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The study of hadron-nucleus 'interactions properties 1n TeV range is

nowadays the focal point 1n the nuclear physics aspect of cosmic rays.

Specifically, the knowledge of hadronic energy spectra at mountain

altitudes and at the top of the atmosphere Is necessary for the determina-

tion of both the Integral and the Individual characteristics of secondaries,

the interactions products.

In the present work we pursue the aim of analyzing anew the relation

between the proton and neutron fluxes at mountain altitudes and the charac-

teristics of leading nucleons spectrum in hadron-nucleus Interactions at

[I] [2]
energies > 1 TeV using both the recent accelerator " and cosmic ray data" ;

The expedience of such an analysis is also due to the fact, that 1n pre-
13 J

sent day experiments the share of protons in the f'ux of charged hadrons

is directly determined at energies up to 5 TeV. Hence, to notably reduce the

uncertainty in the determination of above characteristics, it is desirable

to know the accuracy with which they could be measured.

The equations describing the passage of neutrons and protons are for

large atmospheric depths:

>•—>, Я >" / I л **£ J i i j?<"» \ • /

A

where Aa(,\)(KVi a r e t h e 1 'n e l a s t ' i c Interaction paths in air for pro-

tons (neutrons);
a r e t n e deferential energy spectra of leading secondary nucleons

charged as the primary one-,

lAipfri) are those for nucleons with charges different from the primary

nucleon charge.
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Below, we shall assume in accordance with the available experimental

data that :

P

For scale-Invariant spectra of secondary particles, I.e. the dependence

of the spectra only on the parameter U.- -gr- , the ratio of secondary to

primary nucleons energies, Eqs (1) transform Into the following ones:

(2)

A
 w

 о
 /

where p (LJ and p /ц.) are scale-invariant spectra of secondary nucleons.
Г J' -4 [6; .

 л
 , л ч

Eqs (2) have the exact solution at Д = Const " and Л =Vl
e
(b-gb"*W

where О is a constant.

Assuming that the primary spectrum has the fora /vf^Cf^-M^/C- ,

where V^ 1s the index of the differential energy spectra, the extct solution

for the first case is:

(3)

which serves as a good approximation in the second case at

Here
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(5)

(6)

The spectrum of a l l the secondary nucleons is the sum of spectra for

recharged and non-recharged nucleons.

The spectrum fifuj could be written as

(8)

where Л Д и ) is the spectrum of inelastic recharge coefficient.

Then

I t should be emphasized that

( confer with [ 3 ] ),

where 41 is the constant, so-called inelastic rechcrge coefficient of

nucleons equal to

(U)

The quantity <.Ъи} /
>

of inelastic recharge, 77

fluxes at / depth is

"[> is defined as the effective coefficient

. Then the ratio of neutron-to-proton
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Thus, the expressions (3) and (12) determine the dependence of neutron

and proton fluxes at the atmospheric depth ){ both on the parameters Nj

and c#o) of the primary spectrum and the values characterizing secondary nuc-

leons spectra In hadron-nucleus Interactions, <^U l > and "ft .

Let us compare the obtained results with the available date on secondary

iiucieons spectre 1n nucleon-nicleon and nuc'ieon-nucleus Interactions.

In F1g.l the d<TfiMl spectra of protons' ~, the products of primary pro-

\ ton and neutron fragmentation, a*e shown as the function of the Invariant

| mass H " . We would remind, that H 1s related to the Feynman variable X

1 as M ^ s f t - X ) .When E»rv\ , X ~ U .

The spectrum of 1nelast1cally recharged nucleons (points) is seen in the

figure to be below the non-recharged spectrum (solid histogram) anu to drop

\ to zero at Xе*.1 • Quantitative estimates based on this spectrum show that

i in the nucleon-nucieon collisions TO £/O-8?1 • The analysis of available

f accelerator data " indicates that the values of 77 can't exceed the l imits

I 0,3 - 0,5, i.e.

I In ftadron-nucleus interactions at high energies the energy spectra of

secondary particles are softer as compared with nucleon-nucleon processes

implying as a matter of fact the Increase of inelastic factor /< with atomic

number Д .

At 24 GeV, ttesoftening was observed at the accelerator both for protons

and for mesons [ l , Echten et a l ] .

In cosmic ray experiments the Increase of Inelastic factor as a function

of Л was observed at 1-5 T e v [ 2 , Hamidzhanyan et а1Г] for A^i2..

In Ref fl,Chaney » D et al Г/ i t was shown that 1n the range of incident

particle fragmentation (0,3 £X£ 1,0) the spectra of secondary hadrons in

hadron-nucleus collisions are softer'than that in hadron-hadron ones, the

difference increasing at X~* i - •



This leads to the reduction of 4 u e > and also may cause the nearing

of recharged and non-rucharged nucieons spectra» I.e. t) г^*Ъ .

We can finally take that e

ts

The parameter < u ^ '
1
 )> 1s most sensitive to changes In the region of

spectrum near it."*- -L .

If we take the ratio of spectra as ?*>*/?„№ M " » where ?, 1s a para-

^ J

meter depending on C<- , then ft - 0,2 at U s ^ l , Chaney, D et a l . \ and ft=

at 1 С * 0 Д .

Hence follows the Inequality ^ ^ *

4 ""1
These estimates are at variance with the value <(u.° \ = 0

[11] ^ "*/
obtained from the analysis of CL'RN group data .

From the parameters of the primary flux only the spectrum of primary pro-

[12]

tons 1s known' '. Assuming that equal numbers of protons and neutrons are pro-

duced at the spallation of cosmic ray nuclei (mainly the light ones), the pri-

mary proton flux Is the difference between the total proton flux end the neut-

ron flux;

The absorption paths и д and L* are determined by measuring

i
L (15)

It Is Interesting to find the dependence of L and L^ on the value of
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pion-to-proton flux ratio at different atmospheric depths. In Fig.2 such a c.«-

pendence for X — 1СС<\/ил~ depth is plotted at the fixed ratio of charged-
' Г13'

to-nei'tral particle fluxes equal to 3,07" .

The share of neutrons In the nucleon flux at the top of the atmosphere is

unknown at E = 1 TeV. Hence, we can only calculate the upper l imit on the nuc-

leon absorption path depending on ^/M*, (see the formula (16)). I t 1s shown

in the sano figure (upper curve).
Using now the inequality (14) and taking into account the relation

we hav- J _ - ^ u we have the following restriction on

Hence we have for /V/.

^ ^/tfp ^ °̂ ^ ' i")

The consideration of neutrons at the top of atmosphere would only result

in the shi f t of the lower l imit to higher tfr/hff values.

In Fig.3 the M A ' , -dependence of the effective recharge coefficient 1s

shown. The upper solid line corresponds to * * 0 case, and the dashed one to

The dependence in the region G»?< -r~ ^-\- о is nearly l inear, I.e.

ihe accuracy of ~O ., determination is nearly the same as that of b-r/M?

measurement.

To compare theoretical calculations with data on the measurement of pro-

ton-to-neutron flux ratio at different atmospheric depths X • ** i s Interesting

to calculate the ratio /K/A'p by the formula (12). This dependence is shown 1n

fig.4 for two vclues j) ,,-, :=. с ,1ъ~ and У) guj ~ O«S" -
t iff L "f-f

The probltm of the share of nucleons witli energy E > 1 TeV/nucleon, con-

taineo in nuclei , 1n the flux of free protons with the same ьпегад is widely

discussed now in connection with the measuranents of /у/*" ratio ". Some

authors be!)eve,that to account for tiie observed value of Hy/-* - rat io, one

should as:un,e that in nuclei nearly as many nucleons are contained as are free
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protons, i.e. У!(С)~ /

The value ?C~ ^L leads to the value <U&>> •*. 0.2 7 credible for the

average elasticity <и.^>4чС4 ^hat doesn't contradict to direct measurements

of the inelasticity coefficient (1 -<^>) « 0,58 ± 0,C9 for carbon' .

In conclusion we thank Avakyan V.V., Amatuni A.Ts., and Matinyan S.G.

for useful discussions.
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FIGURE CAPTIONS

Fig.l The spectraof protons, the products of the primary proton (solid

histogram [l Chapman e» al*} and the primary neutron (points [l

Hanlon et ai]).

i Fig,2 The dependence of absorption paths L^ and U on the ratio

of p1on flux to protons at X * 700 9«cm and the ratio of charge-

to-neutral hadron fluxes * 3 07.

F
ig.3 The dependence of the effective recharge factor on the ratio of

p1on-to-proton fluxes (solid line ol
 a
 0, dashed line d- у 3 )

1

F1g.4 The dependence АЛ»/Л£ on the atmospheric depth at two extreme va-

lues of recharge coefficients 71 • 0,25 and T) = 0,5 ,

№ 0,1
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