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Why do we care

about predicting
olar cycles???




» Threat to Astronauts in Space
Satellites (direct hit or changing orbits)
jalactic Cosmic Ray Flux (Manned Mission to Mars)
PS & Radio Communications
Jisrupt Power Grids (1989 Quebec)
mosphere — Ozone and Clouds (maybe??)
mate (maybe???)

Knowledge and Understanding




" What do we eve

now about sola




is the “REAL” Sunspot Cycle?
Is the Modern Maximum Unique?

I”

~~ Do we even know what a “normal” cyc
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he Sun is periodic with the average cycle lasting
nspot Number of ~100.

bands drift toward the equator as the cycle progresses
 generally overlap by 2-3 years.

Monthly Averaged Numbers (V2.0)
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xt Cycle = Average Cycle (~110)

t Cycle = Next Cycle (23 -> 24)

1950 1960 2020 2030 2040 2050
DATE

AY NASA/ARC 2016/10




L —
‘II ' I_ [ ll. 3 '
e

1 -r'l":" L!,,l ‘*"l' PUAL
| .4‘,. “'...1' kLA | A
ﬁ;{‘i‘l""lm { ‘7 ‘ l

1975 1980 1985 1990 1995 2000 2005 2020
DATE




Babcock (1961) created a phenomenc
model to help explain the sunspot cycl 2

a) Solar Minima. A relatively weak axisymmet
(poloidal) field exists. Field lines emerge at A

b) Differential Rotation shears the submerged
magnetic field in toroidal direction. The field
strengthened by this shearing.

c) The toroidal field become buoyant and cause
sunspots to emerge with Joy’s Tilt and Hale’
Polarity. (Polarity of leading spots matche
polarity of the initial polar field.)

Magnetic flux is shredded off of the sur
spread out by the Convective Moti
oolarity fields cancel across tt
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Can we simulate solar cycles?
are cycles modulated in Dynamo Models

The Lorentz Force
Stochastic Processes

do we really know about the interior?

ities and Structu



Differential Rotation (Torsional Oscillations)
Meridional Flow (Quenched near Active Regions)

latitude

Date (years) 2000




Time delays

Cycle Period is regulated by the Meridional Flow

A weakening of the Meridional
Circulation shortens the time
that it takes for the poloidal field
to advected to bottom of the
convection zone and propagate
equatorward, where it is then
converted in to toroidal field.
Durney 2000

Charbonneau 2001
Charbonneau et. al. 2007
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A

~  Arises from Turbulent Convection

» Creates Small-Scale Magnetic Field.

> Causes Fluctuations in the Mean Flows.
~ Destabilizes Flux Ropes to form Active Regions.
- Creates Large Scatter in Joy’s Law Tilt.
- Causes long-time scale Modulations in the Cycles (i.e.,
multiple cycle periodicities.
eates Cycle Intermittency (i.e., grand minima)

increases amplitude and du




anasoge et al. (2010)

Upper bounds on convective velocity magnitudes

Observational limit
at /R = 0.95
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What is (probably) going
on below the visible surface:

Convection Zone

=Convective Overshoot Layer







0, let’s just foc

| predicting cycle
ycle aheac




A} Two Babcock-Leighton Models Predict.

» Same Flow Profiles (MF, DR, diffusivity).
» Both use (different) solar magnetic field observations.
- Different Poloidal Source Term

V 4

kpati et al. (2006) - - Chouduri et al. (2C
SSN = 150-180 > SSN =80

to show that desplte th



hat other opti
- do we have?
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North= - = South Sunspot Number
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fully predict SC 24

GEOPHYSICAL RESEARCH LETTERS, VOL. 32, L01104, doi:10.1029/2004G

Sunspot cycle 24: Smallest cycle in 100 years?
Leif Svalgaard,1 Edward W. Cliver,” and Yohsuke Kamide'

Received 3 October 2004; revised 10 November 2004; accepted 9 December 2004; published 11 January 2005.

[1] Predicting the peak amplitude of the sunspot cycle is a  cycle. Schatten et al. [1978]
key goal of solar-terrestrial physics. The precursor method polar magnetic field as a prg




@ Geomagnetic aa Index
O (s Polar Field x 3.7
@ Axial Dipole x 5.3
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ow long does it
sidual flux from A
agjions to reach t

polar fields???

695560000
*Ipi*
(d /4 )/15
me/ (60.%60.%24.)
842 97@




3_is the radial magnetic flux
1 is the horizontal velocity vector (whichi




Looping video showing 4 days of HMI observations
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» Observed Surface
Flows
» Observed Magnetic » Flux Maps of

Field entire Sun
4 » Butterfly diagrams
| » Polar Field Plots

» AR evolution



CR2096-2107

HMI
MDI
50 Limits

Prograde Velocity (m s™)

CR2096-2107

ed over each 27-day rotation.
1ed in time and integrated in the model.

MDI
HMI
20 Limits
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Latitude

-~ -~ Convective Flow

» Explicit convective simulation
diffusivity coefficient alone
he convective sim




orporate magnetice field in two ways: by |
iImilating magnetograms and by simulating ac
1 emergence.

. Data Assimilation

- Provides the magnetic history
- Corrects for any differences between data and mocd
Provides the closest contact with observations

Active Regions

2 region observations
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X Transport Movie




- What are so
. possible sources




- “Joy’s Law Tilt

- ~Active Region Placement

_~Convection Pattern

idional Flow




Cycle 23

----- Cycle 17

using prior solar
ies for the

Monthly Sunspot Number

Years from Cycle Start

Cycle 24
----- Cycle 14
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Axial Dipole Moment (G)

Cycle 23 Approach
to Minimum

Cycle 23 Axial
Dipole Reversal

1998 1999 2000 2001 2003
Date

>

>

Cycle 17 active re
Axial dipole mome
predictions with z
of ~“three years a
Cycle 23/24 min
Cycle 23 polz




Why do Convec
" Cells have a bigge
stochastic effect a

olar maximum thai
olar minimum??




Break Time!

When we return:

redicting cycle 2f







dional Flow

at the end of January 2016
without changing
to more closely match the
nd at the last cycle minimum.

and Kosovichev (2012)

59 +&10.84)

Fit Coefficients (m s™)

Northward Velocity (m s™)
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» While there is some
in the axial dipole due
variations in the convec
pattern, the systematic
variation with the meridi
flow profile is more appa

Projected Meridional Flow
(i.e., the offset between the gr

Continued Meridional Flow

1990 2000 2010 202 .
Do blue lines).

inued meridional flow p



hy does a slo
- meridional flo

droduce a stronge
dipole???

ancellation at Ic



pole strength at
ycle 25 is similar
start of Cycle
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Projected Meridional Flow
——— Continued Meridional Flow
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1990

Projected Meridional Flow
——— Continued Meridional Flow

2000
Date

2010

202

The average @
realizations gi
axial dipole stre
at the start of
(start of Cycle




Cycle 25 Prediction

CYC'E 25 will be a small Predicting Future Solar Activity Levels
cycle like Cycle 24, ' %
perhaps slightly
smaller.

Small cycles, like Cycle
24, start late and leave
behind long cycles with
deep extended minima
[Hathaway, 2015].

We expect a similar
deep, extended
minimum for the Cycle
24/25 minimum in
2020.




Why do long,
extended minime

precede small
cycles ???

idal field takes longer



‘Can we extend c
predictions out

further?
Is there a limit?

generation of so
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and




pplementz:

Slides to




are the first magnetic structures
on the Sun. These cool dark
ormed where the magnetic
through the photosphere.

» Usually form in groups that last anywh
from a few days to a few weeks.

» Joy’s Law Tilt: sunspot groups :
1e leading spots close

Cycle 22 Cycle 23
1989 August 02 2000 June 26
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EUVI+AIA 304 A NOAA 11158
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304°A and AFT model maps
ic flux as functi



epeated for
ple Active
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07/13/13

07/15/13

07/17/13

07/19/13

[ | - * - 07/21/13

07/23/13

07/25/13

07/27/13

Nishu Karna tracked the position of a coronal cavity over time.
This location (red dot) was superimposed onto saturated AFT maps.
The location of this cavity tracks nicely with the polar PIL line.




Cycle 24
Prediction
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Cycle 24
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—— Continued Meridional Flow —— Continued Meridional Flow
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les 22, 23, and 24 were -0.20




Solar Polar Field Strength vs. Time

Polar Field

1_Jan_1976 3 Year Intervals 31_Dec_2016

Key: Lt.Solid = North; Dashed = -South; Med.Solid = Average: (N-S)/2; Hvy.Solid = Smoothed Average




