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Abstract: KM2A (one km2 array) is one of the main parts of LHAASO(Large High Altitude Air Shower
Observatory) project, composed of 5635 charged particle detectors(ED) and 1221 muon detectors(MD). Simulation
results have good agreement with the prototype array which has already running at YBJ. The configuration of array
is optimized for the best ratio of price and performance. Moreover, by combining with WCDA (Water Cherenkov
Detector Array) which is capable of detecting muons, the sensitivity of KM2A is improved significantly. Expected
spectra by KM2A array are discussed for different TeV gamma ray sources.
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1 Introduction
The origin and acceleration of cosmic rays are uncertain up
to now. This is because the spreading of charged particles
in the galaxy will be affected by the galaxy magnetic field,
so direction of cosmic rays propagation will be changed.
Gamma ray is not affected by the magnetic field and
carries important information of cosmic rays, so we can
determine cosmic ray source through gamma ray direction
and understand the mysteries of origin of cosmic rays.

In last decades, high energy gamma astronomy made a
great progress. More than 100 TeV sources are identified
by EAS experiments so far[1][2]. Up to 10 TeV, it has been
indicated by spectroscopic investigation that high energy
gamma ray is generated by electron acceleration. Although
supernova remnants are theoretically considered to be the
most plausible candidates for acceleration of cosmic-ray
hadrons up to PeV energies, no observations have succeeded
in identifying this mechanism. In order to determine the
high energy gamma radiation mechanism and search for
cosmic ray source, we should have to measure the spectrum
at high energy with high sensitivity. At present, LHAASO,
a next generation project, is proposed to study particle
astrophysics at a high altitude. KM2A (one km2 array)
is one of the main parts of LHAASO project, composed
of 5635 charged particle detectors(ED) and 1221 muon
detectors(MD). The main purpose of KM2A is to provide
high precise measurement of the gamma ray spectrum
above 30 TeV and explore radiation mechanism of high-
energy particle acceleration. The aim of this proceeding is
to improve the sensitivity of KM2A array above 30TeV and
provide some expected gamma ray astronomy results with
the KM2A array.

2 Simulation and Prototype array
The KM2A prototype array which combined with 44
charged particle detectors(ED) has already running at
ARGO-YBJ hall. It aims at testing the performance of K-
M2A. The configuration of KM2A prototype array is shown
in Fig.1. The simulation data is generated by Corsika[3]
version 6.616. The selected hadronic interaction model
is QGSJETII for high energy and GHEISHA for low en-

ergy. Primary energy is from 1TeV to 10PeV. Zenith an-
gle is 0-45◦ and azimuthal angle is 0-360◦. Observation
level is 4300m a.s.l. Detector response is simulated with
GEANT4[4], and a look-up table is made to parameterize
number of generated particles corresponding to differen-
t injected particles, energy, direction and distance to the
center of the detector unit. Besides, signal pulse is param-
eterized according to the real one at the KM2A prototype
array. Event trigger is set as any 5 ED hits. We compare the
simulation sample with prototype array data for parameters:
number of hits, and event rate.

Fig. 1: ARGO-YBJ Hall.The red pentagram is ED and the
rectangle is RPC.

Number of hits directly reflects cosmic ray spectral
indexes(Fig.2). By means of fitting the data, we can see
the fitted value of simulation sample is very closely to the
experiment data.

Another parameter, event rate refers to receive the num-
ber of events in unit time when the detector is triggered
(Fig.3). From Fig.3 we can see simulation sample have good
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Fig. 2: Hit number.

agreement with ARGO experiment and KM2A prototype
array.

Fig. 3: Event rate.

3 Sensitivity combined with peripheral
detectors

The standard configuration of KM2A is based on the result
of the optimization design[5]: ED, with a sensitive area of
about 5341m2, consists of 5341 square plastic scintillator
with a size of 1m×1m×2cm, placed in triangle with a
distance of 15m. MD, with a sensitive area of 44000m2,
consists of 1221 cylindrical water tanks with diameter of
6.8m and height of 1.2m, placed in triangle with side length
of 30m.

Now, we put two rings of ED detectors with double
adjacent distance(30m) outside the standard configuration,
so called guard ring. The KM2A array is extended to 1.2km2

composing of 5635 ED and the central part of the array
can be used with higher efficiency. Sensitivity(Fig.4) of the
guard ring configuration is, e.g., 50% at 50TeV, better than
one of the standard configuration.

Fig. 4: Sensitivity of the guard ring configuration(red) and
compared with one of the standard configuration(blue).

Fig. 5: Photoelectrons distribution of muons (black line)
and electrons (red line) at distance of larger than 100m from
the shower core.

4 sensitivity combined with WCDA
WCDA is a water Cherenkov detector array with area
90000m2. The response of every detector unit is simulated
with GEANT4, and a look-up table is made to parameterize
number of generated particles corresponding to differen-
t injected particles, energy, direction and distance to the
center of the detector unit. In air showers, electrons have
very different lateral distribution with muons: electrons are
much higher close to the shower core and decrease very
quickly along distance from the core, but muons decrease
slowly along distance. After optimization, photoelectrons
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summed in the detectors at distance of larger than 100m
from the core is used to distinguish muons with electrons.
Fig.5 is photoelectrons distribution of muons and electrons
which indicates good separation between muons and elec-
trons. Then muons detected by the water detector are cal-
culated from photoelectrons divided by 16, the peak of the
photoelectrons distribution of muons. As a result, by using
muons detected by WCDA, the sensitivity to crab can reach
50% at 50TeV, better than one with only KM2A (Fig.6).

Fig. 6: Sensitivity of combination of the KM2A array with
the WCDA array (blue) compared with one of the standard
configuration (red).

5 Expected observation results
We give expected spectrum for different TeV gamma ray
sources such as Crab Nebula, Tycho and MGRO J1908+06
to discuss the ability of KM2A array.

Fig. 7: The expected spectrum of Crab Nebula by KM2A
array.

5.1 Crab Nebula
The Crab Nebula is a typical supernova remnants and it
is a very stable source. It is well studied in almost all
wavelength bands of the electromagnetic spectrum from the
radio(10−5eV) to very high energy γ-rays(nearly 1014eV),
so called “the standard candle”. It is associated with the
supernova explosion reported by Chinese astronomers in
1054 AD. Synchrotron radiation from high energy electrons
is responsible for the observed spectrum from radio to MeV,
while inverse Compton(IC) scattering contributed to the
second peak from MeV to TeV. Fig.7 is the spectrum of
Crab Nebula measured by some famous experiments in
the world [6]. By using KM2A array, we can extend the
spectrum to 1PeV if there is no energy cutoff, and the error
value is only 10%. We assume different energy cutoff to
give the expected spectrum of Crab by KM2A array, the
simulation result shows that the KM2A array will provide
about 20% error value at several hundred TeV.
5.2 Tycho
Tycho is the historical relic of a supernova which was first
observed in 1572. It is the weakest source among TeV gam-
ma rays and is well-studied at many wavelengths. A 5σ

detection of GeV γ-rays emission from Tycho’s SNR is
reported[7] by Fermi-LAT. Fig.8 shows the spectrum of Ty-
cho measured by VERITAS[8]. The detect data of VERI-
TAS can be explained by an accelerated proton population
which produces γ-ray photons via π0 production and decay.
While IC emission and bremsstrahlung can also provide a
tolerable fit to the data. In order to confirm the radiation
mechanism of Tycho, we should measure the spectrum at
higher energy. The expected spectrum with KM2A array is
shown in Fig.8, and we can extend its spectrum to several
hundred TeV. The error value is about 20%.

Fig. 8: The expected spectrum of Tycho by KM2A array.

5.3 MGRO J1908+06
The extended gamma ray source MGRO J1908+06 has
been discovered in 2007 by the Milagro air shower detector.
It was later observed by H.E.S.S. and VERITAS. But the
flux which is given by Milagro is in disagreement with
that given by H.E.S.S. ARGO-YBJ has observed MGRO
J1908+06 for 3 years[9]. From Fig. 8 we can see the results
given by ARGO-YBJ is well agreement with Milagro. We
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Fig. 9: The expected spectrum of MGRO J1908+06 by
KM2A array.

choose different energy cutoff to assume the spectrum we
will obtain in the KM2A array. In Fig.9, the error value of
the expected spectrum is about 20%.

6 DISCUSSIONS AND SUMMARY
The results of prototype array are consistent with the sim-
ulation results. By using guard ring detectors and WCDA,
the sensitivity of KM2A has been improved significantly
above 30TeV. Through the analysis of different TeV gamma
ray sources, we can conclude that the LHAASO-KM2A
array will discover a mount of TeV gamma ray sources and
fulfill the most precise measurement of gamma ray spec-
trum up to 1 PeV which will provide the final judgement to
the cosmic ray acceleration mechanism.
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