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Tibet hybrid experiment (YAC+Tibet-111+MD)

This hybrid experiment consists of low threshold Air shower core array (YAC) and
Air Shower (AS ) array and Muon Detector (MD ) .

Tibet-111 (65700 m?) : Primary energy and incident direction.

YAC?2 (500 m?): High energy AS core within several x 10m from the
axis.

Tibet-MD ( 3400 m? ) : Number of muon.
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Detector Calibration

1.PMT linearity,
use of LED light source;

2. Linearity of PMT+scintillator,

a. probe calibration;
D. accelerator beam calibration.
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- Full M.C. Simulation -

Hadronic interaction models — Air Shower simulation =

*CORSIKA (Ver. 7.5000 ) CORSIKA 7.5000 (EPOS —~LHC, QGSJETII-04,
SIBYLL2.3, SIBYLL2.1)

—EPOS LHC- (1) Primary energy: EO >1 TeV

_ QGSJETl 1-04— (2)Al sef:ondary particles are traced until their
energies become 1 MeV in the atmosphere.

—SIBYLL 2.3 — ( 3) Observation Site : Yangbajing (606 g/cm?)

—SIBYLL 2.1 - = Detector simulation =

Primary composition models (1) Geant 4 (Ver. 9.5)

® Helium poor model [1] Simulated air-shower events are

. . reconstructed with the same detector
® Heliumrich model [1] configuration and structure as the Tibet-11|

Ref. [1]. Astropart. Phys 66 (2015) 18.
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Primary cosmic-ray composition spectrum
assumed In MC
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Primary proton, helium spectra
analysis
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Primary proton, He spectra analysis

|dentification of proton+helium events

ANN (a feed-forward artificial neural network)
IS used.

Input event features:
Ne, ZNp, Ny, Npy, <Rp>, < NpRy>, 6
Classification: (proton+helium)/others
Primary (proton+helium) energy determination
E,=f(N.,s) based on (P+He)-like MC events
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Core event selection

(Nb>200, N, =4, Nbtop =1600, Ne>80000)

Statistics of core events in MC simulation and experiment

Live Time is 106.05 days.

Selected core events

EPOS-LHC+He-rich 680989
EPOS-LHC-He-poor 21726
QGSJETII-04+He-poor 21856
SIBYLL2.3+He-poor 10152
SIBYLL2.1+He-poor 19176
Expt.data 3416
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Interaction model dependence in (YAC+Tibet-111) experiment
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Primary (P+He) separation by ANN for MC events

? 0-47I T | T T TT ‘ L | T T TT | T 1T | T T TT | T T | UL | IIIIIIII ]
T E . .
Zo3s-  Purity —93.5%  -ecwm =
= C .. ]
T 32 Efficiency — 80.4%—veon E
E --- MC (Proton+Helium) E
0.25— 3
~ ‘|Proton+Helium Other-nuclei - MC (Other nuclei) ]
02— | < -
0.15 = e =
01— =
““?’ LLL%Q_ =
: ___....... 8 . o

0 S PR L e )
0 01 02 03 04 05 06 07 08 09 1

ANN output pattern value (T)

EPOS-LHC+He-poor

ﬁ 0-4 _I TT | TTTT ‘ TTTT | TTTT | TTTT | L ‘ TTTT | TTTT | L T 1T I_
- C : 7
2ok Punty —943% o cpimm E
= : - o 0 ]
E 033_ Efficiency — 82.3%_ ¢ E
E MC (Proton+Helium) E
0.25 -

- ‘| Proton+Helium Other-nuclei - MC (Other nuclei) ]

0.2 1 € 5 .
0.15 —
0.1F -'-| =

R BE
0.05_— ] ® : E
0: T T ST e W AT N M - |\\\“.JJJE

0 U 1 0.2 U 3 0 4 U 5 0 6 U 7 U 8 09 1

ANN output pattern value (T)

SIBYLL2.3+He-poor

Fe o L L L L L L LR UL I -
= C J
T E ]
£0.35 1}Purlty 93.7% ® Expdaa =
2 .
S o3 Efficiency —83.0% —wcan E
E --- MC (Proton+Helium) E
0.25 =
= ]ProtontHelium Other-nuclei -~ MC (Other nuclei) .
02— | <€ > 3
U.15f— —f
0.1; é
0.055— (oo o - ;:
0_ D et el ok ok AR B i A A . IS
0 01 0.2 03 04 05 06 0.7 08 0.9 1
ANN output pattern value (T)
QGSJETII-04+He-poor
50-4:""\ """""""" AR R R I R
Zoas- urlty 93 O% -8 Exptdata
= 0_3% Efficiency — 80.0% —wewn

--- MC (Proton+Helium)

Proton+Helium Other-like @ MC {Other nuclei)
0.2 < >
0.15
0.1

0.05

HFIQ.\I|IIII|III\‘IIII|IIII|\III|I\II|II\I

AR
0l] 01 0.2 03 0.4 05 06 07 08 09

ANN output pattern value (T)

SIBYLL2.1+He-poor

11/18



Comparison of the air-shower size (Ne) between MC and Expt.data

(From this two figures, we can see that, the air-shower size (Ne) has the shape very
close to the MC prediction before and after ANN selection. Some other quantities

have the same behavior as well.)
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Alr shower size to primary energy

The primary energy (EO ) of each AS event Is determined
by the air-shower size (Ne) which is calculated by fitting

the lateral particle density distribution to the modified
NKG function.

Modified NKG function

l

1 P R
() = : : . .- ala,t | | + — bl a,t) _-"'."i_
f(r) 2rBla(s,t) + 2., —b(s,t) — a(s,t) _E]I'-E-;” ) - 3 ) ! Tm

t =sech — 1.
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Alr shower size to primary energy
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Check the systematlc errors by ANN
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(SQ2) .« calculated by MC
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Results and discussions
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(YAC+Tibet-111') could measure protons and heliums spectra from 50 TeV to
200TeV which is shown to be smoothly connected with direct observation data at
lower energies. The results of the high energy above 200 TeV are under analysis.
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Summary

1. YAC shows the ability and sensitivity in checking the hadronic interaction
models. High energy core events are very sensitive to the light components
In CRs and the core parameters of sum Nb, Nb_top, <R> and <Nb*R>
are very useful to separate the light components from all the observed
events using a ANN technique.

2. (Tibet-111+YAC) could measure (P+He) spectra from 50TeV to 200TeV
which is shown to be smoothly connected with direct observation data

at lower energies. The results of the high energy above 200 TeV are
under analysis.

3. The interaction models dependence in deriving the (P+He) spectra

are found to be small (less than 20% ), and the composition model
dependence is less than 10% in absolute intensity, and various
systematic errors are under study now !
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Thank you for your
attention !




