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Abstract: Further analysis is made on the second phase of the Tibet hybrid exn¢tionmeasure the
energy spectrum of light component (proton and helium) of the cosmiat the knee. The dominance
of the heavy elements at the knee which was reported by the first pkeseneent has been confirmed
with higher statistics by one order.

Introduction with higher statistics using BD by triggering tr
AS core whose energy is above a few TeV. Detai
One of main subjects in the Tibet A% ollabora- Monte Carlo calculation (MC) was made usit

tion is to study the origin of the cosmic rays by Monte Carlo code Corsika 6.200 with QGSJETQ
measuring the chemical composition at the 'Knee’ and SIBYLL2.1 interaction models for the anal
energy region. At the Tibet altitude (4300 m a.s.l., sis of the experimental data. The details of the )
606 g/cn?), one can observe near maximum devel- calculation is reported in a separate paper in |
opment of air showers in the knee energy region conference [2]. In this paper, experimental res
leading to the high accuracy of the energy deter- is compared mainly with QGSJET model only, b
mination irrespective of the species of primary nu- cause it can better reproduce features of air-sho
clei. The first phase of the Tibet hybrid experiment core and partly because of the limited space.
[1] (1996 - 1999 ) consisted of Tibet Il air-shower
array (AS), Emulsion Chamber (EC) and burst de-
tector(BD). The EC was used to detect high energy
~-families of the energy greater than 20 TeV at the ] ) )
core of ASs of which more than 80% are induced 1he primary energy of the air showers is det
by light nuclei like protons or helium (pHe). Due Mined by fitting the lateral density of the show
to the high spatial resolution of the EC, Artificial Particles to the modified NKG function [3] b;
Neural Network (ANN) was used to separate pro- Which we obtain the shower siz¥, and shower
ton and helium events from others and we could 29€s. The relation between the shower size
obtain the energy spectrum of each of them using Primary energy for ASs associated with the hi
177 y-family events. These results strongly indi- €nergy core (burst) is shown in Fig.1 using the ¢
cated that the fraction of the light component to Parameters as a parameter. The estimated
the all particle spectrum is decreasing around the Mary energy £5*) shows good correlation witf
knee suggesting the dominance of the heavy nu-the input energy £5<) as shown in Fig.2 with
clei. The observation of the AS core has been con- the energy resolution of 13% in average (Fig.3)
tinued with upgraded Tibet Il array and burst de- £o > 5 x 10** eV.

tectors without using X-ray films, which still works

as the selector for the air showers induced by light

component (pHe). In this second phase experi-

ment, it is aimed to confirm the first phase result

Energy deter mination
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Figure 1: The conversion of the shower size into

primary energy using the age parameidor the
burst trigger events (QGSJET model).
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Figure 2. The correlation between the esti-

mated primary energyH;**) and the input energy
(BE).
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Figure 3: The resolution of the primary-energy de-

termination is 13% in average fdf, > 5 x 1014
evV.
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The separation of the light component

The separation of the light component (pHe)
made with use of ANN where five parameters i
input to train the network as listed below. (1) ti
shower sizéV,, (2) the shower age, (3) the num-
ber of fired burst detectord’p, (4) the top burst
size among fired detectos,*?, (5) the arrival
zenith angle) of the AS. These parameters repi
sent the characteristics of the AS core, for exam|
Np corresponds to the lateral spread,”” does
the energy concentration of AS of given sig,
ages and arrival zenith anglé. The role of ANN is
to examine the five dimensional correlation and
separate the light component from others as she
in Fig.4. We treat those events as pHe-like ot
when ANN output valuel is less than 0.5. The
purity P and the selection efficiengy of the light
component by this selection is over 80 % whi
weakly depends on the energy but the rafiaQ,
which is included as a correction factor in derivit
the flux, remains almost constant independent
the primary energy, as it should be to avoid dist
tion of the energy spectrum of the light compone
by contamination of the other nuclei.
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Figure 4: The distribution of the ANN outp(it for
the MC data. Red histogram shows pHe events
blue one by other nuclei.
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Analyses of experimental data

The details of the installation and the experime
tal procedure are described in a separate papet
The analysis is made for the 1176 selected bi
events by following criteria.
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Figure 5: Age distribution of the events classified as (a)tikieand (b) others. Closed circles shc
experimental data and histogram shows MC data. The red piobal shows events induced by (a) prot:
or helium and (b) by nuclei heavier than helium.

NP > 5% 10%, N, >3 x 10%, 6 < 25° which are derived from the analysis using QGSJ
The experimental data are compared extensively model and SIBYLL model, respectively. Prese
with MC events and good agreement with MC is results are quite consistent with the first phase

found (see ref.[2]). The separation of the light sults (cjted as Tibet-EC) but with higher statistic
0v——

component is made by ANN and 632 events are

classified as pHe-like events. The features of each QGSJET
components separated by ANN are also consistent % 10* g

with MC as shown in Fig.5, in which the shower N§§ .’"’“”'*ﬁazu

age distributions are shown for pHe-like eventsand £ | LIS
for others (compared with QGSJET model calcu- Hg 1077 BESS '*}mf“
lation). The consistency of the separation can be %T% A ”‘?.3
seen by red plus symbol which corresponds to the §,” 10°}  JACEE = *
MC events induced by pHe and other nuclei in (a) KASCADE ' © ‘
and (b), respectively. The same comparison using Lot Thoworc e
SIBYLL model results in worse fit to the experi- 10° 10* 10° 10° 10* 10° 10° 10" 10°
mental data (not shown). Energy [GeViparticle]

Figure 6: The energy spectrum of the light col
ponent (P+He) derived from the analysis usi
QGSJET model. Present result is shown by bl
) ) closed circles. Cited other works are ploted
The energy sp'ectrum of the light component is de- summing up their proton and helium data poir
rived by following formula. from original papers [4] as a function of the ener

dJ AN P 1 per particle.
diE. - (E)pHeflike . a . (SQT)eff

Results and discussions

where (ﬁ—g)pm_like is the event density in a

given energy bin for those classified as pHe-like Acknowledgments
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Figure 7: The same as Fig.6 using SIBYLL model.
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