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Experimental evidences of two component model for CR
composition around the “knee”.

S. B. Shaulov
P. N. Lebedev Institute, Leninsky prospect 53, 117924 Moscow, Russia

Abstract. The N, spectra for EAS and EAS with-families, 2 Experimental results.
received in experiment “Hadron” (Tien-Shan, 685 gigm
are compared. A fenomenological model gives a good fitA large statistic of EAS+ data (1665 ev.) permits to analyze
for both IV, spectra around the knee, is consistent with di- the differential’V, spectrum for them. It is shown at Fig. 1in
rect measurements of the nuclei energy spectra and supposesmparison with experimental EAS spectrum and a theoreti-
them break for magnetic rigiditig ~ 0.13 PeV. Besides an  cian EAS+ spectrum, calculated by means of MQn model
analysis ofE., spectra in differentV, intervals shows that (Dunaevsky etal., 1991, @).
such simple model must be added by the additional, consist- For a long time MQn was a base model for EC data in-
ing mainly from the light nuclei, CR component which arises terpretation in “Pamir” collaboration. As usually it uses a
at energiedyy ~ 5 — 6 PeV, i.e. beyond the EAS spectra “normal” CR composition with a large part of the protons
break . (30 — 40%) before break and supposes a maximal value of
the scaling violation in the fragmentation area of the nuclear
interaction, a large increase of the total inelasticity coeffi-
cient K;,, in forward area fromi;,, ~ 0.55 up to 0.84 for
Ey = 10 PeV and probability of the pion inelastic exchange
GP”’ = 0.3 — 0.5 to receive a good fit of the total—family
ggensity (Dunaevsky, 1993, @).

A model gives a true value of the total intensity, but es-

1 Introduction

The recent results of the experiment “Hadron” (Shaulov, 198
@; Shaulov, 1987, @), which were received by the new meth
of EC (X-ray emulsion chamber) exposition in association ) .
with EAS array, change experimental situation in the investi-Sem""‘".y.d'ﬁeregt shape of thay, spectrqm. An agreement
gation of CR composition, because this method has a numbe?rc,bab'“.ty b.yx qrnenon for the exper8|mental and r_nodel
of advantages as compared with muon (underground instal§pGCtra in Fig. 11is very smalp < 10°". A model gives

: o 5 .
lations) and hadron (ionization calorimeters) one’s tradition-" "¢ large '”‘eng'ty n ra{}gye < 10° and too small in
ally used. rangeN, = 3 - 10° — 5 - 10°. Another reason is that the lo-

. S . cal irregularities (maximums) are present in the experimental
Replacing the ionization calorimeter by EC enhances the ) : S .

; o 3 . L7 . spectrum, which existence are unfeasible if proton partin CR
spatial resolution inv 10° times, resulting in possibility to

measure spectra of the individual high enefiggnd hadrons is dominant.
. b 9 A probability of agreement between experimental points
instead them showers.

L . . . and them polynomial approximation i3 < 10~3, what cor-
In principle, an information, which comes from muons and poly bp < 10

Lo e responds to @ deviation. So it is possible argue that dis-
~ data, is similar, but an energy thresholds are differ in thou- : ) Co . X

: : ersion of the experimental points isn’t described by Poisson
sands times. Muon energies are as usual of order few Ge

rare tens or hundreds GeV andenergies in EC are 1-100 ow (S_haulov, 1.998.’ @). . .
TeV As it shown in Fig. 2, six local maximums may be sep-

. . o i > >
An unique spatial-energy resolution in EC, a knowledgearated in the total spectruriifry > 10 TeV, £y > 2 TeV,

of the primary energies foy—families in EC from EAS data ?602 31)1'09 3_; b_ ?;)e;xv;tgb? r(]:]:i(tj(eerri]ocr? ff(')@rh Téztaiozr'igjﬁt

and relatively high EAS detecting level (685 ginpermit oo y ) ) gnt

to enhance the sensitivity to CR composition and to receiveconsequently. The conﬁdences_ were determined relative t_o

anumber of the new results. smooth chkgroun(_j curve, passing through the lower experi-
mental points (Eadie et al., 1971, @).

Correspondence tdS. B. Shaulov (shaul@sci.lebedev.ru) Another data part deals with measurements of the energy
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Fig. 2. N. spectrum for EAS withy — families, selected by the
criteriaXE, > 10 TeV,n, > 1.
1ot . . 1) Thev-families generation efficiency is maximal for pro-

4.5 50 =z g0 85 70 7s tons and quick decreases with atomic number. This rea-
Lg[ N son an existence of the maximums means that a part of pro-

& tons is small enough in range before EAS spectrum break

(~ 10 — 20% near the break) and a break in CR nuclear

Fig. 1. N. spectra for EAS and EAS with — families, selected spectra is ruled by magnetic rigidity = Eo/Z, where Z is

by the criteriaSE, > 16 TeV, E, > 4 TeV,n,, > 1), 0 < 30°. averege electric charge for a given group of the nuclei.
A smooth curve is a simulation calculation for EASspectrum by 2) The maximums positioning at energy scale permits to
MQn model. estimate a magnetic rigidity value of break in nuclear energy

spectraR =~ 0.1 PV. It is just follow from this value that
break in EAS spectrum is connected with one in spectrum
spectra fory in different N, intervals. N. dependence of of the Fe group nuclei instead of the protons as in “normal”
the slope for the integral energy spectra is shown in Fig. 3composition.
(Janceitova et al., 1998, @; Cherdyntceva etal., 1999, @).  3) A simple calculation shows that maximums in the spec-
The experimental spectra become more rigid 8or > trym may be fitted only in assumption that nuclear energy

3-10°% i. e. in range above the EAS spectrum break atspectra have a bump near the break, i.e. them slopes are
N!" =1.5-106. This scaling violation is anomalous because changed froms ~ —2.5 up to k ~ —1.0 before break

nuclear effects and QCD one’s have make spectra more soflshaulov, 1999, @).
with energy increase. The essentially different models, but 4) The maximums are merge together in the spectrum for

with “normal” CR composition, give close and about con- o) Eas_ |t follows that N, fluctuations are decrease when
stant slopes of spectrax ~ 1.9 — 2 over all N, interval in EAS+y are selected.

gg. _?h(DunIaevsl;]y and l?tuht'kg\/:’ 1993, @t Ta;mada,_1992, 5) A promise about the large scaling violation in the frag-
)- The only a change of the composition from MiX ON€ o hiation area prove to be surplus (quasy-scaling model) if

up to mainly protons can explain an index decrease in Fig. %R composition becomes more heavier in comparison with
(Aguiree et al., 1996, @). “normal” one

It ible th lina violation is limi _ o

'[ISﬁpOSSIE e thatscaling vio gthn IS imited by rangje . A model, which is regarded only nuclear spectra break for
3-10° — 107, but the event statistic is small for last point at s , :

Fig. 3 and this conclusion has be verified R ~ 0.1 PV, is incomplete, as don't takes properly into ac-

' ' count of the additional maximum in the EAS4spectrum
beyond the break faN, > 10°¢ (Fig. 1) and the scaling vio-
lation in the saméV, range (Fig. 3).

These effects can be understood if proton component arises
The maximums may be interpreted by only one way as abeyond a break of the Fe group energy spectrum. It means
manifestation of the different nuclear energy spectra, i.e. théhat for N. > 10° we deals with additional CR component
multicomponent CR composition, and it permits to make awhich has another generation or acceleration mechanism.
number of conclusions, which are independent from model Two interpretations for this component are possible: i) it
of the interaction. may consists mainly from protons and arises in area of mag-

3 Discussion.
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netic rigidity R ~ 5 — 6 PV, ii) it may be sixth component Sl
with electric chargeZ > 50 in the radiation of the same T ol
single, close CR source, which generates the bumps in the % n.2d o7
nuclei spectra foR ~ 0.1 PV. In particular, the hypothetical 0. O 3 et - .
particles of the strange quark matter (Bjorken and McLer- g0 &5 | S0 ' 55 B0 85 | 70 0 95 | B0
ran, 1979, @; Witten, 1984, @) may discussed in last case Lgl Ne ]
(Shaulov, 1996, @).

A model, which includes a break and bumps in the nu-
clear spectra for one the same magnetic rigidity- 0.1 PV, Fig_ 4. The model fits ofV, spectra for EAS (a) and EAS#(b).
CR composition which conforms with direct measurements
data, only bumps of the same shape for additional component
(R ~ 5.6 PV) and light composition95% p+«) for it and a
decrease of th&/, fluctuations for EAS+ gives a good fit as
for EAS spectra (break), so for EAS#0ne (maximums) in ) . ., .
the wide N, range with accuracy0 — 20% (Shaulov, 1999, Shaulov S. B., Experiment “Hadron”, VANT, Tecn. phis. exp.,

. L 1986, 3(29), 72
@). These fits are shown in Fig. 4. Shaulov S.B., Statistical criterion for a combination of the EC and

The bumps in the nuclear spectra may be connected with gas events (Experiment “Hadron”). Preprint FIAN 1987, N 245,
a contribution of the single, close CR source in the total ra- 3.12
diation (Berezgko et al., 1996, @; Erlykin and Wolfendale, Dunaevsky A.M., Krutikova N.P., Slavatinsky S.A., Simulation of
1997, @). Additional component totally is generated by the gamma-families accompanied by EAS, in 22th ICRC, Dublin,
same source or may be another (Shaulov, 1999, @). 1991,v. 4, p. 133-136
Dunaevsky A. M., The properties of the hadron inelastic interac-
tions with air atom nuclei for energies up to 100 PeV, derived
. from CR data, Doctor diss., FIAN , Moscow 1993
4 Conclusions. Eadie W. T., Dryard V. D., James F. E., Roos F. M., Sadoulet B., Sta-
tistical methods in experimental physics, CERN, Geneva, North-
The method of EAS+ association, which was realized inex-  Holland publishing company, Amsterdam, London 1971
periment “Hadron”, prove to be extremely effective for CR Shaulov S. B., About nature of the peaks M. spectrum for
composition investigation in the area of the spectrum break. EAS+y, Preprint FIAN N8, 1998, 3-30
This way is likely permits to resolve the break (knee) prob- Janseitova J. K.,'Cherdyntceva K.V, Krutlkova_N. P., Shaulov S.B,
lem in CR spectrum. It is now planned a check of received Scaling violation for hadron energy spectra in EAS with energies

. . Eo, = 6 — 10 PeV, Preprint FIAN N6, 1998, 3-20
data and a further development of these investigations at the, ~°
installation “Hadron-M” (Slavatinsky, 2001, @). Eherdyntceva K. V., Chubenko A. P., Nesterova N. M., Pavluchenko

V. P., Shaulov S. B., A changing of thefamily and EAS in
rangeN. = 3-10% — 107, Preprint FIAN N7, 1999, 3-15
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