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The paper discusses the choice of strong-interactlon model to give the mest
ipcurate description of the measurements and the determination af the chemical

composition of the primary flux.,

1. Current experiments on cosmic rays invelve various methods of ebtaining data,
@lch have to be compared with computer experiments based on models for the transmission
:f padiation through the ztmosphere and detectors, Monte Carlo simulation L1s 2 unique
ny of comparing hypetheses in complicated indireet experiments. Computer models provide
‘nformation on posaible states, and prealization sets in models (tralning sets)} represent
jliifferent hypotheses. ;

In a training set, one varies all the physical quantities related to the individual
sets of features permissible within a given state. The learning sets reflect the stochas-
tie character of cosmic-ray intaractions, including the numerous channels for strong elec-
‘‘romagnetic Interactions, as well as the random character of the phenomena used In the
*eording ilnstruments Elj.

Statistical procedures are used In analyzing measurements and computer datz, which
Is s essential aspect of simulation and requires a more general appreoach than the theory
'f mathematical statistles, 1n which the model and the additicnal assumptions are consi-
‘ered as given. Here we present an approach in which we avold arbitrary assumptions diffi-
1 %ult to check about the form of the probability densities and merely assume that the char-
Kteristic features of any measurable phenomenon in some way reflect the strueture of the
f;gning set, This means that hypcotheses form regular scructures within a given research’
¥ which c¢an be interpreted by means of pattern-recognition theory [2-4].

2. The methematical characteristics and processing methods in each particular case
ira dependent on the a priori {nformation. Computer models provide for nonparametric a
Miori information specification, so our task 1s to set.up a consistent system of nonpara-
®tri{c procedures for handling the following processing and interpretation tasks [5].

. 1} . A physical problem involves choosing the theoretical model best deseribing the
| *Tperimental data, including the identification of elementary particles and interacticn
‘Pbcesses and distingulshing events of a particular type.

3 2) The statlstical problem 1ls that of quantitative comparlson for multidimen=zional
Hetributions representing learning sets, with elassification from mixtures of distribu-
‘lons, learning with "a teacher", &nd local probability denaity estimation.

the This 1ist allows for aset of particular solutions. It 1s not our purpose to examine

§ 28 in detall, but we give some features of the methods used: a) Bayes decislon rules

8], b) adaptive probabllity density estimation [7] by the method of K nearest neighbors
, and ¢) the Bayes risk as a measure of similarity betw=en training sets (8].

. 1. Here we examine the iimits to the applicatlon of these methods and evaluate the

‘Fﬁcted accuracy in determining certain physlcal quantities. The experimental data are

placed by model ones. One knows the true cata assignment (the results from computer
Periments with controllable parameters), so one c¢an resdily identify the errors arising

I ppocessing.
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Table 1

Tesylts of Recovering the Proportisns of y=h Familles
Generated by Iran Yuclel

ML + Yeuyn ME - Memax
ADBIrRtUE Features Py f;g g ’n’

oMK EE, A, aq 005 | 00m=0048 | 005 004220038
007 0.063+£0,048 Q.07 00820037

0.4 0i=0048 | 01 0,110,038

v-biack + h-biaes Ry o Kb 005 |0035x0000 | 005 | 0.037+0024
007 {0062+0.02 | 007 | 005840024

. ol |opsrecoss | o1 0,1+0,023

TDI0SK + IhOWe Dart IE,, Ay ap £o| 005 [000=00311 003 | 0036=0025
047 |[0020=0030 | 007 | 00580025

04 Q85540029 0,084x0,024
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The models used include the pure sceling M5 and models with Increaslng cress s2etion

AU, Fenin’ and Femax' The initiszl features are the total energy of the y-rays in a famil

the multiplicicy, the mean distance of the y-rays from the center of gravity, the azlmuth
asyrmmetry, and the spheriecity. These characteristies were calculated for three djffesrent
threshold conditions. We also used the analogous characteristics calculated from the
hadrons, the initizl energy, and so on. In all, we conslidered k2 reatures [9,19].

To identify cone of the alternative models, 1t 1s necessary to select compinations of

the 1initial features providing reliable differences. We used the Bayes risk RB, whick Is
the probtability of making an error 1in classifying pairwise-compared training sets by mean
of an optimal decislon rule, which 1s used to characterize the closeness between mul
dimensional distributions. This probabllity is c¢lose to 508 I1f the sets are identica.,
but it tends to zero If they differ greatly. A preliminary study was made on the individ
ual features not only by standard methods (by calculating P, the significance criteria
for the difference of the means in two sets by means of the Students t test, the ¥ilcoxon
test, and the Kolmogorov-Smirnov test), and also by calculatipng the Bayes risk. All the

methods gave similar results. Alsc, 1t was shown that thls method of estimatiﬁg RB on
sets of different sizes from a single population was unbiased and independent [11].

We now consider 4istinguishing y-h families generated by lron nuclel [11]. As tralrs
ing sets we took events generated from the M4 and M& models, which contained only lizht
nuclel, and events generated from the Femin and Femax models, which contalned only events

from primary iron nuclei. We classifiled the events generated by these models (not anpezr:
ing in the training set) with variocus set proportions PH of events from iren nuclei. Tha

cholce means that we assume identical distributions fer the experimental events and the
events in the training set, L.e., that we have chosen the strong-interaction meodel correc

ly. Table 1 shows that the recovered proportion PH is fairly clcse to the true one. How

ever, i1f we transfer to the more realistlic case of inexact knowledge of the strong-inter-
actlion model (thls case is simulated by the trailning and check sets being generated bty
different modals), then one cannét recover PH with acceptable accuracy. Therefcre, one

should either use models whose characteristics are closer te the experimental data th=n
the MUt and M6 or else find a combination of features insensitive to the strong-inter. Ic
model but at the same time sensitive to the type of primary nucleus.

4. These methods enable one to perform a quantitative comparison of the model and
experimental multidimensional distributions for the characteristics of familles and EAS,
which may enable one to enrich the distinct events with familles from heavy nuclel and

subsequently to analyze the Fe-luﬂ interactlion at snergles 110“Tev.
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