
where F. = 1,7 x 10"
oO

© = 2.0 and#lies between 1.45 and 1.65.
All energies are expressed in GeyV).(

This fermula predicts that the incident primaries which carry a given energy, E,

are distributed among various charge groups as follows;

H
He, Li, GsNy

It may be possible to determine the charge composition of the primary radiation

even beyond the emulsion region i.e. between 10'?and 10 ev, although not as directly
as can be done by observations with emulsic 3. For this purpose an experiment has been

built up which ia based on the following ar umptions;

a) At very high energy each nucleon belonging to the primary particle acte as an

independant unit,
b) In each of the approximately 16 collisions which nucleons suffer in traversing

the atmoephere, they lose a compa¥a@:ivsiy gmall fraction (ca.25-30%) of their

energy to secondary particles and emerge, still carrying between 70 4% and 75 &

of the incident energy. /

The arriva. si a complex nucisvaof atomic weight, A, and energy per nucleon, &

implie. wnen the arrival of A nucjecns at sea level, each carrying an energy of order

E confined to a very smeli target area. Their energy should exceed the energy

100 of secondary nucleon: aod of 9F~- nesons which are produced on the way, by aEa

~ IS0 -

So
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53.4 & 21.2 %

38.5 | 19.5%



Gery iacgs Tactor. They sisc should 54 much more collimated than secondary partiéles

F ot ena shower.
60
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‘auction at height h should be of orders

The sise of the target area can be estimated. If K is the fraction of energy re-

tained'by @ nucleon after each megon producing collision, Py the transverse momentum

ceaneferred by the primary in each collision andA the interaction mean free path, then

the anguler deflection suffered in ea collision at the atmospheric depth,x, is given by:

Wx) *

Ee TVA
Existing evidence, obtained at somewhat lower energies, indicated that both K and A ’
as well as that fraction of the transverse momentum which goes into the T-meson ocompo-

nent are reasonably independant of the energy Thus the
divergence, due

to meson pro-
of nucleons ,

s(x) = nce g— hoe x(1-KYA

where box8 km is the characteristic height for a decrease of atmospheric pressure by a

factor 1/e.
If one uses K = 0.7,As 65 g/cm’, one finds that a has a broad maximum at

xert,2,A 0275 g/on. For Py= 1Gev/c, . 4.6b,
max

log(x/x,) |

; or 30 om
if £, = 10'" ev and 3 cm

°
if E,= 10'? ev.

The cumulative effect of ca. 16 meson-producing collisions at different altitudes
should increase the spread to about 1 meter for é,* 10'*ana 0.1 meter for é = 10'9,

One is therefore led to the phenomenon which Grigorov? wikolekij* and others have

called structural cores, 4.e. the presence in an airshower core of several nuclear
tive particles with practically identical energies much higher than that of other nuc-

lear active particles near the showercore.
Since the detector used by Grigorov et. al. was rather amall (0.6 m°), just compa-

rable to the predicted target area for primary nucleons with €,x10' ev, it is expected
that the fraction of cases in which multiple cores are observed, should increase as the

target area contracts and the number of primary nucleons increases; it should therefore
increase with energy and aise of the air shower.

If one wants to measure the atomio number of the primary of an air shower and if
this line of reasoning is correct, then it will be necessary to observe all high energy
nucleons within about one meter from the shower axis. This demands larger detectors for
Nap’s than have been employed until now. The specifications for such a detector are

that it should detect high energy nucleons efficiently in the presence of more than

1000 electrons in an area of several square meters and make it possible to measure their
energy accurately.

The most important component of the apparatus used in this
experimentis a set of two large area spark counters in coincidence. Each consistea of

1/8 “brass welding rods, 1/8" apart and placed 1/8" above a polished stainless steel
plate. A clearing field is maintained between the rods and the base plates. High witage
is applied whenever a dense electron core produces a large light pulse in the liquid
Czerenkov counters at the bottom of the aseenbiy.

Counting efficiency for single charged relativistic particles can be varied from

0.2 to 90% by changing the voltage supplied to the sparkcounter. When operating at an

efficiency of 5% for cosmic rey f-mesons, polonium #¢-Particles are counted with 100%

efficiency.
For such counters placed in coincidence above one another and operated at an effi-

ciency of 1% for minimum ionizing particles, are insensitive to the passage of several

~- ISI-



nectrong, Dut wesbpond very high «.i.cisacy to the passage of narrow jets
of electrons, produced by local penetrating showers. Hy placing the trays below a cloud-

go well as @ lead converter and 9 horizontal G-5 smulgion, one can see that the
Veo goarke give tne direction of the electron jets correctly and respond to jeta with
ga fsu aa > parellel minimum tracks in a field of view of the microgcope (100m diameter?)

ihe @pperatus operates aa followa: High energy nucleons inci -
dent va the water tank interact and give rise to high energy %~-mesons, which decay in-
to g-rays, but do not initiate electron-phnoton cascades until they reach the 5 cm Pb

piste below the water tank, Narrow eiectron-jetsa emerge from the lead plate and traver-
ge 2 neciscar emuleionpefore being detected by coincident sparks in the two spark coun-

tere, The sparks are photographed and used to identify the particular piece of emulsi-
on in which tne jet ia to be found.

Since ell g7rays have to traverse the same amount of lead and since the angle of
incidence is known from the spark photographs, and the direction of the tracks in the
emuleion, the number of electrons is a measure of the energy given to the 7 ,-component
and therefore a measure of the energy of the nucleons which interacted in the water
tank, The entire arrangement is triggered by large pulses in the liquid Czerenkov coun-

ters below the assembly.
The full scale apparatus has begun to operate only recently. By demanding a certa-

in minimum size for the pulse in the Czerenkov counters the counting rate is adjusted
to about 2 counts per day. At present it is only possible to state that a large frac-
tion of all shower cores contain several high energy nucleons of comparable energy.

Neutron piles and unshielded counter trays at various distances from the apparatus
serve to measure at the same time other properties of the air showers.
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