

Operated by Universities Research Association Inc. Under Contract with the United States Atomic Energy Commission



FN-222
2220.0

The multiwire proporticnal chambers (MWPC) will be
powerful tools3 for okserving NAL secondary beams at various
locations on the beam lines. Among the beams are the neutral
and 3.5 mr beams in Area 2, and the hadron and muon beams in
Area 1, Intensity, divergence, profile, rotation and halo
of the beams can be detected within lmsec to 1 sec, depending
on the intensities of these beams. Observing time dependent
intensity and profile within a beam spill may be important in
some cases. These chambers have the capability of counting
beam particles larger than 10E per wire per second with a time
distribution of tlénsec at FWHM, and the efficiencies of close
to a unity using 0.5mm wire spacing. A spatial resolution of
+0.25mm enables us to observe secondary beam profiles in-
stantaneously with a negligible multiple Coulomb scattering.
Multiple Coulomb scattering from the total thickness of 0.002"
Al windows, 8-10um tungsten wires which are 0.5mm apart and
4mm  width of 90% CH, and 10% Ar filling the gap at atmospheric
pressure is negligibly small. The total mass in the beam is
less than 20mg/cm2. The root mean square projected angle, ¥,
due to multiple scattering of 200 BeV/c protons from this mass
is about 0.002 mrad.

Profiles of 108—109 particles per second pencil beams
can be observed by reducing the applied dc high voltage. The
chambers can be operated in large magnetic fields, since they
are insensitive to magnetic fields due to the narrow gap and

high electron drift velocities under large electric fields
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applied to these chambers.

Figure 1 shows the cross sectional view of the MWPC
with 4-inch diameter active area. The chamber and its
associated electronics is enclosed in an aluminum shielding
box with thin windows at the region of the active area. The
readout cards are placed at each end of the MWPC to reduce
the packing density of the electronics. The construction of
this type of MWPC is explained in more detail in Ref., 1.

Figures 2 and 3 show some of the results cbtained from
a 10 cm2 active area with 0.5mm wire spaced MWPC. For these
results FET input stage amplifiers were used. The amplifiers
were designed by T. A. Nunamaker of Enrico Fermi Institute,
Figure 2 shows the time distribution of MWPC pulses using nt
beam of 2,3 GeV/c at Argonne National Laboratory, and Figure 3
shows the time averaged profile of the beam which was defined
with three thin scintillator telescope.

In the following we will outline a readout electronics
system which is designed to be used for data acguisition from
the MWPC in NAL secondary beam lines, The acgqguisition of data
from the MWPC has been conceptually represented in Figure 4.
The mode of operation for this scheme is one c¢f multi-scaling.
The outputs of all the amplifiers (one amp./wire) are gated
into the readecut logic for a specific amount of time and then
the values of the latches in the readout logic are sequentially
loaded into a multichannel analyzer. This procedure is repeated

numerous times to obtain a statistical reading of the beam
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configuration. The accumulation of data in the multichannel
can then be printed out or displayed on a CRT.

The amplifier used to detect a particle at or near a
wire in the MWPC is shown in ¥Figure 5, and has been designed
to meet the requirements of the Preliminary Specifications for
the Monolithic Integration of MWEC Electronics.L+ The following
are some of the operational characteristics of this amplifier.

Input sensitivity: Variable - 1.0 mV min.

Input impedance: 470KQ,

Channel separation: Greater than 40 db.

*

Threshold variation between amplifiers: =1 db.
Threshold tracking: 1.5 db.
Delay of output pulse (5mV input): 5O0nsec.

Output pulse: TTL compatible.
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Max. operating frequency: 1.5 mHz.

The readout logic was designed to make use of the MWPC
in most applications and is shown in Figure 6. This logic was
realized With inexpensive TTL 74 series IC logic, but could be
fabricated in a single monolithic package. The outputs are
wire-OR' able for high fanout applications. Included ir this
logic are an inhibit amp in gate, a fast out gate, a wvariable
delay one shot, a write gate, a data latch, a direct output,
and a gated output. The cost of the components for the ampli-
fier and readout logic is approximately $6.25/wire.

A flow chart for the main control logic is shown in
Figure 7. The realization of this control logic was accomplished
by the use of control point techniques.5

The multichannel analyzer is a practical, portable
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device for testing the MWPC (PHA, time distribution, MCS,
etc.) and is useful in compiling raw data. Information in
the multichannel memory can be transferred to external de-
vices (i.e., computers, magnetic tape, etc.).

The authors express their appreciation to F. Hornstra,
G. Chartrand and E. Scholefield for their contribution to

this work.
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