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LHAASO (Large High Altitude Air Shower Observatory) is an experiment able of 
acting simultaneously as a Cosmic Ray Detector and a Gamma Ray Telescope 

✤  Cosmic Ray Physics (1012 → 1018 eV): precluded to Cherenkov Telescopes

• CR energy spectrum 

• Elemental composition

• Anisotropy

Calet 1012 eV

AUGER/TALHAASO

1018 eV

✤  Gamma-Ray Astronomy (1011 → 1015 eV): full sky continuous monitoring

• Complementary with CTA below 20 TeV, with better sensitivity at higher energies and for flaring 
emission (GRBs), unbiased all-sky survey, extended and diffuse emission.


• Searching for  PeVatrons (→ neutrino sources)

Fermi GeV CTA30 GeV 100 TeV

LHAASO

PeV

500 GeV
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1. Traditional scheme and detectors: dense scintillator array overimposed 
to an array of underground water tanks for muon detection. Water 
Cherenkov ponds, Cherenkov/Fluorescence Telescopes 

2. Large implementation: 1.3 km2 array, about 40,000 m2 muon detector 
sensitive area, about 80,000 m2 water Cherenkov detector facility 

3. Modern and sophisticated technology: SiPM, White Rabbit, …

LHAASO will exploit
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• 1.3 km2 array, including 5195 scintillator detectors 1 m2 each, with 15 m spacing. 

• An overlapping 1 km2 array of 1171, underground water Cherenkov tanks 36 m2 each,  with 30 m 
spacing, for muon detection (total sensitive area ≈ 42,000 m2). 

• A close-packed, surface water Cherenkov detector facility with a total area of 80,000 m2. 

• 12 wide field-of-view air Cherenkov (and fluorescence) telescopes. 

• Neutron detectors

 7 Page 2 of 8 H. He

Fig. 1 Layout of the LHAASO
experiment. The insets show the
details of one pond of the
WCDA and of the KM2A array
constituted by two over-imposed
arrays of electromagnetic
particle detectors (EDs) and of
muon detectors (MDs). WFCTA
telescopes, located at the edge
of a pond, are also shown

aiming for study of cosmic rays with energies in 1013–
1017 eV, where the cosmic ray spectrum knees around
1015.5 eV and 1017.5 eV are located.

KM2A

An exposure of approximately 2000 km2h/year is required
to observe in 1year more than 10 gamma rays with energies
above 100TeV from a source with a flux of 1% Crab unit
(the second green dotted line from bottom in Fig. 3(left)).
Furthermore, with an expected number of gamma rays as
low as the order of 10, a background-free observation to
these rays is mandatory. Cosmic nuclei dominate the back-
ground with a flux of 3–4 orders of magnitude higher than
that of gamma rays, so a detector working in this energy
region should reach a background rejection power of 104

or even higher, while its acceptance to gamma rays should
be high enough (e.g., > 90%) after background rejection.
An imaging air Cherenkov telescope array, even with 100
telescopes to cover an area of 10 km2, can only reach a sen-
sitivity of about 10% Crab unit at 100TeV because of its
low duty cycle (10–15%) and background rejection power
(the order of 102). LHAASO-KM2A has a full duty cycle
(about 2000h of exposure to Crab Nebula per year) and cov-
ers an area of 1 km2 with a total of 5195 scintillation detectors
(EDs, 1m2 each) in a triangular grid. Within 575m from the
center of the array, 4901 EDs are distributed with a spac-
ing of 15m. The area of 575–635m from the center of the
array forms the outskirt by 294 EDs with a spacing of 30m,
which helps in determining showerswith core located outside

the array and thus improves the angular and energy resolu-
tion. The EDs provide the major useful information on the
injected primary cosmic rays or gamma rays, such as energy
and direction. At 100TeV, as shown in Fig. 4, the angular
resolution reaches about 0.3 degrees and the energy resolu-
tion is better than 25%. Shower muons are detected by 1171
muon detectors (MDs, 36 m2 each) in a triangular grid with
a spacing of 30m in the central part of the array. Considering
that gamma showers are muon-poor, measuring the numbers
of electromagnetic components and muons in an EAS can
highly discriminate original gamma rays from cosmic nuclei
(Fig. 5). With the large-area MD array (> 40,000m2 in total
area) in the LHAASO, cosmic nuclei background will be
rejected to a level of 10−4 at 50TeV and even 10−5 at higher
energies. See [8] for detailed simulation results.

KM2A-ED

The ED array is divided into two parts, a central part with
4901 EDs and an outskirt ring with 294 EDs to discriminate
showers with core located inside the central area from those
with core outside the central part. The array is required to
have an angular resolution better than 0.3◦ above 50TeV and
a pointing accuracy of < 0.1◦.

The detection efficiency of an ED toMIPs is required to be
> 95%, with a time resolution of better than 2ns and a signal
charge resolution of < 25% (defined as the sigma/mean of
the signal charge distribution). The dynamic range for each
ED is designed to be 1−104 particles, with the upper limit
corresponding to the large number of shower secondaries
near the shower core of the highest energy (up to 100PeV)

123
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(✦) Total Muon detector area: 4.2 x 104 m2 + 8 x 104 m2 (WCDA) ≈ 105 m2 !!!

Table 1: Table 1: Characteristics of di↵erent EAS-arrays
Experiment g/cm2 Detector �E e.m. Sensitive Area Instrumented Area Coverage

(eV) (m2) (m2)
ARGO-YBJ 606 RPC/hybrid 3 · 1011 � 1016 6700 11,000 0.93

(central carpet)
BASJE-MAS 550 scint./muon 6 · 1012 � 3.5 · 1016 104

TIBET AS� 606 scint./burst det. 5 · 1013 � 1017 380 3.7⇥104 10�2

CASA-MIA 860 scint./muon 1014 � 3.5 · 1016 1.6⇥103 2.3⇥105 7⇥10�3

KASCADE 1020 scint./mu/had 2� 90 · 1015 5⇥102 4⇥104 1.2⇥10�2

KASCADE-Grande 1020 scint./mu/had 1016 � 1018 370 5⇥105 7⇥10�4

Tunka 900 open Cher. det. 3·1015 � 3 · 1018 - 106 -
IceTop 680 ice Cher. det. 1016 � 1018 4.2⇥102 106 4⇥10�4

LHAASO 600 Water C 1012 � 1017 5.2⇥103 1.3⇥106 4⇥10�3

scintill/muon/hadron
Wide FoV Cher. Tel.

µ Sensitive Area Instrumented Area Coverage
(m2) (m2)

LHAASO 4410 4.2⇥104 106 4.4⇥10�2

TIBET AS� 4300 4.5⇥103 3.7⇥104 1.2⇥10�1

KASCADE 110 6⇥102 4⇥104 1.5⇥10�2

CASA-MIA 1450 2.5⇥103 2.3⇥105 1.1⇥10�2

1
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1. The informations contained in this talk refer to official and published calculations 
that the LHAASO collaboration used to evaluate the well-known sensitivity curve. 

2. New calculations are under way with the actual experimental configuration and new 
reconstruction algorithms. Important improvements will be published soon. 

3. In this talk I will focus on the performance in gamma-ray astronomy, therefore I will 
introduce the performance of WCDA and KM2A apparata.
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Sensitivity to a γ-ray point source
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Minimum Detectable Gamma-Ray Flux (1 year):

Sensitivity in 1 year 

Wide FoV telescope in the South G. Di Sciascio
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Figure 1: Differential sensitivities to a Crab-like point gamma-ray source of different experiments/projects
(multiplied by E2). The Crab Nebula spectrum, extrapolated to 1 PeV, is reported as a reference together
with the spectra corresponding to 10%, 1% and 0.1% of the Crab flux

S =

R
Jg(E) ·Ag

e f f (E) · eg(E) · fg(DW) ·T dE
R

Jbkg(E) ·Abkg
e f f (E) · (1� ebkg(E)) ·DW ·T dE

(2.1)

where Jg and Jbkg are the differential fluxes of photon and background, Ag
e f f and Abkg

e f f the
effective areas, that determines the number of showers detected in a given observation time T ,
DW= 2p(1�cosq) the solid angle around the source and fg(DW) the fraction of g-induced showers
fitted in the solid angle. The parameters eg and ebkg are the efficiencies in identifying g-induced and
background-induced showers, respectively. As most of the parameters are function of the energy,
the sensitivity depends on the energy spectra of the cosmic ray background and of the source.

The sensitivity S, formula (2.1), in 1 year can be expressed by

S µ
Fgp
Fbkg

·R ·
q

Ag
e f f ·

1
sq

·Q (2.2)

where Fg and Fbkg are the integral fluxes of photon and background, sq is the angular resolu-

tion, R =
q

Ag
e f f /Abkg

e f f the g/hadron relative trigger efficiency and Q =
egp

1�ebkg
represents the gain

in sensitivity due to the hadron discrimination procedure. Because for the integral fluxes we can

3

σθ = angular resolution

Φbkg = background integral flux

Φγ = photon integral flux

R =

vuutA�
eff

Abkg
eff

[1] ARGO-YBJ Collab. (G. Aielli et al ), 562, 92 (2006).

Anche se c’e’ spazio per ottimizzazioni (rivelatore piu’ grande, pb e piu’ alta quota) riteniamo
questa stima molto a�dabile perche’ basata su un detector gia’ utilizzato con successo per piu’
di 5 anni.

Imaging Air Cherenkov Telescopes (IACTs) are calorimenters which uses the atmosphere
as a detection medium. The light collected in the detector is proportional (??????????????)
to the primary gamma-ray energy. On the contrary, surface arrays are sampling calorimeters
because the shower is sampled at the observation level where the number of (charged) secondary
particles, or the energy reaching the ground level, is measured, not the total gamma-ray energy.

2. Detection of EAS
In Gamma-Ray Astronomy, the ultimate characteristics of a detector is given by the sensitivity
to a known point-source standard candle. The capability to detect a photon signal over the
background of charged cosmic rays can be expressed through the so-called ”signal to noise
ratio” S

S =
N�p
Nbkg

=

R
J�(E) ·A�

eff (E) · ✏�(E) · f�(�⌦) · TdE
qR

Jbkg(E) ·Abkg
eff (E) · (1� ✏bkg(E)) ·�⌦ · TdE

(1)

where J� and Jbkg are the energy spectra of photon and background, A�
eff and Abkg

eff are the
e↵ective areas, the trigger probabilities for source and background showers. T is the e↵ective
observation time, �⌦ = 2⇡(1� cos✓) the solid angle around the source and f�(�⌦) the fraction
of �-induced showers fitted in the solid angle. The parameters ✏� and ✏bkg are the e�ciencies in
identifying �-induced and background-induced showers, respectively. As most of the parameters
are function of the energy, the sensitivity depends on the energy spectra of the cosmic ray
background and of the source.

The minimum detectable flux MDF in 1 year can be expressed by

�MDF
� /

p
�bkg ·

1

R ·
q
A�

eff

· �✓ ·
1

Q
(2)

where �✓ is the angular resolution, R =
q
A�

eff/A
bkg
eff the �/hadron relative trigger e�ciency

and Q = ✏�p
1�✏bkg

the �/hadron relative identification e�ciency. These are the main parameters

which determine the sensitivity of a gamma-ray telescope.

2.1. The energy threshold
The key to lower the energy threshold is to locate a detector at very high altitude. In the Fig.
1 the average sizes produced by showers induced by primary photons and protons of di↵erent
energies at di↵erent observation levels are plotted. The left plot shows the total number of
secondary particles (charged plus photons), the right one shows the number of particles contained
inside an area 150⇥150 m2 centered on the shower core. As can be seen, the number of particles
in proton-induced events exceeds the number of particles in �-induced ones at low altitudes.
This implies that, in gamma-ray astronomy, the trigger probability is higher for the background
than for the signal.

The small number of charged particles in sub-TeV showers within 150 m from the core imposes
to locate experiments at extreme altitudes (>4500 m asl). At 5500 m asl 100 GeV �-induced
showers contains about 8 times more particles than proton showers within 150 m from the
core. This fact can be appreciated in the Fig. ?? where the ratio of particle numbers (charged
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3.4 Prospects for Gamma Ray Bursts detection with LHAASO

m) and trigger multiplicity Nfit � 20, where Nfit corresponds to the total number of hits for each event
after an iterative cleaning procedure to discard the random hits on the basis of the temporal features
of the shower front. Figure 46 shows the effective areas for gammas (left) and protons (right) in steps
of 15� for zenith angle from 0� to 60� and trigger multiplicity Nfit � 10. These results have been
obtained using CORSIKA [318] for the development of EASs from gamma rays and protons, and a
custom software derived by the Milagro one for the detector response. The complete set of simulations
for the different trigger conditions is currently undergoing.
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Figure 45: Expected angular resolution of the WCDA for internal events and Nfit � 20 (see text).
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Figure 46: Effective areas of the WCDA for gamma rays (left) and protons (right) for four zenith windows and
Nfit � 10 (see text)).

3.4.8. The detector threshold and external trigger rate
The confidence level of a detection is obtained requiring a signal greater than a given number of

background fluctuations. A value of 5 s.d. has been set as the detector threshold, and to properly
calculate the signal significance, equation (17) of [319] was used. Once the fraction of detectable GRBs
has been derived, an external trigger rate must be provided. According to [320], Fermi/GBM detected
GRBs with a mean detection rate of ⇠ 250 yr�1 in its f.o.v. of 8.74 sr. This corresponds to more than
700 GRBs yr�1 from the whole sky taking into account that GBM has a duty cycle of about 50%. The
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Nhit >20

The angular resolution is ≈ 0.3 ︎° above 10 TeV

The core resolution ≈ 4 m above 1000 hits

X. Bai et al., arXiv:1905.02773

Effective Area (vertical events): 

≈ 104 m2 at 100 GeV 
≈105 m2 at 1 TeV 
≈106 m2 at 1 PeV



G. Di Sciascio July 27, 2020

WCDA performance - 2

9

Compactness = nPMT/cxPE
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Hadronic showers are identified through the pattern of energy 

deposition in the detector


Brightest “sub-core”:

• Signal of the brightest PMT outside the shower core region (e.g., 40 m).


Shower “Compactness” to reject cosmic ray background:

Gamma Proton 

X. Bai et al., arXiv:1905.02773

C = Nhit/PE40, where Nhit is the number of PMTs fired in 
an event and PE40 is the total number of photo-electrons 
in the PMT with the largest signal that is located outside a 
radius of 40 m from the reconstructed shower core.

Q-factor: 3 at 500 GeV, 7 at 1 TeV, 22 at 5 TeV.
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The energy resolution is given by the folding of

Shower fluctuations  
Fluctuations in the depth of 

the first interaction point

Sampling fluctuations 

Fluctuations in the measured 

number of secondary particles 
⨁

Gus Sinnis
AGIS Collaboration Meeting June 2008

HAWC Performance: Energy Resolution IHAWC Performance: Energy Resolution I

From http://www.ast.leeds.ac.uk/~fs/photon-showers.html

Fixed first interaction elevation: 30km

HAWC elevation: 4.1km
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HAWC Performance: Energy Resolution IHAWC Performance: Energy Resolution I

From http://www.ast.leeds.ac.uk/~fs/photon-showers.html

Fixed first interaction elevation: 30km

HAWC elevation: 4.1km
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Shower fluctuations dominate 
energy resolution of EAS arrays.

IACT: 8% - 15% at 1 TeV  

IACT: 15% - 35% at 50 TeV 

LHAASO
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gamma rays and nuclei. Fig. 2 is a scatter plot of number of muons
Nl measured in the MDs vs number of electrons Ne measured in
the EDs. Black dotes and blue crosses correspond to gamma ray-
induced and nuclei-induced events respectively. The solid black
line is the optimized cut condition to suppress nuclei-induced
events. At large Ne bins (high energy regions), nuclei showers as
the background have sufficiently large muon content compared
to gamma ray showers. Therefore muon content serves as a clean
veto signal for suppression of the nuclei background. The large
scale MD array of KM2A will reject the primary cosmic nuclei
background at a level of 10!5 or even better above 50 TeV.

For the KM2A array, we can estimate the detected gamma rays
with

Nc ¼
Z

E
Ac

eff ðEÞJcðEÞdE % ecðDXÞ % TðsÞ; ð2Þ

and the background events at the same open angle can be calcu-
lated by

Ncr ¼
Z

Anuclei
eff ðEÞJnucleiðEÞdE % DXðNtrigÞ % TðsÞ; ð3Þ

where Ac
eff and Anuclei

eff are effective areas of the array for primary
gamma rays and cosmic ray background respectively, Jc [20] and
Jnuclei [21] are differential spectrum of the gamma ray source and
cosmic ray background respectively, DX is solid angle of observa-
tion, e, taken 70% as convention, is the percentage of signals within
DX pointing to the source direction, and T is the observation time. In
the following, if not mentioned, the Crab Nebula is considered dur-
ing estimation of sensitivity of the array. The significance is calcu-
lated with formula:

SðP NtrigÞ ¼
NcðP NtrigÞffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
NbkgðP NtrigÞ

p % Q ; ð4Þ

where Q is the factor for c=p discrimination, calculated by

Q ¼ Surv ival Ratio of cffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Survival Ratio of proton

p : ð5Þ

3. Performance of the standard configuration

According to the simulation, the KM2A array with the standard
configuration has the following performance: For cosmic gamma
rays, the effective area can reach 0.8 km2 at 30 TeV (Fig. 3). The

angular resolution is 0:4& at 30 TeV and 0:2& at 1 PeV (Fig. 4). The
core position resolution is 7 m at 30 GeV and 2 m at 1 PeV
(Fig. 5). Energy is linearly determined by Ne (Fig. 6), and the energy
resolution is 28% at 30 TeV and 15% at 1 PeV (Fig. 7)). The sensitiv-
ity value is in the unit of Crab intensity of integral flux, i.e., the sen-
sitivity value is divided by 5r where r is standard deviation. When
the survival ratio of nuclei is 0 above 100 TeV, so called ‘‘back-
ground free’’, 10 signal events are taken as the standard unit to
measure the sensitivity of array. Finally, the sensitivity of the
KM2A array with the standard configuration is obtained (Fig. 8),
and it reaches less than 1% Crab at 50 TeV in one calendar year.

4. Optimization of the KM2A array

In order to reach the best performance-price ratio, i.e., taking
less investment meanwhile keeping higher performance for gam-
ma ray energy spectra measurement above 30 TeV, an optimiza-
tion of the KM2A array is performed. Some constraints have to
be kept in mind: Because of limitation of the array scale and the
location, the area of the KM2A array should be kept 1 km2; The to-
tal investment should be lower than 0.3 billion Chinese Yuan; The
sensitivity of the array should reach 1% Crab at 50 TeV. Several con-
figurations are compared with ‘‘the standard configuration’’.

For the ED array, the distance between the detectors is fixed as
15 m, because less distance means more detectors and then higher
investment, e.g., distance of 7.5 m makes number of detectors in-
crease 3 times. The size of the ED detector unit is changed into
the following options:

' 0.54 m ( 0.54 m, sensitive area of the EDs 1500 m2;
' 0.7 m ( 0.7 m, sensitive area of the EDs 2500 m2;
' (the standard configuration) 1 m ( 1 m, sensitive area of the

EDs 5000 m2;
' 1.2 m ( 1.2 m, sensitive area of the EDs 7200 m2.

With increasing size of the ED detector unit, the angular resolu-
tion and the effective area are improved so that the final sensitivity
of the array (Fig. 9) is improved. The sensitivity of the standard
configuration is similar with one of size 1.2 m ( 1.2 m.

Moreover, two rings of the ED detectors with double adjacent
distance (30 m) outside the standard configuration, so called guard
rings, are considered. The KM2A array is extended to 1.2 km2 and
the efficiency of the array at middle part of the energy range
becomes higher than the one of the standard configuration. The
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Fig. 3. The effective area of the KM2A array with the standard configuration.
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Fig. 4. The angular resolution of the KM2A array with the standard configuration.
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physics in the ‘‘knee’’ region. The standard configuration of the
KM2A array is based on the result of optimization of the design
(see later): The ED array, with a sensitive area of about 5,341 m2,
consists of 5,341 square plastic scintilators with a size of
1 m ! 1 m ! 2 cm, placed on a triangle with side length of 15 m.
Each ED detector is covered by one 0.5 cm thick lead plate used
as c converter in order to improve the angular resolution and the
EAS core position resolution of the array. The MD array, with a sen-
sitive area of 43,956 m2, consists of 1,221 cylindrical water tanks
with diameter of 6.8 m and height of 1.2 m, placed on a triangle
with side length of 30 m. Each MD detector is covered by an over-
burden of 2.5 m soil, which results in muon energy threshold of
1.3 GeV, to mask electro-magnetic particles in showers. In this re-
port, results are presented from a simulation and performance
study of the KM2A detectors.

2. Simulation method

2.1. Simulation setup

In this simulation, cosmic rays, including cosmic gamma rays
and cosmic nuclei, are generated by Corsika [16] version 6.616.
The selected hadronic interaction model is QGSJETII for high en-
ergy and GHEISHA for low energy. Primaries are simulated in the
energy range from 3 TeV to 10 PeV. The zenith angle range is from
0 to 45", the azimuthal angle range is from 0" to 360", and the
observation level is 4300 m a.s.l.

For detector response, the detector unit of the KM2A array is
simulated individually at first. The ED and MD detector unit are
simulated with GEANT4 [17], and a look-up table is made to
parameterize the number of generated particles corresponding to
different injected particles, energy, direction and distance to the
center of the detector unit. The signal pulse is parameterized
according to the real one at the KM2A engineering array. One
charged particle generates 20 photo-electrons (p.e.s) in the ED in
average and a fluctuation of Landau distribution for signals is
added. The threshold of the ED is set 7 p.e.s. When one ED receives
one pulse above the threshold, the ED hit is given. The MD is sim-
ulated in the same way as the ED. The event trigger requires at
least 20 ED hits in the trigger time window of 600 ns, i.e.
Ntrig P 20, where Ntrig is number of the triggered ED detectors.
The event readout time window is set as 10 ls. Noise from single
cosmic secondaries in the EDs and MDs is set as 1 kHz/m2 and
300 Hz/m2 respectively according to experience at ARGO-YBJ, and
a fluctuation of exponential distribution for noise is added.

2.2. Event reconstruction

After showers are generated, the procedure of data analysis is as
follows: Firstly, A shower front with a conical shape is recon-
structed from positions and arrival times in the fired EDs and fitted
with the least square method to obtain EAS direction. Secondly,
EAS core position, size and age can be reconstructed from electrons
in the EDs by fitting the lateral distribution with the NKG formula
[18,19] in the maximum likelihood method. The NKG formula is:

q ¼ N
2pr2

0

Cð4:5% sÞ
CðsÞCð4:5% 2sÞ

r
r0

! "ðs%2Þ

1þ r
r0

! "ðs%4:5Þ

; ð1Þ

where q is density of particles per m2, r(m) is distance from the
shower core, N is the shower size, r0(m) is the Moliere unit, s is
the shower age, and C is gamma function. Position of weight center
of electron hits is used as initial value of the core position. Both
direction and lateral distribution reconstruction are iterated several
times to obtain shower direction, core position, size and age finally.
Primary energy of showers is determined by Ne, the total number of
charged particles detected by the array. Energy resolution is defined
as standard deviation of Gaussian distribution of ratio of difference
between the estimated energy and the true energy to the true
energy.

During reconstruction, a time selection window of (500 ns
around the trigger time is set for Ntrig < 150 in order to reduce
noise from single cosmic secondaries in the EDs. For Ntrig > 150, a
space selection window around the core of the shower is set in or-
der to improve shower lateral distribution fitting. These selections
are beneficial to obtain higher angular resolution and core position
resolution. In order to reduce the influence of noise in the MDs, the
number of muons in the MDs is selected in a time window (30 ns
around the trigger time measured in the EDs. Events with a dis-
tance of less than 560 m from reconstructed shower core position
to the array center are selected to remove not well reconstructed
events at the border of the array.

2.3. Sensitivity estimation

Measurement of both electrons and muons in EAS can provide a
powerful capability for discrimination between original cosmic

Fig. 1. Configuration of LHAASO.

Fig. 2. The scatter plot of Nl vs Ne . Black dotes and blue crosses correspond to
gamma ray-induced and proton-induced air shower events, respectively. The solid
black line shows the optimized cut condition to suppress cosmic nuclei-induced
events. (For interpretation of the references to color in this figure legend, the reader
is referred to the web version of this article.)
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For gamma rays the effective area is 0.8 km2 at 30 TeV 

'Standard Reconstruction’: shower core position, size and age are reconstructed with a iterative fit by using a NKG 
function. Arrival direction reconstructed with a conical correction and an iterative procedure. The number of muons in 
the MDs is selected in a time window ︎30 ns around the trigger time measured in the EDs. Internal events with the 
reconstructed shower core position within 560 m from the center of the array are considered.

sensitivity (Fig. 10) of the guard ring configuration is better than
the sensitivity of the standard configuration by 50% at 50 TeV.

For the MDs, the most important specification is the size of the
MD detector unit and number of the detectors which decides how
many muons can be obtained. Under limitation on the area of the
array which must be less than 1 km2, there are four configurations
considered different from the standard configuration:

1. Distance between detectors increases to 40 m, and sensitive
area of the MD array decreases to 26,000 m2;

2. Distance between detectors increases to 45 m, and sensitive
area of the MD array decreases to 20,000 m2;

3. Size of the MD detector unit is reduced to 5 m ! 5 m, and sen-
sitive area of the MD array decreases to 28,000 m2;

4. Size of the MD detector unit is enlarged to 12 m ! 12 m, and
Distance between detectors increases to 60 m, therefore sensi-
tive area of the MD array is not changed;

It is indicated (Fig. 11) that the sensitivity is not only decided by
the sensitive area of the array (a larger area leading to better sen-
sitivity), but also decided by the arrangement of the detectors, i.e.,
the standard configuration (with large separations) is better than

the concentrated configuration (case 4). The standard configura-
tion has the best sensitivity among all the options.

Moreover, WCDA is also considered to detect muons. WCDA is a
water Cerenkov detector array with area 90,000 m2. WCDA is con-
figured with four 150 m ! 150 m pools. Each pool is partitioned by
black curtains into 5 m ! 5 m detector cells, and each cell has an 8-
in PMT. Diameter hemispherical PMT with quantum efficiency 25%
at 400 nm at the center of the bottom that faces upward to receive
the Cherenkov light. For detector response of WCDA, the detector
unit is simulated with GEANT4, and a look-up table is made to
parameterize number of generated particles corresponding to dif-
ferent injected particles, energy, direction and distance to the cen-
ter of the detector unit. The lateral distribution of electrons is very
different from the lateral distribution of muons: electrons are more
abundant than muons near the shower core, but muons decrease
more slowly than electrons along distance from the core. After
optimization, photoelectrons detected at distance of larger than
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Fig. 5. The core position resolution of the KM2A array with the standard
configuration.

Fig. 6. Determination of primary energy with the number of charged particle (Ne)
of the KM2A array with the standard configuration.
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Fig. 7. The energy resolution of the KM2A array with the standard configuration.
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The core position resolution is 7 m at 30 GeV and 2 m at 1 PeV 
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sensitivity (Fig. 10) of the guard ring configuration is better than
the sensitivity of the standard configuration by 50% at 50 TeV.

For the MDs, the most important specification is the size of the
MD detector unit and number of the detectors which decides how
many muons can be obtained. Under limitation on the area of the
array which must be less than 1 km2, there are four configurations
considered different from the standard configuration:

1. Distance between detectors increases to 40 m, and sensitive
area of the MD array decreases to 26,000 m2;

2. Distance between detectors increases to 45 m, and sensitive
area of the MD array decreases to 20,000 m2;

3. Size of the MD detector unit is reduced to 5 m ! 5 m, and sen-
sitive area of the MD array decreases to 28,000 m2;

4. Size of the MD detector unit is enlarged to 12 m ! 12 m, and
Distance between detectors increases to 60 m, therefore sensi-
tive area of the MD array is not changed;

It is indicated (Fig. 11) that the sensitivity is not only decided by
the sensitive area of the array (a larger area leading to better sen-
sitivity), but also decided by the arrangement of the detectors, i.e.,
the standard configuration (with large separations) is better than

the concentrated configuration (case 4). The standard configura-
tion has the best sensitivity among all the options.

Moreover, WCDA is also considered to detect muons. WCDA is a
water Cerenkov detector array with area 90,000 m2. WCDA is con-
figured with four 150 m ! 150 m pools. Each pool is partitioned by
black curtains into 5 m ! 5 m detector cells, and each cell has an 8-
in PMT. Diameter hemispherical PMT with quantum efficiency 25%
at 400 nm at the center of the bottom that faces upward to receive
the Cherenkov light. For detector response of WCDA, the detector
unit is simulated with GEANT4, and a look-up table is made to
parameterize number of generated particles corresponding to dif-
ferent injected particles, energy, direction and distance to the cen-
ter of the detector unit. The lateral distribution of electrons is very
different from the lateral distribution of muons: electrons are more
abundant than muons near the shower core, but muons decrease
more slowly than electrons along distance from the core. After
optimization, photoelectrons detected at distance of larger than
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Fig. 5. The core position resolution of the KM2A array with the standard
configuration.

Fig. 6. Determination of primary energy with the number of charged particle (Ne)
of the KM2A array with the standard configuration.
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sensitivity (Fig. 10) of the guard ring configuration is better than
the sensitivity of the standard configuration by 50% at 50 TeV.

For the MDs, the most important specification is the size of the
MD detector unit and number of the detectors which decides how
many muons can be obtained. Under limitation on the area of the
array which must be less than 1 km2, there are four configurations
considered different from the standard configuration:

1. Distance between detectors increases to 40 m, and sensitive
area of the MD array decreases to 26,000 m2;

2. Distance between detectors increases to 45 m, and sensitive
area of the MD array decreases to 20,000 m2;

3. Size of the MD detector unit is reduced to 5 m ! 5 m, and sen-
sitive area of the MD array decreases to 28,000 m2;

4. Size of the MD detector unit is enlarged to 12 m ! 12 m, and
Distance between detectors increases to 60 m, therefore sensi-
tive area of the MD array is not changed;

It is indicated (Fig. 11) that the sensitivity is not only decided by
the sensitive area of the array (a larger area leading to better sen-
sitivity), but also decided by the arrangement of the detectors, i.e.,
the standard configuration (with large separations) is better than

the concentrated configuration (case 4). The standard configura-
tion has the best sensitivity among all the options.

Moreover, WCDA is also considered to detect muons. WCDA is a
water Cerenkov detector array with area 90,000 m2. WCDA is con-
figured with four 150 m ! 150 m pools. Each pool is partitioned by
black curtains into 5 m ! 5 m detector cells, and each cell has an 8-
in PMT. Diameter hemispherical PMT with quantum efficiency 25%
at 400 nm at the center of the bottom that faces upward to receive
the Cherenkov light. For detector response of WCDA, the detector
unit is simulated with GEANT4, and a look-up table is made to
parameterize number of generated particles corresponding to dif-
ferent injected particles, energy, direction and distance to the cen-
ter of the detector unit. The lateral distribution of electrons is very
different from the lateral distribution of muons: electrons are more
abundant than muons near the shower core, but muons decrease
more slowly than electrons along distance from the core. After
optimization, photoelectrons detected at distance of larger than
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Fig. 5. The core position resolution of the KM2A array with the standard
configuration.

Fig. 6. Determination of primary energy with the number of charged particle (Ne)
of the KM2A array with the standard configuration.
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E (TeV)
1 10 210 310

)
-1 s

-2
E 

F(
>E

) (
Te

V 
cm

-1510

-1410

-1310

-1210

-1110

-1010

Fig. 8. The sensitivity of the KM2A array with the standard configuration (black
line), after one calendar year’s observation. At 50 TeV 1,700 events are received and
the sensitivity reaches 0.008 Crab. The dashed three lines are 1 Crab, 0.1 Crab and
0.01 Crab respectively. They have the same meaning in the following sensitivity
plots.

S. Cui et al. / Astroparticle Physics 54 (2014) 86–92 89

gamma rays and nuclei. Fig. 2 is a scatter plot of number of muons
Nl measured in the MDs vs number of electrons Ne measured in
the EDs. Black dotes and blue crosses correspond to gamma ray-
induced and nuclei-induced events respectively. The solid black
line is the optimized cut condition to suppress nuclei-induced
events. At large Ne bins (high energy regions), nuclei showers as
the background have sufficiently large muon content compared
to gamma ray showers. Therefore muon content serves as a clean
veto signal for suppression of the nuclei background. The large
scale MD array of KM2A will reject the primary cosmic nuclei
background at a level of 10!5 or even better above 50 TeV.

For the KM2A array, we can estimate the detected gamma rays
with

Nc ¼
Z

E
Ac

eff ðEÞJcðEÞdE % ecðDXÞ % TðsÞ; ð2Þ

and the background events at the same open angle can be calcu-
lated by

Ncr ¼
Z

Anuclei
eff ðEÞJnucleiðEÞdE % DXðNtrigÞ % TðsÞ; ð3Þ

where Ac
eff and Anuclei

eff are effective areas of the array for primary
gamma rays and cosmic ray background respectively, Jc [20] and
Jnuclei [21] are differential spectrum of the gamma ray source and
cosmic ray background respectively, DX is solid angle of observa-
tion, e, taken 70% as convention, is the percentage of signals within
DX pointing to the source direction, and T is the observation time. In
the following, if not mentioned, the Crab Nebula is considered dur-
ing estimation of sensitivity of the array. The significance is calcu-
lated with formula:

SðP NtrigÞ ¼
NcðP NtrigÞffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
NbkgðP NtrigÞ

p % Q ; ð4Þ

where Q is the factor for c=p discrimination, calculated by

Q ¼ Surv ival Ratio of cffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Survival Ratio of proton

p : ð5Þ

3. Performance of the standard configuration

According to the simulation, the KM2A array with the standard
configuration has the following performance: For cosmic gamma
rays, the effective area can reach 0.8 km2 at 30 TeV (Fig. 3). The

angular resolution is 0:4& at 30 TeV and 0:2& at 1 PeV (Fig. 4). The
core position resolution is 7 m at 30 GeV and 2 m at 1 PeV
(Fig. 5). Energy is linearly determined by Ne (Fig. 6), and the energy
resolution is 28% at 30 TeV and 15% at 1 PeV (Fig. 7)). The sensitiv-
ity value is in the unit of Crab intensity of integral flux, i.e., the sen-
sitivity value is divided by 5r where r is standard deviation. When
the survival ratio of nuclei is 0 above 100 TeV, so called ‘‘back-
ground free’’, 10 signal events are taken as the standard unit to
measure the sensitivity of array. Finally, the sensitivity of the
KM2A array with the standard configuration is obtained (Fig. 8),
and it reaches less than 1% Crab at 50 TeV in one calendar year.

4. Optimization of the KM2A array

In order to reach the best performance-price ratio, i.e., taking
less investment meanwhile keeping higher performance for gam-
ma ray energy spectra measurement above 30 TeV, an optimiza-
tion of the KM2A array is performed. Some constraints have to
be kept in mind: Because of limitation of the array scale and the
location, the area of the KM2A array should be kept 1 km2; The to-
tal investment should be lower than 0.3 billion Chinese Yuan; The
sensitivity of the array should reach 1% Crab at 50 TeV. Several con-
figurations are compared with ‘‘the standard configuration’’.

For the ED array, the distance between the detectors is fixed as
15 m, because less distance means more detectors and then higher
investment, e.g., distance of 7.5 m makes number of detectors in-
crease 3 times. The size of the ED detector unit is changed into
the following options:

' 0.54 m ( 0.54 m, sensitive area of the EDs 1500 m2;
' 0.7 m ( 0.7 m, sensitive area of the EDs 2500 m2;
' (the standard configuration) 1 m ( 1 m, sensitive area of the

EDs 5000 m2;
' 1.2 m ( 1.2 m, sensitive area of the EDs 7200 m2.

With increasing size of the ED detector unit, the angular resolu-
tion and the effective area are improved so that the final sensitivity
of the array (Fig. 9) is improved. The sensitivity of the standard
configuration is similar with one of size 1.2 m ( 1.2 m.

Moreover, two rings of the ED detectors with double adjacent
distance (30 m) outside the standard configuration, so called guard
rings, are considered. The KM2A array is extended to 1.2 km2 and
the efficiency of the array at middle part of the energy range
becomes higher than the one of the standard configuration. The
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Fig. 3. The effective area of the KM2A array with the standard configuration.
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Fig. 4. The angular resolution of the KM2A array with the standard configuration.
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The angular resolution is 0.4︎° at 30 TeV and 0.2°︎ at 1 PeV

The energy resolution is 28% at 30 TeV and 15% at 1 PeV

physics in the ‘‘knee’’ region. The standard configuration of the
KM2A array is based on the result of optimization of the design
(see later): The ED array, with a sensitive area of about 5,341 m2,
consists of 5,341 square plastic scintilators with a size of
1 m ! 1 m ! 2 cm, placed on a triangle with side length of 15 m.
Each ED detector is covered by one 0.5 cm thick lead plate used
as c converter in order to improve the angular resolution and the
EAS core position resolution of the array. The MD array, with a sen-
sitive area of 43,956 m2, consists of 1,221 cylindrical water tanks
with diameter of 6.8 m and height of 1.2 m, placed on a triangle
with side length of 30 m. Each MD detector is covered by an over-
burden of 2.5 m soil, which results in muon energy threshold of
1.3 GeV, to mask electro-magnetic particles in showers. In this re-
port, results are presented from a simulation and performance
study of the KM2A detectors.

2. Simulation method

2.1. Simulation setup

In this simulation, cosmic rays, including cosmic gamma rays
and cosmic nuclei, are generated by Corsika [16] version 6.616.
The selected hadronic interaction model is QGSJETII for high en-
ergy and GHEISHA for low energy. Primaries are simulated in the
energy range from 3 TeV to 10 PeV. The zenith angle range is from
0 to 45", the azimuthal angle range is from 0" to 360", and the
observation level is 4300 m a.s.l.

For detector response, the detector unit of the KM2A array is
simulated individually at first. The ED and MD detector unit are
simulated with GEANT4 [17], and a look-up table is made to
parameterize the number of generated particles corresponding to
different injected particles, energy, direction and distance to the
center of the detector unit. The signal pulse is parameterized
according to the real one at the KM2A engineering array. One
charged particle generates 20 photo-electrons (p.e.s) in the ED in
average and a fluctuation of Landau distribution for signals is
added. The threshold of the ED is set 7 p.e.s. When one ED receives
one pulse above the threshold, the ED hit is given. The MD is sim-
ulated in the same way as the ED. The event trigger requires at
least 20 ED hits in the trigger time window of 600 ns, i.e.
Ntrig P 20, where Ntrig is number of the triggered ED detectors.
The event readout time window is set as 10 ls. Noise from single
cosmic secondaries in the EDs and MDs is set as 1 kHz/m2 and
300 Hz/m2 respectively according to experience at ARGO-YBJ, and
a fluctuation of exponential distribution for noise is added.

2.2. Event reconstruction

After showers are generated, the procedure of data analysis is as
follows: Firstly, A shower front with a conical shape is recon-
structed from positions and arrival times in the fired EDs and fitted
with the least square method to obtain EAS direction. Secondly,
EAS core position, size and age can be reconstructed from electrons
in the EDs by fitting the lateral distribution with the NKG formula
[18,19] in the maximum likelihood method. The NKG formula is:
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where q is density of particles per m2, r(m) is distance from the
shower core, N is the shower size, r0(m) is the Moliere unit, s is
the shower age, and C is gamma function. Position of weight center
of electron hits is used as initial value of the core position. Both
direction and lateral distribution reconstruction are iterated several
times to obtain shower direction, core position, size and age finally.
Primary energy of showers is determined by Ne, the total number of
charged particles detected by the array. Energy resolution is defined
as standard deviation of Gaussian distribution of ratio of difference
between the estimated energy and the true energy to the true
energy.

During reconstruction, a time selection window of (500 ns
around the trigger time is set for Ntrig < 150 in order to reduce
noise from single cosmic secondaries in the EDs. For Ntrig > 150, a
space selection window around the core of the shower is set in or-
der to improve shower lateral distribution fitting. These selections
are beneficial to obtain higher angular resolution and core position
resolution. In order to reduce the influence of noise in the MDs, the
number of muons in the MDs is selected in a time window (30 ns
around the trigger time measured in the EDs. Events with a dis-
tance of less than 560 m from reconstructed shower core position
to the array center are selected to remove not well reconstructed
events at the border of the array.

2.3. Sensitivity estimation

Measurement of both electrons and muons in EAS can provide a
powerful capability for discrimination between original cosmic

Fig. 1. Configuration of LHAASO.

Fig. 2. The scatter plot of Nl vs Ne . Black dotes and blue crosses correspond to
gamma ray-induced and proton-induced air shower events, respectively. The solid
black line shows the optimized cut condition to suppress cosmic nuclei-induced
events. (For interpretation of the references to color in this figure legend, the reader
is referred to the web version of this article.)
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physics in the ‘‘knee’’ region. The standard configuration of the
KM2A array is based on the result of optimization of the design
(see later): The ED array, with a sensitive area of about 5,341 m2,
consists of 5,341 square plastic scintilators with a size of
1 m ! 1 m ! 2 cm, placed on a triangle with side length of 15 m.
Each ED detector is covered by one 0.5 cm thick lead plate used
as c converter in order to improve the angular resolution and the
EAS core position resolution of the array. The MD array, with a sen-
sitive area of 43,956 m2, consists of 1,221 cylindrical water tanks
with diameter of 6.8 m and height of 1.2 m, placed on a triangle
with side length of 30 m. Each MD detector is covered by an over-
burden of 2.5 m soil, which results in muon energy threshold of
1.3 GeV, to mask electro-magnetic particles in showers. In this re-
port, results are presented from a simulation and performance
study of the KM2A detectors.

2. Simulation method

2.1. Simulation setup

In this simulation, cosmic rays, including cosmic gamma rays
and cosmic nuclei, are generated by Corsika [16] version 6.616.
The selected hadronic interaction model is QGSJETII for high en-
ergy and GHEISHA for low energy. Primaries are simulated in the
energy range from 3 TeV to 10 PeV. The zenith angle range is from
0 to 45", the azimuthal angle range is from 0" to 360", and the
observation level is 4300 m a.s.l.

For detector response, the detector unit of the KM2A array is
simulated individually at first. The ED and MD detector unit are
simulated with GEANT4 [17], and a look-up table is made to
parameterize the number of generated particles corresponding to
different injected particles, energy, direction and distance to the
center of the detector unit. The signal pulse is parameterized
according to the real one at the KM2A engineering array. One
charged particle generates 20 photo-electrons (p.e.s) in the ED in
average and a fluctuation of Landau distribution for signals is
added. The threshold of the ED is set 7 p.e.s. When one ED receives
one pulse above the threshold, the ED hit is given. The MD is sim-
ulated in the same way as the ED. The event trigger requires at
least 20 ED hits in the trigger time window of 600 ns, i.e.
Ntrig P 20, where Ntrig is number of the triggered ED detectors.
The event readout time window is set as 10 ls. Noise from single
cosmic secondaries in the EDs and MDs is set as 1 kHz/m2 and
300 Hz/m2 respectively according to experience at ARGO-YBJ, and
a fluctuation of exponential distribution for noise is added.

2.2. Event reconstruction

After showers are generated, the procedure of data analysis is as
follows: Firstly, A shower front with a conical shape is recon-
structed from positions and arrival times in the fired EDs and fitted
with the least square method to obtain EAS direction. Secondly,
EAS core position, size and age can be reconstructed from electrons
in the EDs by fitting the lateral distribution with the NKG formula
[18,19] in the maximum likelihood method. The NKG formula is:
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where q is density of particles per m2, r(m) is distance from the
shower core, N is the shower size, r0(m) is the Moliere unit, s is
the shower age, and C is gamma function. Position of weight center
of electron hits is used as initial value of the core position. Both
direction and lateral distribution reconstruction are iterated several
times to obtain shower direction, core position, size and age finally.
Primary energy of showers is determined by Ne, the total number of
charged particles detected by the array. Energy resolution is defined
as standard deviation of Gaussian distribution of ratio of difference
between the estimated energy and the true energy to the true
energy.

During reconstruction, a time selection window of (500 ns
around the trigger time is set for Ntrig < 150 in order to reduce
noise from single cosmic secondaries in the EDs. For Ntrig > 150, a
space selection window around the core of the shower is set in or-
der to improve shower lateral distribution fitting. These selections
are beneficial to obtain higher angular resolution and core position
resolution. In order to reduce the influence of noise in the MDs, the
number of muons in the MDs is selected in a time window (30 ns
around the trigger time measured in the EDs. Events with a dis-
tance of less than 560 m from reconstructed shower core position
to the array center are selected to remove not well reconstructed
events at the border of the array.

2.3. Sensitivity estimation

Measurement of both electrons and muons in EAS can provide a
powerful capability for discrimination between original cosmic

Fig. 1. Configuration of LHAASO.

Fig. 2. The scatter plot of Nl vs Ne . Black dotes and blue crosses correspond to
gamma ray-induced and proton-induced air shower events, respectively. The solid
black line shows the optimized cut condition to suppress cosmic nuclei-induced
events. (For interpretation of the references to color in this figure legend, the reader
is referred to the web version of this article.)
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The large area of the MD array of KM2A 
allow rejection of cosmic ray background at 
a level of 10-5 at about 100 TeV. 

Above 100 TeV, in the ‘back-ground free’ 
regime, 10 signal events are taken to measure 
the sensitivity of array.

At 50 TeV 1,700 events from Crab, expected 
sensitivity at level of 0.008 Crab fluxsensitivity (Fig. 10) of the guard ring configuration is better than

the sensitivity of the standard configuration by 50% at 50 TeV.
For the MDs, the most important specification is the size of the

MD detector unit and number of the detectors which decides how
many muons can be obtained. Under limitation on the area of the
array which must be less than 1 km2, there are four configurations
considered different from the standard configuration:

1. Distance between detectors increases to 40 m, and sensitive
area of the MD array decreases to 26,000 m2;

2. Distance between detectors increases to 45 m, and sensitive
area of the MD array decreases to 20,000 m2;

3. Size of the MD detector unit is reduced to 5 m ! 5 m, and sen-
sitive area of the MD array decreases to 28,000 m2;

4. Size of the MD detector unit is enlarged to 12 m ! 12 m, and
Distance between detectors increases to 60 m, therefore sensi-
tive area of the MD array is not changed;

It is indicated (Fig. 11) that the sensitivity is not only decided by
the sensitive area of the array (a larger area leading to better sen-
sitivity), but also decided by the arrangement of the detectors, i.e.,
the standard configuration (with large separations) is better than

the concentrated configuration (case 4). The standard configura-
tion has the best sensitivity among all the options.

Moreover, WCDA is also considered to detect muons. WCDA is a
water Cerenkov detector array with area 90,000 m2. WCDA is con-
figured with four 150 m ! 150 m pools. Each pool is partitioned by
black curtains into 5 m ! 5 m detector cells, and each cell has an 8-
in PMT. Diameter hemispherical PMT with quantum efficiency 25%
at 400 nm at the center of the bottom that faces upward to receive
the Cherenkov light. For detector response of WCDA, the detector
unit is simulated with GEANT4, and a look-up table is made to
parameterize number of generated particles corresponding to dif-
ferent injected particles, energy, direction and distance to the cen-
ter of the detector unit. The lateral distribution of electrons is very
different from the lateral distribution of muons: electrons are more
abundant than muons near the shower core, but muons decrease
more slowly than electrons along distance from the core. After
optimization, photoelectrons detected at distance of larger than
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Fig. 6. Determination of primary energy with the number of charged particle (Ne)
of the KM2A array with the standard configuration.
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physics in the ‘‘knee’’ region. The standard configuration of the
KM2A array is based on the result of optimization of the design
(see later): The ED array, with a sensitive area of about 5,341 m2,
consists of 5,341 square plastic scintilators with a size of
1 m ! 1 m ! 2 cm, placed on a triangle with side length of 15 m.
Each ED detector is covered by one 0.5 cm thick lead plate used
as c converter in order to improve the angular resolution and the
EAS core position resolution of the array. The MD array, with a sen-
sitive area of 43,956 m2, consists of 1,221 cylindrical water tanks
with diameter of 6.8 m and height of 1.2 m, placed on a triangle
with side length of 30 m. Each MD detector is covered by an over-
burden of 2.5 m soil, which results in muon energy threshold of
1.3 GeV, to mask electro-magnetic particles in showers. In this re-
port, results are presented from a simulation and performance
study of the KM2A detectors.

2. Simulation method

2.1. Simulation setup

In this simulation, cosmic rays, including cosmic gamma rays
and cosmic nuclei, are generated by Corsika [16] version 6.616.
The selected hadronic interaction model is QGSJETII for high en-
ergy and GHEISHA for low energy. Primaries are simulated in the
energy range from 3 TeV to 10 PeV. The zenith angle range is from
0 to 45", the azimuthal angle range is from 0" to 360", and the
observation level is 4300 m a.s.l.

For detector response, the detector unit of the KM2A array is
simulated individually at first. The ED and MD detector unit are
simulated with GEANT4 [17], and a look-up table is made to
parameterize the number of generated particles corresponding to
different injected particles, energy, direction and distance to the
center of the detector unit. The signal pulse is parameterized
according to the real one at the KM2A engineering array. One
charged particle generates 20 photo-electrons (p.e.s) in the ED in
average and a fluctuation of Landau distribution for signals is
added. The threshold of the ED is set 7 p.e.s. When one ED receives
one pulse above the threshold, the ED hit is given. The MD is sim-
ulated in the same way as the ED. The event trigger requires at
least 20 ED hits in the trigger time window of 600 ns, i.e.
Ntrig P 20, where Ntrig is number of the triggered ED detectors.
The event readout time window is set as 10 ls. Noise from single
cosmic secondaries in the EDs and MDs is set as 1 kHz/m2 and
300 Hz/m2 respectively according to experience at ARGO-YBJ, and
a fluctuation of exponential distribution for noise is added.

2.2. Event reconstruction

After showers are generated, the procedure of data analysis is as
follows: Firstly, A shower front with a conical shape is recon-
structed from positions and arrival times in the fired EDs and fitted
with the least square method to obtain EAS direction. Secondly,
EAS core position, size and age can be reconstructed from electrons
in the EDs by fitting the lateral distribution with the NKG formula
[18,19] in the maximum likelihood method. The NKG formula is:
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where q is density of particles per m2, r(m) is distance from the
shower core, N is the shower size, r0(m) is the Moliere unit, s is
the shower age, and C is gamma function. Position of weight center
of electron hits is used as initial value of the core position. Both
direction and lateral distribution reconstruction are iterated several
times to obtain shower direction, core position, size and age finally.
Primary energy of showers is determined by Ne, the total number of
charged particles detected by the array. Energy resolution is defined
as standard deviation of Gaussian distribution of ratio of difference
between the estimated energy and the true energy to the true
energy.

During reconstruction, a time selection window of (500 ns
around the trigger time is set for Ntrig < 150 in order to reduce
noise from single cosmic secondaries in the EDs. For Ntrig > 150, a
space selection window around the core of the shower is set in or-
der to improve shower lateral distribution fitting. These selections
are beneficial to obtain higher angular resolution and core position
resolution. In order to reduce the influence of noise in the MDs, the
number of muons in the MDs is selected in a time window (30 ns
around the trigger time measured in the EDs. Events with a dis-
tance of less than 560 m from reconstructed shower core position
to the array center are selected to remove not well reconstructed
events at the border of the array.

2.3. Sensitivity estimation

Measurement of both electrons and muons in EAS can provide a
powerful capability for discrimination between original cosmic

Fig. 1. Configuration of LHAASO.

Fig. 2. The scatter plot of Nl vs Ne . Black dotes and blue crosses correspond to
gamma ray-induced and proton-induced air shower events, respectively. The solid
black line shows the optimized cut condition to suppress cosmic nuclei-induced
events. (For interpretation of the references to color in this figure legend, the reader
is referred to the web version of this article.)
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Figure 4.14: Two-dimensional distribution of the

shower size of charged particles Ne and total muon con-

tent Nµ detected by KM2A. Red and black dots corre-

spond to gamma and proton-induced events, respectively.

The solid red line shows a selection cut optimized to im-

prove the Q-factor.
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Figure 4.15: Fraction of surviving gamma and proton-

induced events after the selection cut.

found to be about 10�5.

This implies that the isotropic di↵use �-ray flux expected in the hundred TeV range can be observed to a
level ⇠10�5 of the cosmic ray background if the systematic uncertainties of the detector are understood at the
same level.

Above ⇠150 TeV the study of the gamma emission from a point source can be considered as background

Fraction of surviving gamma and p- 
induced events after the selection cut. 
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PROCEEDINGS OF THE 31st ICRC, ŁÓDŹ 2009 3

TABLE I: In one calendar year’s observation KM2A will detecte gamma signals and background events within the
opening angle, the below listed Em

γ means the mode energy for each Nhit bin, and survival means after cut-line
selecting remained composition. BF means background free.

Nhit bin Em
γ (TeV) opening angle(◦) Nγ (≥ Em

γ ) survival γs(%) NCR(≥ Em
γ ) survival CRs (%) S(σ)

100-110 12.6 0.63 23829 34.31 5655368 0.0139 291

110-120 16.0 0.62 16545 34.31 3782833 0.0103 288

120-130 19.0 0.60 11248 33.17 2466015 0.0070 283

130-150 23.0 0.58 8562 33.63 1748691 0.0045 324

150-190 30.0 0.56 6272 35.07 1206158 0.0043 305

190-220 41.0 0.53 4056 35.11 704618 0.0015 438

220-250 50.0 0.50 2426 37.73 369808 0.0007 569

250-300 60.0 0.49 1747 40.43 249381 0.0010 447

300-500 84.0 0.48 1289 45.25 174837 BF

500-1000 160.0 0.47 733 48.81 93711 BF

1000 240.0 0.45 250 76.32 29257 BF
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Fig. 3: Number of muons distribution. Red curve is
of gamma induced showers and blue is of p induced
showers.

electrons as veto signals for hadronic showers. And the
red solid-line is for optimizing Q factor, in different
energy bins we selected different cut-lines to get rid of
most of hadron backgrounds. At higher energies region,
hadronic showers as the background have sufficiently
large muon content contrast with gamma showers that
serves as a enough clean veto signal for suppression
of the background. Fig4 illustrated how well this can
be fulfilled. The large scale muon detector array of the
KM2A will reject the hadronic shower background at a
level of 10−5 or even better at above 50 TeV region.
This essentially enable creating background free gamma

Fig. 4: Distribution of Nµ as a function of Ne in a
same shower. Green and blue dots correspond to gamma-
induced and p-induced air shower events, respectively.

rays samples for high energy sources. It forms a base
for highest sensitivity for the high energy gamma ray
sources discovery.

V. SENSITIVITY RESULTS
we divided the events into 11 bins in accordance with

the number of hits (Nhit) detected by the EDs array.
Here Nhit of the shower is correlated with event primary
energy, and can be used to evaluate the energy with 30%
resolution(refer Fig. 5). We calculate the significance
with optimized cut conditions, the survival gammas and
CRs are listed in the Table.1.

γ

p
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MC show that at 10 (30) TeV the fraction 
of CRs surviving the discrimination is 
only 0.01 % (0.004 %).


At larger energy (E ≥ 100 TeV) the rate of 
CRs left after the rejection procedure 

is less than one event per year (a surving 
fraction smaller than 10-5).

The observations of gamma rays can 
therefore be considered as background 
free in exposures of one year or less.

WCDA

1 KM2A (EDs + MDs)

Bkg free
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Expected improvement by using 
muons detected by WCDA

Final calculations with the final 
layout underway 

100 m from the core are used to distinguish muons with electrons.
Fig. 12 is photoelectrons distribution of muons and electrons
which indicates good separation between muons and electrons.
Then muons detected by the water detector are calculated from
photoelectrons divided by 16, the peak value of the photoelectrons
distribution of muons. Finally, by using muons detected by WCDA,
the sensitivity becomes 0.006 Crab at 50 TeV, better than one of
only using KM2A with the standard configuration (Fig. 13).

5. Expected observation results of TeV gamma ray sources

For different sources, the KM2A array has different sensitivities.
Fig. 14 gives expected spectrum of crab with different energy cut-
off measured by the KM2A array, compared with results of the
other experiments. It indicates that the KM2A array will provide
high precision measurements of gamma ray above 10 TeV up to
1 PeV. Fig. 15 shows the KM2A integral flux sensitivity to a crab-
like gamma-ray source compared with other experiments or
experimental proposals. The better discrimination power will be
obtained at the above 30 TeV region. According to our simulation,
with 5r significance in one calendar year, the LHAASO project will
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Fig. 9. Sensitivities of the KM2A array for different sizes of the ED detector unit.
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Fig. 10. Sensitivity of the guard ring configuration (square) compared with the one
of the standard configuration (triangle). (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 12. The photoelectrons distribution of muons (solid line) and electrons (dashed
line) at distance of larger than 100 m from the shower core. (For interpretation of
the references to color in this figure legend, the reader is referred to the web version
of this article.)
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to the web version of this article.)
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100 m from the core are used to distinguish muons with electrons.
Fig. 12 is photoelectrons distribution of muons and electrons
which indicates good separation between muons and electrons.
Then muons detected by the water detector are calculated from
photoelectrons divided by 16, the peak value of the photoelectrons
distribution of muons. Finally, by using muons detected by WCDA,
the sensitivity becomes 0.006 Crab at 50 TeV, better than one of
only using KM2A with the standard configuration (Fig. 13).

5. Expected observation results of TeV gamma ray sources

For different sources, the KM2A array has different sensitivities.
Fig. 14 gives expected spectrum of crab with different energy cut-
off measured by the KM2A array, compared with results of the
other experiments. It indicates that the KM2A array will provide
high precision measurements of gamma ray above 10 TeV up to
1 PeV. Fig. 15 shows the KM2A integral flux sensitivity to a crab-
like gamma-ray source compared with other experiments or
experimental proposals. The better discrimination power will be
obtained at the above 30 TeV region. According to our simulation,
with 5r significance in one calendar year, the LHAASO project will
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Fig. 9. Sensitivities of the KM2A array for different sizes of the ED detector unit.
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Fig. 10. Sensitivity of the guard ring configuration (square) compared with the one
of the standard configuration (triangle). (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 12. The photoelectrons distribution of muons (solid line) and electrons (dashed
line) at distance of larger than 100 m from the shower core. (For interpretation of
the references to color in this figure legend, the reader is referred to the web version
of this article.)
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90 S. Cui et al. / Astroparticle Physics 54 (2014) 86–92

Extrapola)on of TeV spectra assuming no cutoff

X. Bai et al., arXiv:1905.02773
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Source' Zenith'
angle'
culm.'

F'>'1'
TeV'
(c.u.)'

Energy'
range'

Spectral'
index'

Angular'
Extension'(σ)'

Thyco' 34°' 0.009' 1E10' 1.95'

G106.3+2.7' 31°' 0.03' 1E20' 2.29' 0.3°'x'0.2°'

Cas'A' 29°' 0.05' 0.5E10' 2.3'

W51' 16°' 0.03' 0.1E5' 2.58' 0.12°''

IC443' 7.5°' 0.03' 0.1E2' 3.0' 0.16°'

W49B' 21°' 0.005' 0.3E10' 3.1'

TYCHO&&&(34°)&
CAS&A&&&(29°)&
&G106.3+2.7 (31°)&
 

IC443 
(7.5°)&
 

W51&&
(16°)&W49B&

(21°)&
&

CRAB 

No cutoff observed in the 6 TeV spectra

TYCHO 

E-1.95 

IC#443#

E-3.0 

CAS  A 

E-2.3 



G. Di Sciascio July 27, 2020

Opening the PeV range

18

Energy (TeV)
1−10 1 10 210 310

]-1
 s

-2
E 

* F
lu

x(
>E

) [
 e

rg
s 

cm

14−10

13−10

12−10

11−10

10−10

9−10
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LHAASO (1 year, 5 s.d.)
HAWC (1 year, 5 s.d.)
HESS/VERITAS (50 hours)
MAGIC II (50 hours)
CTA-South Survey
CTA-South point sources (50 hours)
EAS-TOP Crab u.l. (1995)
KASCADE Crab u.l. (2004)
HEGRA AIROBICC u.l. (2002)
CASA-MIA Crab u.l. (1991,1997)

EAS-array: 5 s.d. in 1 year

Cherenkov: 5 s.d. in 50 h on source

̣ 1 year for EAS arrays means:

(5 h ⨉ 365 d) ~1500 - 2200 of 
observation hours for each source 
(about 4-6 hours per day).


̣ For Cherenkov: 

(5 h ⨉ 365 d) ⨉ d.c. (≈ 15%) ≈ 270 h/y 
for each source.“Terra Incognita”
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12 Scientific Motivation

angle of 40�), while the sensitivity of Cherenkov telescopes only concerns the observation in a region of a few
degrees radius that often contains only one source. Every day LHAASO (located at latitude 29� North) can
survey the declination band from -11� to +69� that includes the galactic plane in the longitude interval from
+20� to +225�.

In the past, the air shower detectors ARGO-YBJ and Milagro have surveyed about the same region of the
sky visible by LHAASO, at energies above 0.3–1 TeV and ⇠10 TeV respectively, with a sensitivity of about 0.3
Crab units [33, 34]. The new EAS array HAWC [35], in full operation since 2015, has a sensitivity ⇠4 times
lower than that expected for LHAASO in the 1–10 TeV region, but more than 100 times lower at 100 TeV.
Concerning Cherenkov telescopes, their limited field of view and duty cycle prevent a survey of large regions of
the sky. In the past a fraction of the galactic plane have been surveyed by IACTs with an excellent sensitivity
in the TeV energy range. HESS performed a survey of the galactic plane between longitude -110� and 65� in
the latitude band ±3.5� with a sensitivity of ⇠0.02 Crab units at energies above 100 GeV [36], that led to the
discovery of more than 60 sources, while VERITAS surveyed the Cygnus region between longitude 67� and 82�

with a sensitivity of about 0.04 Crab units [37].

To compare the e↵ective sensitivities in sky survey, one has to take into account the fact that a Cherenkov
telescope must scan the whole region under study with di↵erent pointings. The number of pointings determines
the maximum observation time that can be dedicated to any source. If we consider a survey of the Galactic
Plane in a galactic longitude interval of ⇠200�, a reasonable number of pointing is ⇠100. Assuming a total
observation time of ⇠1300 hours/year, a full year dedicated to the survey allows an exposure of ⇠13 hours for
source. This time is reduced to less than 2 hours for an all sky survey of ⇠ ⇡ sr of solid angle, that requires
approximately ⇠800 pointings.

The reduced observation time causes an increase of the minimum detectable flux, as shown in the blue band
of Fig.2.2, where the lower limit of the band refers to a Galactic plane survey and the upper limit to an all sky
survey of ⇡ sr [27, 28].

Table 2: Performance comparison between LHAASO-KM2A and CASA-MIA experiments

Experiment Angular resolution µ detector EAS array µ detector Background hadron
sensitive area (m2) instrumented area (m2) coverage surviving e�ciency

LHAASO-KM2A 0.3� (100 TeV) 42,000 1.3⇥106 4.4⇥10�2 ⇠10�5 (�100 TeV)
0.2� (1 PeV)

CASA-MIA 2� (100 TeV) 2500 230,000 1.1⇥10�2 10�2 (178 TeV)
⇠0.5� (646 TeV) 2⇥10�4 (646 TeV)

In Fig.2.2 the upper limits set by di↵erent experiments to high energy gamma-ray emission in the Northern
hemisphere are reported [29, 30, 31, 32]. In five years of observations, the CASA-MIA experiment sets the
lowest upper limits to the flux from the Crab Nebula around and above 100 TeV [32]. Beyond 1 PeV, the
IceTop/IceCube experiments, located at the South Pole, reports a minimum observable gamma ray flux ranging
from ⇠10�19 to 10�17 photons s�1 cm�2 TeV�1 (depending on the source declination) for sources on the galactic
plane in 5 years of measurements [38].

Table 2 compares the performance of the LHAASO-KM2A array with the CASA-MIA experiment. At 100
TeV, the angular resolution of the LHAASO-KM2A array for gamma rays is ⇠7 times better than that of
CASA-MIA, and the area is ⇠4 times larger. The e�ciency in background rejection is about 2⇥103 times
better in LHAASO, due to the larger muon detector area. According to expression (1), the LHAASO sensitivity
is ⇠500 times better than that of CASA-MIA at 100 TeV.

With this sensitivity, LHAASO can perform measurements of the high energy tails of emission spectra for

At 100 TeV, the angular resolution of the LHAASO-KM2A array for gamma rays is ≈ 7 times 
better than that of CASA-MIA, and the area is ≈ 4 times larger. 


The efficiency in background rejection is about 2x103 times better in LHAASO, due to the 
larger muon detector area. According to 

Motivation for a wide energy range and wide field of view �-ray telescope 11

gamma ray flux should be observable. This situation creates a testable hypothesis: a photon flux at the level of
the IceCube measurement suggest that the neutrinos are produced locally, within or near our Galaxy [24]. An
absence of photons would suggest the neutrinos are produced beyond the gamma-ray horizon [25, 26]. For this
reason, di↵use gamma-ray observations are particularly interesting if they reach a sensitivity below the level of
the IceCube astrophysical neutrino detection.

LHAASO satisfies all the requirements to be a very competitive gamma-ray telescope and to address all the
topics discussed above.

The sensitivity of an EAS detector is essentially determined by 3 parameters:

(1) the e↵ective area A, that determines the number of showers detected in a given time T ;

(2) the angular resolution �, that determines the size of the opening angle of observation and hence the
number of background showers;

(3) the capability to reject a large fraction of the CR background through an e�cient gamma/hadron discrim-
ination technique. The so-called “Q factor”, Q = f�/

p
fcr, represents the gain in sensitivity due to the

hadron discrimination procedure, where fcr is the fraction of CR events surviving the rejection procedure,
and f� is the fraction of surviving gamma rays.

Roughly, for a given energy, the minimum flux observable from a point source is

Fmin / �

Q ⇥
p
A ⇥ T

(2.1)

LHAASO, thanks to the e↵ective area reaching ⇠1 km2, the angular resolution down to 0.1–0.2�, and the
high capability of background rejection (fcr ⇠ 10�4 – 10�5), can reach a very high sensitivity in a wide energy
range (for details about the LHAASO performance, see Chapter 4).

Fig. 2.2 shows the LHAASO sensitivity in detecting a point–like gamma-ray source, compared to that of
other experiments. The LHAASO sensitivity shows a structure with two minima, reflecting the fact that the
observation and identification of photon showers in di↵erent energy ranges is carried out by di↵erent detectors:
the water Cherenkov array (WCDA) in the range ⇠0.3 – 10 TeV and the KM2A array above 10 TeV. According
to simulations, the minimum detectable integral gamma ray flux is around the percent of the Crab Nebula flux,
both at TeV energies and around 100 TeV.

It is interesting to note that above ⇠100 TeV the LHAASO observation of a point-source is background free,
in the sense that no cosmic ray showers survive after the discrimination procedure in one year of measurement,
in the observational window around the source. In the background free regime, the sensitivity increases linearly
with the observation time, instead of the square root of time.

To compare the sensitivities of the experiments reported in Fig. 2.2, it is important to note that, following
the standard convention, the EAS arrays sensitivity is given for a time of one year, while the sensitivity of
Cherenkov telescopes is calculated for 50 hours.

As can be seen in the figure, at energies above few TeV, the LHAASO one-year integral sensitivity is better
than the sensitivity of MAGIC or HESS in 50 hours. Above 10–20 TeV the LHAASO sensitivity becomes better
than that of CTA-South. At 100 TeV, it is about 30 times better than CTA. Since an IACT can only spend up
to ⇠200 hours per year observing a single interesting source due to solar and lunar constraints, this means that
even with the maximum exposure, an IACT still wouldn’t be able to match LHAASO sensitivity above a few
tens TeV.

It is important to remark that the LHAASO sensitivity shown in the figure also represents the sensitivity
for the survey of a large fraction of the sky (56% of the celestial sphere for observations with a maximum zenith

The LHAASO sensitivity is ≈ 500 times better than that of CASA-MIA at 100 TeV. 
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• When the source size is large compared to PSF, 
sensitivity is reduced by a factor of  

~ σdetector / σsource   

• When the source size is large compared to the FOV, 
sensitivity is reduced by a factor of 

~ σdetector / σsource 

≈ 70 % of TeV Galactic Sources are extended !
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PANIC 2005

Milagro

Extended Source Sensitivity

Source Smaller
Than FOV 

Source Larger
Than camera
(On and Off 
Observations)

ACT’s rely on angular resolution 
for excellent background rejection.

When the source size is large 
compared to PSF, sensitivity is 
reduced by a factor of 

~Vdetector/Vsource
When the source size is large 
compared to the FOV, sensitivity is 
reduced by 

~Vdetector/Vsource
AGN,
Pulsars,
X-ray Binaries

HESS GP Sources

SNRs, Galaxy Clusters

Molecular Clouds

Galactic Structure

(half angle)

The minimum integral flux (in Crab units) detectable by 
LHAASO and CTA-South as a function of the source 
angular diameter, for two different photon energies. 
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[1] ARGO-YBJ Collab. (G. Aielli et al ), 562, 92 (2006).

dimension of the 
extended source

Detectors with a ‘poor’ angular resolution are 
favoured in the extended source studies. 
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Expected Galactic diffuse gamma ray flux 

Unabsorbed 
flux 

Grey band: 
expected gamma 
ray flux in the 
region 
|lat| < 5° 
long =25°-100° 
 

    S.Vernetto & P.Lipari                                                                                 35th ICRC, 12-20 July 2017, Busan, Korea 

1 year LHAASO 
5 sigma 
sensitivity 
(approximate) 

Grey band: expected γ-ray flux in 
the region |lat|<5º, long=25º-100º

Extrapolation of the Fermi spectrum E-2.65±0.05 
with a steepening due to CR knee

by S. Vernetto & P. Lipari: ICRC 2017

Eγ ~ ECR/10

➜ Dmitri Semikoz talk
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Figure 3: Observation time (hours) per day as a function of the source declination, for 3 values of the maximum zenith
angle. The area under the curves is proportional to the total exposure (observation time × solid angle).

It is interesting to compare the performance in sky survey of LHAASO and the future array
CTA. As an example, we consider a survey of the galactic plane in a longitude interval of 200◦
and a latitude band from -4◦ to +4◦. A detector like CTA, with its small field of view, must scan
the whole region with different pointings. The number of pointings determines the maximum
observation time that can be dedicated to any location. Assuming a field of view of 5◦ radius
and a decrease of sensitivity of about 50% at a distance of 3◦ from the center (according to the
design of SSTs, the CTA-South small area telescopes planned to work at the highest energies),
a reasonable step for pointings could be 4◦. With this step, 100 pointings are necessary to cover
the entire region. Since in one year a Cherenkov telescope can make observations for a total time
of ∼1300 hours (assuming the use of the sylicon photomultipliers that allow the data taking also
in presence of the Moon), every source can be observed for ∼13 hours. At 1 TeV, the CTA-South
sensitivity in 13 hours is still higher than that of LHAASO in one year. At ∼25 TeV LHAASO
starts to become more sensitive than CTA. Above 30 TeV, the CTA-South sensitivity is no more
limited by the background but by the number of detected events (that must be at least equal to 10),
hence it can be rescaled linearly with the time. According to this rough estimation, LHAASO
would be ∼4 (40) times more sensitive than CTA-South at 30 (100 TeV).

The LHAASO performance is more impressive in case of an all sky survey, where assuming
a region of 7 steradians to be scanned, the number of CTA pointings would be as large as ∼1600
and every location would be observed for less than one hour. In this case the LHAASO sensitivity
would be more than ∼60 (600) times higher than that of CTA-South at 30 (100) TeV.

Finally, in the comparison with CTA-North (that will be located in the Canary island of La
Palma at about the same latitude of LHAASO and will observe about the same sky), LHAASO
will gain a further factor 4-5 due to the lower sensitivity of the Northern array with respect to the
Southern one. Furthermore, it has to be noted that the CTA-North telescopes will have a field
of view with a radius not larger than 4◦ and consequently the number of pointings necessary to
cover the region to be scanned will be larger by at least 40% with respect to the value used above,
decreasing correspondingly the observation time and the sensitivity.

6

Observation time (hours) per day as a function of 
the source declination, for 3 values of the 
maximum zenith angle.    

The area under the curves is proportional to the 
total exposure (observation time × solid angle). 

Sky map in galactic coordinates 

LHAASO field of view (θ < 40º, 60º)

Celestial equator

X. Bai et al., arXiv:1905.02773
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Zenith angle < 40° Visible Galactic Plane: l = 20° – 225° 

TeV sources from TeVCat HESS survey:           l = 250°– 60°    |b| < 3.5° 
VERITAS survey:     l = 67°– 82°      -1° < b < 4

HESS survey 

Equator 

VERITAS 
survey 



G. Di Sciascio July 27, 2020

Conclusions

24

Open problems in galactic cosmic ray physics push the construction of new generation wide FoV 
detectors in the 1011 - 1018 eV energy range.


LHAASO is the most ambitious experiment with very interesting prospects, being able to deal with 
all the main open problems of cosmic ray physics at the same time.


It is proposed to study CRs in a unprecedented wide energy range 1011 - 1018 eV, from those 
observable in space and approaching those investigated by AUGER/TA, thus including, in addition 
to the 'knee', the whole region between 'knee' and 'ankle' where the galactic/extra-galactic CR 
transition is expected.


At the same time it is proposed as a tool of great sensitivity - unprecedented above 30 TeV - to 
monitor 'all the sky all the time' a gamma-ray domain extremely rich of sources variable at all 
wavelengths.


In the next decade CTA-North and LHAASO are expected to be the most sensitive instruments to 
study γ-ray astronomy in the Northern hemisphere from 20 GeV up to PeV.


LHAASO is expected to open the PeV window to observations!
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