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The Large High Altitude Air Shower Observatory (LHAASO) is a new generation hybrid cosmic
ray observatory which is expected to reveal the mystery of the origin of cosmic rays. The one
square kilometer array (KM2A) containing 5195 Electromagnetic particle Detectors (ED) and
1188 Muon Detectors (MD) is a sub-array of the LHAASO. The EDs are designed to measure the
density and arriving time of the secondary particles of cosmic rays.

KM?2A reaches its 3/4 scale by December 2020. 3978 electromagnetic particle detectors (EDs)
and 917 muon detectors (MDs) are now in stable operation. In this paper, we will introduce the

construction process of ED, the performances and long-term stability of the detectors.
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1. Introduction

The Large High Altitude Air Shower Observatory (LHAASO)[1], is a complex of extensive
air shower (EAS) detector array, located at Mt. Haizi (29°21°27.6" N, 100°08°19.6" E) and the
altitude of 4410 m above sea level (a.s.l.), in an area at the edge of the Qingzang plateau near
Daocheng, Sichuan Province, China. It consists of an extensive air shower detector array covering
an area of 1.3 km? (KM2A) with 5195 scintillator counters (ED, 1 m? active area) and 1188 muon
detectors (MD, water Cherenkov detector with an area of 36 m2 buried under 2.5 meters of dirt).
In the center of the array are the Water Cherenkov Detector Array (WCDA) covering 78,000 m2
and Wide Field-of-view air Cherenkov/fluorescence Telescope Array (WFCTA) of 18 telescopes.
LHAASO is designed for detection of air showers induced by all kinds of cosmic-ray particles with
energy ranging from a few tens of GeV to a few EeV, and for very effectively identifying gamma
rays out of the charged cosmic-ray background. LHAASO is, therefore, a multi-purpose facility for
very-high-energy gamma ray astronomical observation, cosmic-ray energy spectrum measurements
for individual species and other wide-ranging topics associated with the cosmic-rays or air-shower
phenomena. For the gamma-ray source survey, the designed sensitivity is about 0.01 CU (Crab
Unit). Its wide FoV allows LHAASO to 67 survey 1/7 of the northern sky at any moment for gamma-
ray sources. With the operation in full duty cycle, LHAASO scans the entire northern hemisphere
every 24 hours. The spectra of all sources in its FoV will be measured with high precision over a
wide energy range from 10'! eV to 10" eV. These measurements, particularly above 100 TeV, will
offer a great opportunity for finding cosmic-baryon PeVatrons and therefore identifying cosmic-ray
origins among the gamma-ray sources. The Cherenkov/fluorescence telescopes of WECTA are
used to record the longitudinal development of the air showers that trigger the arrays on the ground.
The combined detection of showers using all detectors in LHAASO enables the identification of the
cosmic-ray species, at least for protons, H+He and iron nuclei with an aperture greater than 4000
m?sr. The knees of the spectra of cosmic rays are expected to be measured at energies above 100
TeV for individual mass groups.

2. The electromagnetic particle detectors for LHAASO-KM2A

KMZ2A, operating at an energy threshold of about 10 TeV, consists of 5195 electromagnetic
particle detectors (ED) and 1188 underground muon detectors (MD)[2]. This array is devoted to the
measurement of many air shower parameters, as energy, arrival direction and muon content, useful
to characterize the primary particle inducing the shower. The ED is composed of four detection
sensitive units, a photomultiplier tube (PMT) (XP3960[3], 9 linear focused dynode stages, 1.5-inch
end window), an electronics system, a power supply system and the housing unit. The detection
sensitive unit consists of a plastic scintillation tile (100 cm X 25 cm X 1.0 cm) wrapped with Tyvek
and a layer of black cloth. Twelve 2.7 m long wavelength-shifting fibers are embedded in 24 grooves
of the plastic scintillation tile. Each fiber passes in the tile twice through two grooves. All the ends
of 96 fibers are bunched together to be polished and coupled directly to the PMT photocathode. Two
output channels, the anode and the 6th dynode of the PMT, with different gains and linear response
ranges are deployed to cover a large dynamic range. A layer of lead plate of 5 mm thickness is
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stacked on the plastic scintillation tile to convert gamma rays into electron-positron pairs to improve
the angular resolution[4].

3. Construction progress of ED array

On September 30, 2019, the installation of 1/4 array had been completed and a total of
1320 detectors had been installed. The trigger event rate of the 1/4 array is about S00Hz. From
September 30, 2019 to December 15, 2019, a quarter of the array was put into trial operation,
measuring about 3.5 billion cosmic ray events, generating 0.35T raw data every day. In December
2019, the installation of 1/2 array had been completed, with a total of 2373 detectors installed. The
trigger event rate of the 1/2 array is about 900-1000hz. From December 27, 2019 to November 30,
2020, the 1/2 array measured about 26 billion cosmic ray events, generating 0.72 TB of raw data
every day, with a total of about 260 TB of raw data. In early December 2020, the installation of
3/4 array was completed, and 4008 ed units were installed. The trigger event rate of the 3/4 array
reaches 1900 Hz, generating about 1.45 TB of raw data per day. In July 1, 2021, the whole array
had been completed and the ED array will be operated in the end of a month.

y 4
1/4 array installed (before Sept 2019)
1/2 array installed (before Dec 2019)
3/4 array installed (before Dec 2020)
e

/

Figure 1: Construction process of the 3/4 ED array

4. Monitoring of the ED array

To achieve a reliable and automatic procedure of monitoring on the large amount of data, a
software package based on Python has been developed. It consists of two parts, online monitoring
runs continuously on the DAQ server at the LHAASO site, and the offline monitoring analyzes the
data and generates data reports on a daily basis. The main parameters in the monitoring and typical
results are as follows.
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4.1 Trigger rate

Trigger rate or event rate is obtained by fitting the time interval distribution of triggered events
(Figure 2). The typical value of event rate of 3/4 KM2A under the current configuration is 1.8 kHz
and fluctuates slightly over time by the influence of ambient temperature and atmospheric pressure
(Figure 3).
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Figure 2: Time interval distribution of events
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Figure 3: Trigger rate and number of EDs versus time

4.2 Duty cycle

The overall operation duty cycle of the array since June 2020 is 96.6%. The daily duty cycle
over date is shown in Figure 4. Routine maintenances, debugging of the DAQ system and accidental
events such as power supply breakdown could reduce the operation duty cycle. Another minor
cause to reduce the duty cycle is the automatic restart of a new DAQ run (usually lasts less than 10
min).

4.3 Occupancy

Occupancy is defined as the probability a specific detector is hit by particles in a triggered
event. The occupancy of a detector depends on its geometry positions in the array. One typical
spatial distribution of occupancies is shown in Figure 5. It can be seen that the peripheral EDs tend
to have lower occupancies than EDs near the array center since they are less likely to participate in
the trigger. A much higher or lower occupancy compared to surrounding EDs gives hint that the
detector is in abnormal state, either having a high noise level or clock synchronization failure.
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Figure 4: Operation duty cycle of 3/4 KM2A
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Figure 5: Spatial distribution of occupancies of EDs

4.4 Charge MPV

The most probable value of charge is obtained by fitting the single particle spectrum of one
ED. The distribution of MPVs of all EDs is shown in Figure 6(a). For one of the EDs, the trend of
the MPV over time is modulated by climate changes such as temperature and reflects its long-term
stability (Figure 6(b)).

5. Conclusion

In the paper, the construction process of ED is presented. A software package based on Python
has been developed to monitor the ED array. The performances of the detectors meet the deigned
requirement and the detectors worked steadily.
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Figure 6: (a) Distribution of charge MPV of EDs (b) Long-term stability of MPV of one example ED
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