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Abstract: This paper described the optimization design and performances of Electromagnetic particle Detector
(ED), applied for 1 km square extensive air shower array (KM2A) in LHAASO project. Also, a prototype array for
the KM2A was set up at the Yangbajing cosmic ray observatory and has been in stable operation for two years.
The performance of the ED and the prototype array are tested and the results are consistent with expectation. The
long term stability of the ED and the array is also presented.
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1 Introduction
The Large High Altitude Air Shower Observatory (LHAA-
SO) project focuses mainly on the study of sub-TeV-1Pev
gamma ray astronomy and 5Tev-1Eev cosmic ray physics by
using a compound detector array distributed in one square k-
ilometer [1]. It consists of an extensive air shower array cov-
ering an area of 1 km2 (KM2A), 90,000 m water Cherenkov
detector array (WCDA), 5,000 m2 shower core detector ar-
ray (SCDA) and 24 wide-field air Cherenkov/fluorescence
telescopes (WFCTA). As the major array of LHAASO, K-
M2A [2] is comprised of 5635 electromagnetic particle de-
tectors (EDs) [3] and 1221 muon detectors (MDs) [4]. The
KM2A EDs are distributed with a spacing of 15 m in a large
area of 1 km2 at an high altitude of about 4,300 m a.s.l.,
where the air pressure is about 60% as that at sea level and
annual air temperature variation is about ±30◦C. Under
such this harsh field environment, special considerations
should be taken to keep such a huge detector array working
properly in field for an expected operation time of more
than 10 years.

The detector simulation tool package GEANT4 provides
a convenient framework for the simulation of optical pro-
cesses inside the tile. Based on this, a simulation package
has been developed in this work to track the whole light
collection processes once a single MIP passes through the
scintillator tile. Each ED consists of 16 independent scintil-
lator tiles (25 cm×25 cm each) with wavelength-shifting
fiber readout, which are called ”ED units”

A prototype array of 1% size of KM2A was built at the
Yangbajing cosmic ray observatory, where the altitude is
the same as that required by LHAASO, and has been in
stable operation since October 2010 to test the validity of
the design and to study the performances and long-term
stability of the detector units and the array.

2 The performances of ED unit
the suitable design of ED unit is the tile with the size of
25 cm×25 cm×2 cm and four 3.2 m-long WLS fibers
embedded in 8 grooves (1.8 mm (depth)×1.6 mm (width)
each) on the surface (Figure 1).

The amplitude distribution in the case of single MIP
obeys a Landau function (Figure 2 (left)). The MPV value
is about 25 p.e. with a resolution of 17.6% and detecting
efficiency of ∼97%. The distribution of time of flight

Fig. 1: One assembled ED tile.

Fig. 2: The amplitude distribution and the time of fight
distribution in the case of incoming single MIP.

(TOF) between the scintillator probe detector and the tested
ED unit obeys a Gaussian distribution (Figure 2 (right)).
The time resolution is about 1.9 ns. In addition, the non-
uniformity over the whole area of one tile is within 5%
by selecting single muons hitting different regions with
two probe detectors (10 cm×10 cm×4 cm each). The
performances of ED unit meet the requirements and will
guarantee the stability of ED’s performances actually.

To study the performances and uniformity of ED, 2 scin-
tillator probe detectors, i.e. 25 cm×25 cm×2 cm scintillator
plate equipped with a PMT, are put on the top and bottom
of ED, respectively. Moving the probe detectors over all
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Fig. 3: The numbers of photoelectrons (left) and time reso-
lutions (right) of 16 tiles in one ED.

Fig. 4: Sketch map of the KM2A prototype array in the
ARGO-YBJ array. Each red star represents an ED, black
rectangle for an ARGO-YBJ RPC and red rectangle with a
number for an ARGO-YBJ cluster.

places on an ED, one can test every unit in the detector by
using the vertical particles. Here, both the electronics and
data acquirement system are mentioned above and the 5
mm thick lead layer is not used to cover the ED in the tests.

The performances of 16 units in one ED are shown in
Figure 3. The average number of photoelectrons is 25.4
and the non-uniformity is ∼10%, while the average time
resolution is 1.89 ns and the non-uniformity is also about
10%.

3 Performances of the KM2A prototype
array

For the KM2A prototype array, a total of 42 ED are uni-
formly distributed in the central carpet of the ARGO-YBJ
array [5] with the same spacing (15 m) as the one proposed
for KM2A. The prototype array fully overlaps with the
ARGO-YBJ central carpet, thus covering a total area of
about 75m×75m and enabling cross-check between them
by hybrid observation of cosmic ray showers (Fig.4).

The prototype array of about 1% size of KM2A was built
at the Yangbajing cosmic ray observatory and has been in
stable operation since October 2010 to test the validity of the
design and to study the performances of the detector units
and the array. Each day about 1.5 GB data are generated
and transferred to Beijing. The trigger rate is about 50Hz
with an event trigger threshold of ≥ 5 hits.

Since the prototype array fully overlaps with the ARGO-
YBJ central carpet, we can match the event of the KM2A

Fig. 5: Prototype array’s number of particles vs. ARGO’s
number of strips. The reconstructed energy by ARGO-YBJ
is indicated by the upper scale.

Fig. 6: The distribution of number of hits (in log-scale)
registered by ARGO-YBJ for ARGO-YBJ events (solid)
and hybrid events with prototype array’s number of hits ≥ 5
(dotted) and ≥ 20 (dashed). The reconstructed energy (in
log-scale) by ARGO-YBJ is indicated by the upper scale.

prototype array to ARGO-YBJ’s according to the event time.
These hybrid events are observed by both the ARGO-YBJ
and the prototype arrays and are measured independently
the primary direction and shower size. More than 95%
shower events of the KM2A prototype array match with the
events of ARGO-YBJ in a time window of ±500ns, which
allows a cross-check of the performances of the prototype
array by the ARGO-YBJ experiment.

3.1 Energy response
For each hybrid event, the primary energy can be roughly
estimated by the number of fired strips registered by ARGO-
YBJ. The number of particles measured by the prototype
array shows a linear correlation with the number of fired
strips of ARGO-YBJ (Fig.5).

Fig.6 shows the distribution of number of hits registered
by ARGO-YBJ for ARGO-YBJ events and hybrid events.
With ≥ 5 hits, the mode energy of the prototype array is
about 6TeV and with 20 hits, it goes to about 50TeV. Since
KM2A is more than 100 times larger than the prototype
array, its mode energy under the designed trigger threshold
of ≥ 20 should be lower than that of the prototype array
(the designed KM2A mode energy is 30TeV).
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Fig. 7: An example of shower front observed by ARGO-
YBJ (blue) and the KM2A prototype array (red). The green
line in the right shows the shower plane reconstructed by
the prototype array data.

Fig. 8: Distribution of space angles between the shower
directions measured by the KM2A prototype array and the
ARGO-YBJ experiment.

3.2 Angular resolution
The primary direction of an observed air shower is recon-
structed by performing a planar fit to the space-time profile
of the shower front measured by the prototype array with
the hit time corrected according to the calibrated time off-
sets. Fig.7 shows an example of shower front observed by
ARGO-YBJ and the KM2A prototype array.

Since the angular resolution of the ARGO-YBJ exper-
iment has been well checked by cosmic ray Moon shad-
ow and gamma rays sources, the shower direction of hy-
brid events measured by the ARGO-YBJ experiment can
be used to check the angular resolution of the prototype
array. Fig.8 shows the distribution of space angle between
the shower directions measured by the prototype array and
directions measured by the ARGO-YBJ for events with
more than 20 hits (the designed event trigger threshold of
LHAASO-KM2A) in the prototype array and ARGO-YBJ
reconstructed core location within 10 m to the center of the
array.

The angular resolution of the prototype array is then
estimated by:

σKm2a =
√

σ2
spatial −σ2

ARGO (1)

Where σspatial is the peak value of the space angle
distribution, σARGO is the angular resolution of the ARGO-
YBJ experiment. It should be mentioned that the above
formula is correct only when the pointing errors of both
arrays are negligible.

Table 1 shows the resulting angular resolution of the
prototype array in different hit ranges. This is consistent

Fig. 9: The significance map of the sky aroung the Moon
obtained in 2 years of observation, selecting the events with
a number of ED larger than 5. Here (0, 0) is set to the
Moon’s position.

with Monte Carlo simulation results [7]. For KM2A the
expected angular resolution should be better than that of
the prototype array in the same hit range since the fired
detectors are expected to be distributed in a much larger
area.

NhitKM2A NhitARGO energy/TeV σKm2a/◦

≥ 5 1900 13 2.0
≥ 10 3470 35 1.4
≥ 15 5040 50 1.2
≥ 20 6610 100 1.1
≥ 25 8180 140 1.0
≥ 35 9680 180 0.9

Table 1: Angular resolution in different hit range (energy is
from ARGO-YBJ simulation).

3.3 Cosmic ray moon shadow
Based on the deficit profile and the peak shift from the
Moon, the deficit analysis of cosmic rays from the direction
of the Moon is a well known method to determine the
angular resolution and the systematic pointing error of an
extensive air shower array. The Direct Integral method
[8] is used in the KM2A prototype array data analysis.
Fig.9 shows the cosmic ray moon shadow observed by
the prototype array for events with Nhit ≥ 5 and zenith
angle < 40◦. The maximum deficit is found at (−1.4±1.0◦,
−1.0 ± 1.3◦) from the Moon with a significance of 5.3
standard deviation, which is consistent with expectations
according to the event rate, angular resolution and operation
time. A Gaussian fit to the deficit profile of the Moon
shadow results in an angular resolution of 2.6◦, which is a
little larger than that in table 1. The events used for table 1
are those with core locations within 10 m to the center of
the array, thus they have a better angular resolution than the
events used in the Moon shadow analysis (no core location
selection).
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Fig. 10: The event rate of the KM2A prototype array (hol-
low) and the air pressure (solid) varying with time. Each
point is an average over one month.

Fig. 11: The relative variation of average charge in case of
MIPs for an ED (solid) and its ambient temperature (hollow)
varying with time. Each point is an average over one month.

3.4 Long term stability
The prototype array has been continuously operated for
about 2 years. The variation of event rate is less than ±1%
and shows a linear correlation with air pressure with a
barometric coefficient of about −1%, which directly reflects
the atmosphere density that brings the variation of the
shower size (see Fig.10).

The average charge of each ED in case of MIPs can be
used to monitor detector response and gains of its PMT and
electronics. Fig.11 shows the average charge of a typical
ED varies with time and is very stable during the two-year
operation. The variation is less than ±1% and the linearly
correlated to the ambient temperature of ED. The resulting
temperature coefficient of about 0.2%/◦C is consistent
with that of the PMT. Considering the annual ambient
temperature variation of ±30◦C at LHAASO site, we have
started to study the insulation of the PMT and the whole ED
in older to lower the annual temperature variation to about
±15◦C. By dong so, we can keep the stability of charge
measurement to ±3%.

Monitoring of the time resolution of an ED by the
telescope shows a variation of less than ±1% during two-
year operation, much better than the requirement.

4 Conclusions
The ED unit of 25 cm×25 cm×2 cm with 4 WLS fibers is
an eligible design. 25.4 p.e. are obtained for a single particle
passing through. It results in a resolution of 20%. A timing
resolution of 1.89ns is achieved. The detection efficiency is
higher than 95% for a passing through particle. The results
proved to meet the design requirements.

Set up at the Yangbajing cosmic ray observatory, a
prototype array with 1% size of the LHAASO-KM2A fully
overlaps with the ARGO-YBJ array. The performances of
the prototype array are studied through hybrid observation
of cosmic ray showers with ARGO-YBJ. The results proved
to meet the design requirements. Under the high altitude
environment, the prototype array has been stably running
for about two years, helpful to improve design and optimize
the whole array of LHAASO-KM2A.
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