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Abstract 

The experimental study during great conjunction of Jupiter and Saturn on December 21, 2020 

at Udaipur (27
0
 43‘ 12.00‖ N, 75

0
 28‘ 48.01‖ E), Rajasthan, India was conducted. Data files for half 

an hour between times 18 IST to 19.00 IST were collected from, December 19, 20, 21, 22, 24and 26, 

2020 using ground based  NaI (Tl) Scintillation detector. The analyzed data reveal significant 

decrement of secondary gamma radiation flux (SGR) about 2% during great conjunction of Jupiter 

and Saturn (December, 21) on comparison to the average integrated counts on another dates. We 
interpret such decrement of SGR flux counts on the basis of great conjunction of Jupiter and Saturn, 

obstruction effect produced by planet Jupiter on reflected solar radiation from planet Saturn. 

 Key Words:  Primary cosmic radiation, solar radiation, conjunction of Jupiter and Saturn, reflected 

solar radiation form planet Saturn. 

Introduction 
Electromagnetic radiation coming 

towards the Earth is called cosmic radiation 

(CR). Cosmic radiation travels nearly the speed 
of light. Such radiation has about 89% nuclei are 

protons, 10% nuclei of helium, and 1% of others 

heavier elements (Lithium, Beryllium and 
Boron) [1, 2, 3].Primary cosmic radiation lies 

is from 10
9
- 10

20 
eV or more [4]. On 

comparison interstellar abundances of the 

elements and solar system with help of cosmic 
radiation we can understand about their origin 

and propagation process through interplanetary 

space and arrive on the Earth. Simpson (1983) 
[5] showed that chemical abundances of 

cosmic radiation in different energy range. He 

made comparison between solar system 

abundances and estimated abundances for the 
local interstellar medium. He observed carbon, 

nitrogen, oxygen and iron group are present 

both in the cosmic radiation and solar system 
abundances. The atmosphere of Earth above 

50 km from the surface of the Earth, the 

intensity flux of primary cosmic radiation is 
almost same as in the interstellar space.  About 

20 km form surface of the Earth secondary 

radiation produces a denser ionization. High-

energy primary radiations undergo collisions 
with atoms of the upper atmosphere, and 

produce a cascade of lighter particles known 

as secondary radiation [6]. Therefore there is 
formation of shower of secondary particles. 

Secondary particles have X- rays, protons, 

alpha particles, pions, muons, electrons, 
neutrinos and neutrons. In each interaction the 

particles loose energy hence particles increase 

rapidly as these moves downward in the 
atmosphere and [7, 8]. In this way secondary 

particles shower down through the atmosphere 

to the Earth's surface [9].  Secondary radiation 
contains three components which are 

electromagnetic component, hadronic 

component and masonic component [10], [11], 

[12]. The electromagnetic component has 
electrons and gamma particles. Hadronic 

component has low energy protons and 

neutrons. Masonic component has pions, 
muons, neutrinos and kaons. Therefore, 

penetrating cosmic radiation produced shower 

of secondary particles [13]. Produced 

secondary radiation flux can be detected using 
appropriate detector on ground [14], [15].  

Gravitational lensing is the phenomena in 

which due to gravitational field of the object 
electromagnetic radiation when passing near a 

massive object then bends towards object. The 

object could a galaxy, a star, or a cluster of 
galaxies [16] , [17], [18]. This effect was 

proved by A. S. Eddington and collaborators 

in a famous experiment during a total solar 

eclipse in 1919. The great conjunction of 
Jupiter and Saturn was occurred on December 

21, 2020. On this date both planets look like a 

single star and the pair was at an angle of 0.1 
degree. The last time both the planets comes 

closer on July 16, 1623 i.e. 397 years ago. 

mailto:deven.pareek69@gmail.com
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Such extra close Jupiter and Saturn 

conjunction will observe on March 15, 2080.  

2. Celestial events and variation of radiation 

flux 

Secondary radiation flux was observed by 

many scientist groups during normal days and 
on days of special celestial events such as 

Lunar eclipse, Solar eclipse, phases of moon, 

appearance of comet in sky, closest approach 
of celestial objects, transit of celestial objects 

etc. with help of efficient counter system. 

Many scientist groups conducted experimental 

studies to observe secondary radiation flux 
named   Bhattacharya et al [19], Kandemir G. et 

al [20], Nayak. et al. [21], Bhaskar et al [22], 

Pareek et al [23]. 
Pareek et al. [23] conducted solar eclipse study 

to understand the interaction of GCR&SR flux 

with gravitational fields of the Sun and well-
established shadowing effect of the moon. To 

observe variation in secondary radiation flux 

many experimental studies were conducted by 

scientist groups during lunar eclipse named 
Pareek et al. [24], Raghav et al. [25], J.N. 

Ananda Rao et al. [26], Pareek et al. [27], 

Pareek et al. [28] Pareek et al. [24] did 
experimental study of lunar eclipse to observe 

variation of secondary cosmic and solar gamma 

radiation flux at some energy. Such results can 

be explained on the basis of bending of primary 
cosmic radiation and solar radiation by 

combined gravitational lensing effect of Sun and 

Earth, backscattered Secondary flux form the 
Moon, combined magnetic field of the Sun and 

the interplanetary magnetic field. Pareek et al 

[29] also conducted the experimental study 
during celestial event of transit of Venus June 6, 

2012 at Udaipur India and observed 2 

%decrement in secondary solar radiation 

gamma ray flux. Phases of Moon experimental 
study was conducted by Pareek et al., using 

Scintillation counter in the month of September 

2000 [30].This experimental study  was 
conducted to understand information about the 

GCR, SR modulation at the time of new Moon, 

Full Moon and different phases of the Moon 
with different background of constellation in the 

sky. Results showed that due to gravitational 

lensing effect abrupt change in energy spectra 

on 9
th
 and 10

th
 September 2000, when Moon 

was in background of Capricornus  

 

constellation. 

An experimental study was conducted by Pareek 

et al [31] for transit of the Sun across 

Constellations Libra, Virgo analysed result 
showed variation of Secondary Gamma 

Radiation Flux in Month November, 2018 and 

September, 2019 respectively at Udaipur, India. 
Another experimental study was conducted by 

Pareek et al [32] for transit of the Sun across 

constellation Libra in the month of October and 
November, 2020 at Udaipur and observed the 

same result of variation of secondary gamma 

radiation flux  Pareek et al [33] conducted 

experimental using scintillation counter in 
month of October, 2020 at Udaipur, India to 

observe variation of secondary gamma radiation 

flux during closest approach of Mars towards 
Earth, Mars at opposition and transit of Moon 

across different constellations, planets  An 

experimental study was conducted by Pareek et 
al. [34] during appearance of Comet Hyakutake 

in the month of March, 1996 using scintillation 

counter. Analyzed results showed variation of 

secondary cosmic radiation flux in energy 
spectrum of specific energies of about1.127 

MeV, 2.29 MeV and 3.66 MeV. With help of 

EUV satellite from this comet Extreme 
ultraviolet (EUV) emission was detected [35]. 

From Comet Hyakutake Mumma, M.J. et al. 

[36], Peterson, K. [37] and Huebner, W.F. [38] 

reported large quantities of the gases ethane, 
methane, Co present and also water in icy form. 

With the fact that during different celestial 

events happening in sky, modulate terrestrial 
secondary flux we, attempted to see effect of 

great conjunction of Jupiter and Saturn on 

December 21, 2020 on secondary gamma 
radiation flux at surface of the Earth. 

   3.  Experimental Set-up and Observations 

Scintillation detector of (SD 152 F) flat type 

(Figure 1) of Nucleonix make used in this 
experimental study to detect the secondary 

gamma radiation flux. The NaI (Tl) crystal of 

size 2‖ x 2‖ optically coupled with photo 
multiplier tube.  This integral line was 

connected to 1k multi-channel analyzer (MC 

1000 of Nucleonix make has 1024 channels) 
with usb interface built in high voltage and 

shaping amplifier.  This Scintillation counter 

system kept open to collect the counts as a 

function of time on the roof of Astronomy 
Laboratory of Department of Physics, Bhupal 

Nobles‘ University Udaipur (Rajasthan) India. 

The data files were stored in computer for half 
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hour duration between times 18 IST to 19.00 

IST from December 19, 20, 21, 22, 24 and 26, 

2020 

 
                                        Figure 1 (Scintillation Counter System) 
4. Analysis and Results 

As depicted in figure- 2 the panels of SGR flux integrated data files between channel and integrated 

counts from, December 19, 20, 21, 22, 24 and 26 , 2020 

 
                               Figure- 2 (Panels of SGR flux integrated data files)    

     

Using Figure 2 we made the table 1which represents integrated counts of secondary gamma radiation 
flux with respect to dates (19, 20, 21, 22, 24 and 26 December, 2020). 
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Table 1 

Using figure 2 and table 1 of SGR flux 

integrated data files, we made figure 3 which 

represents integrated counts of secondary 

gamma radiation flux with date for the month 

of December, 2020. 
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Figure 3 (Integrated counts of secondary gamma radiation flux) 

Table 1 and figure 3 showed that on the dates 
December 19, 20, 21, 22, 24 and 26  the 

integrated counts were 256989, 253291, 

251811, 254275,  259324 and 260943 
respectively for half hour duration between 

times18.00 IST to 19.00  IST. The great 

conjunction was on the date December, 21. 
The average of integrated counts of normal 

dates December 19, 20, 22, 24 and 26 were 

256964. To see the variation in secondary 
gamma radiation we used the following 

formula: 
                                          Average counts of normal days - Counts on date of great conjunction  

           % of variation =  ---------------------------------------------------------------------------------------------- X 100 

                                                                       Average counts of normal days  

Using this formula, we observed on the great 

conjunction date (December 21) about 2 % 

decrement of secondary gamma radiation flux 

on comparison to average counts of normal 

dates (December 19, 20, 22, 24 and  

Discussions 
Table 1 and figure 3 clearly showed that 

integrated counts on the date December, 21 

were lowest on the comparison to other normal 
days.  

The probable reasons in this present 

experimental study for the decrement of SGR 
flux counts  

are as follows: 

On date December, 21 the planets Jupiter and 

Saturn was in the position of great conjunction 
and we got lowest integrated counts in the 

whole experimental study. This surprising 

result was unique and it could be understood 
due to obstruction effect produced by planet 

Jupiter on reflected solar radiation by planet 

Saturn. Due to this less reflected solar 
radiation entered towards atmosphere of the 

Earth. Therefore formation of secondary 

radiation less. This caused decrement in the 
secondary gamma radiation flux. 

On other normal days the integrated counts 

were high on comparison to the date 

December 21. 
This experimental study is unique and first 

time we reported such decrement of secondary 

gamma radiation flux at the surface of the 
Earth during great conjunction of planets 

Jupiter and Saturn. 

 Conclusion 
From points (1) and (2) we can understand 

decrement of secondary gamma radiation flux 

about 2 % at surface of the Earth on 

December, 21during great conjunction. 
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