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Multi Wavelength Studies of
AI M S the Solar Atmosphere:
Celebrating the Career of
Costas Alissandrakis

» Analysis of high-precision positions and rotational velocities of . o
sunspot groups for the time period 1874 — 1976: loannina, Greece

» dependence of the differential rotation of sunspots on
- the phase of the cyciBalthasar and Wohl, 1980, A&A, 92, 1
time (Brajsa et al. 2006, Solar Phys., 237, 365)

> relationship between the solar rotation and actigiyga et al. 2007
Astron. Nachr. 328, 1013.)

Main aim: to extend analysis 1977 — present *
(usingKanzelhdhe Observatory for Solar and Environmental / o
Researclsunspot drawings and white light imagelsSOsd and KSO

> temporal variations on K&d analysed only for the period ' *
1981 (Lustig, 1983, A&A ,125, 35p




Equatorial Rotation in the Solar Cycle
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Fig. 1. Sideral rotation from 1947-1981. Annual mean values of the coefficients a and b. The results of Balthasar are given for comparison

by the dotted line

0,0

Gradient of the Differential Rotation
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1948 -1981 ’

Fig. 3. Gradient of the differential
rotation in the cyele No. 18-21

» Lustig, 1983, A&A ,125, 35




AIMS

The main idea;

» provide a continuation of the investigations dameuktig (1983)

» analyze the relationship between the solar rotaimhactivity

Determination of the heliographic positions

» solar cycles nos. 20 — 24 were processed (51 yeadp& 964 — 2015)

» for the first time, solar cycle no. 21 is examiresnpletely (previously, it

was just partially processed), as well as solalesygos. 22-24

» solar cycle no. 20 represents the overlapping(paftork and Lustig, 1983)/

Multi Wavelength Studies of
the Solar Atmosphere:
Celebrating the Career of
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METHODS

Multi Wavelength Studies of
two procedures for determination

the Solar Atmosphere:
of the heliographic positions of

Celebrating the Career of
Costas Alissandrakis

unspot groups

MANUAL
(INTERACTIVE)
METHOD
(1964 — 2010

September 21-24, 2015
loannina, Greece

AUTOMATIC
METHOD
(2010-2015)

MANUAL vs.
AUTOMATIC

KSOsd SOwli

=

. | | t

.

the algorithm for the cycle no.
Sungrabber automatic recognition
of the sunspot groups

. .*




NR: L0 SONNENOBSERVATORIUM

KANZELHOHE { T e
FiLM: S 29 BEOB d

MANUAL METHOD (1964 — 2010) o 7"~ G ﬁmm

- processing of the KSOsd

- a special software for the
determination of tracer’s positions in

full disk solar images Sungrabber*
(Hrzina et al., CEAB, 2007, 31, 273).

o,
ES
b, §
%c‘ \ \
N
%
e
p: .=y

Ap: 9 018%7%\,
By -5 0‘77:’7
b

Lo: 30372

* www.zvjezdarnica.hr/sungrabber
Kanzelhshe drawing (25th Jan. 1993)



MANUAL METHOD
(1964 — 2010)

- Interactive, visual
estimation of the
area weighted
positions of
sunspot groups
were applied
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MANUAL METHOD (1964 — 2010)

- Interactive, visual estimation of the
area weighted position of sunspot
groups by the observer

- the differences between Sungrabber
coordinate determinations of the two
observers are negligible -
approximately 0.1 deg, always less

then 0.2 degpoljarti¢ et al., 2010, Sun and
Geosphere, 5(2), 52)

- three observers

Name Date taken Tags Size Rating

ﬂ:- B Ii(I?:1:1;_}:1‘:3.}:&13:_1‘d_1993011‘3_0905 \ atr“rjp_
f!E Pictures okB : B
RJ‘ Music w kanz_draws_fd_19930125_0905 b temp
% Recently Changed I= --_' J5 | DATFile
gE—{ Searches = ’J

Public

Folders ~

| 4 items

|

i

A = = - .

;;‘, Lister - [C\UsershipoljanciciDocuments\Z nanstveniiKanz_slike_1993(1-10\kanz_drawx_fd_1993

File Edit Options Help

Nute: Data format: “name*, B, CHD, L
B, CHD and L are expresed in degrees.
vz2.a

Picture: Kanz_drawx fd_ 19938125 8985 _JPG
"Date {(day, month, year): ",25,1,1993
“Time (UT): ",9.883

"P="",-9_ 4847

"BB="",-5.5275

"LB="",3083 1457

“rho8="", 98457

i ScCan

889 _GB2B4B119565,995 763284459026 ,736 837163807555
359.697359293615

"7u83" 14 76181 ,55_ 28543 358 43113

"Tue7" -6 .16486,-27 53852 ,275 68718
"7h86",-13.65615,4.37441 307 52811




AUTOMATIC METHOD
(2010-2015)

- processing of the KSOwli

- the algorithm for automatic
recognition of the sunspot groups —
(Watson et al., 2009, SoPh, 260, 5)

- morphological image processing —
an erosion following a dilation

- successive erosion and dilation are
used for the elimination of small
objects (marking, calculating the
area)




] * 20140612_0623_prez.dat <

20140612 0623

Size (Pixel): 2048, 2048

Center (Pixel): 1024.18, 1024.51
Radiuzs (Pixel): 222.778

BMumber of Umbrae: 1352

AUTOMATIC METHOD
(2010-2015)

B Umbra Penumbra Position CenterX Center¥ Uirea Poarea ERegion
. . 4 21 S 21/W 53 1704 694 9 1471 12085
- we usedaw fits imagesand - 21 s 20/w s |1735  ess > 1471 1208s
. - . iz 21 5 _'I_QIW 55 1737 716 1 1477 0
correspondinglat files acessible e 26 s 20/ws0  |1e7s 700 6 75 12085
- = 27T 5 lE‘fE 57 301 711 | 27 12087
via the Kanzelhoehe ﬁ:p 10 34 S 19/W 46 1645 710 8 89 12085
15 a1 S 18/E 53 322 739 2 395 12087
1 ' 16 47 5 17/E =& 300 T45 & 13 12087
- for a Slngle day1 we Used Jlmhe 19 a2 s 12::1-1 50 1717 828 6 169 12030
: : : : 20 as S 11/W 34 1530 836 1 a5 12088
fits file which produced dat file i S i s S : e
: : 29 297 N 11/W 72 1883 1203 ) 189 12079
Wlth the hlgheSt memory 32 310 M 14/W 47 1672 1243 a6 1009 12082
] 30 312 N 13/W 72 1880 1230 21 12079
- f|tS header- P and Bo 31 314 N 13/W 42 1627 1230 153 12082
33 352 M 25/E &4 275 1404 331 12090
) ) 362 362 S 24/W 03 1070 642 13 o
- the correspondindat file - solar
rad“ a.nd X and Y plxel Coordlnate ERegion Type Length Tarea EPL T =34 oy Ccenx ceny
- 0 F-120 a1 1853 4 1011 1012 -0.7 -0.1
. . 2.24 210 o 0 1882 1205 71.1 11.2
- center based on center of grav Coen be  eloe os azes oo sen eels-anie
_ 12082 D-4 6.40 305 o 2 1669 1242 45.7 14.0
- Calculaﬂons from Meuss 12085 E-11  14.32 933 2544 10 1694 700 51.4 -19.3
_ _ 12087 D-5 4.47 336 858 5 316 724 -54.0 -18.0
(Astronom|ca| algonthr@s 12088 F-5  22.36 52 185 3 1342 813 20.1 -11.7
12089 F-38 27.29 626 o 0 859 1281 -10.4 16.2
12090 a-1 0.10 308 o 0 275 1404 -64.0 24.0




M ET H O D S Multi Wavelength Studies of

the Solar Atmosphere:
Celebrating the Career of

» Identification of sunspot groups: e endrakis
Greenwich Photoheliographic Results, GPR L e
» Debrecen Photoheliographic Data, DPD

» Rotation velocities were calculated by:

a) daily-shift method (DS), i.e., from the daily differences of the
Central Meridian Distance (CMD) and the elapsed time
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b) robust linear least-square fit (LSQ)from the function
CMD(t) for each tracer




Multi Wavelength Studies of

R E S U LTS the Solar Atmosphere:
Celebrating the Career of

Costas Alissandrakis

(Eq. 2) September 21-24, 2015
loannina, Greece

» the solar differential rotatiowm(b) = A + B sin“ b

Filters
+ 58° in CMD (in order to avoid solar limb effects)

8 — 19 deg/day In sidereal rotation velocity (torehate
any gross errors resulting from misindentificatadn

sunspot groups)

.
"zzz%za
.

* .

in both methods (DS, LSQ) - assigning the veloatyhe
latitude and time of the first position measurement
(Olemskoy&Kitchatinov, 2005, 31, 706) .

iy
N

o

B
o

.

robust linear least square fit (cases with only tlets

excluded)




RESULTS

the Solar Atmosphere:
» two methods for the heliographic positions deteation have been
used (1964 — 2015)

Multi Wavelength Studies of

Celebrating the Career of
Costas Alissandrakis

September 21-24, 2015
_ _ _ loannina, Greece

In order to be able tdiscuss them simultaneoushautomatic vs

manual comparison (,calibration”)

MANUAL AUTOMATIC
METHOD METHOD
(1964 — 2010 (2010-2015)

+2014
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LSQ fit - DS method more precise than LSQ method

RESULTS fOF 2014 - LSQman North — obvious errors in identificatic

A Il (deg/day)

(differential rotation coefficient A)
of sunspot groups etc.
LSQ fit: Robust LSQ fit:
15.0 - _ 15.0
| | DSman 1 | DSman
| [ DSaut 14.9 -| | DSaut
1497 | e Lsaman South R L SQman South
1 | B LSQaut 1 | %X LSQaut
14.8 - 14.8
1| North + South North 1 | North + South North
14.7 14.7 — T
_ w <
T 146
=)
2 | [
=)
= 145
< |
14 4 -
14.3 -
14.2 -
| 14.1 |
989 873 250 222 384 344 93 81 605 529 157 141 989 873218 191 384 344 79 74 605 529 139 117
Number of velocities calculated by DS or LSQ method Number of velocities calculated by DS or LSQ method

(filters: CMD +-58, velocity 8-19 deg/day) (filters: CMD +(-)58 deg, velocity 8-19 deg/day)




Multhwavelength Studies of

R ES U LTS fOI’ 20 14 the SolarAtmosphere:

Celebrating the Career of

(differential rotation coefficient A) .
15.0
1t— < | DSman
» robust LSQ fit= DS and LSQ uo | |Eose
_— . LSQman
precisions equalized (error bars) g | [ERRSQR South
| North + South North

» for all cases lower velocity values ,._
for North *

> all measurements (N+S, N, S) a
within thel common sigma- it

IS possible to use the methods
simultaneously

A /Seglday)

989 873218 191 384 344 79 74 605 529 139 117

Number of velocities calculated by DS or LSQ method
(filters: CMD +(-)58 deg, velocity 8-19 deg/day)




The North and South components of the monthly
smoothed sunspot number (SILSO)

International sunspot number S, : hemispheric 13-month smoothed numbers

180 | |

> Geen-Now [ = emEmee)
number higher than |

the South number - 140:_ ................. ....................... ....................... ....................... ........................ ..............

> Red_ South 12():_ ................ T ....................... o ..................... ..............

number hlgher than 1[]()_ U | .................. L ........................ ..............

the North number |
aoL........... ...
» explains the '

Hemispheric sunspot number S

difference between Y R B S  ECTH
the number of o 0w . YW 4 n | N [ W |w
calculated }
velocities for North or
and South i i i

1980 1990 2000

1950 1960 1970 2010

Time (years)

SILSO graphics (http://sidc.be/silso) Royal Observatory of Belgium 2015 September 1



B/ (deg/day)

Multi Wavelength Studies of

RESULTS for 2014 o

Celebrating the Career of

(differential rotation coefficient B) e

LSQ fit Robust LSQ fit

6

14 - 2
12 T
10 B DSman 1 | North + South North South
| ] DSaut
8 | B LSQman 0
6 X LSQaut
4 ﬁ |
2- - z 2
04 ‘ﬁ_ bR ! S 4
_ -
L | :
4 - o .
_4 _|

I DSman

8-
10 | Nerth +South South ]
] DSaut

-6 - | BB LSQman
XX LSQaut

12
14 -

| — | | \ I B
41 989 873218 191 384 344 79 74 605 529 139 117

Number of velocities calculated by DS or LSQ method
(filters: CMD +(-)58 deg, velocity 8-19 deg/day)

e

T T T T T T T T T T T T T 1
989 873 250 222 384 344 93 81 605 529 157 1

Number of velocities calculated by DS or LSQ method
(filters: CMD +-58, velocity 8-19 deg/day)



RESULTS for 2014

(differential rotation coefficient B)

The same conclusions as

for coefficient A:

>

robust LSQ fi—= DS and LSQ
precisions equalized (error bars)

for all cases lower absoluBz
values for North (except for
DSaut)

all measurements (N+S, N, S) are
within thel common sigma- it
is possible to use the two methods

B/ (deg/day)

North + South

| | DSman
[ DSaut
B L SQman
oSO LSQaut

North

Multi Wavelength Studies of

the Solar Atmosphere:

South

simultaneously

N R R
989 873218 191

I B B
384 344 79 74

605 529 139 117

Number of velocities calculated by DS or LSQ method
(filters: CMD +(-)58 deg, velocity 8-19 deg/day)



Equatorial Rotation in the Solar Cycle
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Fig. 1. Sideral rotation from 1947-1981. Annual mean values of the coefficients a and b. The results of Balthasar are given for comparison

by the dotted line

0,0

Gradient of the Differential Rotation
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1948 -1981 ’

Fig. 3. Gradient of the differential
rotation in the cyele No. 18-21

» Lustig, 1983, A&A ,125, 35
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