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In order to exterd previocus meaaurementsl on nucleay interacticms im
the energy region 1012 - 1014 ev an emulsion cloud chamber consisting of
a "Block® of emulsion 6% x 4% x 2" ploced on top of an emulsion cloud chumber
of 25 alternate 3mm lead plutes and 250 microm G-5 emulsion was flowa for
six hours at White Sends. The "Block® of emulsion consisted of 92,6® z 4" x
400 micron G=5 stripped emulsions ,which were separated after flight and precessed
by the IRL 'techniquea (emulslions attached to glass backing prior to developmeat).
Fig. 1 shows the results for interzctions observed sturting in the lead,
The multiplicity observed on the plate directly below the lead absorber in
which the interaction occured is vlotted ugeinst the distunce back to the
point of interaction. The line of the grupvh which appears to represent the
data is celculated assuming an initisl production of 20 charged particles and
ten neutrzl m mesons decaying into two photons with a laboratory lifetime lese
than 3 x 107]'2 aec°3 (For 3 x 10"]'2 86C., the mean decay distance of 0.9 :rmo
is short compared to the radiation conversién length in lead). The calculated
line seems to fit fhe data well and accordingly in the mejority of showers
the initial multiplicity of charged varticles would appeur tq be about 20,
The median emergy of this; group of interactions was sbout 2 x 1012 ev, as

extimated from the median angle of the shower particles.

Seven primary interactions were found in emulsion, Table I gives
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the value of Ns s the number of minimum iomizing pc -tisles and Nh the
numver of gray plus dlack promgs occuring in the ! iterastion. The
medien cnorgy for this group mwvlom ev. The r 1ltiplicity appears
to be indopendent of Nh with an aversge value of ¢ ut 16. If the ip-
teractior cross section for primaries of these eme¢ »gles is goometric,
approximately half the collisiocns in emulsion woull oceur in Ag or Br
and the rest in C,N,0 and H. Thouzh the division of interactioms on
the basis of tho number of stor prongs is not certain, it seeoms likely
.t.hat the onses with Nh = 0 oceur in light elements and the case with
N, =15 must have arison from an interaction in an Ag or Br. nucleus. If
the dividing line between the light end heavy olemcnts is taken to be
T, += 4 or & them our data is consistent with half the interactions oe-
curing in light clenents and half in heavy olements. It is seen that
the meon number of shower particles for interactions with Nh( 4 and

W, > & is 16 for both cases.

I we now utilisze oreovious resul%sl end correct for the differencss
in medion emsrgies on the essumption that the multiplicity varies as
E1/ . s W& ofn compere multiplicities of shower particles in various ele-
mente for primary energies of ~- 5210?“2 ev. For lead the multiplieity
is-~ 24, Brass ~ 18, Ag and Br ~ 14 and light elements -~ 1l4. It
would appear that the multiplisity in this emerzy region is almost ine
depondont of the target nuocleus. Thore have been cases found in which
‘the multiplicity of chowor particles is much higher than those'eonsider-
ed above.4

Our observetlons can be explained by a theory in which the particles
are produced multiply in the initial interection.’ The multiplicity

apparently does not seem to imorease by a large factor through subse-



quent intoractlons inside the Sargot muelouss this is probably because
the ghowep particles do mot interuct individunlly inside the muocleus

1,6,7 The fluctuations from the

bascause of theolr extrens collimation.
average behavior as noted ahove could bo the result of large fluctus-
tiens in tho anpguler distribution of the shower particles. A few

ghowor pe.rti;vles of the first or pogsibly the gsecond generation pro-
jected at angles considcrably preater than the average could be effective
in starting indeopondent eaccades inmside the nucleus which could increess
tho obesrved multiplioity by a considerable factor.

Vie have alsou notod the eesurence of hoth high and low energy pairs
of charged particles produced by mouiral radietion, in observing the
passage of the high enorgy showors through the stripped emulsions bdlock.
The et reaccmabls asgsumption is that these pairs ere electron-positron
peirs produecd by hotons; though our statistics are too low to draw
any definite eonslusion, the contribution of bremsstrahlung ascording
to Schiffts t:hm!?:g'e socms to be oo low to account for the low energy
pairs. ‘

e ere indebiel to the Aero lledical Field Laboratory, Holloman
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Table I

lligh Ppmergy Sters in Foulsiom

Ihumber of Dwaporation Prongs Iunber of Shower Particles
%, B,
0 10
0 16
2 19
& 12
6 15
15 16
9)
1 5(
113 (10)

Secomiaz‘y Interaction

1 15
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