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“‘just because we have a shiny new satellite, doesn’t mean we are seeing ‘unprecedented events’ Keegan, 2011
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Outline and Roadmap

Observing the Polar Fields

Observing [or Inferring] Polar Field
Reversals

Observing Solar Activity
Determining Activity Asymmetry

Connecting Hemispheric Asymmetries In
Activity and Reversals

Longer-term Cycles and Asymmetries
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Polar Field

Observing the Polar Flux

Solar Polar Field Strength vs. Time
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Observing the Polar Fields

Scattered strong elements concentrating at pole

1975/7/24 3 North pole

MWO: Howard, R., Solar Physics, 59, 243 (1978) Tsuneta et al. ApJ, 2008
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Landscape
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Polar Magnet

Tsuneta et al. ApJ, 2008



Another View of Polar Fields from

the Nobeyama Radioheliograph
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Image of 17/GHz Emission,
beam width 10”

20111116.FTS O

v17 GHz = A1.76 cm
v, = B (Tesla) - 28 GHz
17 GHz is 3 harmonic v, for 2000 G

1. General Limb brightening

2. Active regions bright

A. Gyro-resonance is thought (?) to
result as 39 harmonic of 2000 G

B. Also Bremsstrahlung from hot
atmosphere [10,000 — 13,000 K]



Evolution of Patches over the Cycle
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Proxy for Polar Magnetic Field

Nobeyama 17 GHz Brighthness Temperature
12300
11800 -
11300 -
Two curves: East and West half
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Weather
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50 ‘ » i '
o4 - . : . : .
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This shows that the brightening is not just general limb brightening, but is
concentrated at the pole just as the polar magnetic field (is thus due to the field?)
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No Bright Patches at
Solar Maximum, 2000

North - South Solar Polar fields ImicroTeslal /
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= Only a few scatted, weak patches. So no magnetic
flux of the kind that makes patches [kG], thus the
polar fields are not an equal mixture of opposite
polarities. There aren'’t any.
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But at Solar Minimum,
Oh Boy!
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Magnetic Flux in the Polar Caps

2011-11-14 to 16

20111114.FTS_0
= 150

WSO Polar Fields

] I
jut Bad Filter
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N-S

-150
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Year

Average flux above 55°; North is now reversing.

Question: At solar maximum, are the polar caps, when
reversing field, covered with equal amounts of opposite
polarity magnetic fluxes or isn’t there any flux?

Answer: There isn’t any.
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Flux in the Polar Caps Rebuilding

2011-11-14 to 16 2012-07-16

20111114 LETS

s, NoOrth gaining

South losing

-----
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HMI Indicates Both Poles Now Positive
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Nobeyama.
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Babcock’s Discovery of Polar Field
[JAsymmetric] Reversal, 1959

T x : North
Sk X R Reversed in
November
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“Signs and average intensities of the sun’s polar magnetic field. Above, north

polar zone; bottom, south polar zone; center, earth’s heliographic latitude” 16



Waldmeier Related the Asymmetric
Reversal to Asymmetry in Activity
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Abb. 1. Verlauf der Fleckentitigkeit und Variation des polaren Magnetfeldes AS Waldmeier (21)

has pointed out, if the northern and southern hemispheres are considered
separately, the sunspot numbers reached a2 maximum in the south about one
year earlier than in the north, and this suggests a physical connection with

the earlier reversal of the south polar field. waldmeier (1960) quoted by Babcock (1963) 17



Asymmetric Solar Activity
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Comparing Cycles 14 and 24

Solar Cycle 14 Sunspot Group Numbers for Cycle 14
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Quantifying the Asymmetry

4000

Difference between the Integrals of Northern and Southern Sunspot Numbers
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The integral of activity is a convenient determining factor, as it is the total

amount of flux migrating to the poles that matters.

20



LATITUDE

Observed Polar Field Reversals
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Poleward Migration of Flux
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This Is no News, of Course

B.1 Polar Crown Filaments and the Polar Magnetic
Field, K. TOPKA and R. L. MOORE, Caltech, BBSO, and

B. J. LABONTE and R. HOWARD, Mt. Wilson Cbs., Carnegie

Institution of Washingt-:m. We report on the results of

a follow up study to the recent results of Howard and

LaBonte (submitted to Sclar Physics) concerning the

evolution of solar photospheric magnetic fields

conclude that the obhserved behavior of polar crown
filaments during the solar activity cycle supports

the results of Howard and LaBonte in that the solar
polar magnetic field arises from discrete injections
of field from actiwve region latitudes and that there
exists in the sun a meridicnal flow. We further

conclude that magnetic field of both polarities must be

migrating poleward, but that the following polarity
dominates slightly.

SPD Meeting, 1980, BAAS, 12, 893, B1 ’a



Neither are the Reversals
due to Migrating of Fields

Large-Scale Patterns of the Solar Magnetic
Field. V. BumBa, Astronomical Institute of the
Czechoslovak Academy of Sciences, ROBERT HOWARD,
Mount Wilson and Palomar Observatories, AND
SARA F. SM1TH, Lockheed Solar Observatory.

Astronomical Journal, Vol. 69, p. 535 (1964)

The main direction of motion
of the migrating fields is|eastward and poleward.

The following polarity in each hemisphere usually| ¢
predominates in the poleward drift of fields. The| [\l
polar magnetic field measurements record this| “=
quantized migration of fields (Undoubtedly, as has|*
already been pointed out, this drift of following| 4
polarities was responsible for the reversal in polarity| "
observed in the polar fields during the last maxi-
mum.)




“This just in:”

Large
(-) Flux
Injection
Heading
for the
South
Pole

Todd Hoeksema, 2012:
“It wouldn't surprise me
if(this)is the region that
eventually moves
poleward to reverse the

stalled southern pole”
25
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Area {fraction of solar surface)

Area {Traction of solar surface)

Polar Coronal Holes also Show
~When Reversals Happen
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And the ‘Rush to the Pole’ of
Coronal Emissions

Waldmeier Green Corona 1940-1975 Altrock 2011
90 2 2 “:v R XIV IN NSITY MAXIMA
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-30 :

-60 1 g

-90 :

1940 1945 1950 19|ss \1slso 19[ss 19I70\ 19|7s s 2010
Measurements of the location of ‘peaks’ of Fe
XIV coronal emission at 503 nm (the ‘Green !S there ar
Line Corona’) over 7 solar cycles. The plots extended
show the probability of observing a ‘peak’ at a cycle of 17
given latitude as a function of time. years?
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Torsional Osclillation Seems to
Support an Extended Cycle

60 - v NG .
10 L

latitude
o

1996 1998 2000 2002 2004 2006 2008 2010

28



Latitude

LATITUDE

Torsional Oscillation and
Extended Solar Cycle ?
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The angle between B and Br
seems to show an ‘extended cycle’

Inclination Difference in WSO

Sche_r£rer et al. ‘

=7 1981 1985 1989 1993 1997 2001 2005 2004
Year

| would rather think of this as a ‘toroidal field’ instead of an inclination angle
30



Extended cycle is controversial [perhaps]

handle €
Lo wze wee Our‘Understanding
U\rit:n:si .2; oonekic €Loor | vy
;f_\_\_\fﬁ?w TR of the Extended Cycle
= ? 7
N ~‘ 'M by Robbrecht et al. ApJ, 2010:

wale.  We conclude that the so-called
I jIR A /gt extended cycle in coronal emission is
A a manifestation not of early new-cycle

//(';’\,»< ;\// /

o) ek ik TN LT e+ activity, but of poleward concentration
of Hhe Keory differentiol  seobakion J of old-cycle trailing-polarity flux by

Fig. 88 A diagram of the Xtended Cycle constructed at a party held during the idi ”
Sunspot meeting of the Solar Cycle Workshop in 1991. The author disclaims merldlonal ﬂOW

any responsibility but understands that Jean-Paul Zahn is liable for the drawing,
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The Danger of Generalizing from too
Short Time Series to Long Cycles

750
R Large cycles:
700 S Ieading
-4 5
s Al Small cycles:
, ,f"l \l N leading
7% 0 " 46 Jahre
Mimimom Maxrmum M
AETY #

W W

&8 Johre

Waldmeier, 1957
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70-100 Year ‘Gleissberg Cycle’ in

“sj;“ 30
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Zolotova et al., 2010

Extreme Asymmetry during
the Maunder Minimum...

There are various dynamo
theoretical ‘explanations’ of N-
S asymmetry. E.g. Pipin,
1999. | can’t judge these...

Is this a ‘regular’ cycle or just
over-interpretation of noisy
data [like Waldmeier’s]?

‘Prediction’ from this: South will
lead in cycle 25 or 26 and
beyond. We shall see...

33



How do we Know that the Poles
Reversed Regularly before 19577

249
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YEAR OF SUNSPOT CYCLE

“Thus, during last eight solar cycles
magnetic field reversals have taken

place each 11 year period”. S-M effect.

Vokhmyanin & Ponyavin, 2012

In any case, our result over a 45-year interval
iz probably the most direct evidence for a
continuing change of the predominant polarity
of the large-scale solar-magnetic field with a
period equal to the sunspot magnetic cycle, i.e.,
~20 years during this century. Wilcox & Scherrer, 1972

The predominant polarity = polar field polarity
(Rosenberg-Coleman effect) annually
100 modulated by the B-angle.

2ol

This effect combined with the Russell-
McPherron effect [geomagnetic activity
enhanced by the Southward Component
of the HMF] predicts a 22-year cycle in
geomagnetic activity synchronized with
polar field reversals, as observed (now for
1840s-Present). 34



Cosmic Ray Modulation Depends
on the Sign of Solar Pole Polarity

North pole
Positive
polarity

on
& .0

North pole
Negative
polarity

JokipndKota 2007

Miyahara, 2011

Cosmic rays

4500

4000

[
=
=3

3000

2500 |

2000

1950 190 1970

_N ‘N
' y. .y 3 . g ‘
: No—s &5
M e 7\
Tﬂ g hil w'u‘ # 'i‘. J '\(J)
[ L PHT c
m ‘ J =
: 1 20 3
Sunspal pumber 3
1 2
3
o
0o 2

1980 1990 2000
Year 4D

1. Magnetic p_olarity
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— &
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1976

Svalgaard,

The shape of the
modulation curve
[alternating ‘peaks’
and ‘flat tops’] shows
the polar field signs.

Ice cores contain a long
record of 10Be atoms
produced by cosmic
rays. The record can be
inverted to yield the
cosmic ray intensity.
The technique is not yet
good enough to show
peaks and flats, but
might with time be
refined to allow this.
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Conclusions and Speculation

In every cycle since the polar fields were first
observed, the reversals have been at different
times, and simply following the prevailing activity
asymmetry

Polar fields have reversed in every cycle since at
least the 1840s

Asymmetric activity may be organized on longer
time scales [i.e. not random]

The Extended Cycle and the TO and how they
relate to polar field reversals are Enigmas

The End 36



