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a b s t r a c t 

In the Large High Altitude Air Shower Observatory (LHAASO), one square kilometer array (KM2A), with 

5242 electromagnetic particle detectors (EDs) and 1171 muon detectors (MDs), is designed to study ultra- 

high energy gamma-ray astronomy and cosmic ray physics. The remoteness and numerous detectors ex- 

tremely demand a robust and automatic calibration procedure. In this paper, a self-calibration method 

which relies on the measurement of charged particles within the extensive air showers is proposed. The 

method is fully validated by Monte Carlo simulation and successfully applied in a KM2A prototype array 

experiment. Experimental results show that the self-calibration method can be used to determine the 

detector time offset constants at the sub-nanosecond level and the number density of particles collected 

by each ED with an accuracy of a few percents, which are adequate to meet the physical requirements 

of LHAASO experiment. This software calibration also offers an ideal method to realtime monitor the de- 

tector performances for next generation ground-based EAS experiments covering an area above square 

kilometers scale. 

© 2018 Elsevier B.V. All rights reserved. 

1. Introduction 

In the ground-based extensive air shower (EAS) experiments, 

the reconstruction of the primary particle direction is based on the 

measured arrival time of secondary particles at each detector units 

in a large array. Therefore keeping all the detectors time synchro- 

nized is critical for optimal pointing accuracy and angular resolu- 

tion of the primary direction. Especially for the large observatory 

focusing on high energy gamma-ray astronomy, the relative detec- 

tor time offset within sub-nanosecond is required. 

Hardware time calibration is typically performed using a probe 

detector moved above all the detector units as reference. How- 

ever, this becomes difficult when the area of EAS array reaches one 

square kilometer (and numerous detectors as a consequence). To- 

gether with the need of periodical checks due to the variation of 

the detector conditions in time, the traditional method is infeasi- 

ble. 
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Instead, a software self-calibration technique named character- 

istic plane (CP) method is recently proposed [1] . This method uses 

secondary charged particles within EAS front to correct the relative 

time offsets among the numerous detector units in the EAS array. 

One more significant advantage is that it also incorporates a global 

correction of mispointing introduced by the non-zero initial detec- 

tor time offsets. In a previous study on the ARGO-YBJ carpet array, 

which covers an area of 111 × 99 m 

2 , energetic showers with more 

than 1500 hits (i.e. 10% of all units are fired) were selected as the 

calibration beam [2] . The experimental results showed that the de- 

tector time offsets on 1.5 day timescales could be corrected with a 

precision of 0.45 ns. 

However, in case of the next generation EAS array such as 

LHAASO-KM2A, which covers an area about 100 times the size of 

the ARGO-YBJ carpet, the threshold energy is higher than ARGO-YBJ 

carpet at the same trigger condition. For example, the threshold 

energy of ARGO-YBJ is sub-10 TeV when fired detector unit num- 

ber more than one thousand, whereas the one of KM2A will reach 

PeV level. Using such high energy events suffer considerably from 

a low event rate, extremely limiting the calibration speed and pre- 

cision as a consequence. In the present work we discuss an ap- 

proach using the relatively small showers (the fired detector num- 
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Fig. 1. The layout of the LHAASO experiment. LHAASO consists of one square kilometer array (KM2A), water Cherenkov detector array (WCDA) and wide-field Cherenkov 

telescope array (WFCTA). It covers a total area of approximately 1.2 km 

2 . 

ber N hit > 20, near KM2A trigger threshold) without any cut as 

calibration beam instead of large showers to overcome the afore- 

mentioned limitations. This approach was initially implemented in 

the Monte Carlo simulation and KM2A prototype array, from which 

the precision and efficiency are studied. 

Besides, in the EAS experiment, primary energy reconstruction 

depends on the measured signal integrated charge (or amplitude) 

recorded by each fired detector units. Therefore a reliable detector 

charge calibration is required for energy interpretation. This usu- 

ally demands on a PMT single photoelectron (SPE) response to be 

measured experimentally by setting up calibration light sources. 

The issue is that accurate measuring the SPE response at the work- 

ing conditions (e.g. low PMT gain, extreme temperatures or en- 

vironment) of PMTs installed in some experimental setups may 

present an insurmountable challenge. For example, thousands of 

PMTs employed in KM2A will operate at a low gain of 4 × 10 5 , the 

SPE signal amplitude is too low to discriminate from the electronic 

noise level. 

In this paper, an automatic detector charge self-calibration tech- 

nique which relies on the measurement of single particles within 

the EASs is explored, focusing on its applicability to the upcom- 

ing LHAASO-KM2A. This method eliminates the need for dedicated 

data sets acquired using extra light sources, but allows for the use 

of the light pulses produced in the sensitive volume of a detector 

during its science exposure. In this manner, all the working condi- 

tions of a detector are perfectly matched between the calibration 

and the science data to ensure the accuracy of energy reconstruc- 

tion. 

2. LHAASO-KM2A electromagnetic particle detectors 

Large High Altitude Air Shower Observatory (LHAASO) will ex- 

plore the gamma-ray sources with a sensitivity of 1% I crab at ener- 

gies above 50 TeV [3,4] . The observatory will contain 1 km 

2 array 

(KM2A), with 5242 electromagnetic particle detectors (EDs) [5] and 

1171 muon detectors (MDs) [6] on a triangle grid with spacings of 

15 m and 30 m, respectively ( Fig. 1 ). Thousands of EDs are designed 

to detect number densities and arrival time of EAS charged parti- 

cles produced by the primary particles, from which the primary 

energy and direction can be reconstructed. 
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Fig. 2. Schematic of a ED illustrating of 4 scintillation tiles coupled with 

wavelength-shifting fibers. 

2.1. EDs 

The ED consists of four plastic scintillation tiles of 100 cm ×
25 cm × 2.5 cm each ( Fig. 2 ). The scintillation photons are de- 

tected by a 1.5 inch photomultiplier tube (PMT) through 2.7 m 

wavelength-shifting fibers embedded in the grooves in the scin- 

tillation tiles [7,8] . For each PMT, two output channels (anode and 

dynode outputs) with different gains and linear response ranges 

are deployed to cover the large dynamic range [9] . The anode 

channel is used to detect particle density up to 200 minimum ion- 

ization particles/m 

2 (MIPs/m 

2 ), and the dynode channel is used to 

cover the range from ∼ 100 MIPs/m 

2 to 10,0 0 0 MIPs/m 

2 . 

2.2. Data acquisition and timing system 

A very compact front-end electronics (FEE) is deployed just be- 

hind the PMT of each ED to decrease transit time delay and its 

variation with temperature in the signal cables. Inside each FEE, an 

analog-to-digital converter (ADC) is used to integrate the PMT sig- 

nal charge, and a time-to-digital converter (TDC) allows the mea- 

surement of hit time with sub-nanosecond precision [10] . Once 

an analogue PMT signal reaches an amplitude larger than a pre- 

set threshold, the arrival time and charge of this signal are digi- 

tized by the FEE. Then, the digitized data is transmitted to the data 
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