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Abstract

A Tracking Transition Radiation Detector prototype has been constructed and tested. It consists of 240 straw tubes, 4
mm in diameter, imbedded in a polyethylene block acting as the radiator. Its performance as an electron identifier as
well as a tracking device for minimum ionizing particles has been determined.

Introduction

Lepton identification is expected to play a crucial role
in addressing the TeV scale physics which will become ac-
cessible with the commissioning of the Superconducting
Supercollider (SSC). Transition radiation is potentially a
powerful tool for particle identification as its measure-
ment is complementary to calorimetry since the radiation
process does not significantly affect the particle energy
and direction. Our collaboration has been engaged in a
RiiD program to develop a transition radiation detector
and integrated tracking device for possible use with an
experiment at the SSC or the European Large Hadron
Collider (LHC).

Prototype Construction and Testing

The detector consists of 4 TR modules each contain-
ing 60 straw tubes. The straw tubes are made of 64
;im thick polycarbonate and are placed in holes drilled
into a polyethylene foam block which acts as the radia-
tor. The foam has a density of 67 Kg/m3 and an average
wall thickness of 5 fim . Previous tests of this foam [1]
show that it has an X-ray yield 85% of that of a regular
stack of polyethylene sheets. The gas used in Che straw
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Figure 1: Experimental setup.

tubes for most of the running was 50% Xe 50% CO2. A
small lead glass calorimeter was placed behind the TR
modules to allow distinction between pions and electrons.
Additional information about particle identification was
obtained from two Cerenkov detectors in the beam line.

The overall setup is depicted in Fig. 1. The elec-
tronics for this test consisted of preamplifiers mounted
near the ends of the straws connected via approximately
45 meters of coaxial cable to fast(12 ns FWHM) shaping
amplifiers, whose outputs were digitized by LeCroy 2282
charge integrating ADCs. The data were acquired by a
Macintosh II and the MacUAl system software [2]. Later
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runs were made with a LeCroy 9424 digital scope con-
nected to one channel just after a special very fast (6 ns
FWHM) shaper. This allowed us to record the waveform
in order to study the effect of different shaping times.
The straw tubes were calibrated by monitoring 4 tubes
which had S5Fe sources permanently attached. Channel
to channel pedestal and gain variations were corrected by
periodically recording data from a signal pulse injected
into each preamplifier. The 5.9 keV X-ray peak of a typi-
cal i5Fe spectrum was measured with a full width at half
maximum (FWHM) of 22%. During construction of the
modules the straw-to-straw uniformity of the gas gain
was measured for a batch of more than 200 straws. The
rms deviation of the gains was found to be ss 1%. The
setup was installed in the X5 test beam of the CERN
Super Proton Synchrotron (SPS).

Resul ts and Conclusions

Typical runs consisted of single particles passing
through the center of the detector at right angles to the
straws in order to determine the isolated pion rejection
of the detector.
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Figure 2: Pulse height distributions.

In Fig. 2 are shown pulse height spectra of all straws
crossed by the bea'm for 10 Gev/c electrons and pions.
There is a large excess of energy deposition above 4 keV
for the electrons , as expected from TR X-rays. At 10
GeV/c the average number of straws along a track with
greater than 5 keV energy deposition is 1.4 for pions,
compared to 6.9 for electrons. The average number of
straws traversed per track is 32. We have determined
the TR photon yield as a function of y in the interval
70 < 7 < 6 x 104 using the following beams:

• pions at 10,20,50 and 75 GeV/c
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Figure 3: TR photon yield as a function of 7.

• muons at 110 GeV/c
• electrons at 10 and 30 GeV/c

The results are presented in Fig. 3 and indicate both
the contribution of the relativistic rise in the energy loss,
dE/dx, (Ex < 50 GeV, 7 < 350), and of the TR photons
(7 > 350).

In order to determine the electron/pion discrimi-
nation capability, two parameters must be fixed: the
energy threshold, E3, above which a hit is considered a
TR X-ray, and the required number of such hits along
the track, N3. The track is called an electron if it has
greater than N3 straws with energy deposition greater
than E3. Further discrimination of false electrons from
various sources can be achieved by utilizing two addi-
tional thresholds. The first of these thresholds, E!, is set
at «0.2 KeV and provides 90% detection efficiency for
relativistic particles and is also used for tracking. The
second threshold, Ej = 1.5 KeV, (located between the
one- and two-partic'e dE/dx distributions) has 50% effi-
ciency for minimum ionizing particles and 80% efficiency
for conversions. In Fig. 4 are shown scatter plots of the
frequency of high energy clusters (E > E3), N3, versus
energy deposits satisfying the condition E\ < E < £2,
Nu, for measured 30 GeV/c electrons (a), 10 GeV/c pi-
ons (b), and convolutions of the data to simulate two
pions (c), three pions (d), and two electrons (e). The
solid lines represent two-dimensional maximum likelihood
cuts for 90% electron efficiency. The importance of the
two-threshold algorithm in rejecting overlapping pions or
electrons (e.g. from conversions) is evident.
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Figure 4: Pulse heights with £\ < E < Ei, Ni2 vs E > E3 (see text)

The tracking performance of the detector was mea-
sured by reconstructing two tracks from one: the first
track uses the odd number straws on the original track,
the second uses the even straws. Each of these "tracks" is
an independent measurement of the same original track.
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Figure 5: 5a and 5/3 for fitted tracks.

Straight line fits are made to each track

y = a-ix + &i y = a2X + 62

and the differences in the slopes and intercepts

are plotted in Fig. 5. Fig. 5(b) shows the error on track
reconstruction to be 0.4 mm.

Runs were made with isolated pions and electrons
at various energies and with the TR modules rotated so
the beam crossed the straw tubes at angles of 42 and 63
degrees. Noticeably better performance was observed for
these runs reflecting the longer radiator traversed as well
as the diminished space charge effects because the anode
charge is not collected at a single point.
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Figure 6: Two-pion rejection as a function of effective
integration time.

The absorption by a Xe atom of a TR photon
produces several primary electrons due to the Auger
effect. Their range is much smaller than that of a delta-
ray of energy equal to the energy of the TR photon.
The produced ionization cluster is therefore much more
localized. One could then improve the discrimination
between TR photons and spatially extended ionization
clusters by very fast shaping. We used the data from the
recorded waveforms of the straw instrumented with the
6ns (FWHM) shaper to test this hypothesis. Electron
and pion "tracks" were obtained by convolution and the
single and double pion rejection was determined as a
function of the effective integration time. No significant
improvement was found for single pion rejection. The
discrimination against two pions, however, improved by
a factor of 2.5 as shown in Fig. 6. The saturation below
10ns reflects the finite extend of the ionization cluster
due to diffusion.

We wish to thank L. Gatignon for his help with the
X5 beam.
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