
The possibility of detectable fluxes of cosmic ray γ rays with energy above 1019 eV

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

1971 J. Phys. A: Gen. Phys. 4 L37

(http://iopscience.iop.org/0022-3689/4/2/021)

Download details:

IP Address: 171.66.16.73

The article was downloaded on 02/06/2010 at 04:33

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0022-3689/4/2
http://iopscience.iop.org/0022-3689
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


Letters to the Editor L37 

GOOD, M. C., and WALKER, W. D., 1960, Phys. Rev., 120, 1857. 
HIBNER, J . ,  et al., 1971, University of Lodz, Poland (private communication, to be published). 
SUGA, K., et al., 1963, Proc. Int. Conf. on Cosmic Rays, Jaipur, India (Commercial Printing 

VERNOV, S. N., KHRENOV, B. A., and KHRISTIANSEN, G. B. ,  1970, Proc. Int. Conf. on Cosmic 

VERNOV, S. N., and KHRISTIANSEN, G. B. ,  1967, Proc. Int. Conf. on Cosmic Rays, Calgary 

Press, Bombay.) 

Rays, Budapest, in the press. 

(Can. J .  Phys.), A345. 

The possibility of detectable fluxes of cosmic ray y rays 
with energy above 1019 eV 

Abstract. Under the assumption that cosmic rays are of extragalactic origin 
above 10l8 eV it is shown that the presence of the 2.7 K black body radiation 
may lead to a detectable flux of very energetic y rays. 

A number of arguments have been put forward which suggest that the majority of 
cosmic rays at energies above 10l8 eV are of extragalactic origin. One apparent 
difficulty is that the black body radiation (Penzias and Wilson 1965) should cause a 
cut off in the primary energy spectrum at a few times 10IQ eV, in contrast to the 
experimentally observed continuous spectrum. It  seems, however, that under 
certain circumstances it is possible to have a high energy cosmic ray spectrum which 
does not exhibit a sharp cut off, even allowing the particles to be of Universal origin and 
taking into account the black body radiation: for example, Hillas (1967) considers an 
evolving Universe in which the production rate of cosmic rays was higher in the past 
and on this model the cut off is less marked. The same situation would result if the 
production rate of the Universal component had amaximum somewhere above 1020 eV. 

The purpose of this letter is to call attention to another phenomenon expected in 
the case of the Universal origin of the highest energy particles. Interactions of the 
cosmic rays with the black body radiation can lead to the transference of a relatively 
high fraction of the primary energy to photons and in view of the fact that the 
attenuation length for photons of energies above a few times 1019 eV becomes com- 
parable with or longer than that of protons one can anticipate a noticeable photon 
flux at the earth. 

Calculations have been made for a steady state Universe under the assumption 
that the primary cosmic ray spectrum in extragalactic space is described by a single 
power law with constant exponent to energies exceeding 1021 eV. The form of the 
spectrum adopted is that measured directly (as summarized by Greisen 1966) at 
energies above 10l8 eV and is indicated in figure 1. Below 10I8 eV it is assumed that 
galactic containment causes the increase over and above the extragalactic spectrum. 
Use of the steady state Universe is justified, in these preliminary calculations, by the 
fact that the bulk of the contribution to the intensities comes from distances of the 
order of a tenth of the Hubble radius. 

The method of calculation was as follows. The energy spectrum of high energy 
photons at production was calculated taking the primary spectrum referred to above 
and assuming that the back body temperature is 2.7 K. Data for the photoproduction 
process were taken from accelerator results; in view of the fact that the energy of the 
photon in the C-system of proton and black body photon is practically always below 
1 GeV, the cross section is accurately known. 
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The  energy spectrum of photons at the earth was then calculated taking into 
account interactions of the photons and their ensuing cascade electrons with the 
all-pervading black body photons. (It was assumed that the electrons from y-y in- 
teractions take equal energies; in fact there is a marked asymmetry at high energies 
causingithe present intensity estimates to be too low.) 
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The result of the calculations is given in figure 1, where the complete primary 
spectrum is also shown. The  measured low energy spectrum of diffuse X rays is also 
given to set the scale of presently detected cosmic photons (the data are from a recent 
summary by Ipavich and Lenchek 1970). 

It is immediately seen that there are two favoured regions for detection of the 
energetic photons: at energies in the range 1012-1014 eV and again above 10l8 eV. In  
both these regions the intensities are comparatively high because of the transparency 
of space at these energies. In  the range 1012-1014 eV a further contribution to the 
expected intensity of photons comes from proton-extragalactic matter interactions and 
under certain assumptions about matter density this contribution may become large. 

At energies above 1OI8 eV there seems to be the possibility of the photon flux 
being a significant fraction of the total particle flux and the problem of experimental 
resolution needs active consideration. Assuming that the photons behave in a 
manner similar to that at lower energies the ensuing showers will be deficient in 
muons compared with normal showers. Such muon-poor showers have in fact been 
observed at lower energies, of the order of lOI5eV, by the Lodz and Chacaltaya 
groups (Gawin et al. 1966, Toyoda et al. 1966), but calculations by Maze et al. 
(1970), and further observations by Catz et al. (1969) indicate that the majority of 
these particular showers are not in fact due to primary photons. Returning to the 
very highest energies, the detection of muon-poor showers should be possible by 
way of measurements on the muon to electron ratio in showers selected on the basis of 
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electron size. Such measurements at energies above several 10l8 eV do not appear to 
have been made hitherto in view of the usual selection systems based predominantly 
on muon signal. 

The reason for the remark about the assumption of energetic photon behaviour is 
that there is the possibility of significant electromagnetic suppression effects at these 
energies, as has been pointed out by Landau and Pomeranchuk (1953) and 
Migdal (1956). It is thus possible that the extensive air shower produced when a 
high energy photon enters the atmosphere differs significantly from that predicted 
from straightforward cascade theory. Further analysis of this aspect is needed. 

In  conclusion, it can be remarked that if cosmic rays with energy above 1Ol8 eV 
are of Universal origin then there may well be a detectable flux of very energetic 
primary y rays. Their number will be dependent on various astrophysical parameters 
so that if they can be detected experimentally important information will result. 
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