
 
 
 
 
 
32ND INTERNATIONAL COSMIC RAY CONFERENCE, BEIJING 2011 
 

 
 

 

 

Characteristics of cosmic ray intensity variations on the onset of solar eclipses at 
the Earth’s surface 
 

RAJESH K. MISHRA 1, REKHA AGARWAL 2, ISSAC SAMSON1 AND SMITA DAKSH1 
1 Computer and IT Section, Tropical Forest Research Institute, P.O. RFRC, Mandla Road, Jabalpur (M.P.) 482 021, 
India  
2 Department of Physics, Govt. Model Science College (Autonomous), Jabalpur (M.P.) 482 001, India 
contact. rm_jbp@yahoo.co.in, rkm_30@yahoo.com 

Abstract: A solar eclipse provides us with a rare opportunity to study the ionospheric effects associated with an ac-
curately estimated variation of solar radiation during the eclipse period. Cosmic ray intensity variation and its depen-
dence on various solar parameters are important for understanding the interplanetary medium. Cosmic ray primaries 
observed in the interplanetary medium have galactic and extragalactic origins. The intensity of these particles is 
found to vary inversely with the intensity of solar wind. Solar effect on primary cosmic rays is visible through solar 
modulation. However, the solar modulation of secondary cosmic rays from the Earth is well understood in terms of 
11-/ 22 year variation, diurnal and 27-day variation. Solar modulation of secondary cosmic rays is also observed dur-
ing a total solar eclipse, which may be considered as different effect. The results of the investigation of the cosmic 
ray ground based neutron monitor intensity variations during solar eclipses are reported. The characteristics of differ-
ent solar and heliospheric parameters during these solar eclipses are also presented. An increase in the cosmic ray 
neutron monitor intensity from the Earth is evident. We suggest that such observations may reveal the impact of cos-
mic ray intensities on the climate.  
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1 Introduction 
 
COSMIC radiation is one of the natural sources of radia-
tion. Primary cosmic rays (CRs) at the top of the earth’s 
atmosphere generally consist of 90% protons, 9% helium 
nuclei and the rest are heavy nuclei having Z ��40. The 
energies of primary CRs may vary from 1 to 1014 MeV. 
After entering earth’s atmosphere, primary CRs collide 
with the air nuclei to produce �mesons and ��hyperons. 
Charged �mesons having mean life 2.6 ��10–8 s decay 
into muons of mean life 2.2 ��10–6 s which again decay 
into electrons. Neutral muons having mean life 8.7 ��10–17 

s decay into gamma rays. Below 20 km altitude, i.e. 
within the troposphere, all components of cosmic rays 
are secondary. At sea level secondary cosmic radiation 
contains 70% muons, 29% electron–positron pairs (e+–e–) 
and 1% heavy particles. The electrons build an electro-
magnetic cascade with the photons. However, dose rate 
from gamma part of cosmic radiation is very small1. 
Day–night boundary motion and solar eclipse are the 
natural geophysical disturbances which in turn cause CR 
fluctuations near the earth surface. Large anomalies in 
CR intensity were detected by several workers2,3 during 

maximum and descending phase of solar activity cycle-
22. While penetrating into the atmosphere the high ener-
gy radiations in the range of KeV to GeV pro-duce sec-
ondary radiations which arrive all the way to the surface 
of the Earth. Thus, the characteristics of the primary 
cosmic rays can be determined with pre-cision only be-
fore they start to Interact with the at-mosphere where 
they produce a shower of secondary particles [1]. How-
ever, a coarse study of incident flux of secondary radia-
tions, in the high energy band reaching to the surface of 
the Earth, can be made if a photon detector with facility 
of integrating the counts over time used. Further, this 
coarse study may lead to interesting results when a com-
parison of cosmic ray flux is carried out between a nor-
mal day and an abnormal day such as total solar eclipse 
day. The cosmic rays originating m the galaxy are almost 
isot-ropically distributed In the vicinity of the Earth [2], 
however, a small but discernible dolman intensity varia-
tion has been observed using counters aboard balloon 
and satellite and also from ground observa-tions [3]. The 
Incident flux of solar and galactic cosmic rays is ex-
pected to be affected by the passage of the moon through 
the Sun-Earth line at the time of Total Solar Eclipse 
(TSE). However, the high energy solar and cosmic radia-

Vol. 11, 142



                                                                                                                                            MISHRA ET AL.  CHARACTERISTICS OF COSMIC RAY INTENSITY VARIATIONS 

 

 

tion would make strong Im-pact on the surface of the 
Moon which does not have the cover of atmosphere. The 
strong impact may produce secondary radiations in the 
energy range of KeV to MeV through Inverse Compton 
effect and excitation and de-excitation of elements on the 
Moon, which may perhaps be detected on the surface of 
the Earth. This idealised us to attempt to observe any 
such variation iii the high energy spectrum. 
Cosmic rays produce molecular cluster ions throughout 
the atmosphere, down to the surface [4]. Harrison & 
Carslaw [5] by analogy with C. T. R. Wilson's cloud 
chamber, these might be expected to provide condensa-
tion nuclei on which cloud droplets form. This does not 
in fact occur, as natural atmos-pheric water vapour super 
saturations are many times smaller than those required in 
the cloud chamber, and are insufficient to permit conden-
sation directly on cosmogenic ions [6]. Plausible indirect 
physical mechanisms have, however, been outlined re-
cently, through which ions could influence clouds at 
natural atmospheric water super saturations [7], such as 
through growth of cosmogenic ions to form aerosol [8-10] 
and by electric charge effects on aerosol–cloud micro-
physics [10-11]. Vertical motion of ions through cloud-
forming regions occurs continuously due to the large 
potential difference between the ionosphere and the sur-
face. The resulting vertical current density at the surface 
has been regularly ob-served in the UK [12]. 
 

2 Data Analysis 
 
We have analyzed the events represented by maximum 
Dst decrease. The study has been per-formed to analyze 
the cosmic ray intensity variation during this prescribed 
period 1990-2006. The neu-tron monitor data of three 
stations Kiel, Climax and Moscow located at different 
latitudes have been used for this purpose. We have used 
hourly averaged IMF components and solar wind plasma 
data at 1 AU obtained from satellite observations pro-
vided by National Space Science Data Centre (NSSDC) 
through its OMINIWEB (http:// www. nssdc. gsfc. nasa/ 
ominiweb.html) [7] [8]. Introduced in 1964, the ring 
current index Dst measures primarily the ring current 
magnetic field, using which one can investi-gate the low 
latitude effects. Here Dst is used as an indicator of geo-
magnetic activity to derive the possi-ble relationship 
between cosmic rays intensity with geomagnetic activity 
[9]. 
 
3 Results and Discussion 
 
Intensity variation of cosmic rays and its dependence on 
various factors are important for understanding the inter-
planetary medium. Primary cosmic rays, observed in the 
interplanetary system, have galactic and extragalactic 
origins. Their intensity is known to vary inversely with 
the intensity of the solar wind. A solar effect on primary 
cosmic rays in the interplanetary space is implied by a 
solar modulation. The 11-year (more precisely, 22-year) 

variation, the diurnal variation, and the 27-day variation 
of secondary cosmic ray particles are well known types 
of solar modulations observed from the earth. Solar ec-
lipses have been the most challenging problem in recent 
years4–8. A mean drop in CR flux of gamma rays 
was observed in the measurements of background soft 
cosmic radiation during the solar eclipse9,10. Another 
experimental observation performed at Kazakhstan also 
reported similar fluctuation of cosmic ray neutrons in the 
frequency range of 10–5 to 10–3 Hz during solar ec-
lipse11 The solar eclipse provides an excellent opportu-
nity to investigate the fluctuation of CR intensity and its 
correlation with other surface parameters and solar geo-
magnetic activity. Variations of different surface parame-
ters during. The interpretation of the above results, re-
ported for the first time, requires a detailed analysis. 
How-ever, at present we suggest that the absorption of 
ra-diation below 300 KeV on the surface of the earth 
could he mainly due to block of radiations by the moon 
and partly due to more energy demand for the Ionisation 
of earth's thicker column of atmosphere In the morning 
when the solar eclipse was in progress. On the other hand, 
the enhancement in the flux above 300KoV may be in-
terpreted as following: The high energy solar and cosmic 
radiation could make direct impact on the surface of the 
moon as H does not have any cover of atmosphere [13-
14]. The strong impact of GeV primary radiations pro-
duces secondary radiations in the energy range of several 
hundred KeV to MeV. The high energy secondary radia-
tions produced in this process near the limb of the moon 
could reach on the surface of the Earth and enhance the 
flux at the discrete energy levels as ob-served by the 
scintillation counters) It is evident that injection of high 
energy solar protons produces ioni-sation above 20km 
considerably in excess of the normal background from 
galactic cosmic rays in both sunspot minimum and max-
imum years [15 -16]. The high energy solar protons mod-
ify the interplane-tary magnetic field (IMF) which in turn 
modulates the galactic cosmic ray flux. This modulation 
may be manifested from the ground upto balloon alti-
tudes [17] by observing the decrease in Bremsstrahlung 
ion production rates due to cosmic rays at altitudes below 
20 km. During the eclipse the Moon blocked the solar 
input and In addition, no strong solar proton event was 
reported for that time. Thus IMF could not be modified 
significantly and in (urn cosmic ray flux could not be 
modulated by IMF thereby showing the enhancement in 
high energy bands) Further, accord-ing to Inverse Comp-
ton Effect in high energy range, the electrons which are 
produced by Impact of cos-mic rays on the Moon's sur-
face may enhance the en-ergy of photons passing close to 
Moon's limb and reaching on the ground during eclipse. 
In order to explain the above interesting results, which 
are in agreement with the results from a similar experi-
ment conducted by Chlntalapudl et al. [18] During this 
to-tal solar eclipse, more experiments over large energy 
range need to be conducted. Further, balloon-borne expe-
riments with sophisticated detectors below and above 20 
Km on the path of totality would be of spe-cific impor-
tance to understand the basic mechanism and the physics 
involved in the observed phenomena. 
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4 Conclusion 
We noticed that the first observations of absorption and 
enhancement in flux of high energy photons during the 
total solar eclipse of 1993. For the purpose of these oser-
vations. We Interpret the absorption in the flux below 
300KeV due to the passage of the Moon between the Sun 
and the Earth, while enhancement above300 KeV could 
have occurred due to the production of secondary radia-
tions from high energy photons.. 
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