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Abstract: Coincident study on the Atmospheric Electric Field (AEF) change and EAS parti-
cle increase during a thunderstorm is very important in understanding the acceleration of 
secondary cosmic rays particle caused by AEF. From April 1st to August 14th, 2006, thun-
derstorms had frequently been recorded at Yangbajing Cosmic Ray Observatory (P.R. 
China, 4300 m a.s.l.) by the ARGO-YBJ experiment. This work analyzes the correlation 
between AEF and “scaler mode” counting rate during thunderstorm. In general, counting 
rate in channels of n=1, 2 are found to have large increase varying from 1% to 9%, while 
the change is less significant for channels of n=3, ≥4. These results are still very prelimi-
nary. 

Introduction 

When going through atmosphere, a primary cos-
mic ray (CR) undergoes hadronic or electromag-
netic interaction and induces an extensive air 
shower (EAS). The main components of secon-
dary CRs are electrons, hadrons and muons etc. 
The Atmospheric Electric Field (AEF) associated 
with thunderclouds or thunderstorms may accel-
erate the charged secondary particles of EAS and 
amplify the shower size. As a result, the counting 
rate which characterizes the intensity of secon-
dary CRs observed on ground is increased. Many 
experiments have measured the particle intensity 
during thunderstorms after C.T.R. Wilson pub-
lished his “runaway electron” theory in 1925 [1]. 
The observation between the variation of secon-
dary CRs intensity and AEF strength during thun-
derstorms was first made by Alexeyenko et al in 
[2]. As a detector with about 6000m2 full cover-
age sensitive detector areas and equipped on site 
with an AEF meter, ARGO-YBJ becomes one of 
the most suitable experiments to study this effect. 
In this paper, based on scale mode data recorded 
by the ARGO-YBJ experiment between the 
spring and the summer of 2006, the short-term 

variations of counting rate are studied during 
thunderstorms when the AEF has violent changes.  

ARGO-YBJ experiment 

The ARGO-YBJ experiment is located at the YBJ 
High Altitude Cosmic Ray Laboratory 
(90°31′50″ E, 30°06′38″ N, 4300 m a.s.l., 
606 g/cm2), Tibet, China [3] . The main purpose 
of the experiment is to study the origin and the 
acceleration of the CRs by means of a carpet 
detector with a total area of about 100 ×100 m2.  
The apparatus consists of a single layer RPC 
(Resistive Plate Chamber) detector grouped in 
154 cluster units. Each cluster contains 12 RPC 
detectors, each RPC is subdivided into 10 logic 
units (PAD, 56×62 cm2) covered by 8 read-out 
strips providing the information of  the incoming 
particles[4]. A more detailed description can be 
found in references [5, 6]. The installation of the 
central carpet detector (about 6000 m2) was fin-
ished in June 2006 and has been put in test run 
operation since then.  
 
The experimental data are connected to two dif-
ferent acquisition modes. The “shower mode” 
records the arrival time and the position of all the 
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secondary particles hitting the detector, allowing 
the complete shower reconstruction, with a 
threshold of  few hundreds GeVs. In the “scaler-
mode”, only the counting rates for events with 
multiplicities of n>=1, 2, 3 and 4 for each cluster 
are measured, integrated over 0.5s. The event 
multiplicity is defined in a time window of 150ns. 
The observed mean counting rates are about 
40000, 2000, 300, 150 Hz respectively. The 
counting rates for channels n=1, 2, 3 can be in-
ferred from that of channels n≥1, 2, 3, 4 by sub-
tracting the adjacent two values. With MC simu-
lation assuming a proton spectrum of E-2.7 and 
incorporating the 13.8GeV geomagnetic cutoff at 
YBJ[7], the mean energies of primary protons are 
found to be 104, 138, 172, 248 GeV for the four 
channels respectively [8, 9].  

The RPC detector must be operated in stable 
conditions. For this purpose, a DCS (Detector 
Control System) is installed, to monitor the varia-
tions of the air pressure P (mb), the outside and 
inside temperatures To (℃), Ti (℃) and the hu-
midity inside the hall H (%). These environmental 
parameters are used to perform the meteorologi-
cal and instrumental related correction to the 
counting rates. In addition, an electric field meter 
is mounted on the roof of ARGO-YBJ experiment 
hall and its values are recorded once per about 15 
s by the DCS. 

The partial correlation coefficients analysis shows 
that there are some correlations between P, To, Ti, 
H and the counting rates in calm whether for a 
long time duration. To account for the effects, we 
correct the counting rates for the variations of P, 
To, Ti, H before studying the correlation between 
AEF and EAS particle increase during thunder-
storms. From April 1st to August 14th 2006, a few 
clusters met electronic problems in some time 
intervals, so the data of these clusters were ex-
cluded from this analysis. 

Results and Discussion 

When propagating through the atmosphere, the 
secondary particles can in principle be affected by 
the presence of electric fields. The charged parti-
cles are accelerated or decelerated, depending on 
their charge sign and the field direction. It is thus 
expected that the counting rates could be influ-

enced by the large change of the AEF during 
thunderstorms. As an example, the time variations 
of AEF strength and relative counting rate in 
channel n=1, 2, 3 and n ≥ 4 observed by ARGO-
YBJ experiment during a thunderstorm period are 
shown in Fig.1. 

For the ARGO-YBJ experiment, the AEF 
strength is recorded as 10± kV/m when its real 
absolute value is bigger than 10 kV/m, because 
the limitation of electric field meter is set to be 
±10 kV/m. This limitation has little influence 
on our study. 
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Fig.1: The AEF strength (bottom panel) and the 
counts of channel n=1、2、3, n≥4 (from top to 
bottom) as a function of time, during a thunder-
storm on May 12, 2006 at YBJ. Here N0 denotes 
the mean counts of background. 

In Fig.1, we can see that the AEF strength varies 
in a large range. At about 00h.58m.02s, the be-
ginning of AEF instabilities, the AEF strength 
drops from a value larger than 10 kV/m to a value 
smaller than –10 kV/m in a very short period of 
time, as expected from a lighting event. The rapid 
increase of counting rates in channel n=1, 2 take 
place at 01h.54m.25s, after another lighting event, 
when the AEF strength is smaller than –10 kV/m. 
The significances are about 23σ  and 8σ  for 
each channel respectively. At the same time, the 
increase of counting rate in channel n=3 is less 
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significant, and no increase is observed in channel 
n ≥4. In addition, the counting rate of channel 
n=1, 2 have a little response to the violent change 
of AEF after the first and last lightning event 
during this thunderstorm. 

Fig.2 demonstrates another example of a particu-
lar thunderstorm detected on May 28, 2006. 
There is a strong enhancement in both channel 
n=1, 2 and each is followed, after a few minutes, 
by a smaller one. Comparing with the previous 
event shown in Fig.1, the main difference is that 
the peak value of EAS particle takes place before 
lightning stroke while AEF value is bigger than 
10 kV/m. Moreover, it is puzzling that the de-
crease of EAS particles during thunderstorm was 
observed (not very significant) in channel n=3, 
n≥4, as shown in the third and fourth panels. 
This is an interesting phenomenon and needs 
further investigation.  
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 Figure.2: The thunderstorm event associated with 
the secondary CRs increases in the four channels 
on May 28, 2006. 

From April 1st to August 14th, 2006, besides the 
two examples mentioned above, many more 
events have been recorded by the ARGO-YBJ 
experiment. The detailed information is listed in 
Table 1 when the significance value is found to 

be greater than 5σ . It shows that during the 
thunderstorms there always exists strong en-
hancement in counting rates in channel n=1, 
while only 6 out of 9 have increase in channel 
n=2. The increase amplitudes are from 1% to 9%. 
On the other hand, channel n=3 and n≥4 have 
insignificant or no increase. 

Table1: Details of some thunderstorms associated 
with EAS enhancements. 

Date Channel The time of  
Nmax 

Nmax/σ 

Apr23 n=1 15h.28m.58s 5.86 
n=1 7.76 May 9 

n=2 
23h.27m.37s 

5.95 
May10 n=1 14h.26m.56s 6.15 
May10 n=1 23h.17m.30s 8.55 

n=1 23.0 May12 

n=2 
01h.54m.25s 

8.42 
n=1 7.12 May12 

n=2 
16h.04m.05s 

6.87 
n=1 11.1 May 8 

n=2 
13h.39m.19s 

9.10 
n=1 8.14 July 22 

n=2 
17h.07m.11s 

6.40 
n=1 9.35 Aug 3 

n=2 
06h.05m.23s 

6.70 

Conclusions 

Making use of a full coverage RPC detector car-
pet we have studied the effect of violent changes 
of the AEF strength during thunderstorms on the 
intensity of secondary cosmic rays detected on 
ground level in YBJ. The effect is studied sepa-
rately for different event multiplicity channels 
n=1, 2, 3 and n≥4. The increases of secondary 
cosmic rays were observed predominantly in 
association with negative AEF but sometimes 
also with positive fields and the enhancements 
occurred before and also after lightning strokes. 
Nevertheless, before establishing a truly reliable 
correlation between AEF variations and counts 
increases, further investigation about possible 
secondary effects related to bad weather condi-
tions are needed (i.e. possible signals from radio-
active aerosol brought to ground by the rain [10]). 
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