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A transition-radiation detector was used as part of the equipment installed
aboard the artificial earth satellite “Intercosmos-17,” to investigate cosmic-ray
electrons. It is shown that the experimentally observed energy release from the
transition radiation is in good agreement with the theoretical predictions.

PACS numbers: 94.40.Eq

The x-ray transition radiation detectors (XTR) are now used successfully to sepa-
rate electrons from the flux of cosmic-ray protons which exceeds them by 2-3 orders
of magnitude.'!

In this paper, we give the results of measuring and comparing with the theoretical
effect the transition radiation of cosmic-ray electrons. The measurements were con-
ducted using a device installed aboard the satellite “Intercosmos-17”."* The device
contained three XTR detectors, each of which consisted of an emitter and a propor-
tional counter. The emitter consisted of one hundred 12.5-um-thick mylar films
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FIG. 1. The distribution of ionization
in the XTR counter produced as a re-
sult of transmission through the XTR
detector of a proton with E, =1
J GeV-curve 2 and of electrons with E_
>1 GeV-curve 1; calculated distribu-
L' tion for the electron with E>11 GeV-
curve 3.
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spaced 750 um apart. A proportional counter, which had a 250-um-thick beryllium
inlet window, was placed behind the emitter. The thickness of the active volume of the
counter was 1.5 cm; it was filled with 95% xenon and 5% methane at a pressure of
0.95 atm. The counter recorded the total ionization from the charged particle and the
XTR quanta.

In the described experiment the total energy release in the proportional counter
was measured by a sixteen-channel differential amplitude analyzer. The analyzer was
controlled by a telescope, an integral part of the device, which consisted of a scintilla-
tion and a Cerenkov counter and a shower calorimeter. The telescope recorded indi-
vidual, single-charge relativistic particles with an energy release in the calorimeter
exceeding 1 GeV. The telescope was periodically covered by a lead filter 3¢ units in
thickness, as a result of which it recorded either the total flux of relativistic protons
and electrons or only the relativistic protons. A full description of the device and of the
method of isolating an individual, singly charged relativistic particle is given
elsewhere.”

According to the location of the filter, two pulse-height distributions of the ener-
gy release were constructed in the proportional counter for the total flux

N (€, oumer ) and for the protons N%e_ .. ). The distribution of the energy re-
lease for the electrons N,(€.,,n.) Was determined as the difference
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FIG. 2. Differential energy spectra of XTR quanta emitted from the mylar radiator and absorbed in 8.85
mg/cm? xenon as a result of transmission through the XTR detector of a 0.5-GeV electron-curve 1, of a 1.3-
GeV electron-curve 2, and of a 5-GeV electron-curve 3.

Ne( ‘Coun(cr ) = N o (ecounler) - 1 .()Blvdosed (‘ cnumer) . (1)

Here €, has values corresponding to the analyzer’s channels. The scale factor of
one channel is equal to 2.8 4+ 0.56 keV. The coefficient 1.08 takes into account the
reduction of the proton flux in the lead filter.”” The histograms of the electron and
proton distributions, which are normalized to the same number of events, are shown in
Fig. 1 (curves 1 and 2, respectively). The error for the proton distribution is negligibly
small. The electron distribution evidently corresponds to a large average energy release
(it comprises 26 + {5 keV) compared to the average energy release from the protons
(comprising 8.3 + 1.0 keV). If we assume that because of relativistic increase the ion-
ization losses of electrons exceed by a factor of 1.5 those of the protons,” then the
average energy release of the XTR quanta is 26 — 1.5% 8.3 = 13.5 + $* keV. The dif-
ferential spectrum of XTR quanta from the layered radiator, which consists of » foils
of t g/cm? thickness from a particle with Lorentz factor ¥, according to Garibyan,'”’ is
given by
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@ 1- exp(—nu(E)t)
x [1+ exp - plE)t >
1- exp(—#(E)t)

where @ = (1/137), w, is the plasma frequency of the medium, @ is the frequency of
the XTR quanta, and u(E) is the coeflicient of absorption of quanta in the emitter.

Figure 2 shows the spectra of XTR quanta, which emerged from the emitter and
were absorbed in the active volume of the counter, for three energies of the electrons.
The spectra were calculated from Eq. (2) for the design of the detector described
above. The coefficients of absorption of the XTR quanta in mylar were determined
from Ref. 6 and in xenon from Ref. 7. The average energy of the XTR quantum, which
depends weakly on the energy of the emitting particle, is equal to 9.2 keV. The satura-
tion of the energy release from XTR occurs at electron energy of 3 GeV (Lorentz
factor 6 X 10°). We determined from Eq. (2) the average number of XTR quanta n(E)
absorbed in the counter from the electron with energy E,.

The theoretical calculation of the distribution of ionization in the counter from
the electron with energy > 1 GeV was carried out by the Monte Carlo method accord-
ing to a scheme used by Zatsepin.'*

1. We examined 10* electron events with energy > 1 GeV and assumed that the
differential electron spectrum has the form (dN /dE) = AE ~ " where ¥ varied from 2.5
to 3.5. The range of electron energies was broken down into intervals of 0.15-GeV for
energy of 1-3 GeV and a half-interval >1 GeV.

2. The following processes were examined for each energy of the electron E,: a)
ionization in the counter €°"% b) the true number of quanta absorbed in the counter
[distributed according to the Poisson law at #(E,)]; ¢) energy of each quantum (distri-
bution of the energy release of the XTR quanta corresponds to the curves in Fig. 2).

3. We determined the total energy release in the counter. The results of the
calculation are shown in Fig. 1 (curve 3).

It can be seen that the calculated distribution (Fig. 1, curve 3) is in good agree-
ment with the experimental distributions (Fig. 1, curve 1). The calculated and experi-
mental distribution for electrons differ noticeably from the experimental distribution
for protons. The average ionization in the calculated distribution is equal to 25.5 keV.
The average number of XTR quanta per electron with an energy > 1 GeV is equal to
1.3 + 0.1, The average calculated energy release from XTR quanta per electron is
equal to 12.3 + 1.0 keV. The conducted calculation indicates that the experimental
results are in good agreement with the predictions of the XTR theory for a layered
detector.

455 JETP Lett., Vol. 29, No. 8, 20 April 1979 Gusev et al. 455



'G. Hartman, D. Muller, and T. Prince, Trude mezhdunarodnogo simpoziuma po perekhodnomu izluchen-
iyu chastits vysokikh energii (Proc. Internat. Sympos. on Transition Radiation of High-Energy Particles),
Erevan, 1977, p. 521.

*N.L. Grigorov, A.A. Gusev, V.I. Zatsepin, et al., Kosmicheskie issledovaniya (Space Research), 1978 (in
press).

'V S. Barashenkov, Secheniya vzaimodeistvii elementarnykh chastits (Interaction Cross Sections of Elemen-
tary Particles), Nauka, M., 1966.

‘V.1. Zatsepin, Preprint FIAN, No. 147, M., 1973.

’G.M. Garibyan, Zh. Eksp. Teor. Fiz. 37, 527 (1959) [Sov. Phys. JETP 10, 372 (1960)].

*V.1. Zatsepin, Preprint FIAN, No. 117, M., 1973.

’G.V. Gorshkov, Pronikayushchee izluchenie radioaktivnykh istochnikov (Penetrating Radiation of Radio-
active Sources), Nauka, L., 1967, p. 45.





