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Sunspots — First observations

e China The Recording of Sunspot Phenomena Originated In Astrology
We do not know when sunspot phenomena were first recorded in China.
o BOOk Of Changes (ul Ching") By 800 B.C. such records were reflected in “Feng $ ,” hexagram 55 of

the Book of Changes (Zhou yi J§| af) ). “Dipper seen in the sun™ (lines
° 800 BC 2 and 4) and “dark spots seen in the sun” (line 3) refer to sunspot phe-
nomena. Since lines 2 and 4 end in “auspicious,” and line 3 in “no mis-

. . fortune,” there is no doubt that the goal of this text is divinatory.?
* First drawing
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Sunspots — First observations

e China
* Book of Changes
e 800 BC

* First drawing

e John of Worcester
e 8Dec 1128

* First telescopic drawing

e Thomas Harriot
* 8 Dec 1610

* First publication

* Johannes Fabricius
Swec

* 13 June 1611
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Sunspots — First observations

* Galileo Galilei
* Oldest drawing: 12 Feb 1612

* Main discoveries on sunspots:
* On the Sun (not satellites)
* The Sunis NOT perfect!
* Rotate with the Sun (+/- 1 month)
* Can reappear
e Sunspots change shape

2 June —8 July 1613 ’




Sunspots — First observations

iIMAGO SOLLS XV ¢

e Galileo Galilei
* Oldest drawing: 12 Feb 1612 Wi Ll S0l i
. - ) ermationw, .~ ; o B ‘\--\‘\ Iannarij'.rfv.
* Main discoveries on sunspots:

/ Soiciuéfafi & .
* On the Sun (not satellites)
* The Sunis NOT perfect! / 3@?; ¢ ‘;K
iz » " b 50 B\ R

* Rotate with the Sun (+/- 1 month) ii g @ o Wk
Lf‘}’.i 4 i ( o Mauﬂ‘”"’;&;éik'“:{ o1, Janfuaryy, anos :’ . \p

* Can reappear o iy g |
o o e Nadds

* Sunspots change shape e —— ,»v«j.,_,r.,ffmmm,,mu,f} .
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e Christoph Scheiner
 Rosa Ursina sive sol

 Main discoveries:
e Solar axis is inclined ‘
e “Differential rotation” , , i

' Christoph Scheiner, Rosa Ursina (1630)
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Sunspots — How to observe

Naked eye — Eclipse glasses,...

\-' » £ - A
- i & aé N ! oy

Royal Observatory of Belgium / SIDC / SILSO




Sunspots — How to observe

Largest solar telescope — DKIST (4m) Largest resolution images (30 km)

Daniel K. Inouye Solar Telescope (Hawaii)

=C._ 8
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Sunspots — Structure and creation

Structure: umbra and penumbra Creation: magnetic disturbance at the
surface of the Sun

penumbra

granulation
photosphere

Credits: SOHO/MDI - https://soho.nascom.nasa.qov/qallery/images/sunspotmdib.html|



https://soho.nascom.nasa.gov/gallery/images/sunspotmdib.html
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SDO HMI (6173 A) 31—-Mar—2020 18:46:37.500

Sunspots - Location

e Quadrants

* Solar rotation
e +/- 27 days (apparent)
* Carrington rotation
e +/-13° per day
 Differential rotation
* Poles rotate slower than equator

* Position
e Latitude
* Central Meridian Distance (CMD)
 Example
* N28E52
* Within a group, sunspots can

’ “wander”
P-C W SolarMonitor.org

Central Meridian




Sunspot groups

First photograph of the Sun - Fizeau & Photograph of the Carrington group -
Foucault (2 April 1845) Warren de la Rue on 31 August and 03
September 1859

/5 fp.,“v];l_lj Xy aaj
Ja———

V739 S 2 38,

Cliver & Keer 2012

Credits: ESA

Usoskin et al. 2023




Sunspot groups — Solar dynamo

Solar dynamo <
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Sunspot groups - Blpolar

HMI 8173 A 3—d0n—2024 19‘46 29 /700 HMI Mognetogrom 13—-Jan—2024 1&: 58 29.700

‘SolngAc_m_ifrcz_.D_r.Qrgg : : ;SOIQrMoniTorf.org

Most sunspot groups are bipolar. During SC24-25: 33% unipolar ; 67% bipolar

Space Weether Educetion Center



Sunspot groups — Evolution (birth)

HMI continuurg 2013-04-18T18:15:34.500




Sunspot groups — Evolution (decay

HMI 6173 A 26—Nov—2020 19:46:31.300 HMI 6173 A 23-Dec—2020 19:34:29.700 HMI 6173 A 19—Jan—2021 11:22:30.100
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Sunspot groups - Numbering

SDO HMI (6173 A) 24—Feb—2024 19:46:32.700

* Greenwich (RGO)
» 1874-1976

* NOAA/USAF

* 1972-present
e Currently at 13615

e Returning groups get new number
e Catania
e 0=>99
e Start over

* All data (1874-present) at

* Solar Cycle Science
* http://solarcyclescience.com/activeregions.html

&

1560
v

Solorl\/loni’ror.or


http://solarcyclescience.com/activeregions.html

Sunspot groups — Sunspot area

* Expressed in “MH”

* Millionths of a solar Hemisphere
* Area ., =167 MH

* Several methodologies

* Differences between h
Observatories e e

* RGO =1.4 x NOAA
* Sunspot groups:
e Typical: ~ 170 MH
e Largest on 8 April 1947

e Greenwich 1488603
Swre

23 October 2014

* 6320 MH




Sunspot groups — Sunspot area

Kanzelhohe, 8 April 1947 SDO/HMI, 23 October 2003 L



Sunspot groups — “The” laws (1/2)

* Leading spots tend to have larger MF - -
than trailing spots ST RE S N S0 )
* Form earlier, last longer |

. ‘
* The leading spot is usually more . e
inclined towards the solar equator G 0* e .
than the trailing one A S

* Effect becomes more pronounced with
increasing latitude (“Joy’s law”)

* Leading and trailing sunspots usually
have opposite magnetic polarities

* Opposite between solar hemispheres




Sunspot groups - Classifications

e Two classification schemes
* White light
* Mcintosh classification
e Based on the sunspot group morphology

* Magnetogram
* Mount Wilson classification
* Based on the magnetic structure of a sunspot group

* Detailed discussion and examples at STCE’s SWx classification page
e https://www.stce.be/educational/classification

"C 23
Space Westher Educetion Center



https://www.stce.be/educational/classification

Sunspot groups - The MclIntosh classitication

* Developed by P. MclIntosh in the late 1960s, published in 1990

* 3 components: Zpc

e Z—Zurich modified : general outlook of the sunspot group
e 7 possibilities

* p—Penumbra: outlook and size of the penumbra of the main spot
* 6 possibilities

e ¢ — Compactness: describes the sunspot distribution in the interior of the

sunspot group

* 4 possibilities

* In total not 168 classes, but “only” 60 classes
* Based on a full-disk view of the Sun




The Mclntosh classification - 7

* General outlook of the group
* Unipolar or bipolar group?
* Unipolar: distance between spots < 3°

* Bipolar: distance between main spots > 3° o AT D
 If large spots: distance > 5°

* Penumbra or no penumbra?

 Penumbra on one or both sides of the sunspot o o E
group? e 2

e Length of the group (>10°? >15°?) |

* Between the outer extremities of the main spots




The Mclntosh classification - p

* Penumbra and size of principal sunspot

 Rudimentary or mature penumbra?
e Rudimentary: incomplete and/or small penumbra
* Symmetric or asymmetric main spot?

e Symmetric means also: elliptical, multi umbrae, slight
irregularity of the edge

* North-South diameter of main spot >2,5°?

* To avoid misleading effect from sunspot stretching by solar
rotation

* “h” and “k” are the big brothers/sisters of resp.

au_n
S

and Ilall

27




The Mclntosh classification - ¢

* Internal sunspot distribution

* Sunspots between leading and trailing main
spots? .
* Open: No or a few small spots
* Intermediate: Numerous small spots, but no mature

* Is there internally at least 1 spot with a mature o el N
penumbra? ]

* Compact: many strong spots with at least 1
containing a mature penumbra

* Extreme case: entire sunspot group enveloped by a
continuous penumbra

28




Sunspot groups - The Mcl classification - example

HMI B173 A 4—Jul—2023 22:46:48.200 7

TABLE 1

Logic sequence for determining Mclntosh

-100 sunspot types

Unipolar or bipolar?

Penumbra or no penumbra?

Penumbra on one end or both ends?
Length of group?

Rudimentary or mature penumbra?
Symmetric or asymmetric largest spot?
N-S diameter of largest spot?

Spots between leader and follower?
Mature penumbra in interior?

—200

Y (arcsec)

=300 =

—400 F

~500 _
Solqu\/lom’ror Org "

—400 =300 —200 —3 00 0
X (arcsec) ”




Sunspot groups - The Mount Wilson classification

* Developed by Hale in the early 20t century

e Supplemented by Kiinzel (1960)
* “Mount Wilson” classification

Towards observer

* Based on magnetic structure of sunspot
groups
 Sunspots, not ephemeral magnetic structures

e Attention for line-of-sight effects!
* Near solar limb

* Only 7 classes
* Ala)

* B(B), BG (By), G (y)
* BD (o), BGD (Byd), GD (yo)

’-C 31 March 2013 S April 2013 8 April 2013 )

space Westher Educetio
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Sunspot groups - The MtW classification - sketch
o
WL ® ® Ly ® o o 0 ® : oo 0 : :o o °
o ©
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Sunspot groups - The MtW classification - examples

500

400 B

o
Q
<

Y {arcsecs)

N
Q
o

100

HMI Magnetogram

1—May—2014 22:46:21.300

Q

Q
—5()0 —400 ‘ —300 —200 —-100
X (arcsecs)
HMI 6173 A 1—May—2014 22:46:21.300
_u.,,_.,...;.J...,.....;.g.,...v...,ru].,..!u..,....!..,.!.,a
500
400 12050
T 30
¢ R
§ £
5 E:
- =
200
100
oF SellsiilV
Ez A o Ol
Y PR ERTTERTT A N TN S
=500 —400 =300 =200 —=100
X (arcsecs)
(= 4

Space Weesther Educetion Center

0

600

500

&
Q
[=]

Y {arcsecs)

]
(=3
o

200

100 B

600

500

+
Q
o

Y {arcsecs)

[
[=3
[=3

LU L L L L L )

200

100

-100 0

100
X (arcsecs)

300

HMI Magnetogram 11-Feb—2017 19:34:31.400

400

HMI 6173 A 11—Feb—2017 19:34:31.400

12835

"y

TI2E34

,’\'.

L0 L L L L L L B

Bilivssrierteccrvve e v v e Do v i e Tooo v o

-100 0 100 200

X (arcsecs)

p

300

400

T {oresecs)

Y {arcsecs)

200

HMI Magnetograrm 15—5ep—-2015 23:10:18.

&

HMI Magnetogram 12—Mar—2015 21:55:14.300

~ =100
"
—400F Y
8
5
> 200
N B ST e e s P T o I e i S e e
—300
—800
—400 :
_one AR T . SolarMonitor.org &
200 200 400 510 500 700 —300 -200 -100 0 100 200
X (arcsecs) X (arcsecs)
HMI 6173 A 18—5Sep—2015 23:10:18.800 HMI 6173 A 12—Mar—2015 21:58:14.300
FT e T T e e e e b B MR S A S S L
E E ]
E 100 -
—200F c ]
E of i .
—300F E izzen 1
E 1244115 E : ]
E — —100 =
—400F 4 C £
E > & c ]
E = —200f- =
—-500F E ]
E —300 =
—800F [ a
F B 3
E , A —a00 =
—700F SolarlVIopitor.org £ \
200 300 400 500 600 700 —300 -200 -100 0 100 200
X (arcsecs) X (arcsecs)
35

By Byd



Sunspot groups — Flare rates

Mclntosh classification

14

12

1.0

0.8

0.6

Mean Flara Rate
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0.0
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Dko Eko Dki Dke Eki Eke Fki
Sunspot Groups

Credits: Lee et al. 2012

Fkc

MtWilson classification

Maximum X-Ray Flux (Wm2)
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Credits: Toriumi & Wang 2019
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Sunspot groups - Flares
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Sunspot groups — White Light Flares (WLF

Description of a Singular Appearance seen in the Sun on ; -
pSeptember 1, 1859. BgrpR. C. Carrington, Isq. X-18 Solar Flare in NOAA 10436

While engaged in the forenoon of Thursday, Sept. 1, in ctober 2003 - Start at lh 2mT
taking my customary observation of the forms and positions A ?ﬁ | o : :
of the solar spots, an appearance was witnessed which I believe ;
to be exceedingly rare. The image of the sun’s disk was,
as usual with me, projected on to a plate of glass coated with
distemper of a pale straw colour, and at a distance and under a
power which presented a picture of about 11 inches diameter.
I had secured diagrams of all the groups and detached spots,
and was engaged at the time in counting from a chronometer
and recording the contacts of the spots with the cross-wires
used in the observation, when within the arca of the great
north group (the size of which had previously excited general
remark), two patches of intensely bright and white light broke
out, in the positions indicated in the appended diagram by the
letters A and B, and of the forms of the spaces left white. My

C nnn : Photo identification - All times in U

first impression was that by some chance & ray _Of light had Equipment: Lichtenknecker VAF 200/2400 - Hersche Tele Vue BIG Barlow
_C penetrated a hole in the screen attached to the Ob‘]ect'glﬁss, by Detector: CANON EOS-10D - Variations in sharpness due to atmospheric turbulence

Space Weether Educetion Center




Sunspot number — What is it?

* Developed by Rudolf Wolf * Sn =k(10g + f) , with

* g: number of sunspot groups (“Gruppe”)
e “10” : avg. # of sunspots/group

* f: number of individual spots (“Fldche”)

e k: correction factor for the observer
 Size telescope
 Observation method used
» Wolf as reference observer (initially)
» “Relative” sunspot number (“R”)

- (&



https://www.sidc.be/SILSO/datafiles

Sunspot number — What is it?

* Developed by Rudolf Wolf

Royal Observatory of Belgium

* Since 1981 compiled by the SIDC &

Home QObservations Services Research Activities

Data Analysis Center

World Data Center for the production, preservation and dissemination of the

* SILSO: Sunspot Index and Long- |
term Solar Observations CSIDY e
B SILSO e R

 World Data Center for the Sunspot nomber series: atest update e
international sunspot number s O\ e

* Global network of +/- 80 stations o

edictions
Dy of month
oF 200 4
. e FAQ & News i EISN DATA FILES
® g
u y reVI S e I n Observers £ B0 i i 10 March : 80

g e
5
v 100

1 March: 71

* https://www.sidc.be/SILSO/datafiles e

e Alfred Wolfer as reference base
8 cm refractor
* Specola/Locarno pilot station

* Corrected for weighted sunspot
count after 1947

NN


https://www.sidc.be/SILSO/datafiles

Sunspot humber — Several “tlavors”

* Daily Estimated International
Sunspot Number (EISN)
....... rebruary 2024 - March 2024

* Provisional International 2007 I poda o]
Sunspot Number T

|| == Current average

* Definitive International Sunspot
Number

Sunspot Number

@

533 3

olii i i b0 ]

PPN T
12 17 22 27 03 08 13
Day of month
SILSO graphics (http:/fsidc.befsilso) Roval Observatory of Belgium, 2024 March 14

39




Sunspot humber — Several “tlavors”

* Daily Estimated International
Su nspot Number (EISN) 300 | Internaltional suns!pot numbe!rS“:Iast 13“ years andgforecasts !

Daily
— Monthly

* Provisional International Lo S A S —
Sunspot Number |

* Definitive International Sunspot
Number

1sol [ LA | )l

Sunspot number S,

* Smoothed monthly Sn

n+s R Ghia® | L AR
- 1 R: + 1 R + R 0 20i12 20i14 20i16 oo 00 20i22 20i24
Snms 12 k 2 nt6 n—06 Time (years)
n—>5

SILSO graphics (http://sidc.be/silso) Royal Observatory of Belgium 2024 March 1
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Sunspot humber — Several “tlavors”

SDO HMI (68173 A) 9-Jan—2023 19:34:29.600

* Daily Estimated International
Sunspot Number (EISN)

e Provisional International
Sunspot Number

* Definitive International Sunspot
Number

* Smoothed monthly Sn
Snms = ]1_2 [2 Ry + % (-RH+6 + Rnﬁ)}

* Hemispheric sunspot number SolarMonitor.org

* Sn(N), Sn(S)




Sunspot cycle — History

* Discovered by Heinrich Schwabe
* 1844
* Observations from 1826-1843
Actually looking for the planet “Vulcan”

Based on the number of
* Sunspot groups

Lith. of E. Jones & G.W. Newman, 1846

» Spotless days
Period of about 10 years

Sunspot Groups
N
[=]
o
|

Hathaway 2010

1830

1835
Date

1840

1845




Sunspot cycle — History

* Discovered by Heinrich Schwabe

» 1844

* Observations from 1826-1843
Actually looking for the planet “Vulcan”
Based on the number of

° SunSpOt grOUpS International sunspot number S :

00, Yearly r‘lne:anlanld }B-ImqntlhslsnjoqthgdInulmperl
* Spotless days 250 | ' ' ' ' '
* Period of about 10 years g
* Finetuned by Rudolf Wolf

ok
1700 1720 1740 1760 1780 1800 1820 1840 1860 1880
' ' ! ' ' ' ' ! ' ' ' ' ! " ' ' "

e Sunspot number 308

° Traced back to 1749 ___________________________ _____________________________________________ ______________________________________________ :
e SCO1 starts in 1755 o A . A A BB OB A BB A

’ « Period of about 11.1 years NN W W RN OF W O T E—
_C ) 1900 1950 2000 2050

Time (years)

Space Westher Educetion Center

SILSO graphics (http://sidc.be/fsilso) Royal Observatory of Belgium 2024 March 1



Sunspot cycle — Properties (siLso: sco1-24)

Sn.. =9.3 +5.7 Sn,., =178.7 +517.8
Tyyr = 132 +14 months T

rise

=52 +1a months

300 300

Minimum

Maximum



Sunspot cycle - Properties

Double peaked SC (a0%) T

rise VS SCmax (Waldmeier effect)

Gnevyshev peaks and gap (1967)

300

™
3 - y=-3.181x + 345.04 ®
E 250 2] ®
£ R?=0.5617 .. % e
] ‘| 200 - ¢
o
‘ ® .
= ‘. L
T .,
E 150 P ®
l l 9 ®
} ' ™ %o T @
100
A A . -.

=

E 100
5 \ 50
‘Eé 50 +
s 0
0 10 20 30 40 50 60 70 80 90
0 T r T T T T T T T T T T T r T T T T
1995 1998 2001 2004 2007 2010 2013 2016 2019 2022 2025 2028

T rise (months)
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Sunspot groups — “The” laws (2/2)

* Leading spots tend to have larger MF
than trailing spots

* Form earlier, last longer

* The leading spot is usually more
inclined towards the solar equator
than the trailing one

* Effect becomes more pronounced with
increasing latitude (“Joy’s law”)

* Leading and trailing sunspots usually
have opposite magnetic polarities
* Opposite between solar hemispheres

* Magnetic polarities reverse from one solar
o ? ”
cycle to the next (“Hale’s law”)

» 22 year magnetic cycle (“Hale cycle”)

* Over the course of a solar cycle,
sunspot groups emerge closer and
closer to the solar equator (“Sporer’s
law of sunspot zones”)
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Leading spots tend to have larger MF
than trailing spots

* Form earlier, last longer

The leading spot is usually more
inclined towards the solar equator
than the trailing one

e Effect becomes more pronounced with
increasing latitude (“Joy’s law”)

Leading and trailing sunspots usually
have opposite magnetic polarities
* Opposite between solar hemispheres

* Magnetic polarltles reverse from one solar
cycle to the next (“Hale’s law”)

* 22 year magnetic cycle (“Hale cycle”)

Over the course of a solar cycle,
sunspot groups emerge closer and
closer to the solar equator (“Sporer’s
law of sunspot zones”)

» Butterfly diagram (Maunder, 1904)

Sunspot groups — “The” laws (2/2)
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Sunspot cycle — Hemispheric evolution
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https://www.stce.be/content/sc25-tracking

Summary

* Sunspots
* History
* How to observe
* Properties

* Sunspot groups
* Origin
* Properties
 Classifications

* Solar flares
* Sunspot number
e Whatis it
* Types
* Sunspot cycle
* History
* Properties

NOAA 5395, 7-17 March, Kitt Peak National Observatory, 1.6 m McMath-Pierce Solar Telescope
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Questions?
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