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Cohere

xperiment performed at the “Northern Cross” ltalian Radio Telescope,
ses from Extensive Air Showers (FAS) have been simultancously

at 30 MHz. and 408 MHz. One of the sims of this experiment was to

¢ the presence of radio emission from the shower disc in the U.H.F.

well as to confirm the emission at lower frequencies.

positive results have been obtained, and reported elsewhere, (1) it is
to try to elucidate the coherent or incohierent nature of the emission.

ve wish to attempt an explanation of our data, to make {urther comments

1d a few results obtained; a more detailed anatysis having been done for

quéncy channels on 500 traces, corresponding to triggering EAS of most

_energy ~5x10 ¥eV.
:pected a radio pulse at 6
m oscilloscope.
races were read in pulse
sd with similar measurements at 2 ps and 4 ps.
jetectors, for both frequency channels, were diodes which bebaved as
aw detectors for input signals <300 mV, For larger signals, instead, they
| as linear detectors. (2)
ase of this change of law of tl
onding to those pulses generated by input signa
pulses have been omitted from the analysis.
se assumes an infegral primary cosmic ray spectrum of the form N (> E)
(with ¥ = 2.2 in our energy range (3)) one would espect in integral
height spectrum of the form N (>V)=K (V)Y with &~y for coherent
sn and linear detector and o v /2 if the detector is a square law detector,
s for incoherent cmission the slope of the pulse - height spectrum would be

3 ps on the traces of a 10 ps time base of a

height at 6.3 ps and 6.5 ps and the readings

e detector there is an uncertainty region
1s of ~300 mV.

v rispectivley.

Yig. 1 are plotted the integral puls
:ls.

“a) of the figure shows the 30 MHz. spectrum; in the square jaw region of
tector the slope is ~1.910.5 and ~2.8+0.7 in the lincar region. Part b)
the 408 MHMz. data which have a slope of 2.7£0.7 for “gquare law™
5.341 for “linear” behaviour. A big source of uncertainty, for

e—height spectra for both our frequency

iour and



the 30 MHz. data comes from the aerial beam (~40°%) pointed to the zenith and
the magnetic field wich has a dip angle of 60°43’. This makes the nearly vertical
showers wich are a large percentage of all showers in an infavourable position
according to geomagnetic pulse production theory. The pulse—height from EAS
depends, also, from the angle between the shower axis direction and the direction
of the aerials polarization.

Taking this considerations into account the observed slopes are in good
agreement with toherent eémission expectations at 30MHz. and with incoherent
predictions at 408MHz.

At 30 MHz. the reference channels spectrum gives a slope of ~—10 and at
408MHz. ~—11.

In the linear region of the 408MHz. detector the pulses observed were very
few, as pointed out before (1) which makes the conclusions quite difficult.

Furthermore the signal to.noise ratio for this channel was only ~0.26 which
means that most pulses were at noise level or buried into the noise.

This makes the whole pulse—height spectrum ambiguous.

According to Kahn and Lerche coherent emission theory (4), coherence should
be progressi vely lost at wavelengths shorter than the shower disc thickness, no
emission is expected at frequencies greater than ~ 100MHz.

We have plotted, in Fig. 2 the frequency spectrum obtained with our data as
well as points, at different frequencies, from Jodrell Bank (5) and Haverah Park
data (6). It must be pointed out that Jodrell Bank data belong to showers of
about the same size than ours whereas Haverah Park data to showers one order of
magnitude bigger. '

It can be seen that the spectrum falls off with increasing frequency. The
contribution to the lower part of the spectrum could be due to a component of
incoherent radiation as has been suggested (5, 7, 8, 9, 10).

On the other hand H.R. Allan (11) has pointed out that different showers
strike the array at various zenith angles and their cores fall at unknown distances
from the aerial,

The coherence conditions may, therefore, be very different and the pulses
observed belong to different part of the disc. Even if the available data in the.
U.H.F. region seem to agree with incoherent emission from an EAS, a coherent
tail at high frequencies cannot be excluded.

We wish to thank Prof. M. Galli for helpful discussions and miss. G. Giulucci
for reading the films.
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FIGURE CAPTION

INTEGRAL DISTRIBUTION OF PULSE-HEIGHTS

Part a) 30 MHz AERIAL
Part b) 408 MHz AERIAL
DOTTED LINE - REFERENCE CHANNELS 2 ps and 4 us

SOLID LINE =  SIGNAL CHANNELS 63 ps and 6.5 us

RADIO PULSE FREQUENCY SPACTRUM
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