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In ground-based cosmic ray experiments, the equalization of the transit time of signals coming from diﬀerent
parts of the apparatus is of crucial importance for the improvement of the angular resolution and accuracy. In the
ARGO-YBJ experiment, this is achieved using the Characteristic Plane Method with conical correction, studied
by both Monte Carlo simulation and real data and also checked with manual absolute calibration on a portion of
the detector. By introducing conical correction in primary direction reconstruction, the systematics error existing
in the oﬀ-line calibration with planar ﬁt is successfully removed. Two subsequent construction phases of the
detector have been considered: ARGO-42 and ARGO-104. During the calibration of ARGO-104, events with
more than 1000 hits and with the core reconstructed inside the carpet were used in order to achieve a good
reconstruction of the shower, that is the arrival direction and the core position. The results of the calibration
concerning the two conﬁgurations, ARGO-42 and ARGO-104, are compared and discussed.

1. Introduction
In ARGO-YBJ experiment, the space-time information of the secondary particle is used to reconstruct the primary direction. The space information refers to the detector position which can
be easy measured while the time information is
got by TDC, which depends on the detectors, cables, electronics, etc, and also varies with time
and environment. The time oﬀset refers to the
relative time diﬀerence between detector units,
and it would lead to bad angular resolution, and
more seriously, wrong primary direction which
leads to the quasi-sinusoidal modulation on the
azimuth angle distribution [1,2], so the time calibration of the detectors, that is the equalization
of the transit time of signals coming from diﬀerent parts of the apparatus, should be done before
the primary direction reconstruction.
Having so many detectors it’s unpractical to do
manual absolute calibration, and from the front
end electronics to the chamber it’s irrealizable to
do online calibration, therefore, Oﬀ-line calibration becomes very important in ARGO-YBJ Experiment. Character Plane (CP) method, which
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was developed to oﬀ-line calibrate the time oﬀset
of the detector units in an EAS array, was ﬁrst
used in ARGO oﬀ-line calibration without conical correction [2,3], but now it is checked out with
systematic error due to detector diﬀerent position
in the carpet when studied in detail in the ARGO42 with Monte Carlo (MC) simulation data. To
remove the systematic error, conical correction is
added into the CP method, after that, the systematic error approximately disappears.
2. CP method with conical correction
The CP method with planar ﬁt has been fully
discussed in [2,3], so only a simple review is given
here. For an EAS event i, the position (xij , yij )
and time tij information for each ﬁred detector j
are measured in EAS experiment. Knowing the
detector time oﬀset δj , primary direction cosine
li = sin θi cos φi and mi = sin θi sin φi (θi and φi
are the azimuth and zenith angles), we can get
the real direction reconstruction by planar ﬁt:
c(tij − δj − t0i ) = li xij + mi yij

(1)

where c is the light velocity, and t0i is constant.
With the time oﬀset unknown, the planar ﬁt goes
like:






c(tij − t0i ) = li xij + mi yij

(2)
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Figure 1. 42 clusters simulation: The residual vs
detector distance to the carpet center in diﬀerent
events selection using planar ﬁt.

Figure 2. 42 clusters simulation: The residual vs
detector distance to the carpet center in diﬀerent
events selection using conical ﬁt.

From Eq.1 and Eq.2, the calibration form can be
got ﬁnally:

(4)

2.1. Checking in MC
To test the above conclusion, a full MC simulation for proton primaries (energy:100GeV100Tev, spectrum index: -2.7, azimuth angle:
0◦ − 360◦ , zenith angle: 0◦ − 60◦ ) was done
using CORSIKA6203(QGSJET, GHEISHA, and
EGS4 for hadronic and electromagnetic interaction respectively)[4] and ARGOG-V138 (trigger
multiplicity: LM60, noise: 400, sample area:
200m × 200m, detector: 6 × 7 clusters)[5]. When
we used Eq.3 to calibrate the ideal detectors,
we clearly saw the systematics error as shown in
Fig.1. When checking CP with conical correction,
we used events with reconstructed core located
inside the carpet, to achieve a good core resolution [6]. The systematic error mentioned above
was successfully removed after introducing conical correction with event selection Npad > 500
and ﬁxing the slope parameter α = 0.03, which
can be clearly seen in Fig.2.
When the time oﬀset of each detector was preset according to various rule and recalculated using CP method with conical correction, the distribution of the diﬀerences between the time oﬀset
obtained by CP method and the preset one was
same as the result shown in Fig.2 without regard
to the geomagnetic eﬀect, which shows that the
CP method with conical correction is very eﬀective.

where α is the slope parameter of EAS time proﬁle, and is always ﬁxed to 0.03 in direction reconstruction.

2.2. Checking in ARGO-42
In real detector time calibration, we used two
methods: CP method with planar ﬁt and CP

< δj >=< tj > −((< lj > xj + < mj > yj )/c
+ < t0 >) + (axj + byj )/c (3)
where a =< l > − < l > and b =< m > − <
m >. And the plane deﬁned by a and b in the
(x, y, δ) space is called the CP. Usually we assume
< l >= 0 and < m >= 0.
The time proﬁle of a EAS front is not a plane
but has curvature, therefore, when Eq.1 is used
for direction reconstruction, the residual, which
refers to the diﬀerence between the measured time
and the ﬁtted time, will be related to the detector
distance Rij from the shower axis. So this will introduce systematic error in CP method, and the
systematic error can be completely displayed by
later ARGO-42 MC calibration as shown in Fig.1.
A simple calculation can show that the max effect of the systematic error on direction reconstruction is about 0.8◦ , so a new method must be
used to remove it, and this is always achieved by
adding the conical correction. After adding the
conical correction, the calibration equation Eq.3
is changed to:
< δj >=< tj > −((< lj > xj + < mj > yj
+ < αRj >)/c+ < t0 >) + (axj + byj )/c
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Figure 3. The diﬀerence between the oﬀ-line calibration with conical ﬁt and the manual calibration, which is ﬁtted with Gaussian.

method with conical ﬁt for one data sample with
events Npad > 500 which was collected with 42
clusters (trigger LM 60) from 1-6 Jan 2005. The
diﬀerence between the results of the two methods
is much similar to that shown in MC calibration.
After conical correction introduced, the σ of
the diﬀerence between the oﬀ-line calibration and
sample manual calibration decreased from 0.7ns
to 0.4ns, shown in Fig.3, which is good enough
for the ARGO experiment.

3. CP method with conical correction in
ARGO-104
3.1. MC calibration
From ARGO-42 calibration we know that when
ﬁxing α = 0.03 we should choose appropriate
event selection to achieve the best. To study the
ARGO-104 time calibration, a full MC simulation for proton primaries was done using CORSIKA6203 [4] and ARGOG-V138 [5]. With this
MC data the diﬀerence between diﬀerent events
selection was studied in CP with conical correction. According to Fig.4, the event selection
Npad > 1500 and Npad > 1000 are better than
other selections like Npad > 500, Npad > 2000
and so on. But no matter which selection is used,
Npad > 1500 or Npad > 1000, its max eﬀect on
direction reconstruction is very little, less than
0.15◦.
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Figure 4. 104 clusters simulation: The residual vs
detector distance to the carpet center with diﬀerent events selection. Npad > 500, Npad > 1000,
Npad > 1500, Npad > 2000.
3.2. Oﬀ-line calibration for ARGO-104
To calibrate the ARGO-104, a data sample of
892,000 events with Npad > 1000, which was collected on March 3-4 2006 when the array run
steadily and nothing was changed, was used.
Fixing α = 0.03 and keeping TDC value within
the range 1000-1500ns, we used Eq.4 to calibrate
each detector. Since the number of hits on each
detector was more than 10000 and the σ of the
time oﬀset distribution was less than 5ns, the
statistic error of time oﬀset for each detector was
less than 0.1ns (2σ).
After the time calibration procedure was iterated 6 times, the distribution of residuals became
much better and the Quasi-Sinusoidal Modulation, the amplitude of which was about 6% before
calibration, approximately disappeared, as shown
in Fig.5.
4. Discussion
4.1. The times of iteration
Due to the trigger system problem, there were
10 clusters, which were diﬀerent from others by
about 10ns, both in Argo-42 and Argo-104. To
study the eﬀect of this phenomenon, we preset
the corresponding detector’s time oﬀset in Argo42 MC calibration with the time oﬀset got from
real data calibration. In this MC calibration we
clearly saw that the diﬀerence between the preset
one and the one got by CP method decreased with
the times of iteration. In real data calibration, we
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check and correct the oﬀ-line calibration, sample
manual absolute calibration should be done for
ARGO-104, and Moon shadow analysis will also
be helpful. According to our latest study this
correction can also be hopefully reached by oﬀline method.
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Figure 5. 104 clusters real data: The azimuth distribution before calibration(real line), which is ﬁtted with: (p0 sin(φ+p1)+p2 sin(2φ+p3)+100)p4.
The dotted line is the azimuth distribution after
calibration.
decided the times of iteration by comparing result
with that got from last time.

5. Conclusions
The CP makes it easier to understand the detector time oﬀset eﬀects in EAS experiments, and
the CP method makes the oﬀ-line calibration possible and easy to do. By introducing the conical
correction with suitable event selection, the systematic error existing in oﬀ-line calibration with
planar ﬁt has been successfully removed.
6. Acknowledgements

4.2. Comparison between ARGO-42 and
ARGO-104
When the time oﬀset of the ARGO-42 was
compared with the corresponding 42 clusters in
ARGO-104, 10 clusters were found very diﬀerent
from others in ARGO-42, but now in ARGO-104
this has changed. When the data was checked in
detail, the time when the change took place was
found, July 21 2005. This change was due to an
adjustment of trigger system electronics, and the
common stop signal given to the 10 clusters was
always delayed by about 10ns in Argo-42, but in
Argo-104 the electronics has been changed. But
this delay was steady, for the sigma of their time
oﬀset distribution was not bigger than that of others. So this problem will not have eﬀect on direction reconstruction after time calibration. Therefore we concluded that it is necessary to check the
TDC stability and to update the calibration ﬁles
for diﬀerent data-taking periods.
4.3. The eﬀect of the geomagnetic ﬁeld
In the full paper above we didn’t mention the
hypothesis that the azimuth angle of the primary
is uniform on which the CP method works well.
But, due to the eﬀect of the geomagnetic ﬁeld it is
not true, that is to say < l >= 0 and < m >= 0.
According to the study and theory in [2,3,8], its
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