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CHARACTERISTICS OF LEADING NUCLEONS IN HADRON-
HUCLEUS INTERACTIONS AND NEUTRON AND FPROTON
FLUXKES AT MOUNTAIN ALTITUDES

A.P.GARYAKA, E.A.MAMIDZHANYAN

The relations between the elasticity and the inelastic recharge factors
in nucleon-nucleus interactions and the valuas of neutron and proton fluxes
at mountain aititudes were analyzed. The accuracy regquired in cosmic ray ex-
periments for the determination of characteristics of Jeading hadrons with

~ 100 error is estimated.
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The study of hadron-nucleus interactions properties in TeV range is
nowadays the focal point in 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 secandaries,
the 1nteractions 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 ;
N 2

{

energies > 1 TeV using both the recent accelerater’ ! and cosmic ray data’
The expedience qfwsuch an analysis is also due to the fact, that in pre-
sent doy experiments 3 the share of protons in the flux of charged hadrons
is directiy determined at energies up to & TeV. Hence, to notably reduce the
uncertainty in the determination of above chzracteristics, it is desirable
to know the accuracy with which they could be measurad.
Thie equations describing the passage of neutrons and protons ave for

large atmospheric depths:
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where AP(")“;“ are the inelastic interactfon patas in air for pro-

tons (neutrons);
qubP(n\ are the differential energy spectra of leading secondary nucleons

charged as the primary one;
'Usip(n} are those for nucleons with charges different from the primarg

nucieon charge.



Qelow. we shall assume in accordance with the available experimental

data that :
)\palz = )na;-/z = ?‘

/ngl—) = fzb‘;cﬂ = WG
VWip = Wy = Wy

For scale-invariant spectra of secondary particles, 1.e. the dependence

E

of the spectra only on the parameter U= E:, s the ratio of secondary to

primary nucleons energies Eqs (1) transform into the following ones:
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where f(u./ and Y are scale-invariant spectra of secondary nucleons.
6]
Egs (2) have the exact solution at ;\. Const = and A_) (j_+gf )

where [3 is a constant. 2/
Assuming that the primary spectrum has the form /1//& q) MO/E

where Y is the index of the differential energy spectra, the exact solution

for the first case is:
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which serves as a good approximation in the second case at ﬁ“ 4
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The spectrum of all the sccondary nucleons is the sum of spectra for
recharged and non-recharged nucleons,

The spectrum ?L(u) could be written as

SL[u) = r)z (u) ‘7 (i) . (8)
where Gz LL..) is the spectrum of inelastic recharge coefficient.

Then

L= A=< = 2¢9 0759

It should be enphasized that

<) TUNN +# 7 L

f16)

( confer with {31},
where '2’L is the constant, so-catled inelastic rechcrge coefficient of
nucleons equal to

o / /’ gy oA, {11)
.72’ - é 'fi.("“) C{LA/(,(;/ { S-(u) 4
The quantity <7zur’)/q,\3"' is defined as the effective coefficienti

of inelastic recharge, 72 { . Then the ratio of neutron-to-proton
fluxes at X  depth is

WolexX) _ 4=, "7%‘5’ c 12)
RIS e
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S0 =(1 =) /(1+())

Thus, the expressions (3) and (12) determine the dependence of neutron
and proton fluxes at the atmospheric depth X both on the parameters \(
and (o) of ‘he primary spectrum and the values characterizing secondary nuc-
Teons Spectra in hadron-nucleus interactions, <U.{ ',> and ne{ (

Let us compare the obtained results with the available data on s.econdary
iucleons spectra in nucleon-nucieon and nuc'iggr'_m-nucleus interactions.

In Fig,l the dq%iMl spactra of protons"“;. the products of primary pro-
ton and neutron fragmentation, are shown as the function of the invariant
mass Hl . We would remind, that Hl is related to the Feynman variable X
as Mox S(‘l“X) .When EBm , X XU.

The spectrum of inelastically recharged nucleons (points) is seen in the
figure to be below the non-recharged spectrum (solia histogran) and to drop
to zero at X< 4 . Quantftative estimates based on thls spectrum show that
in the nucleon-nucieon collisions "rle%;,o__grq . The analysis of available

(i0]
accelerator data = indicates that the values of 'yz can't exceed the limits

4,3 - 0,5, i.e, 72&(47,, 0,24.

In hadron-nucleus interactions at high energies the energy spectrs of
secondary particles are softer as compared with nucleon-nucieon processes
implying as a matter of factthe increase of inelastic factor K with atomic
number A .

At 24 GeV, tlesoftening was observed at the accelerator both for protons
and for mesons [1, Echten et a‘l] .

In cosmic ray experiments the increase of inelastic factor as a function
of 74 was observed at 1-5 TeV[Z, Mamidzhanyan et a'l] for ;4712

In Ref (I,Chaney y O et al;{ it was shown that in the range of incident
particle fragmentation (0,3 ¢ X £ 1,0) the spectra of secondary hadrons in
hadron-nucleus ccllisions are softer-than that in hadron-hadron ones, the
difference increasing at X—41 .

~6-




This leads to the reduction of du¥” ') and also may cause the nearing

of recharged and non-recharged nucleons spectra, i.e. ’)z #-%'2 .
We can finally take that

The parameter <u5 -1 > is most sensitive to changes in the region of

(13)

spectrum near A >4 . s
) J “

If we take the ratio of spectra as fnﬁs/fm(“) ~A”, where B 1s apare-
meter depending on L , then JQ =0,2 at U=4{1, Chaney, D et al.:& andjr—'C
at wx(.2.

K- Ly,

Hence follows the fnequality < ;{mg Oxut s

<u‘(’l>~~ = 0.3+4 . 1.6, (14)
<u‘6—l)/vm}m $0.28 '

. -1

These estimates are at variance with the \lflalue <L,L5 ) Mv: D.27
obtained from the analysis of CERN group data ™ .

From the gggameters of the primary flux only the spectrum of primary pro-
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 and the neut-
ron flux,

The absorption paths LA and L- a;é determined by measuring

NoEix) and My (€

) [ Nplo,&) = MulE0)
Ls= X/é"‘ (/\/pf*,g)-— Ma(EX) ) . (8)

— ’ A//)/U,IE)#- W, @E)):x / li+oL A/(c‘é} 16_)
L’ Y/ Zﬂ//\/pﬁﬁf"/lfn (%/€) / 1 éf‘f*j*M("a -

It is interesting to find the dependence of L ad [A on the value of

-7

ts




Apion-to-proton flux ratio at different atmospheric depths. In Fig.2 such a c«-
pendence for X = Z{ (,_c'!/c.nl depth iglg?otted at the fixed ratio of charged-
to-neutral particle fluxes equal to 3,07

The share of neutrons in the nucleon Tlux at the top of the atmosphere is
unknown at E = 1 TeV. Hence, we can only.calculate the upper 1imit on the nuc-
leon absorption path depending on 4;’//% {see the formula (16)). It is shown
in the sam> figure (upper curve),

Using now the fnequality (14) and taking into account the relation

5 3

A< Ly o)1+ 4)

Hence we have far Ay /A >

0.8 < ¥/, L1.6 . (n)

A=Y -Z\;— we have the foilowing restriction on :
S AL ’ L

The consideration of neutrons at the top of atmosphere would only resuit
in the shift of the lower limit to higher /",’.f//\,{a values.

In Fig.3 the M/i/\ ~dependence of the effective recharge coefficient is
shown. The upper soiid 1ine corresponds toc A = 0 case, and the dashed one to
A = i//i; .

The dependence in the region C.¥< 7—:-’;—41, &) is nearly linear, i.e.
the accuracy of ?L;:(. determinztion is nearly the same as that of /"r,/M 3
measurement,

To compare theoretical calculations with data on the measurement of pro-
ton-to-neutron flux rativ at different atmospheric depths X , 1t is interesting
to calculate the ratio M;/A;, by the formula (12). This dependence is shown in
Fig.4 for two vilues ?Cﬁ,’;c,;,s“ and ’)zeH = 0.8 .

The probiem of the share of nucleons with energy E > 1 TeV/nucleon, con-
tainec in nuclel, in the flux of free protons with the same energy is widely
discussed now in connection with the measuranents of/l/t/ﬂf ratio " . Some
authors believe,that to account for itie observed value of /:'Zu— -ratio, one

stiould ascuie that in nuclei nearly as many nucleons are contained as are free

-8...



protons, 1.e. X{c)= {/3
Tie value o= lfy leads to the value <u’”'> > 0. 21 credible for the
average elasticity <u &C.Q that doesn't contradict to direct measurements
'

& .

of the inelusticity coefficient (1 -<«>) = 0,58 + 0,69 for carbon’

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

for useful discus<ions.
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Fig.l

Fig.2

Fig.3

Fig.4

FIGURE CAPTIONS

The spectraof protons, the products of the primary proton (solid
histpgram [1 Chapman e al} and the primary neutron {points fl
Hanlon et al]).

The dependence of absorption paths La and L on the ratio
of pjon flux to protens at X = 700 g.cm and the ratio of charge-

to-neutral hadron fluxes = 3 07,

The dependence of the effective recharge factor on the ratio of

picn-to-proton fluxes (solid line ol = 0, dashed line <= #Q3)
- . 7_ /‘ — )
X —700 é/c‘" b A/(J‘\ /A"'\tufl.'fs‘C?

The dependence ﬁ/§/9b§ on the atmospheric depth at two extreme va-

lues of recharge coefficients e'rz = 6,25 and ’/L“— =0,5 ,
<

N 0,1
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