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ABSTRACT

In this paper, we obtained the negative binomial interac-
tion probability law for the nucleon's interactions with the
air-nuclei as a consequence of the respective diffusion equa-
tion. The nucleon-air nuclei interaction méén—free path rises

1
with energy of the incident nucleon in . the . form - =
L+alnE/E_ Ay (E)

o . Eo = 1TeV, In the case of AN.= constant the dis-
A
"N

tribution law is poissonian.

Key-words: Interaction probability law: Inelastic cross-section;

pDiffusion equation of nucleous.
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If we suppose the average inelasticity (KN} and the nu-
cleon—-air nueclei interactidén mean free path (Ag) to be con-
stants, then a nuclen that makes "n" interactions in travers-
ing x(g/am?) of the atmosphere will have its energy . reduced
from E' = E/(1-K)" to E, so that the elementary energy con-
tribution of the primary energy spectrum to the x level dif-
ferential energy intensity is given by

G(E)EE' = G(B/ (1K) ™) —Tm (1

(1-K)

Now, assuming "a priori" that the probability of a nucleon mak-
ing n interactions is given by the Poisson distribution

n
_ex/A8 (x/lH)
Pn(X) a N ——ET——H

[

P C(2)

G. Brooke et al.cl) obtained for the total flux at the atmos-
phere depth x, the following expression

o » (x/AN)" G(E/(1-K)™)

_x/lN n.

F_(x,E) = e (37
N n=0 (1-K )"

F.M, de Oliveira Castrocz) used the successive approxima=
tion method to integrate the following differential equation that
describes the diffusion of a nucleon in the atmosphere

aFN(x.-E! - FN(xJ_E) + FN CXJE/(:L-KN)) (4)

with the initial condition in the general form FN(O,E) = G(E)
and obtained expression (3) without any hypothesis on the in-
teraction's probabillity law.

In the similar way,and using the same successive approxima-
tion method, we integrate exactly the diffusion equation,

Fy,B) _ “Fuex,p) + FN(x'Ex(l_EN)) (5)
T TR E T e |
"2
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with the initial condition, Fo {(0,E) = G(E)}, where Ay (E) is now
the nucleon—ah:nuclei interaction mean free path expressed by

L 1+altne/E
g (B) ©

lo F) EO = lTeV.
"N :

_We obtained the exact solution(3)

_ v -x/AN(E' (1-K 0
FN(x,E) = nzo x/AN(E' (1-Ky)™) %%i%%%ﬁ%fl-fl‘Kn)ax/xﬁ)“ x

n
G(E/ (1-K) ")

(l-KNIn (6)

where

T'(z+n+l) and P(z+l) are the usual gamma function,

1 4+ azxua/E
= aln(1/ tl-K W

and
E' is the initial energy of a nucleon at x = 0.

The total nucleon flux.FN(x,E) at depth x(g/cm?) can also be
expressed in the_following way

T 1
F_(X,E}) =) P (X,E")G(E")x—""u— (7)
N n=0 ¥ (1-k )™

where Pn(x,E') is the probability that a nucleon with energy E' =
E/(l-KN)n at x = 0 interacts n times down to the depth x  and
has the following form

_ omX/A (B (1-ky)™) I (z44n ax/22. n
Pn(x'E_) = e N m(l-(l—KN) N) (8)

In this case, is easily demonstrate that

oo
) P x,E") =1,0 (9)
n=0 '
With the use of the values K = 0.5, =540g/cm? Ay =80g/cm?,
and a = 0.06, we show the dependence of Pn(x,E')on E' and com-
pare our solution with the Poisson distribution (case of %;

constant). see fig. 1.
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FIGURE CAPTION

Fig. 1 - Nucleon-air nuclei interaction probability law. Solid
curves (——] Poisson law for A = 80 g/tm? = constant
broken curves (—~—~—) interact:.on probability law for
Ay (B} = 23/(l+alnE/E ), E_ = 1TeV, a = 0.06.
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