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Measurement of some properties of EAS-cores using new air-shower core array developed for
the Tibet hybrid experiment
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Abstract: We have operated the 500 m2 Yangbajing air-shower core (YAC-II) detector array near the center of the Tibet
air-shower array ( Tibet-III ) to study the cosmic-ray chemical composition at the knee energy region since August, 2011.
YAC-II array consists of 124 YAC detector units. Each unit of YAC-II consists of a lead layer of 3.5 cm thick and a
scintillation counter which detects the burst size induced by high energy electromagnetic component in the air-shower
cores. Each scintillator has the size 80 cm × 50 cm × 1 cm. 60 WLSFs (Wave Length Shifting Fiber) are installed inside
the scintillator, a high-gain PMT and a low-gain PMT are coupled with it. The burst size can be measured from 1 MIP
(Minimum Ionization Particles) to 106 MIPs. In this paper, the details of the hybrid experiment and the processes of the
data reconstruction are described.
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1 INTRODUCTION

The all-particle energy spectrum of primary cosmic rays
is well discriminated by a power law dN/dE ∝ E−γ over
many orders of magnitude, with γ changes sharply from
2.7 to 3.1 at about 4 PeV[1]. The change of the power in-
dex at this energy is called the spectral ’knee’. Although
the existence of the knee has been well established exper-
imentally, there is still controversy as to its origin. The
chemical composition and the individual component spec-
trum of primary cosmic ray around the knee energy region
is essential important to understand the origin of the knee.
As we know, however, the individual component spectrum
of primary cosmic ray above 100 TeV can not be observed
directly by instruments on satellites or balloons for their
low flux. Thus the only way ralies on air-shower measure-
ments on the ground.

Therefore, we planed a new experiment: (1) to lower
down the energy measurement of individual component
spectra to *10 TeV and make connection with direct mea-
surements; (2) to make a high precision measurement of
primary p, He, · · ·, Fe till 100 PeV region to see the rigid-
ity cutoff effect. Thus a new type AS core detector (YAC-
II) is developed to detect the high energy electromagnetic
component of the air-shower cores at Yangbajing, in Tibet,
China. YAC-II is used to measure spectra of some individ-
ual elements from 50 TeV to 1016 eV (such as p, He, Fe
and other nuclei). A dynamic range from 1 particle to 106

particles of each YAC detector unit is requested.
In present paper, the design of YAC-II, its performance,

reconstruction of experimental data and its properties are
described.

2 TIBET HYBRID EXPERIMENT

We have operated YAC-II near the center of the Tibet-
III array at Yangbajing (4300 m above sea level, an atmo-
sphere depth is 606 g/cm2), Tibet, China, operating simul-
taneously with the Tibet-III array as a new hybrid exper-
iment since August, 2011(see Fig.1). Tibet-III array con-
sists of 789 detectors, with a covering area about 36900 m2.
An event trigger signal is issued when any four-fold coin-
cidence occurs in detectors recording more than 0.6 par-
ticles.The trigger rate is about 680 Hz and the dead time
is 18%. Tibet-III is used to measure the arrival direction
(θ) and the air shower size (Ne). The angular resolution
is about 0.1 degree above 100 TeV and the energy resolu-
tion is about 17% at 1 PeV[2]. YAC-II array consists of
124 detector units with a covering area about 500 m2. On-
line trigger condition for YAC-II is ’any 1’ detector ’fired’
(the discrimination threshold is about 30 mV). The trigger
rate is about 30 Hz and the dead time is about 15%. The
YAC-II is used to measure the high energy electromagnetic
particles in the core region so as to obtain the character-
istic parameters of air-shower cores. The inner 100 units
of YAC-II are arranged as 10×10 array, the outer 24 units

Figure 1: The Tibet hybrid experiment. Tibet-III (36900
m2) are used to measure the primary energy and incident
direction, YAC-II (500 m2) are used to measure high en-
ergy AS core within several×10 m from the axis, Tibet-MD
(5000 m2) are used to measure the number of muons.

are used to reject non core events whose shower cores are
far from the YAC-II array. The distance between two inner
units is 1.875 m.

If one YAC-II detector unit makes a trigger signal, all
ADC data from all YAC-II units are recorded. Also the
trigger signal is sent to the DAQ system for Tibet-III ar-
ray. ADC pedestal values are measured each 10 minutes.
Each DAQ system has GPS clock module independently.
The matching between YAC-II data and Tibet-III data is
made using coincidence of GPS clocks and the trigger tag
to Tibet-III array. The coincidence condition between two
GPSs is less than 1 ms. The average time difference is 8.1
μs ± 0.4 μs[3].

The role of each part of YAC-II detector is described by
the following:

Lead plates : A lead player with thickness 3.5 cm on
the top of each detector unit is used to convert high energy
electrons and gamma rays to low energy electromagnetic
component(as shown in Fig.1). By an optimization calcu-
lation a lead player of thickness 3.5 cm is shown to suits the
measurement of air-shower cores in our interested energy
range of the experiment.

Scintillation counter : There are 20 pieces of scintilla-
tor slabs in a scintillation counter with a size of 80 cm ×
50 cm × 1 cm. The scintillation light produced by shower
electrons in the scintillator below the lead layer is trans-
mitted by the WLSF (WLSF, Wave Length Shifting Fiber,
BCF-92, SAINT-GOBAIN) to the photomultiplier (PMT)
(see Fig.2).

WLSF :For each scintillation counter 60 WLSFs are
installed. 2 WLSFs are connected with a high gain PMT
and 1 WLSF is connected with a low gain PMT in one piece
of scintillator slab(see Fig.2).

PMT : A high-gain PMT (HAMAMATSU R4125) and
a low-gain PMT (HAMAMATSU R5325) are installed in
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Figure 2: The outlook of YAC detector. Each YAC-II de-
tector consists of a scintilllator of 80 cm × 50 cm in area
with 1 cm thickness and lead absorber of 3.5 cm thickness
above the scintillator. Such design provides geometrical
uniformity of the detector response within ±6%. A cou-
ple of PMTs are used to cover wide dynamic range of the
number of particles (burst size) from 1 MIP to 106 MIPs.

Figure 3: The probe calibration. The probe detector is put
on the center of YAC detector. The scintillator size is 25
cm × 25 cm × 3.5 cm with a PMT (H1949).

each detector unit (see Fig.2). A high gain PMT covers a
range from 1 MIP (Minimum Ionization Particles) to 3000
MIPs, while a low gain PMT, from 1000 MIPs to 106 MIPs.
A wide dynamic range from 1 MIP to 106 MIPs is reached.

Detector Calibration: (1) The probe calibration. For
YAC experiment, the number of charged particles (MIPs)
is defined as the PMT output (charge) divided by that of
the single-particle peak, which is determined by a probe
calibration using cosmic rays, typically single muons. For
this purpose, a small scintillator 25 cm × 25 cm × 3.5 cm
thick with a PMT(H1949) is put on the top of each YAC de-
tector for a coincidence measurement (as shown in Fig.3).
This is called a probe calibration. Fig.4 shows the charge
distribution of single-muons in a detector unit. The peak is
defined as one MIP (1 MIP = 29.1 ± 0.6 counts, 1 count =
0.25 pc).

(2) Linearity of PMTs. For every PMT used in YAC-II
the linearity is measured using LED light source and opti-
cal filters. The details is described in [4].

(3) Linearity of PMT and scintillator. The linearity and
the saturation of the plastic scintillator and PMT used in the
YAC detector have been studied with the accelerator beam
of the BEPCII (Beijing Electron Positron Collider, IHEP,
China). The accelerator-beam experiment shows a good
linearity between the incident particle flux and YAC-ADC
output below 5 × 106 MIPs and the saturation effect of
the plastic scintillator satisfies YAC detetor’s requirement.
About details, please see [4].

Figure 4: The charge distribution of a single-muon in a
detector unit. The peak is defined as one MIP (1 MIP =
29.1 ± 0.6 counts, 1 count = 0.25 pc).

3 RECONSTRUCTION OF EXPERIMEN-
TAL DATA

There have an overlap range between high gain PMT and
low gain PMT in each YAC detector unit. Their correlation
(so-called H-L correlation) between two PMT data shows
a fine linear relationship. Checking this H-L correlation,
we can remove some noise. An example is shown in Fig.5
(using a cut condition high-gain ADC < 600 and low-gain
ADC > 20, we can remove the noise).

Then an off-line calibration is applied to remove the
gain drift. Setting a lower detection threshold and check-
ing the ADC spectra of every YAC-II detector unit, some
differences are found. By slightly adjusting the working
voltage of high gain PMT, consistent spectra are obtained
as shown in Fig.7.

Since we cannot measure the single muons using
low-gain PMT directly, we calibrate the low gain output
from the correlation between high gain PMT and low gain

Figure 5: Correlation between high gain PMT and low gain
PMT. X axis is ADC output of high-gain PMT, Y axis is
ADC output of low-gain PMT. Using the H-L correlation,
we can remove the noise. As an example, in this figure, a
cut condition to remove noise is High-gain ADC < 600 and
Low-gain ADC > 20.
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Figure 6: The correlation between two PMTs data of one
YAC detector. X axis is the burst size (MIPs) of high gain
PMT, Y axis is the ADC output of low gain PMT.
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Figure 7: Any one burst size (Nb:MIPs) spectra.
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Figure 8: The total burst size(ΣNb) spectrum. X axis is the
total burst size, Y axis is the number of events.

PMT (see Fig.6) in their overlapping region. Then we ob-
tained the consistent burst size spectra of 100 detectors (see
Fig.7).

After the reconstruction of experimental data the spectra
of the total burst size ΣNb under some event selection con-
ditions can be obtained (see Fig.8). By same or different
selection conditions some other distributions (say, N top

b ,
Nhit etc.) can also be obtained that are used in physics
studies of different topics.

4 SUMMARY

124 air shower core detectors (YAC-II) were set up in
YBJ and have already been run smoothly. The data taking
has been started from the August, 2011. A Monte Carlo
simulation shows that it is powerful to study the chemical
composition, and in particular, to obtain the energy spec-
trum of the major component at the knee[5].
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