Judit Murakdzy

Debrecen Heliophysical Observatory, Konkoly Thege Miklds Astronomical Institute, Research Centre for Astronomy and Earth
i Hungarian Academy of Scif

10th Workshop, Primorsko, Bulgaria
June 06, 2018



Outlook

Measure of the solar activity
Weaknesses of the Sunspot number
Proposed alternative measure
Summary

Abstract

To reconsider the physical meaning of the sunspot number we have to remember that
there are different physical mechanisms which govern its two components: the number
of observed sunspot groups (denoted by g) and the number of all observed spots
(denoted by s). These are one of the reasons of the ambiguity of the sunspot number.
To eliminate this ambiguity we need to take into account not only the sunspot sizes but
the aspects of observability as well.

This talk will suggest a new activity index which can be given by using detailed sunspot
data. The mentioned index is the amount of emerged magnetic flux which can be
calculated by using the sunspot area dataset, the only long-term proxy measure. It can
be calibrated to the magnetic flux.

The detailed Debrecen databases provide the opportunity to calculate the suggested
sunspot index.
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Past
Recent

Wolf number — Relative sunspot number

Introduced by R. Wolf 1848 at the Zurich Observatory

Rz = k- (10g + s) (1)

where k: constans for each observatory
g: number of sunspot groups
s: number of sunspots
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Now International Sunspot Number by Sunspot Index and Long-term Solar Observations
(SILSO) team at the Royal Observatory, Brussels
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The number of observed groups depend on

» Observational problem

> the observability of sunpots (technical, seeing, center—limb variation of observability)
> the sizes and distances from the central region

» Methodological problem

» Problem of the physical meaning of the Wolf definition
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(Murakézy, J., Baranyi, T., Ludmany, A. 2016, Sol.Phys., 291, 2941-2950)
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ISSN — Wolf number (DPD; k=1)

Observability
Method
Physical meaning of the Wolf definition

T T

2 400 all spots
300
@
> 200
ks
T 100
o

0 L L L L L L L L L L L L

0 30 60 90 120 150 180 210 240 270 300 330 360
day of 1989
4 T

a o0 Is§
% 300
2}
> 200
B
T 100
kel

0

0 30 60 90 120 150 180 210 240 270 300 330 360
day of 1989
400

0
& 300
@
> 200
ks
T 100
o

0 L L L L L L L L L L L

150 180 210 240 270 300 330
day of 1989

360

(Murakdzy, J., Baranyi, T., Ludmany, A. 2016, Sol.Phys., 291, 2941-2950)
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Different mechanisms for g and s
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Physical meaning of the Wolf definition

g: amount of the emerging magnetic
flux

s: fragmentation process during the flux
emergence

(Murakdzy, J., Baranyi, T., Ludmany, A. 2014, Sol.Phys., 289, 563-577)
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http://fenyi.solarobs.csfk.mta.hu/en/databases/SOHO/

Published by Gybri, L., Baranyi, T., Ludmany, A.

Unique detailed sunspot catalogue

Data for 19962010

Contains area, location and magnetic polarity data for all individual sunspots
Hourly resolution

Freely available but the data policy: refer two publications
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Sunspot Database - SOHO - Mozlla Firefox

© me solarobs.csfmta.hufen/databases/SOHO/
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C = Reseaich Cente for Astonomy and Eath Sciences

SOHO/MDI - Debrecen Sunspot Data (SDD)

published by Gyor, L., Baranyi, T, Ludmény A

The production of data was done within the WP2(Polosphiers) of SOTERIA(SOlar TERrstrial Investigations and Archives) projoct (FPT/SP1 Cooperationfl,
Nov 2008 - 31 Oct 2011). The aim of the related tasks was to cover the entire SOHO-era with the most detailed data of sunspots, sunspot groups and
photospheric faculae dersved from MDI (Michelson Doppler images and with a ~1 resolution. The
MDI data are available by courtesy of the SOHOMDI rescarch group at Stanford University. SOHO (Solar and Heliospheric Observatory) is a mission of
international cooperation between ESA and NASA.

Data and Lmage Products: (AL I1p) Additional tabi

Lt angles of sunspot groups derived from SDD. Additional tool: MySQL query for SDD

Deseription of the rainbow colored columns:

al 7l 31 W 3D G S

W Graphical presentation of sunspots of the year
selectod originatLovl 1. ik images: Contnuun inensity (1602 Nagnetograms (15 32
sed enlarged fulldisk images (solar north at
B Sunepo and suaspol G data {se0 SDDIommaL =

(tx)
Tmaesof sunopot o wih bring o spots iy Frocecoed 16 revateinages ofsraot grugs (i)
© Pacular data (see 16ray faculae of the year

'DATA BY HOURLY OBSERVATIONS

(e v [ soet | sossape | 1o o asiotons | sooiass [ ssearen o 5ssarn i esomisss | 1358 |
G670 | ien | s || 199700 | 1997 g |i@sDD1997 | 5DD197  [1s87aroun o] 1997aroun s facspise7 | 1987
[76888|| gssei | 199N |90t ipg | 1998 g | 50SDD1SS8 | SDD1S88  [1998group i 1998group ] mosDD1sss| | 1998
1999 19901 1999M | 19991 jpg | 1999M jpg | 1SDD1999 | SDD1999  [1998group by 1999group fits| facsDD189] | 1999
2000 20001 2000M | 2000fd_jpg | 2000M jpg | fASDD2000 = SDD2000  2000group_jpg 2000group.fits facSDD2000 2000
[7301 || Zooii | 3001|2001 spg | 20010 g | 0SDD200I | SDD200I  |2008group ps] 200igroup | faosDDz0o1|| 2008
2002 20021 2000M | 200200 jpg | 2002M jpo | 10SDD2002 | SDD2002  [20026r0up pg] 2002gr0up fits| facsDD2002] 2002
17008 aoost | aweaw | aovsaon | 200 o |@sD2003 | SoDdons [ aoesroun o 2003t fcsoranss | s |
—T—— e ——— ]




ozl Firefox 4x 2018.m3)31,517.0728 45

@ 7y Q ereses

Back to 2001 Pravious day
joxt day

q*m':‘\w‘ o

»

ol 7]

N
E e w
2001061701383 s
SOHO MDI ( processed observation: JPEC, FITS ) ‘Magmetic observation (M_20010611_013601.1pg )

v




o < 2018.m 31, 5170812 88

@ 7y Q ereses

Back to 2001 Pravious day
joxt day

q*m':‘\w‘ o

»

ol 7]

N
E e w
200106 11m03:11:32 s
SOHO MDI ( processed observation: JPEC, FITS ) ‘Magmetic observation (M_20010611_0312011pg )

v




o Mozl Firefox

@ 7y Q ereses

Back to 2001 Pravious day
joxt day

q*m':‘\w‘ o

3
.

ol 7]

N
E e w
2001-06-11707:09:32 s
SOHO MDI ( processed observation: JPEC, FITS ) ‘Magmetic observation (M_20010611_052701.1pg )

v




Outlook

Measure of the solar activity
Weaknesses of the Sunspot number
Proposed alternative measure
Summary

Detailed sunspot database
Method

SOHO/MDI - Debrecen Sunspot Data — Data groups & spots
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(Murakdzy, J., Baranyi, T., Ludmany, A. 2016, Sol.Phys., 291, 2941-2950)

Area — magnetic field relationship:
B =0.04 - logA + 0.07

The total magnetic flux:
TMF = K [Z f(A,-)A;] L



Daily variation of the SSN
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(Murakdzy, J., Baranyi, T., Ludmany, A. 2016, Sol.Phys., 291, 2941-2950)
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(Murakdzy, J., Baranyi, T., Ludmany, A. 2016, Sol.Phys., 291, 2941-2950)
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(Murakdzy, J., Baranyi, T., Ludmany, A. 2016, Sol.Phys., 291, 2941-2950)
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Wolf introduced the sunspot number in 1848

The Wolf number has some weaknesses (observability, methodologicaly,
meaning)

The more reliable parameter to measure the solar activity is the TMF, which is not
contaminated with non-activity measures

The smaller sunspots have less impact on the TMF than on the Wolf number
because of the quickly decreasing flux amount



Thank you for your attention!



