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Experiments with Mononuclear Cosmic Ray Beams

A. A. Vardanyan for the KASCADE Collaboration
Cosmic Ray Division, Yerevan Physics Institute, Alikhanyan Brothers’ st. 2,Yerevan 375036, Armenia

Abstract. We discuss the capability and accuracy of non- vides an accurate experimental basis for the event-by-event
parametric Neural Net method of classification and parame-data analysis using measurements of several EAS character-
ter estimation for the application to the analysis of the multi- istics.
dimensional experimental information provided by the Ex-  This approach appears to be very promising with the as-
tensive Air Shower (EAS) observations in the KASCADE pect of refined tests of sophisticated EAS simulation codes
experiment. The methodical approach allows an event-by{Heck D., et al., 1998) with alternative hadronic interaction
event analysis of EAS measurements for a nonparametric esmodels at extremely high energies (Drescher H. J. et al., 1999).
timate of the energy spectra of three different mass classestill the results of the KASCADE experiment concerning the
of the primary cosmic ray flux. Special emphasis is put on energy spectrum and mass composition of primary cosmic
the possibility to obtain almost pure (mononuclear) samplesrays are considerably affected by a model error, estimated
of EAS for the two different mass groups. The implications for the energy slope to be 10 times larger than the statistical
and the potential bias for the estimate of the resulting dis-uncertainty (Chilingarian A. A. et al., 1999).
tributions are discussed and displayed with the observables The present report introduces in recent results on energy
measured by the KASCADE central detector. dependence of mass composition and energy spectra of the
primary flux different species. First attemptto analyze "mono-
nuclear beams” interactions with atmosphere using KASCA-
DE Central Detector (CD) information is made.

Itis necessary to mention that results obtained within event-

Above a primary energy of a few hundred TeV the direct Py-€vent analysis approach are conditional on the particu-
>}ar strong interaction model used for simulation of the pri-

measurement of energy and mass of individual cosmic ra

nuclei is unfeasible due to the drastic decrease of intensityMY Passage through the atmosphere. The deconvolution
with increase of energy. One has therefore to resort to the®! the triple uncertainty (primary mass, primary energy and
measurement of extensive air showers (EASs) which are proStrong interaction model) and obtaining of "pure” mononu-
duced when high energy cosmic ray particles enter into theClea beams even within one prechosen model will provide
earth atmosphere. To determine primary energy and masE'”f‘s to understand direction in which family qf strong mter.—
from EAS observables has been tried since many years byction models have to evolve to meet experimental consis-
has proved to be a very tough problem. tence criteria.

The idea to use advanced statistical techniques of multi-
variate analyses for isolating certain classes of EAS stems i L )
from an early proposal of A. Chilingarian and H. Zazyan 2 Pr_lma}ry Energy Estimation and Primary Mass Deter-
(Chilingarian A. A., Zazyan H. Z., 1991a,b). The technique mination

to prepare quasi-mononuclear beams by mass discriminativ

analyses of event-by-event EAS observations, was planneg_ he mul'ttglayered perceptrt(? n (MLCIiDt)haIgonthm IS uszad to dfih
for the ANI experiment (ANI Collaboration, 1992; Chilin- ermine the mass composition and the energy spectrum otthe

garian A. A., 1998). The realization of this proposal has be- primgry cosmic rays (PCR) in the knee region.. This method
come realistic by the recent results of the multi-detector ex—provldes opportunity of primary energy estimation as well as

periment KASCADE (Kampert K-H. et al., 1999) which pro- primary mass classification into multiple categories. The ba-
' h sics of Bayesian and neural regression and classification are

Correspondenceto: A. A. Vardanyanaro@crdix5.yerphi.am)  described in (Chilingaryan A. A., 1994, 1995; Chilingarian

1 Introduction




A. A etal., 1997). The knee feature is clearly seen for the all-particle and

For the estimation and classification tasks the same EASight nuclei spectra. For the spectrum of intermediate nu-
observables are used. These are observables of the electrolei group the difference of the slopes is negligible and there
magnetic and muonic components measured by the KASis no evidence for a change in the spectral indices. For the

CADE filed array detector installation: heavy group of nuclei the decrease of the flux intensity and
e N.. number of electrons in the EAS and smaller spectral index at high energies is not observed. The
e N'r: truncated number of muons:(2x 2O (r)rdr) fits of the energy spectra were done by a method described

Restricting these observables is justified by following rea- in ref. (Sokhoyan S. H. et al., 1998).
sons:

: . . EN KASCADE eperienial drlal1909), 1505 20"
e It is assumed that the electromagnetic and muonic compo-; czsmoom %' ,,,,,,, T
71,7320 B3

nent of EAS are described by the MC models with sufficient “cut & s & anomaten
accuracy (partially insufficient knowledge about the hadronic 7, N\
component is illustrated in (Antoni T. et al., 1999; Roth M., g4 :%

1999).
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after obtaining "mononuclear beams”. Fig. 1. Differential energy spec-  Fig. 2. The cumulative abun-

The results on the energy estimates demonstrate rather highy of three massgroupsandthe ~ dances of different groups of
accuracy ¢ 25% relative error) and almost unbiased estima- al|-particle spectrum. nuclei
tion of energy (in whole energy interval except at the lowest
and highest energies). Therefore we use a wider energy inter- |n figure 2 one can see the comparison of the cumula-
val for simulated events to avoid over- and underestimationtive abundances of different groups of nuclei with recent re-
of primary energies at the boundaries. sults from CASA-BLANCA experiment (Fowler J. W. et al.,
2000) using another experimental technique (measuring the

H s . tr
Table 1. Purity of classfied events. Used observables: N and N, lateral distribution of Cherenkov light in addition to the char-

?‘"j J:%([)%] J=01§[3%] J=Fe2[%] ged component of EAS) and completely different method of
o 19 58 23 experimental data analysis. Similar trends and overall agree-
Fe 2 23 75 ment in abundances of different nuclear groups are apparent.

After estimating the primary energy each EAS event is4 The "Purification” Procedure

classified as being induced by light (H,He), intermediate (CNO)

or heavy (Si-Fe) nuclei (we will refer to these groups as "pro- After estimating the misclassification rates, the possibility to

ton”, "oxygen”, and "iron”). The parameters of experimental select purénuclear beams was investigated. The developed

events, classified as initiated from protons and iron nuclei,neural information technique (Chilingarian A. A., 1998) al-

afterwards are compared with those of simulated ones. Thdows to decrease the contamination of misclassified events

results are given in table 1, which shows the contaminationin each class of nuclei. Of course, at the same time effi-

of misclassified events in each group of nuclei. One can segiency’ of classification is reduced. The purification was

the rather high proportion of true classified events. done in the following way: the NN performs a nonlinear
mapping of EAS multidimensional characteristics to the real
number interval0, 1]. Particular class assignments for three

3 Energy Spectra of the Three Different Species of Pri-  Way classification are subintervals — 0.33], [0.33 — 0.66]

mary Flux and[0.66 — 1.] for first, second and third class respectively.

The misclassification matrix for this mentioned decision in-

Demonstrated in section 2 unbiased energy estimation andervals are givenin Table 1. Ifthe NN is trained well enough

rather high percentage of the correct decisions in 3-way clast0 have generalization capabilities NN output distributions

sification allow to use KASCADE array data for the physi- for different classes are overlapping at subinterval bound-
cal ana|ysis such as the determination of energy dependen@ies. Therefore by the Shrinking of the subintervals one can
of the mass composition and energy spectra of three specig€move a large proportion of misclassified events, though
of the primary CR flux in the energy rangé'® — 2 . 10'6 simultaneously loosing some part of true classified events.
eV. Figure 1 displays the differential energy spectra of threeFrom figure 3, where the purity versus efficiency is plotted,

group of nuclei obtained by an event-by-eventanalysis (€ach  1pity: fraction of true classified events in actual number of

shower was classified as originated by one of three types otvents assigned to a given class

the primary nuclei and the energy of that nucleus was esti- Z2efficiency: fraction of true classified events in total number of

mated). events of a given class




one can see that the purity of proton and iron nuclei is largerand accurate classification of primary particles into 3 cate-
than90%, when the efficiency is still remaining not less than gories in the range dfo'® — 2 - 106 eV was discussed (see
50%. Purity estimates were obtained classifying 4000 con-also (Vardanyan A. A. et al., 1999)).

trol events (not used for the training) per class. For a given The purification technique described in sections 4, was
purity value the efficiency of proton events classification is used for "constructing” the mononuclear beams from KAS-
always larger than the efficiency of iron event classification. CADE raw data. It is worth mentioning that achieved pu-
Thus, the purification of proton events turns to be easier, tharrity of proton and iron beams~( 90%) exceeds the esti-

the purification of iron events. mate obtained in (Chilingarian A. A., Zazyan H. Z., 1991a)
. To prepare the "mononu- (70 — 80%). The relative error of primary energy estimation
Sood « proon clear” CR beams for in- by the KASCADE array £ 25%) almost coincide with the
®og vestigation of the differ- expected one.
08g  + ron . ent nuclei interaction with The obtained beams purity and accuracy of energy esti-
o <t the target (atmosphere) we mation open possibility to consider the hadron component of
0:?: ot have to check the purifica- EAS, detected by the CD. The comparisons of the QGSJET
oed N tion procedure. First of all model (Kalmykov N. N. et al., 1997) and KASCADE data
o8- ) we have to investigate how are depicted in figures 4a),b),c),d). The event selection pro-
osg N the shrinking of the deci- cedure is equivalently done for the simulated and experimen-
*85'05 06 065 07 075 06 0 09 955 1 sjon interval for different  tal data samples.
Fig. 3. Event selection effi- classes (on the NN output) Due to the large statistical accuracy the experimental dis-
ciency vs purity for proton and affects on the distributions tributions of the hadronic parameters of the showers originat-
iron events (obtained by classi- of EAS parameters (NN in-  ing from the primary protons demonstrate rather smooth vari-

fication of the control samples).  put). For this purposes we ation increasing with the energy. On the other hand the cor-

investigate and compare the "purified” and "rejected” EAS responding distributions, originating from the primary iron

characteristics. nuclei agree less. However, in general, the overall depen-
To check that no systematic distortions are introduced indences are in agreement with QGSJet simulations.

EAS parameters by the purification procedure the one dimenz.

3 B <0<
sional statistical tests (for detailed description on StatIStlca|v45—_ [geeaoE om0 N g0 P
tests used see (Chilingarian A. A., 1998)) are performed fors | * s mrem e, & § e i
initial and purified samples. The Table 2 displays the results ‘| i i £ . i . o
of different tests for initial and purified proton and iron sam- s ; ¢ ; i L % : ; ! i
ples. Presented values are the probabilities of accepting the % % i1 : ey I
null hypothesis, that the samples are from one and the same * % ;28 T g
population. If the tests produce small values of the probabil- ... ﬁggﬁgég& ppmmms) ? 25 s Eﬁééﬁ%&%&"aﬁe .mnsw g
ities one can reject the null hypothesis, i.e. there exists big ‘
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Fig. 4. The Energy dependence of the Hadron Energy - a), Total
Table 2 clearly demonstrates that the probabilities are rathenergy - b), Number of Hadrons - ¢) and Number of Muons - d)
high and one can not reject the null hypothesis. So, the ini-for the Proton and Iron Primaries
tial and purified proton and iron samples belong to the same
population, which demonstrates that the purification does not It is worth to note that contamination of both proton and
introduce systematic distortions. iron induced events by the intermediate nuclei has been ig-

nored. The results in Figures 4c),d) can be compared with
ref. (Antoni T. et al., 1999). But in the present case the pri-
5 Experiments with "Pure” (mononuclear) CR mary energy is determined event-by-event.
If we take into account the limited efficiency (90%) of
In previous sections the possibility of making precise26% the muon detecting facility, the agreement of the experimen-
relative error) and unbiased estimation of primary energy,tal data with the predictions is rather remarkable. It is inter-
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