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Abstnﬂ

In this study the sunspo! area (SSA), sunspot number
characlerisncs during solar cycle 24 to look for possible pa
majority of the CME parameters, such as frequency of occurrence, angular width, speed parameters, maz
esnmaed force, and kinetic energy, increase or decrease in value as the number and area of sunspots change. We
saw ¢ peak-dip-peak pattern (the double-hump pattern) in the SSN and SSA between 2013 and 2014; a similar
double-humped pattern was also seen in most of the CME parameters, but it appeared later. By dividing the solar
cyele into Pmod-" of increasing solar activity which we termed the ascending phase; 2009 to 2014 and decreasing
solar activity which we termed the descending phase 2015 to 2019 fo determine that the correlation between some

coronal mass ejection and sunspot parameters differs during the ascending and descending phases.

(SSN), and coronal mass ejection (CME) measured
rallels in their variable patterns. In general, the

Introduction
The sun is a vigorous star and changes on time scales extend from minutes to billion of
t . Thc sola'r atmosphere is one of the richest and most dynamic environments studied in modem
- astrophysics. Like eafih, the sun has seasons. More precisely, it has a cycle that lasts about 11 years. The

number of sunspots rises ap<_i falls and rises again in about 11 years. This is due to the variability of solar
- magnetic field. The vapabxhty of the magnetic field has a strong influence on the dynamics of the outer

layer of the sun and is registered by several solar parameters such as the sunspot number and CME

- occurrence (Aradhna et al,, 2013)

- The sunspots are the most easily observed and have been tracked since around early 1600s by
. Gahlco..'lhc' sunspots can come into view as solitary, remote dark central region covered by a regular
less dark region around umbra (Spiegel, 1994). Since last four hundred years, the periodic changes in the
i Sun’s activity were featured with smoothed sunspot numbers that was brought into existence with its
* classification (Kunzel, 1961). The number predicts short term periodic highr and low activity of the Sun.
i The part of the cycle with low sunspot activity is referred to as "solar minimum" while region with
*“ maximum solar activity is called as "solar maximum”. Hathaway et 4L, (2002) examined the “group’
-'Sunspot number which shows it use in featuring the Sun’s performance during the solar year (Hoyt &
- “Schatten, 1998a). The solar activity parameter variability from one cycle to the next and geomagnetic
records shows the difficulty in making empirical predictions of both types of activity. In the present
** work, we have analyzed in the solar cycle 24, which has its beginning in December 2008 and the cycle is

*ended in December 2019.
. Coronal mass ejections (CMEs) are the explosions in lhebsolar corona during its high magnetic
conditions. CMEs from the solar corona are the most spectacular phenomena of solar activity and

*"perhaps the primary driver and source of space weather (Gosling, 1997; Singh et al, 2010).

 Traditionally, the coronal mass iection ejects away around 10"-10"7g of the core which gives out the
- energy of the order (~10"— 10® J) (Chen, 2011; Howard et al., 1985; Vourlidas et al., 2002). In this
width, linear speed, final

}ﬁ_ context, to examine here the observed characteristics of CMEs such as angular
. speed, speed at radius as 20 times as the solar radius, acceleration, estimated force (F) estimated from the

observed mass and absolute acceleration reported by Gopalswamy et al 2007; It should be noted that

ks
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numbers (Gosling JT ¢ JT;:,
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ons, $2-54 8

CMEs believed to origmate i ,
peed, kinetic enevgy and position ang
Hemispheres and sunspot

force Jeading to changes in €

area both in the Southemn and Northem
jswamy N ef o/ 2009)

Data Analysfe

is collected from (he Large Angle and Spect '

Observatory (SOHO) available in Quy

Sheeley NR et al 1000, Gopa
The CME data used in this study

Coronagraph (LASCO) onboard the Solar and Heliospheric '

can be found at http://odaw.pfc.NASA.m/CME. The catalogue ‘aomm the

AW is the angular measure of the size of the CME i

(FiS) in knvs, Speed at ,,a_.:

rom the solar active reg

catalogue that
CME parameters including Angular Width (
LASCO image) in degrees, Linear Speed (LS) in km/s, Final Speed ,
s, acceleration (A) in kmvs 2 . Kinetic Energy (KE) in )
A/MPA; The MPA m:

times as the solar radius (20R) in o/

Position Angles (Central Position Angle/Meridian Position Angle- CP

position angle at which the height- time measurements arc madc; while the CPA is essentially ugeq

distinguish CMEs appearing simultancously in the LASCO field of view, thus ideally the CPA and M?'.
lculated the estimated ‘force’ (F in N) from the observed m:

are the same) in degrees. We also ca
the observed acceleration.

the absolute value of
Result and Discussion
Figure 1 The number 2000
of occurrence of 2500 s
per year (NOO), o
sunspot number 3 2000 -
(SSN). £ 4
Figl) shows 3 1509 %
the comparative study & 1000 &
of sunspot number and 5 <
nurnber of occurrence of 500 §
CME of solar cycle .é
24.The activity of cycle : Og o + ™ o e W ©® N~ ® ao g
533;;2;”’""""”‘”"1’ SR E RS s'z & 8 8 %
number of the sumspot g
on the surface of the , |
sun, for year 2014 the maximum value is 113. After the year of 2014 the activity is declining towardsd
end of the cycle. Also shows the number of yearly occurrence of coronal mass ¢jection (CME) cvents #
SOHO and LASCO directory. In 24® cycle the plot showed an increase from about 745 CME events s
the year 2009 to a maximum in about 2171 to 2475 CME events between the year 2017 to 2019 sligt
dip in the year 2018, then a reduction from the peak values between 2012-2015.
The above tablel shows 24® solar cycle yearly data of sunspot area. The above table shows 24th sos
number of occurrence of CME and solar arca for southern hemispha®
14 for the tota) Sunspot Area (SSAT) i

cycle yearly data of sunspot

northern hemisphere and and full disk. A peak was seen in 20
series plot, which was similar for the Southemn Hemisphere sunspot area
for the sunspot area in the Northern Hemisphere time series plot (SSANH) shows
small dip in 2014 similar to the double-hump-peak-dip-peak reported by (Ramesh, 200

2016) with a continuous drop from 2015 to 2019.
;___%

(SSASH).The trend i varia®®
peaks in 2013 wilb?

8) & (Kilcik et o
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before gradually declinmng

The speed parameters (LS, FiS, and 20R) appear 10 follow the
of about 5 deg).The LS

sunspots, increasing from 2008 and generally reaching their peak in 2014

- until 2?"19- ;he year!mye averages ranges from 70.4 -753 deg (a difference
" increasing towards the years 2012 -2014 at peak value 542 ks in 2012 and then its decTeasT
4. The average yearly FiS

- gradual
. ranged from 478.9 km/s to 467.5 km/s with a maximum value is 558.8 km/
- the trend in the variation of LS, once more -~ * e Y §:‘

decreasing steadily toward the end of the
+ solar cycle 24 in 2019 :

- Figure2 The yearly average time series "

. plot of Sunspot Area et

. (SSAT(Total)),SSANH (Northern R
" Hemisphere) and SSASH (Southern
- Hemisphere)) for the solar cycle 24.

. 555.8 knvs, with a range of 490 to 477
ke The trend in its variation from the
- overlaid yearly variation shows that it
. increased steadily from 2008 to about the .
" end of 2019, reached a peak, decreased”
- slightly in early 2012, and reached a peak

ly at the end of year 2017 slightly reaching a peak during the year 201
and showed similarities 10

.~

with a modest peak in the year 2012 and -
2014, The yearly average speed at 20R is -

‘Sunspot Number |

again around in the middle of 2014 before ° <

Figure2 the graph plotted yearly )
¢ of sunspot full area is maximum
1252.2 In SH the sunspot presented at

. year 2008 to 2019, In the graph the valu ‘
- SSANH. , the yearly averaged peak value of sunspot in full area is : seated
227.6. These two areas the sunspot is maximum in the year of 24" cycle is

2013 at the range of highest value be

the highest range of value be 1227.6. The:
2014, but the ares of NH is maximum value is found in the year i e |
575. From this graph to note the sunspot num sunspot full area there is solar activity

%—
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e and the estimated forces (F) of Cppe. ine ey

Mag,

solar minimum

difference of about 5 deg) The LS iny,
decreasing gndu."y:“'\
the

The Nuctuation in acce)

ins

toward and duning the clnhr mi "
average of the accelerstion APPe O megative
cugpests mateet A

there is low solar activity). while it i
rence towards the

solar activity). The genernl ohmvn:::ﬁ
during the colar maximum but eeem (
A : deg (2 ’
rom 704 -2 ’ i ) then 1s
rd Rw 'mrh}:v‘r?‘g;‘x ‘ :l’;:lol vale $42 km/s " 02104” and th
! the years - ’
f‘::;:f \"ﬂr 2017, slightly reaching a peak during the year . |
l , an
2 Yearty ave valves of the CME pnnmucn—pmm::’ l(;:)t ,(,’:‘,.:.,,,::o::""b (Awl
:;::: ”&pn (lnﬁ‘,'ns and 20R), acceleration (A) and m ' P), H."k
param ol

esergy (KE), NOC. o
T R \deg| AW | LS | FiS | 20R |
| Year | No.of [MPAdeg| AW | LS Fi
‘/ ’7 CME deg | km/s | km/s | km/s 1
|
2000 742 ] 170.5 J 60.1J 475.8] 478.9 [ 490.5 [
XT’OIO ] 1103 | 1684 | 68.5 | 481.3] 490.2 | 491.2 |
[ 2011 | 1963 | 1673 | 70.4 |421.9] 432.2 | 434.4 |
| 2012 | 2124 | 1664 | 74.5 | 542.3 | 558.8 | 553.7 |
[2003 | 2302 ] 1621 ] 698 [502.3] 499.5 | 507.7 |
[ 2014 | 2416 | 159.1 | 753 | 540.1] 558.3 | 555.8 |
[ 2015 | 2048 | 1552 | 63.5 | 457.9] 470.1 | 478.9 |
[ 2016 | 1380 | 145.7 | 742 [4123] 4203 | 4228 | 4.8
[ 2017 | 783 | 1428 | 679 | 389.4] 3742 | 3883 | 7
[ 2018 | 470 | 1371 | 61.7 [419.5] 402.8 | 440.1 | S
[ 2019 [ 7539 | 1249 | 653 [457.6] 4675 | 4774 | 8
Correlation coefficient of CME parameters verse sunspot number (SSN) and sunspot area (SA)
verse sumspot number,
year correlation during maximum

SSANH and SSASH), and the correlation is identical for each additional C
i ding phases duriog

characteristics for the relationship between CP
the entire solar cycle, the js 0.59. The relationshj 1

A ) p between the LS and
():61 and 0.64. CME M, F, KE get a correlation values as 0.51,Force i

lsc:ct_nding phase (period of declf'ning) Phase (time of increased solar actjy;
. . oy . the falling phase the

ASH is 0.82. The values of the correlation results seem to indicate that the correlation is stro?

pot . ; e
. orre nspot number is find in the solar ¢y
i .yearly correlation of SSAT value js high than other two that is 0?7, SSANH value is 0.76 and ‘8,:: ‘

I
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nd SSASH. nac
sSANTE ending phase for the sunspor parameters %8N, SSAT,

! CONCLUSION

: To looked at the patiem

‘ bservati * of change |

e ATy, Norther Heomamelrs and KE), hesypamor o eon. CPAMPA, AW, L8, FIk A, M,
j- (SSAT) Northern H misphere sunspor are (sg,‘z‘" number (88N), and the overall ares of the sunspots
[ in misphere using (he analyas, H) and sunspot area for the solar cycle 2) ($$ARH)
The Number of occy

i . renc '
| decrease in SSN/SSAT, byt (he vnc, of CME (NOC) per year Increases or decrenses with Incresss or
! SSASH often has greater siang by rations is difYerent, Every year, more CMEs (NOCs) oecur unigue

" bappened not in SSASH bu in sg g SSANH. The NOC high around 2014 had s decline, which sho
. which also appears in a few oM H. We generally found a peak-dip-peak pattern in SSN and SHAT,
: : E parameters (AW), LS, FiS, 20R, and somewhst M, bt with $$N/
01 2.n'|d 2014, when the solar sctivity incresses, F and KE hsve
and dips. The correlations between AW and the other CME

3 meters (LS, Fi
para ( 1S, 20R, A, M, F, and KE) with the sunspot parameters (SSN, SSAT, SSANH snd

SH '
SSASH) appear to be stronger during the descending phase (DES) than the ascending phase (ASC). For

- A and M, the correlations between them and the other parameters appesr to be stronger during the
ng phase; but there was difference in F and KE. The CME speed

| descending phasc_: than during ascendj
and the correlation are both identical with the_exception of AW, the other CME parameters, and

 parameters of the ascending and descending sunspots phase all the sunspot parameters, Finally, the
results gf ’the CME and sunspot parameters show trends for the solar cycle 24's high solar activity, but
~ the variation vary in both strength and period for CME and sunspot characteristics showed sirong
correlations with each other but seems stronger during the ascending phase than descending phase and

variety. The majority of CME characteristics often display a delay when they reach their maximum,
7 including sunspot parameters.
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