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The objectives of this investigation are (1) to study the
effectiveness of separating high energy electrons from pions or
protons in an unseparated pion or proton beam in the 100 to 500
GeV region, and to optimize the design of a transition radiation
detector system for the measurement of the electron spectrum in
cosmic rays up to very high energies, and (2) tc measure the
efficiency and energy resolution of an electron shower décector

at around 200 GeV.
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I, PHYSICS JUSTIFICATION

Introduction

1. We have observed and measured transition radiation from pions1 in
the energy region of 100-250 GeV in the meson beam at FNAL.

2. We have also measured transition radiation from electrons at
50 GeV and determined the rejection rati02 of electrons from pions at this
energy. '

3. It is extremely important to be able to identify high energy electrons
unambiguously from protons such as in cosmic rays in order to obtain the |
correct energy spectrum of high energy electrons. Thus far, all the energy
spectra of electrons obtained in cosmic ray measurements probably contain an
appreciable contamination of protons in the very high energy region.

4, Qur test proposal consists of two phases: (1) with a hadron beam and
(2) with an electron beam.

5. It is possible to estimate the average value of yield of tranﬁitiox
radiation as a function of vy from the measurement at low energy electrons
(~ a few GeV), but it is necessary to have accurate shape of gpectrum (espe-

cially tail structure) to determine the rejection ratio accurately,

The main objective of this study is to obtain the most optimum parameters
for the design of a trangition radiation detector system including a shower
detector such that one could utilize it to measure the true energy spectrum of
cosmic ray electrons from a few GeV to 1000 GeV and the energy spectra of the
very relativistic nuclei in cosmic rays. Such measurements are intended to be
carried out in a shuttle space laboratory for which the experiments with the

instrument payload of the highest performance are justified.

An accurate measurement of these very high energy spectra up to 1006 GeV
would provide us very valuable information on (1) the origin of cosmic rays,
{(2) the propagation mechanism of electrons in the galaxy, and (3) the density

of interstellar material and magnetic field,

Phase 1

We plan to use the hadron beam in the meson area:

1. To optimize the sandwich type transition radiation deteccor system
for cosmic ray_éxperiments in order to obtain the best separation of protons
from‘high energy electrons. We shall start with a 10 element sandwich system
and optimize both the radiator parameters and MWPC gases for electrons at
» 200 GeV (v = 4 X 107).




2. To investigate the resolution of an electron shower detector in
the 200 GeV region for the determination of electron energies.
3. As a secondary objective, we plan to study transition radiation

Exom 1, u, K, and e at 280 GeV, using xonon gae in the MWPC.
Phase I1

To use an electron beam:

1. To study the energy dependence and other characteristics of a
TR detector on electrons and protons with energies from 50 to 200 GeV.

2. To study more in detail a shower detector with electrons of -
extremely high energy.

3. To study a TR detector for possible use in electron tagging

in e~p scattering experiments.

Experimental Arrangement for Chambers

The experimental arrangement is shown in Fig. 1. The detector consists
of a large number of multiwire proportional chambers (10 to 30 chambers) and
transition radiators. Each chamber has an active area of 6'" X 6'" and thick-
ness of 2.2 cm. The sense wires are joined together to give a single sigﬁal
output from a chamber. The chamber is filled with argon or xenon gas. Tran-
sition radiators consist either of 100 foils of % mil Mylar with air spacing

0f ~ 30 mil or of ~ 4" styrofoam (density is 0.025 g/cmj).

The beam goes through a thin scintillation counter telescope, trans-
ition raidatorxs, and multiwire proportional chambers. The proportional
chambers detect X~-ray transition radiation, ionization due to the primacy
charged particle, and background radiation. S8ignals from the chambers are
combined to give a geometric mean or an arithmetic mean and are stored in
a pulse height analyzer. The measurement is repeated with a background
radiator consisting of a solid block of the same material as the transition
radiator with the same thickness, but without the multitude of interfaces.
The yield of x~ray transition radiation is obtained by comparing these two

measuraments.

An electron shower detector comsists of four units of a lead (three
radiation length thick) and a plastic scintillator (1/4 inch thick). This
detector can measure the energies of electrons from a few GeV to 1000 GeV,

by determining four points on a curve of shower development of an electron.




We shall add more lead and scintillators if we focus our measurement of the

cogmic ray electrons at around 1000 GeV.

In Fig. 2, observed pulse height spectra with 30 chambers at 50 GeV
are shown. Figure 2(a) shows an overlap of two spectra with transition
radiators and with background radiators. A transition radiator consisted
of 100 foils of 1/2 mil Mylar spaced at 30 mils. The trigger signal con-
tained 8% of the electrons and 92% of the pions. The electron peak is
shown at a higher pulse height channel in the spectrum with radiators; The
high percentage of the electrons is due to the fact that we used the tail
of spatial distribution of the Ml beam to reduce the effect of a high beam
rate. Figure 2(b) shows an overlap of two spectra with transition radiators
and with background radiators, including the signal of a shower counter into
a trigger. This trigger signal contained 89% of electrons and 11% of pions.
The pion peak is shown at a lower pulse height channel in the spectrum with
radiators. The shower detector consisted of 16 units of 2-radiation length
Pb and 1/4"-thick scintillator which were viewed by two 60 AVP phototubes
through light guides.

II. APPARATUS

The layout of the apparatus for chambers is shown in Fig. 3. Each
chamber has an active area of 6'" X 6" and has a 3" wide frame of G-10.
All chambers and radiators are mounted on a stand which has wheels. The
stand contains the power supplies for the chambers and counters, some
logic units and so on. Other apparatus like the electronics racks, a PHA,
teletype, cabinets, and gas system is located near the wall away from the
beam line. Only signal cables, an ac cord and gas hoses run between two

systems of the detector and electronics racks.

The space of 10 to 15 feet along the beam line and 6 feet wide for
the detector is required. It would certainly be more preferable to us if
we could have a longer space along the beam line. A shower detector has

12-radiations length lead.

All the apparatus will be provided by the proposers and will be ready
by the beginﬁing of July, 1975. The entire system is valued at about $70,000,

The manpower needed from FNAL is small but we hope that we could have

one collaborator from FNAL to participate in these tests.
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III. SCOPE OF THE EXPERIMENT

The system has been tested at FNAL. The chamber system has been
extensively used at the AGS and will be further tested to optimize the yield

of transition radiation expected from pions and electrons at FNAL energies.

Beam Line

In Phase I, the M1 or other beam line in the Meson Area is suitable.
In Phase II, the electron beam in the Proton Area is suitable. If the
electrons in the Proton Area are used mainly for the tagged photons and
the available beam time is very limited, we can do most of our studies in
the Meson Area. If the electron beam is available, we want to explore the
possibility of reducing the pion contamination in the electrxon beam using

a TR detector. The pion contamination is 0.3% at 115 GeV.

Beam Requirements

1. The beam energy is between 50 and 280 GeV.

2. The momentum bite is 10 to 20%.

3. We can use beam rates of up to 105 particles/sec.

4, Several different beam energies, especially higher energy is

preferred.

Machine Time

The setup time required without beam is about two weeks. The total
running time requested with the beam is two weeks. We prefer to have two
running periods to analyze data taken in the first period and make modifi-

cations for the second. A few days between two runs are sufficient.

Time Scale

Most of the apparatus except the shower detector is ready at the
present time. The whole system will be operational by the beginning of
July, 1975,

Running Procedure

The detector will be mounted on wheels as mentioned. It is to be
emphasized that the transition radiation detector system has a very small
amount of material (up to 0.1 radiation length) in the central region,

and can be placed in the beam line without affecting the experimencs
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downstream. However, when the shower detector is tested, it has l2~-radiation
lengths of lead and it would affect the experiments downstream when it is
placed in position. Pogsibly, some time sharing arrangements can be made

for this particular part of the experiment.
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Figure Captions

Fig. 1. The experimental arrangement for a transition radiation

detector system and a shower detector.

Fig. 2. (a) Overlap of two spectra with transition radiators and with
background radiators, measured using a TR detector in a beam of

pions (92%) and electrons (8%) at 50 GeV.

(b) Overlap of two spectra with transition radiators and with
background radiators, measured using a TR detector in & beam of

pions (11%) and electrons (89%) at 50 GeV.

Fig. 3. Layout of the apparatus,
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