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The angular distribution of transition-radiation photons produced in a foamed-plastic radiator is studied. 
Some possibilities of detecting particles by their transition radiation are discussed. 

The possibilities of using transition radiation to de
tect ultrahigh energy particles are now being widely 
discussed U-l1], and from this point of view the streamer 
chamber method proposed in [4-6] is of definite interest. 
Among the principal advantages of the streamer cham
ber must be counted its high spatial resolution and the 
possibility of determining the number of photons accom
panying each particle. These advantages become even 
more important when several particles arrive simul
taneously. 

In this paper the angular distribution of transition 
radiation photons produced in a foamed plastic radiator 
is examined and some possibilities of detecting super
high energy particles by their transition radiation are 
discussed. 

It has been shown (61 that one can effiCiently separate 
1f mesons and protons with a streamer chamber at 
particle energies of 2 x 103 GeV and higher by placing a 
small magnet in the path of the particle between the rad
iator and the photon detector. We note that in [6] they did 
not determine the separation efficiency when using the 
number of photons for discrimination, i.e., when taking 
events in which the number of photoelectrons exceeds a 
certain threshold value. The use of photon-number dis
crimination greatly improves the separation factor while 
leaving the efficiency for recording the light particle 
fairly high. 

For example, if we attribute distribution a of Fig. 
3 in [6] to a K meson, we must assume the energy of the K 
meson to be 1.3 x 103 GeV. A 1T meson of that energy 
would correspond to distribution b. If we use photon
number discrimination and take the threshold as 3.5 
photoelectrons, the recording effiCiency for 1T mesons 
will be 50%, while the K meson will be recorded with 
an efficiency of 10%, and protons of the same energy 
with an efficiency of 3%. If we set the discrimination 
threshold at 4.5 photoelectrons, the efficiency for re
cording 1.3 x 103 GeV 1l mesons, K mesons, and protons 
will be 40, 8, and 1%, respectively. The problem of 
separating electrons and heavy particles does not arise 
in Ulis case since the Lorentz factors}, = E/mc 2 differ 
considerably. 

Let us consider in more detail the use of a streamer 
chamber with a deflecting magnet to record the transi
tion radiation from ultrahigh energy particles. 

Figure 1 is a photograph showing an event in which 
3.0 GeV transition radiation photons and electrons were 
recorded in a streamer chamber, which was 80 cm long 
and contained neon plus 13% xenon (5]. The electrons 
were deflected 4 cm from the initial direction by a small 
magnet. The radiator was 200 cm thick and was mounted 
11 m from the chamber. The photograph was taken in 
the direction of the electron field. 

If the electron had not been deflected in the magnetic 
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FIG. I. A typical streamer-chamber record of transition radiation 
photons and electrons. 

FIG. 2. Distribution of photo
electrons about the particle tra
jectory; 10 is the distance of a 
photoelectron from the trajec
tory, and N is the number of 
events. 
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field its trajectory would have fallen in the space between 
the photoelectron tracks at a position that can be cal
culated from the known angle through which the electron 
was deflected in the magnetic field. Figure 2 gives the 
distribution of photoelectron tracks with respect to the 
distance lo from the center of the track to the axial 
"trajectory" as calculated in this way. The data for this 
distribution were recorded with the radiator located 
5 m from the chamber, so one can obtain the angular 
distribution of the photons by dividing the abscissas by 
this distance. The distribution can be regarded as sym
metric (within the error limits); this symmetry is 
evidence that the axial "trajectories" were correctly 
drawn. 

Let us select a region about the maximum of the 
distribution with a dimension equal to the half-width of 
the distribution at half maximum, i.e., lo = 2.5 mm. In 
the space about the particle trajectory, this region will 
correspond to a cylinder of radius R = lo..{2, which will 
obviously contain two-thirds of the photoelectrons. Since 
the magnet does not displace the particle in the direc
tion of the magnetic field, the axis of this cylinder and 
the trajectories of the particle before entering and after 
leaving the magnetic field must lie in a single plane. The 
condition that the particle trajectory and the axis of the 
photon cylinder be coplanar thus affords the possibility 
of determining which particle belongs to a given photon 
cylinder. This opens up a broad prospect for the use of 
the method under circumstances in which groups of 
particles strike the det~ctor simultaneously. 

We note that the radius of the photon cylinder will be 
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smaller in the case of a heavy particle, since then the 
multiple scattering in the radiator will be negligible. 
This is the case for projection onto the direction of the 
electric field; in another projection the distribution will 
be broader by the dimension of the streamers. 

Actually, it is not difficult to achieve streamer 
dimensions of 1 cm. For example, by using electron 
optical converters one can reduce this quantity by a 
factor of two. The particle-trajectory errors associated 
with the size of the streamers can be avoided, and the 
conditions for selecting the photon cylinder accordingly 
improved, by using two wide-gap spark chambers placed 
one in front of the magnetic field and one behind it. 

Thus, if the radiator is mounted directly in front of 
the deflecting magnet and the streamer chamber behind 
it, one can use the condition that the axis of the photon 
cylinder be coplanar with the particle trajectory before 
and after the magnetic field to determine with some 
reliability which track corresponds to a given photon 
cylinder. 

An estimate for the case of a 30 cm magnet gap and 
a parallel beam of uniformly distributed particles in
dicates that ~ 15 tracks can be handled without difficulty 
provided the electric field is parallel to the magnetic 
field; this number is somewhat larger if the electric and 
magnetic fields are perpendicular to each other. 

The author is grateful to K. K. Shikhlyarov for 
assistance with the work. 

lG. M. Garibyan, Zh. Eksp. Teor. Fiz. 37, 527 (1959) 
[Sov. Phys.-JETP 10, 372 (1960)]; Preprint ErFI 
[Brevan Phys. Inst.] TF-4(70). 

2A. I. Alikhanian, Loeb Lectures, Harvard University, 
1965. 

662 Sov. Phys.·JETP, Vol. 38, No.4, April 1974 

3L . C. L. Yuan, C. L. Wang, and S. Pranster, Phys. Rev. 
Lett. 23, 496 (1969). 

4A. I. Alikhanyan, G. M. Garibyan, M. P. Lorikyan, and 
K. K. Shikhlyarov, Detektirovannie chastits metodom 
perekhodnogo izlucheniya (Particle Detection by the 
Transition Radiation Method). Report at the Session of 
the Nuclear Physics Section of the Academy of Sciences 
of the USSR, Tallin, January, 1970; K. M, Avakyan, 
A. I. Alikhanyan, G. M. Garibyan, M. P. Lorikyan, and 
K. K. Shikhlyarov, Izv. AN Arm. SSR, fizika 5, 267 
(1970). 

SA. I. Alikhanian, K. M. Avakian, G. M. Garibian, M. P. 
Lorikian, and K. K. Shikhliarov, Phys. Rev. Lett. 25, 
635 (1970). 

6A. I. Alikhanyan, E. S. Belyakov, G. M. Garibyan, M. P. 
Lorikyan, K. Zh. Markaryan, and K. K. Shikhlyarov, 
ZhETF Piz, Red. 16,315 (1972) [JETP Lett. 16,222 
(1972)] . 

7M. P. Lorikyan, Prib. Tekh. Eksp. 3,73 (1971). 
8F . Harris, T. Katsura, S. Parker, Y. Z. Peterson, 
R. W. Ellsworth, G. B. Yodh, W. W. M. Allison, C. B. 
Brooks, I. H. Cobb, and J. H. Mulvey, Plt'eprint, Ox
ford University, 15/72. 

9C. L. Luke, L. C. L. Yuan, N. Uto, D. F .. Dell, and 
P. W. Alley, Brookhaven National Laboratory, Upton, 
New York, 1972. 

lOA. I. Alikhanian, S. A. Kankanian, A. G. Oganessian, 
and A. G. Tamanian, Preprint ErFI-ME··18(72) (Erevan 
Phys. Inst.). 

lly. N. Nikolaenko, S. A. Slabatinskil, Y. S. Chirochldn, 
and S. B. Shaulov, Pis. Red. ZhETF 16, 610 (1972) 
[JETP Letters 16,430 (1972)]. 

Translated by E. Brunner 
135 

M. P. Lorikian 662 


