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Abstract

It is shown tha the Cronin effect in nucleus-nuclesicollision leads to an efficient and compat way to obtain
the fraction high enegy hadron-gamra families (X E,;s > 100 TeV) induced by primaty heavy nuclei The
cosmc ray families are detectd by thick lead X-ray emulsion chambes at high mountan altitudes at Pamir
(4300 m, 595g/cm?). The comparisa of simulation calculatiors (UA5 mode) and experimern shows tha the
fraction of families inducel by heavy primaries in the enegy region 1007Te V< X E,;s < 700Te Vis about
2 — 3%. However, in the high enegy region X E,;s > 10007 e Vthisfraction is (27 + 10%).

1 Introduction:

The primaly cosmc ray compositio plays a crucid role in the knowledge of astrophysicsthe problens of
the origin and propagatio of the cosmc particles into ard out of the galay. Direct measuremesthave been
dore using balloons aircrafts and satellites (Grigorov, 1971, JACEE ,199Q Ichimura et al.,1993) However,
thee measuremestare limited to enegies below 104 eV by the low fluxes and the limited exposue time
in spa@ or on balloons Thus the primary flux compositim in the very high enegy region (above 10'* eV)
can be obtainel using only indired method sud as grourd basel detectors An air shower is aresut of at-
mosphert nuclea electromagneti cascad phenomea with repetitian of severd nuclea collisions ard many
electromagneti processesoriginatal by single primaly particle of high enagy enterirg the atmosphereThe
high enegy particles are concentratig very nea the air shower core ard can be obseved in the lead chamber
asabundie of high enegy showers called a‘~-hadran family’, propagatig in the sarre direction , with mean
laterd sprea of afew cm. The emulsion chambes at mountan altitudes used for their detection are a mul-
tilayer sandwit of lead plates ard photosensite layers (X-ray films ard nuclea emulsian plates)(Ariswa
et al,, 1994) The globd characteristis of gamma-hadno families are affected by the primaly cosmt ray
chemic& composition In this work we use MSU-Wased experimenth daia (500 m? year) from thick lead
chambes (40-60 cm Pb) of homogeneosistructue exposel at the Pamiisin 1977-199 (Arisawaet al., 1994,
Kopenkn & Fujimota, 1997).

2 TheCronin Effect:

It has bean shown that the cross sectian in pA and AA collisions shows avety strorg A dependeneat high
Pr. Theatomic numbe dependeneisclosto Ao(Pr) \wherethe index a(Pr) increass with increag of Pr.
This mears that the nucleors in the nuclews appeato ad collecively in the production of high-Pr hadrons.
This effect is called the Cronin effect (Cronin 1975).

The change in the tranwere momentum distributions from p- p to p-A collisions are representé in the
form F£er 2 gp = Ao(Pr)pdiel ? &e—, or in alternalve form asELer L gp = BpATS % In superposi-
tion like modek the increag of the multiplicity n,_4 in p-A collisions relaive to n,_, collisionsis



given by% = %(< v > +1), where< v >= Ao?P?/oP~4 is the average number of partic-
P—PpP

ipating target nucleons (wounded nucleons) per inelastic interaction. This means that the source of
the Cronin effect is the multiple particle scattering which changes (increases) transverse momenta.
The other sources (the intrinsic parton transverse momentum in the hadrons and the one from the
Fermi motion of the nucleons inside of the nucleus) can be ignored in the fragmentation region that

is covered byy-hadron families produced by cosmic rays in the atmosphere. These ideas are applied

for study of nucleus-nucleus collisions observed in cosmic ray experiments. The Monte Carlo event

generator used in our work includes the UA5 algorithm (Alner, 1987).

3 Analysis ofv-hadron families

The characteristics of the energy weighthed lateral spread,(ER), (where E is the energy and R is
the lateral distance from family center of a gamma ray or hadronythadron family is governed by
the P, distribution of the hadronic collisions and by the multiple scattering which changes (increases)
their transverse momenta. In order to reduce the degradation effect from electromagnetic cascade
processes, the energy weighted lateral spread of gamma rays and hadropbadr@an family is
obtained only after the application of decascading procedure with parafgtes< E, R, >~ 11
TeV mm at Pamir, that permits to trace back the electromagnetic cascade to reconstruct the original
gamma quanta at the point of their production . The Cronin effect sensitivity to the primary com-
position can be seen in FIG.1 where we present comparison between calculations and experiment
(MSU-Waseda) for families with visible energy above 1000 TeV &h&. > 500 TeV mm. The
simulated set consists of proton-induced families and of heavy>(24)-induced families. The
minimum of x2 from correlation plot in FIG.2 yields th&7% 4 10% of heavy fraction, that is the
ratio between heavy primary induced families with> 24 and all nuclei induced families. FIG.3 is
similar to FIG.1 and showB,. R, distribution from families in the energy region above 100 TeV and
below 700 TeV. In this case the best value for heavy fraction is about 2%. It has been shown (Kawa-
sumi et al., 1996, Saito et al., 1993, Tamada, 1994) that cosmic ray families\With, > > 1000
TeV are accompanied by air showers of si¥g > 107 (that corresponds to the primary energy
E, > 2 10') eV. Monte Carlo simulations show (FIG.4) that our results on fraction of heavy nu-
clei induced families detected at mountain level are consistent with normal chemical composition
in primary cosmic ray spectrum«(25% of A > 24)at energies- 2 x 10'¢ eV and heavy primary
composition (~ 61% of A > 24) at higher energies. This research was supported partly by FAPERJ
(Rio de Janeiro State Agency).
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Fig. 1. Energy weighted lateral spredl.R,.) distribution of gamma-rays and hadrons in families of
Y Eyis > 1000 TeV andE. R, > 500 TeV mm at Pamir level. The marks are: circles - experiment, solid line
- proton induced families, dashed line - heavy induced famlies, bold line - 27% of heavy induced families.
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Fig. 2. Correlation plot ory? versus fraction of heavy nuclei induced familiessF,;; > 1000 TeV in
E.R. > 500 TeV mm region.
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Fig. 3. The same as Fig.2 for families of visible energy above 100 TeV and below 700 TeV.
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Fig. 4. Distribution of the chemical primary cosmic ray composition in the simulation at Pamir level inducing
the families withX E,;; > 1000 TeV (a) andl00TeV < Y E,;; < 700TeV (b). Marks are: solid line - input
and dash line - output.



