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Abstract. LHAASO, located at Daocheng in Sichuan province of China with an altitude up to
4410 m above the sea level, takes the function of hybrid technology to detect cosmic rays. As
the major array of LHAASO, KM2A is composed of 5195 electromagnetic particle detectors
(EDs) and 1188 muon detectors (MDs). In the ground-based experiments, there are two common
independent data acquisition systems, corresponding to the scaler and shower operation modes. In
order to learn more about the scaler mode in LHAASO-KM?2A, we adopt the CORSIKA to study
the shower development and employ the G4AKM2A (based on Geant4) to simulate the detector
responses. For one cluster (composed of 64 EDs) in the array of KM2A-ED, the event rates of
showers having a number of fired EDs > 1, 2, 3 and 4 (in a time coincidence of 100 ns) are
recorded. The average rates of the four multiplicities are ~ 88 kHz, ~ 1.4 kHz, ~ 210 Hz and ~
110 Hz, respectively. For the array of KM2A-MD, there are 16 MDs in one cluster. The average
rates with multiplicities > 1 and 2 are ~ 84 kHz and ~ 890 Hz, respectively. The corresponding
primary energies are also given. According to our simulations, the energy threshold of the scaler
mode can be lowered to ~ 100 GeV. At the same time, the energy threshold of LHAASO-KM2A
in shower mode is presented for comparison. The simulation results in this work are beneficial for
the online trigger with scaler mode, and also be useful in understanding the experiment results in
LHAASO-KM2A.
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1. Introduction

When a primary cosmic ray enters into the atmosphere, it will interact with the nucleus and
others in the air, producing many new secondary particles via the hadron and electromagnetic cas-
cades. These secondary particles are distributed in many kilometers wide like raining down, known
as Extensive Air Shower (EAS). Because of carrying a lot of information related to primary cosmic
rays, scientists often study the primary cosmic rays indirectly by analyzing the characteristics of
the secondary particles in the EAS. The ground-based experiments (i.e. ARGO-YBJ [1], LHAASO
[2]) have the advantages of lower cost and much larger sensitive area . It can provide a powerful
experimental facility for observing cosmic rays.

There are two independent data acquisition systems in the ground-based experiment, corre-
sponding to the shower and scaler operation modes [1,3]. In shower mode, when conditions are
met to trigger the detector, the information on the arrival time and location of each hit are recorded,
allowing the shower core, arrival direction and energy of the primary cosmic ray reconstruction.
Using these reconstructed data, further research on y-ray astronomy [1,4] and cosmic ray physics
[5], can be done. In scaler mode, it is not necessary for too many detectors to be hit at the same
time. The total counting rates of all the particles arriving at the detectors are recorded during a
fixed time interval, which can greatly reduce the detector primary energy threshold [6, 7]. The
scaler data can be used in searching for the transient events, such as gamma-ray bursts (GRBs) [8],
GLE event and Forbush decreases [9] etc. By studying the variations of counting rates in this mode,
the correlation between atmospheric electric field and the intensity changes of ground cosmic ray
during thunderstorms can be studied [10,11].

Therefore, both shower mode and scaler mode for data acquisition are important in the ground-
based cosmic ray experiments. Currently, the KM2A array only operates in shower mode. In this
work, Monte Carlo simulations were performed to study the performance of scaler mode in the
KM2A array.

2. LHAASO-KM2A

The High Altitude Cosmic Ray Observatory (LHAASO), a project under the construction at
Daocheng (4410 m a.s.l., Sichuan, China), consists of three sub-arrays: an area of 1.3 km? array
(KM2A), a 78,000 m? water Cherenkov detector array (WCDA), and 18 wide field-of-view air
Cherenkov/fluorescence telescopes (WFCTA)[12]. It will carry out accurate measurements of the
EAS by employing hybrid detecting technologies mentioned above.

As the major array of LHAASO, KM2A is composed of 5195 EDs and 1188 MDs (as shown in
figurel) [12,13].All the detectors are arranged in a triangular grid. The ED array is divided into two
parts: a central part with 4901 EDs (15 m spacing) and a guard ring with 294 EDs (30 m spacing).
The MDs are distributed in the central part of the array with a spacing of 30 m.

Even though the LHAASO construction is still ongoing, the installed detectors are already
operational. By analyzing the KM2A data (with shower mode) from December 2019 to May
2020, Aharonian et al, presented the first observation of the Crab Nebula and tested the detector
performance of KM2A array [2]. In order to broaden the energy range of the primary cosmic ray
detected by LHAASO experiments, and push forward the work related the physics subjects in low
energy region as soon as possible, it is urgent to carry out the studies on trigger setting of scaler
mode.
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3. Simulation scheme and parameter setting of scaler mode

The simulation includes the EAS simulation and the detector response of the secondary parti-
cles. We simulated the evolution of EAS with CORSIKA [14] and analyzed the detector response
by using G4KM2A [15]. G4KM2A, a specific software, based on GEANT4 package [16], can
successfully simulate the response process of secondary particles passing through the KM2A de-
tectors.

During the operation of the experiment, some detectors may malfunction, namely the exper-
imental data may be abnormal. In the trigger setting of scaler mode, the whole array needs to
be grouped into multiple detection units called "clusters". Before the data analysis, the abnormal
"clusters" will be removed first to ensure the experimental data is reliable. In this paper, each ED
cluster is made up of 64 EDs (8EDs x 8EDs), and a MD cluster consists of 16 MDs (4MDs x
4MDs)(as shown in figurel). The coincidence time is set to 100 ns and the event rates are recorded

every 0.1 s.
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Figure 1: Layout diagram of KM2A array (left) and the cluster in scaler mode (right).

The specific simulation scheme of scaler mode is as follws:

1) Adopting the CORSIKA 7.5700 to study the cascade processes of extensive air showers in
the atmosphere. The primary shower includes proton and helium nuclei in our simulations, with a
zenith angle distributed from 0° to 70°, and the primary energy ranging from 14 GeV to 1000 TeV,
following power-law function with spectral indexes of -2.7 and -2.64, respectively. QGSJETII-04
was used for the high-energy hadronic interactions while GHEISHA for the low energy ones. The
energy cutoff is 0.5 MeV for positrons and electrons. According to the altitude of LHAASO station,
the values of the geomagnetic field components used in this work are Bx = 34.6 uT, Bz =35.9 uT,
for the horizontal and vertical intensity, respectively.
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2) Employing the G4KM?2A to simulate the detector response in KM2A.

As we know, the shower events with core out of the array make a great contribution to low
multiplicity events. To collect enough information about the secondary particles, the sample area in
scaler mode should be sufficiently large when using G4KM2A to simulate the detector response.As
shown in figure 2, the percentage of the detected particles increases rapidly with the increasing
radius at first, and gradually reaches a constant value ~ 99.4% at a radius of 8000 m. In this case,
it is thought that a circular region with a radius of 8000 m is an appropriate sample area in our
simulations.

3) Sampling and merging the simulated data. First, the primary fluxes of proton and helium
are calculated [17, 18], and the number of shower events in a fixed time is obtained by Poisson
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Figure 2: Percentage distribution of the detected particles as a function of sample radius.

distribution sampling. Then, the time intervals of these events are sampled using exponential
distribution. Finally, according to the number and time of sampling, ranking the shower events after
detector response, the simulated data similar to the experimental data are obtained.

4) Analyzing the simulating data. Here, the number of fired detectors in one cluster within
the coincidence time is defined as multiplicity (m). For each cluster in ED array, there are four
independent scaler channels to record the counting rates referred to multiplicities (m) > 1, 2, 3 and
4, respectively, the same as each MD cluster.

4. Simulation results
4.1 The average counting rates for each ED/MD

By analyzing the experimental data of KM2A-ED array, the counting rate of an ED is ~ 1600
Hz. In general, the noise of the detector is in the range of 700 - 900 Hz. Following the simulation
scheme in Section 3, we obtained simulation data of 6.0 s to statistic the counting rates for single
ED/MD. Figure 3 shows the distribution of counting rates for one ED/MD. The average counting
rates of one ED is ~ 750 Hz ( ~ 550 Hz for proton and ~ 200 Hz for helium). As for MD, the
noise is not taking into account since it has little effects. The average counting rates for a MD is ~
5300 Hz ( ~ 4060 Hz for proton and ~ 1240 Hz for helium). The simulation results are basically
consistent with the experimental detections.
4.2 Simulation results of scaler mode in KM2A array

Here, we show the simulation results of scaler mode in ED and MD array, respectively.
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Figure 3: The distribution of counting rates for one ED/MD.

In order to statistics the counting rate of different multiplicities in an ED cluster, the noise
is assumed to be 800 Hz and a fluctuation of randomly distribution is added. In the simulation,
an ED cluster is composed of 64 EDs, and the coincidence time window is 100 ns. Figure 4
shows the distribution of counting rates with different multiplicities. The average rates of the four
multiplicities (m) > 1, 2, 3, and >4 are ~ 88 kHz, ~ 1.4 kHz, ~ 210 Hz and ~ 110 Hz, respectively.
It decreases rapidly as the multiplicity increases.
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Figure 4: The distribution of counting rates for 64 EDs with m > 1, 2, 3 and 4 in scaler mode.

In the ground cosmic ray experiments, the detector not only records the cosmic ray components,
but also the background noise. So it is of great significance to quantify the contribution of cosmic
ray particles to count rates with different multiplicities. According to the simulation, while m > 1
, 2, 3 and 4, the corresponding percentages of cosmic ray composition are ~ 43.2%, ~ 73.4%, ~
99.2% and ~ 99.7%, respectively. It indicates that the contribution of cosmic rays increases with
the multiplicity. When m > 1 and 2, more noise is recorded. It is worth noting that while m > 3,
the particles recorded in scaler mode are almost completely due to cosmic rays.

In the simulation of KM2A-MD array, 16 MDs make up a detecting unit, with a time window
of 100 ns. Due to the low noise of MD, only the event rates of m > 1 and 2 are counted. The
distribution of counting rates for a MD cluster is shown in figure 5. The mean rates for m > 1 and 2
are ~ 84 kHz and ~ 890 Hz, respectively. To be different from ED, there is nearly no noise in MD,
the records almost totally come from cosmic rays.
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Figure 5: The distribution of counting rates for 16 MDs with m > 1 and 2 in scaler mode.

4.3 Simulation results of the threshold energy in KM2A array

Reducing the energy threshold of the detector is an important goal in ground-based cosmic
ray experiments. In scaler mode, there is no need to satisfy the trigger conditions of the high
multiplicity, the energy threshold for primary cosmic rays can be reduced. To compare the primary
energy threshold, we studied the energy distributions of primary protons and helium of LHAASO-
KM?2A in scaler and shower mode by simulation.

By analyzing the simulation results in scaler mode, we found the energy threshold of primary
cosmic ray particles is related to the multiplicity and the type of primary particles. The larger the
multiplicity is, the greater the energy will be. As the multiplicity fixed, the energy threshold of
primary protons is less than that of primary helium. The energy distributions of the two primary
particles at m > 1 for ED/MD array are shown in figuer 6. The mean energies of the detected
primary proton and helium are ~ 95 GeV and ~ 246 GeV. As for MD array, the corresponding mean
energies of the primary proton is ~ 85 GeV and helium is ~ 316 GeV.

As for shower mode, the triggered proton and helium energy distributions for the full KM2A
array are shown in figure 7. When the trigger threshold is set to 20 detectors fired within 400ns, the
corresponding energy threshold for proton and helium are ~ 12.6 TeV and ~ 20 TeV, respectively.
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Figure 6: The energy distribution for primary proton and helium of scaler mode (m > 1) in KM2A array.
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Figure 7: The trigger event energy of proton and helium of the full KM2A array.

Through contrastive analysis, it is clearly true that the detection threshold of scaler mode is
lower than that of shower mode.

5. Conclusions

In this paper, the software packages CORSIKA and G4KM2A are used to simulate scaler mode
in KM2A array. The main conclusions are drawn as follows:

1) An ED cluster is composed of 64 EDs, and the coincidence time window is 100 ns. The
average rates of the four multiplicities (m) > 1, 2, 3 and 4 are ~ 88 kHz, ~ 1.4 kHz, ~ 210 Hz and
~110 Hz, respectively. The contribution of cosmic rays increases with the increase of multiplicity.
When m > 3, the count rates recorded in the scaler mode are almost exclusively cosmic rays.

2) A MD cluster consists of 16 MDs, the coincidence time window is also 100 ns. The average
counting rates for m > 1 and 2 are ~ 84 kHz and ~ 890 Hz, respectively. There is almost no noise
in MD, and the counting rates almost comes from cosmic rays.

3) It is found that the energy threshold of KM2A can be reduced by two orders of magnitude
to 100 GeV when m > 1 in the scaler mode.

So far, the data acquisition mode applied in the LHAASO-KM2A experiment is only the
shower mode. Our simulation results will provide specific scheme and parameter information for
data triggering of scaler mode, and will give helpful references for follow-up data analysis in the
LHAASO experiment.
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