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j__ Solar cycle and butterfly diagram
AIP

— has it always been like this?
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£ Greenwich photographs

AIP

= Visual sunspot
drawings superior
to photos



AIP

= Groups drawn near passage of central meridian
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,i Schwabe's drawings
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« Manual

on-screen /

measure-
ments

= 12 cursor-
sizes for
areas
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Honore Flaugergues, ~1/788-1830

= Several hundred sunspot observations

= Wolf's interpretation of sunspot numbers correct
= Today in archives of the Paris Observatory library
= Mostly contact times:
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=  Apparently the only
continuous observer in -
the 18" century

= QOriginal stored in
library of AIP
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Ludovico Zucconi
Cristo et al. (2011)
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B Staudacher — differential rotation
AIP

= Pairs of drawings
* Free parameters:
= Sunspot positions
* Differential rotation

= Time offset

= Bayesian inference |

> Full knowledge of
error margins



AP =« Bayesian inference for ~250 observation
pairs;  Sun today: -0.05/d

(Arlt & Fréhlich 2012)
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\\ Solar differential rotation parameter
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B Differential rotation in dynamo

AIP
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= Solve mean- = o2t M MM” |

field eq. for B E °°0

and Q(r,0) E:g:_ i | UUUM N |
= Include back- ’ T 2 TIM;T *

reaction on grand minimum normal cycle

generation of 110 | |

diff. rotation 5 ™" F
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= Get maximum S 7ox107
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dlff rot after A 6.0x10™ S

x10"4E
grand minimum ~°*° | " 5 ;

TIME

Kuker, Arlt, Rudiger (1999), but also

\_ Tobias (1997), Pipin (1999), Bushby (2006) _
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,é__ Hemispheric cycle phase

= Cycle of northern and southern hemisphere not in phase
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Zolotova et al. (2010)
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E Hemispheric coupling important for dynamo
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The 17" century (incl. Maunder min.)

= Zolotova & Ponyavin

(2015) claimed that = Due to the world-view of the time,
non-circular spots were omitted

= Observers stopped reporting
when sunspots appeared

N U | = As a consequence, the Maunder
minimum was low cycles like
. ~1800

-i Let's look at this extreme
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NUMBER OF SUNSPOT GROUPS FOR THE YEAR:

AIP
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__i Deepest minimum: 1660-1671

AIP

= According to Sporer (1889), Weigel (Jena, Germany) reports in 1665:

= Many dilligent observers of the skies have wondered here that for such
a long time no spots were noticeable on the Sun [...] despite having
tried in many ways, setting up large and small spotting scopes pointed
to the Sun [...]

oefunden wurde, was von Zeitgenossen berichtet wird (W. 112).  Weigel in
Jena sagt 1665: Is haben sich anhero viel fleissige Himmelsbetrachter ge-
wundert, dass so lange Zeit keine Flecken an der Sonne zu spiiren gewesen.
Und miissen wir allhier zu Jena bekennen, dass; ob wir es wohl auf aller-
hand Weise versuchet, grosse und kleine Perspectiven anfgestellet und nach

der Sonne gerichtet, wir dennoch von dergleichen Erscheinungen eine geranme

Zeit nichts befunden. (Vergl. auch W. 3.) .
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SN
g Spots omitted in verbal reports?

e

AIP
2 | |
= (b) Scheiner, | Rome
. S
= Deliberately g Tarde, | Farlat
stoppgd :
reportlng? S Marius, Nuremberg
= No, since g
- @ 0 Riccioli,
original reportsé Bononia
have no dates. 617 \ 1618 1620

=  Gaps are purely
technical
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j__ Deepest minimum: 1660-1671

AIP

New 0bfervations of Spots in the Sun s made at the Royal 'A&azfemj
of Paris,the 11,32 and 13th sf Augalt 167 1 ;5 and Englifiitoutof

tie Fremchyas folloms.

T is now about twenty * years fince, that Aftronomers have

ot feen any confiderable Spots in
¥ coe Numbo7a.p. 2216 5 whence  thea Sun,though before that time,

T R e A
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ogelius at .‘axr_,-.,urg,ﬂm ehad  {opy : 5P
Oldenburg feem oze jn Offoter (631, witnefs ) ved ‘l}Cm.T'he Sun appeared
(1671) the fuid Doftor’s swm Lerzer, wric- that while with an entire bright
i f .l :/;[l" . ‘lb [c . N g Q' . v . i
Phil Trans  ten ta the Fublifier Auguft 10b Luft an:, wid Signor Cé{/ﬁﬂl (v him fo

the ninth of this month ofdugzzjf.

= Spots described as oblong and curved — why reporting if
non-circular spots “have been omitted all the time”?
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ﬁ Non circular spots not reported’?
AIP
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__i Assessment of the activity level
AIP

= Use fraction of active days; modern minima: >0.5
Maunder minimum: <0.4

R o T 0 L s mmmmnmE R ]
140+ 5 B) Triennial data: -
120.] 2519 % k * —e— ML T
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. . : : : : : 0 : bt !
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Active day fraction Years
= Active day fraction is a = Active day fraction converted

function of sunspot number into sunspot number
Vaquero et al. (2015)
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| Surface flux transport

Field Strength [G]

_ | | | ‘ | |
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« MPS's surface
flux transport

model for
determining the
polar flux 5
©
= Meridional flow g
+ magnetic =
diffusivity hi

For methods see

Jiang et al. (2011), ;
Cameron et al. (2010), 1830 1840 1850 1860

Baumann et al. (2004), ... Year
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B Open-flux reconstruction
AIP

= Black: M
aa-index :

» Red:
reconstructed

Open flux [10™ wb]

- Cameronetal.(2010) oL . . . o+ . . o4 oo, ]
\\ 1940 1960 1980 |

o Year

e —




=

Summary
AIP

= 400-year series of sunspot positions possible

= There is a lot of information in historical observations

= variation of butterfly diagram — empiric relations to B

= persistent active longitudes — nonaxisymmetric dynamo
= group tilt-angles — measure Babcock-Leighton effect

= differential rotation — Lorentz force in dynamo

= Spot decay — B-dependence of turbulent diffusivity

= Maunder minimum was a Grand minimum
= Goals:

= understanding the solar dynamo
= reconstructing polar flux, open flux, TSI (with MPS)
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