Used data base
Life of sunspot groups

Sunspot Decay on a Large Statistical Sample
by Using High-resolution Data Base

Judit Murakdzy
MTA CsFK Csl

June 03, 2019.

Judit Murakozy Sunspot Decay on a Large Statistical Sample

1/21



Used data base

Solar and Heliospheric Observatory/Michaelson Doppler Imager

1996 — 2011

Launched Dec. 02, 1995 and it was a joint mission between ESA and NASA.
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Used data base
Life of sunspot groups

SoHO/MDI observations

June 03, 1999 11:11:33

white-light magnetogram
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Used data base
Life of sunspot groups

SoHO-Debrecen Data (SDD)

sze dpr 24, 23:08.28
Sunspot Database - SOHO - Mozilla Firefox

c o ® kmtahu/e:

SOHO/MDI - Debrecen Sunspot Data (SDD)

published by Gyéri, L., Baranyi, T, Ludman

‘The production of data was done within the WP2(Photosphere) of SOTERIA(SOlar-TERrestrial Investigations and Archives) project (FP7/SP1-Cooperation/1,
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 derived from MDI (Michelson Doppler Tmager) continuum images and magnetograms with a ~1 image/hour temporal resolution. The
MDI data are available by courtesy of the SOHO/MDI research group at Stanford Universily. SOHO (Solar and Heliospheric Observatory) is a mission of
international cooperation between ESA and NASA.

Data and Image Products: (All ftp) Additional tables: tilt angles of sunspot groups derived from SDD. Additional tool: MySQL query for SDD

Description of the rainbow-colored columns
B Graphical prosentation of sunspots of the ye
Solocted original Lovl 1. sk Images rm.w,”m Intensity (fts.g2) / Magnetograms (its.g2)

Processed enlarged full-disk images (solar north at the top): Contrast enhanced intensity images (ipo) | Magnetograms (jpo)

Sunspot and Sumepot Group data oes SDDformat 50

- Fulldisk catalogue of sunspots (txt) | Catalogue of sunspots and sunspot groups (tt)

- Images of sunspot groups with numbering of spots (pg) | Processed 16-bit negative images of sunspot groups (fits)

Facular data (see SDDformat.tx): Fulldisk catalogue of continuum faculae (txt) | Graphical presentation of faculae of the year

DATA BY HOURLY OBSERVATIONS

1996 19961 1996M | 19961 jpg | 1996M jpg | 14SDD1996 || SDD1996 | 1996aroup.ipg][1996aroup fits facsDD1996 | 1996
1997 19071 1997M | 19971 jog | 1997M jpo | 1a5DD1997 | SDD1897 | [1997aroup jog|[1997group s tacsDD1087| | 1097
1908 19081 199aM | 19981 jog | 1998M jpo | fasDD1998 | SDD190E | |1998group jog][1998group s tacspD1098| | 1098
1999 19991 1999M | 19991 jpg | 1999M jpo | 1aSDD1999 | SDD1999 | [1999group jpg][1999group it facspD1099) | 1999
2000 20000 2000M | 20001 jpg | 2000M jp | 145DD2000 | SDD2000 | 2000group.jpg][2000group.its facsDD2000/ | 2000
2001 20011 || 2001 | 200114 1pg | 20010 jpg || zasDD2001 || SDD2001 | 20015r0un jog|[2001goup fits facsDD2001 | 2000
2002 20021 || 2002 | 200214 jpg | 20020 jpg || zaspD2002 || SDD2002 | 2002570up jog|[20026r0up s zacsDD2002] | 2002
200 a1 o003 | 20030 ina | 2002 iner | fasnno0na || snnona | 5003 inal 003 ote mesnno0ns | 2003
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Used data base
Life of sunspot groups

SoHO-Debrecen Data (SDD)
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Used data base
Life of sunspot groups

SoHO-Debrecen Data (SDD)

<. MURAXOZY._PRIMORSKO, 2015_POSTER 0dg - breoffice Draw June 03. 1999. 11:11:33
® o vomarrex
(c>ce ‘ :

T QB ax 2019.m8.23, 5233547 8%
Hidde conne ", |Goog o;ls.hn]omlm\mume e
® fenyi.solarobs.csfk.mta.hu/SDD/1999/19990603-111133/index.html -~ © fr||Q keresés |
 Legtobbszor itogatott. @
Back to 1999

Pravious day
Next daj

o s5m
e “asss
o
B 55 O, o
N
£ ew

1999.06-03m 11133 s
SOHO MDI ( rocessed observation: 125, £115)

Magnetic observation ( M_10090603 111203104 )

Judit Murakozy

Sunspot Decay on a Large Statistical Sample 6/21



Used data base
Life of sunspot groups

SoHO-Debrecen Data (SDD)

. 8558 NOAA. June 03. 1999 11:11:33

n

B e 2019.m8). 23, c5 235557 8%

gle |
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AL @l so B

By using the magnetic field data one can
LUVRELEAR | il distinguish between the leading and
following sunspots.

[spot | _Proj. U[_Proj. WS|_Corr. U Corr.WS| __B| L[ LCM[_Pos. angle| il MU MP.

i 5 611] 3 315[ 13.81[ 287.31[ 5.87| 338.04] 02666 1632.6 8175

B 11 Bl 6| 1[ 14.38] 267.16] 5.72]  339.32 0.2746] 99
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P 1 7 17572 i Y : There are 35 sunspots in this group.
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Sunspot’s growth
Life of sunspot groups Decay

Requirements for the data

Sunspot groups which growth at least 4 days
and they show decay pattern at least 2 days
equlibrium area = maximum area

area = umbral area

should be two opposite polarities at the maximum area of sunspot
groups = clear growth phase of the groups

vVvyVvYyVvyy
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Used data base Sunspot’s growth
Life of sunspot groups Decay

Growth and decay
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Growth rates

80 T

Life of sunspot groups

Sunspot’s growth
Decay
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Analitical growth rate
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Life of sunspot groups

Sunspot’s growth
Decay
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Sunspot’s growth
Life of sunspot groups Decay

Requirements for the sample groups

v

groups with maximum area are at least 40 % higher than their area at the time of the first
and last observations

lifetime of the groups is at least 8 days

the time-span of their decay is at least 4 days=- clear area maximum
equlibrium area = maximum area

area = umbral area

> should be two opposite polarities at the maximum area of sunspot groups

vVvyVvyy

Real and checked decay and its investigation. The number of the sample is 267.
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Sunspot’s growth
Life of sunspot groups Decay

Decay rates of sunspot groups and their parts
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or we can use the average value of the daily variations of umbral area
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Decay rate — umbral area
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Sunspot’s growth

Life of sunspot groups Decay

sunspot group — leading part — following part
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Sunspot’s growth
Life of sunspot groups Decay

Decay rate — area (average daily variation)
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Sunspot’s growth
Life of sunspot groups Decay

Decay rate — number of groups
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Sunspot’s growth
Life of sunspot groups Decay

Solar hemispheric decay rates

sunspot group — leading part — following part
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Sunspot’s growth
Life of sunspot groups Decay

Cycle dependence
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Cycle dependence can not be pointed out obviously. This needs more analizes.
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Sunspot’s growth
Life of sunspot groups Decay

Some papers about sunspot decay...

» Petrovay et al. 1997, Sol.Phys.: Based on two years (1977-1978) data, but only for those
sunspots that larger than 10 MSH. There is linear relationship between the decay rate and
the diameter of the sunspot. The sunspot decay is governed by the turbulent diffusion.

> Norton et al. 2017, ApJ : studied 10 sunspot groups by using observations of SDO/HMI.
They focused mainly on the growth, but studied the decay as well, however there are less
data for the decay.

Area dependence of the growth: larger groups emerged faster than smaller ones.

The decay rate is half of the growth rate.

The growth rate of the leading part is higher than the following part. = these results are
as ours, but this study can investigate only 10 sunspot groups

> there is no leading-following separation, or the number of the sample is too low to study
cycle dependencies
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Sunspot’s growth
Life of sunspot groups Decay

Summary

> The growth rate is higher than the decay rate

> The decay rate of the following part is higher than the leading one
» N-S asymmetry can not be pointed out clearly during the decay

» Cycle dependence can not be pointed out clearly as well.
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Used data base Sunspot’s growth
Life of sunspot groups Decay

Thank you for your attention!

This work is funded by the NKFIH OTKA FK2018 project under the contract number 129137.
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