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1. INTRODUCTION 

Transition Radiation Detectors (TRD’s) h ave been used successfully for particle idcn- 
tificatian in high energy physics experiments over approximately the last ten yeus. They 
have been utilized in a variety of experimental environments. including the Intersecting 
Storage Rings at CERN’, hadron collider experiments at the CERN SppS and at the Fer- 
milab Tentron’, and an internal gas jet target experiment at the Spljs’ as well aa fixed 
target experiments at both laboratories’*5’6.“‘. The primary application has been elec- 
tron identification’,‘,‘,‘,s,6, b ut, more recently, they have been used to identify hens as 
well, including both primary beam particks’md secondaries in the very forward rqion 
of a multiparticle spectrometer8. These versatile detectors show &rat promise for use in 
the identification of B decay products in future heavy quark experiments at hadron acccl- 
erators. While their anticipated role in the central or moderately forward region of the 
collider would be to identify electrons, in fixed target or in the very forward collider region, 
they would be expected instead to discriminate among hadron species. This is because the 
total TR energy radiated is proportional to the Lorentz factor, 7, of the charged particle. 
Thus, a TRD which “turns on” for electrons between 1 and 2 GeV demonstrates the same 
response to picas only when they reach an energy of 250-500 GeV. 

This is demonstrated in Figure 1, which shows the expected average number of TR 
photons rwiiatcd and detected per module of the E769/791 TFLD’ for electrons, pions, 
kacms, and protons incident as a function of particle energy. The numbers shown have been 
calculated using the simulation package developed for modeling this detector’, which was 
found to reliably predict the actual detector performance. The measured efficiency for the 
x-ray capture signal to be above the 4 kcV threshold set on the electronic readout circuit, 
which wa( 63%, has been included in the numbers shown. Comparisons to the results of 
Reference 4 indicate that saturation is not modeled correctly in the simulrtians, so it haa 
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been put in by hand at the gamma value corresponding to that for pions at an energy of 
500 GeV. This seems prudent, since no experimental data are available from the E769/791 
detector at higher pian energies than this. Tests run during E791 indicated that saturation 
does not occur below this value, although this is somewhat above the saturation energy 
for pions of 430 GeV predicted using the method discussed in Reference 10. (Note the 
author’s comments on the reliability of this estimate, however.) 

Because it has been shown to model the E769/791 TRD welI at both 250 GcV and 500 
GeV, the TRD simulation package will be used in what follows to estimate the discrimina- 
tion possible using TRD’s for particle identification in the various regimes detailed above. 
The projections will include the actual detector propertics, including readout by means of 
a latch. (See the note included in Reference 9.) Thus, the summed hit probabilities for the 
two~plane detector assemblies assumed in the simulations in Section 3 wiU be somewhat 
below those indicated on the curves shown on Figure 1. The dashed line on the plot shows 
the drop in response for the pions due to the use of a latch for readout. The crosses, 
which show the measured response at 250 GeV and 500 GeV, are to be compared to this. 
An enhanced performance, closer to the solid curve, could be achieved by instead record- 
ing all electronically separable clusters using a pipelined readout as is proposed for SSC 
experiments”. In all the simulations, a 10% background per plane has been assumed from 
ionization loss alone, which is consistent with the background measured in this detector 
during the E769 run. 

First, a few remarks about Transition Radiation for those not familiar with the tech- 
nique. Like Cerenkov Radiation, TR is a relativistic effect. It is the radiation that is 
emitted when a relativistic charged particle crosses the interface between two media with 
d&rent plasma frequencies (or, equivalently, different dielectric constants). It is .a bulk 
property of matter, i.e., there is a minimum thickness of material that the particle must 
traverse, commonly called the “formation zone”, below which radiation wiU not occur at 
the interfaces. Since the total energy radiated at each such interface depends linearly on 
the line structure constant, a = l/137, radiators must he constructed from many thin foils 
(-100.200) in order to build a practical detector”. The E769/791 detector is an example 
of a typical, practical TRD. 

2. DESCRIPTION OF THE E769/791 TRD 

The E769/791 TRD was made from 24 identical modules, one of which is shown 
schematically in Figure 2. Each contains a radiator made from 200 12.7 pm polypropylene 
(CHz) foils stacked alternately with nylon net spacers, which are 180 pm thick. The nylon 
net was cut sway in the region of the beam since it was found to attenuate the TR x-rays 
by a factor of approximately 2. The radiator volume was flushed with helium during the 
E769 run but was run with air during the E791 tests, since the difference is not significant. 
The radiator is followed by a two~plane proportional chamber with single cell depth ,635 
cm, and active area 76 mm wide by 65 mm high. The 64 sense wires (anodes) are spaced 
at 1 mm and aU are oriented horizontally since the chambers were not used to measure 
position. The wires arc 10.2 pm gold-plated tungsten and the cathodes are 12.7 ,,m mylar 

with 140 A of aluminum sputtered on10 both sides. The chamber gas used was xenon 
bubbled through methylal at O”C, which results in a mixture that is approximately 90% 
xenon. There is a .3175 cm buffer volume filled with nitrogen in front and ia back of 
the two-plane chamber. The gas volumes were maintained at equal pressure to keep the 
chamber gains uniform e.cross the planes. 

Because it is comprised of many layers, each with a relatively small number of foils in 
the radiator stack followed by two chamber planes that are shdlow in depth, this detector 
is an example of a “fine-sampling TRD “,“. This means that at most one x-ray is likely to 
be captured per plane, which is the reason that the latch readout, although not optimum, 
sufficed. Also, because of the short integration time of the electronics circuits used, which 
shaped the pulses from the very localized ionization of an Fess source to 26 ns folI width 
at half maximum, this TRD discriminates using the technique of “cluster counting” ‘J.“. 
This has been shown to give better separation between species than the method of total 
charge collection. 

While the total length of the detector as built was 2.79 m, an equivalent detector 
could be built in approximately 1.52 m by eliminating all wasted space. The total amount 
of material in the detector was 8.7% of an interaction length and 16.9% of a radiation 
length including two .3175 cm scintillation counters used for gsting. It would be diicult 
to reach the 90% efficiency for pions coupled with a factor of 30 in background r&ion 
(in this case protons, since the kaons were separately tagged by means of a Differential 
lsochronous Self-Focusing Cerenkov counter [DISC]“) that was achieved with this detector 
with much less material than this. The method by which the pion sample was selected is 
illustrated in Figure 3, which shows the distribution of TRD planes bit per event for all 
events in which the beam particle was not tagged by the DISC as a kaon from a typical 
E769 data run. As shown by the curves in the figure, the proton and pion peaks were 
each tit with a double binomial on a run-by-run basis. A plane count cut was chosen such 
that 90% of the integrated pion distribution lay above it. Then, the background above 
this cut was calculated using the proton curve. The technique was verified using plane 
count distributions made for the protons sod pions separately during special runs in which 
the DISC pressure was set to tag them. Further details about the E769/791 detector are 
contained in Reference 7. 

3. USE OF TRD’s TO IDENTIFY HADRONS IN FIXED TARGET OR 
FORWARD COLLIDER 

Figure 4 shows the expected spectrum for pions from the decay B- rr in Gale,, an 
internal gas jet target experiment proposed for the CERN Large Badron Collider (LAC)“. 
As shown by the arrows on the fig&c, the spectrum extends to very high momenta, 2200 
GeV, above which the planned Ring Imaging Cerenkov Counter (RICH) will no longer be 
able to cleanly separate pions from kaons. Thus, the experiment plans to use a TRD to 
reduce the B- h’n background to the mode of interest in the momentum range indicated 
on the figure. The proposed TRD is made from xenon-IiUed straw tube detectors 4 mm in 
diameter and spaced on 8 mm centers. Tubes are staggered from one row to the next. AS 
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shown in Figure 5, each straw tube layer foUows a foil layer made from 12 15 pm CHZ foils 
with - 320 pm gaps. The total depth of the 100 module detector is 80 cm and it contains 
approximately 10% of a radiation length of material. The threshold for x-ray clusters is 
set to 5 keV, which is well above the peak of the minimum ionizing background pulses, 
which is at 1.8 keV. 

Figure 6 shows the results of simulations of this detector. The number al hits above 
the TR threshold expected per track for pians and for kaons at 150, 200, 300, 400, and 
500 GeV is shown in the plots to the left. The kaon suppression factor as a function of the 
energy of the hadron is shown in the plot on the right. A factor of ten in suppression is 
expected between 150 and 460 GeV. 

As in GaJet, the Super Fixed Target Beauty Experiment (SFT) at the Supercon- 
ducting Supercollider (SSC) plans to use the combination of a RICH and a TRD far the 
identification of hadron secondaries resulting from the decays of B hadrons”. Figure 7 
displays the distributions in the number of hits above the 4 keV threshold expected per 
track for protons (dotted line), kaons (dot-dash lint), and pions (solid line) traversing a 
detector with 24 radiator-chamber modules identical in construction to the E769/791 de- 
tector. The curves shown are for particle energies of 200, 400, 600, 800, and 1900 GeV, 
respectively. Discrimination is needed to higher secondary energies than for Ga.Jet because 
of the higher energy of the primary beam at the SSC. Th e rejection for kaons or protons 
versus efficiency for pious is somewhat better for this detector than for the one proposed 
by GaJet. However, this is at the price of about 50% more material in the detector. 

4. USE OF TRD’s TO IDENTIFY ELECTRONS IN THE CENTRAL AND 
MODERATELY FORWARD COLLIDER 

Since electrons radiate TR and hadrons do not over a two order of magnitude range in 
momentum, the momentum window over which it is possible to discriminate electrons from 
hadrons is large. A TRD can be designed to saturate at just below 2 GeV for electrons, so 
that above that value, the efficiency for electrons is constant. In the same detector, since 
the effect goes M 7, pious do not radiate appreciable TR until they arc at energies near 
that same value of 7, in the range of hundreds of GeV. When used in combination with 
an electromagnetic calorimeter, the two can provide a background rejection of -lo-’ with 
good selection efficiency for electrons. 

Figure 8, which is reproduced from the Micro-Bottom Collider Detector (pBCD) pro- 
posal submitted to Fermilab”, shows the inclusive leptan p, spectra from a) direct B 
decays and c) daughter D decays and and also the integrated spectra., labeled b) and d). 
Figure 8 b) shows that even for the harder direct decays one-halI of the integrated lcpton 
spectrum lies below 1 &V/c in pt. Since pt equals p at 9V, the requirement for good 
electron identification, even for the purpose of t&ng the “other” B in an event, extends 
down to a momentum at least as low as this. Figure 9 shows the expected hit distributions 
for electrons (solid line) and pions (dotted line) at 0.5, 1.0, 1.5, and 2.0 &V/c in a possible 
future TRD appropriate for use in the central region of a hadron collder. The simulations 
were carried out assuming 24 modules, each with a radiator made from 50 12.7 pm foils 

followed by a single-plane xenon-filled detector ,635 cm in depth. The results indicate 
that a TRD could be built with total depth less than half a meter which is capable of 
discriminating electrons from pions at as low a momentum as 1 GeV/c. 

Not only can TRD’s be used &line to discriminate between electrons and hadrona, 
but they should also make it possible to trigger on electrons online at the first trigger kvtl 
providing the cell sizes are small and the drift time in the gas and the electronics cm 
be made fast enough. Since they are constructed using narrowly spaced wire chambers, 
TRD’s are also capable of identifying electrons inside jets, which makes them well suited for 
identifying b and E jets. And, they can simultaneously be used as high resolution tv.cking 
detectors and for partick identification by splitting the wire signals and subjecting them to 
multiple thresholds’3. The down side of TRD’s is that they represent a significant amount 
of material, especially in radiation lengths. 
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Figure 1. Expected average number of photons detected above the 4 kcV threshold in each 
module of the E769/79l TRD for electrons, pions, kaons, or protons incident BE a function 
of particle energy. The dashed line shows the degradation in performance due to readout 
by means of a latch. The crosses indicate the measured performance of the detector at 250 
and 500 GeV. 
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Figure 2. Schematic of one module of the E769/791 TRD in elevation view. The beam is 
incident from the left in the figure. 
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Figure 3. TRD plane count distributions for all event triggers on a :ypical E769 data 
tape for which the incident beam particle was not tagged as a Kahn by the DISC Crrenkov 
counter. The peak to the left contains protons and the one to the right, pions. The results 
of the double binomial fits to each of the two peaks are indicated by the curves on the 
plot. 
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Figure 5. Schematic of proposed &Jet TRD. Particles are incident from below in the 
figure. 
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Figure 6. Plots to the left show the results of simulations of the distributions in hit straws 
for the proposed GaJct TRD for k mm and pions at 150, 200, 300,400, and 450 GcV. The 
plot to the right shows that a kaan suppression factor of 10 is expected between 150 and 
460 GeV. 
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Figure 7. Expected hit distributions above the threshold for TR pm track for protons (dotted 
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Figure 8. Expected inclusive lepton spectra from B decays according to simulations made 
for the pBCD proposal to Fermilab (FM erencc 18). a) The p, spectrum for single leptons 
from B- 1*X. b) The integral of the spectrum shown in a). c) The p, spectrum for leptons 
from B-D X, with D- f*Y. d) The integral of the spectrum shown in c). 
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Figure 9. Expected hit distributions for electrons (solid line) and pious (dotted line) at 0.5, 
1.0, 1.5,and 2.0 GcVin d “fine-sampling” TRD built from 24 mod&s,tach with a radiator 
composed of 50 12.7 pm CHz foil8 followed hy a single-plane xenon-filled MWPC with cell 
depth ,635 en,. 


