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Abstract. We preszent new data on Cherenkow light obser-
vaticns obtamned dunng 19942000 period, after a modern-
ization of the Yakutsk EAS amray. A complex analyvsizs of
T atud 1ts Aunctuations & Fmy ) Wwas performed o a wide
energy range. With the new data, according to QGSJer I1
model, an estimation was made of cosmic ravys mass com-
position for By -~ 10T — 3 2 101 &V The result points to-
wards a mixed composition with a large porfion of heavvy nu-
clei at Hg ~ 107 eV and the dominance of lizht nucler at
Eq ~ 101 &% The analvsis of 7| Ty ) energy dependence
for the same energies gualitatively confirms fhis result. A
shape of g distribution at fixed energy 101% &V is anal-
vsed to make more precise conclusion on cosmic ray mass
composition.



Plan of the Yakutsk Array
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Technical aspects of longitudinal EAS development
characteristics estimation
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Fig. 2. Estimation of rm.x by half-width and half-height of

Fig. 1. Estimation of ., by parameter p = lg Qg0 ,/Qsz0 Cherenkov pulse 71/2
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Fig. }. o estimation by signals from different atmosphenc depths
recorded with racking Cherenkov detectors



Mean depth of maximal shower development
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Fig. 4. Individual EAS events detected m Yakutsk experiment dur-
mg 1994 - 2009.
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Fig. 5, Energy dependence of rp.,,. Filled circles represent Yakutsk
data open cireles — CASAMIA squarss — AUGER data. Solid
lmes —results obtamed with QGSJet I, dashed — EPOS L6, pomt
lime — SIBYLL 1.52



Fluctuations of rpag

Fig. 6. Flucmations of the depth of maximmm EAS development:
filled sguares — Yakutsk data, open circles — HiFes data. Straight
hime — results obtammed with QHGE5J=t01. dashed hine — QG5Tet 1L
dotted lne — SIBYLL 1.62 for vanious primary nucleil {see Abbasi
et al (20097
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Fig. 7. & distribution at fixed energv 10" &V Solhid line rep-
resents Yakuisk data (8 = 10" = Fo < 2= 10" 2V {Fay = 1.0 =
0% % RET events): dotted line — QGSJetl]l for nuxed CoMPo-
sittom (70 % p, 30%: Fe); dashed line — QGS5Jetl]l for primary
protons, sehd grey line — QGSJetl] for CINO zroup macler, dash-
dotted lme — QG5 Tet0] for mon nuclel (zee Knmrenko et al (20057))



Cosmic rav mass composition
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Fig. 8. Mean mass number of pnmary paracle as a fumcnon of
energy. Circles represent Yakutsk data, tnangles — HiFes data,
results obtamed at Auger observatory

squares



Conclusions

Thus, according to all the data reviewed above. within the
framework of QGSJet hadron interaction model 1t 15 reason-

able to speculate that primary cosmic ray mass composition
alters during energyv transition from 1017 eV to 5 = 10'% 2V
At Fly = 5% 10" eV cosmic rays by ~ 70 % consists of pro-
tons and helinm nuclei. The content of other nucler 1n the re-
gion of ankle of the spectium does not exceed ~ 30% . Large
portion of protons and helinm nuclel in primary CF. near the
ankle 1s most likely associated with significant contribution
from particles armving outside our Galaxy. In such a case the
region of transition from galactic to extragalaciic component
might be the energy interval 1007 — 108% eV The problem
of mass composition altering above 10 &V remains unre-
zolved due to poor event statistics,



