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Munhoz-Jaramillo, Balmaceda & Deluca, PRL (2013)
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Leighton, ApJ (1964) 98
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(1) Differential rotation
(2) Supergranular diffusion

(3) Meridional flow

(4) Flux emergence

Sheeley, Living Rev. Solar Phys. (2005)
Mackay & Yeates, Living Rev. Solar Phys. (2012)
Jiang et al., Space Sci. Rev. (2014)
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CHALLENGE 1:

FLUCTUATIONS IN
EMERGENCE MATTER!



Ulrich & Tran, ApJ (2013) - Mt Wilson data
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Magnetogram assimilation...

- Worden & Harvey, Solar Phys. (2000)

.
-

- Schrijver & DeRosa, Solar Phys. (2003)
- ADAPT (Arge, Henney, et al.)
- Upton & Hathaway, ApJ (2014)




350

300

250

150

100

Longitude



350

300

250

150

100

Longitude



100

250

300

350




apmpe

350

300

250

150

100



350

300

250

100



350

300

250

150

100

Longitude



End of CR 207%




Latitude (deg)
o S

L

S

3

Latitude (deg)
(=)

2080 2090 2100 2110 2120 2130 2140 2150
Carrington rotation

2080 2090 2100 2110 2120 2130 2140 2150
Carrington rotation



X 1023

” ” ” B ”
_ S &) _ B
: S . N
: : 9, : 3
......... S A SO s e
- % - =
. = . =
(3 [ :
gy N
0. - = 1
. -, . [
. ‘ 2
....................... ”.01I|
. v“ E
“ T E
- G i
“ A 5]
. R [4
_ &) 3
S ; O = 3
....................... ““|
Q& . A :
amv_ ﬂ _
(R ” 4 ”
ar _ AL
70 ” rn “
e i
......... “0“k|
<, A : : :
(3= ~ 4 — ”
~ a — = _
: Q ) =
ST b
) =g
......................................... “ . “|
— 1K
O—_ ~ = -
™~ _ 001_ S
_ ) 3
. (2 . [A
_ 0) . /]
: 2 : /]
-G : (4
|0 ............ u ............... ]
%
¢
S
O T
Qo
T 2
5 O
£ 3
|SO ............................ ......... .................
_ _ _ _ _ _ _ _
L0 <t To) (4p) L0 Al Tp) ~— To) o

(XIN) Xn|4 paubisun [ejoL

2090 2100 2110 2120 2130 2140 2150 2160
Carrington Rotation

2080

2070



Latitude (deg)

Latitude (deg)

&

Group 1, r = 0.864577

g

2080 2090 2100 2110 2120 2130 2140 2150

Carrinaton Rotation |

&

o

D ——— T\ N —— ?.ﬂs-—

¢
-

2080 2090 2100 2110 2120 2130 2140 21
Carrington Rotation



0.95}
| 10.02

0.9

| 10.01
0.851

0.8

0.75F R S R e ?

Cross—correlation

L1 RS TS U NS NS 1 N RS o

0.65F

06 i i i i i | | | | '
2075 2080 2085 2090 2095 2100 2105 2110 21
Carrington rotation

Yeates, Baker & van Driel-Gesztelyi, Solar Phys. (2015)
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This region must make a large
contribution to the polar field, right?

WRONG!

Giovanelli, Aust. J. Phys. (1985)
DeVore, PhD thesis (1986)
Cameron et al., A&A (2013)
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Cameron, et al., A&A (2013)
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A single cross-equatorial flux plume can
affect the net hemispheric flux of the
following minima by up to 60%.



CHALLENGE 2:

SUBTLETIES IN DECAY
MATTER!
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Yeates, Solar Phys. (2014)




Baumann, Schmitt & Schussler, A&A (2006)

Explanation: decay comes from radial diffusion.

Parametrisation: based on decay modes for
uniform diffusion in a spherical shell.



Higher degree harmonics decay faster.

Polar field [G] Polar field [G] Polar field [G]

Polar field [G]

n—O

f\f\/’\ﬂW[\/&f\n[\ﬂﬂ?
VL

1700 1 750 1800 1850 1900

1950

2000

;/\/\f‘\ r\m
s \J

a A A uuvv
— | =59 kml 3 | | |

1700 1750 1800 1850 1 900 1 950 2000
= L L L L L T =
z_ YA Y \/ \/ v
3 o= 1()0 km S i | | | o
1700 1 750 1800 1850 1 900 1 950 2000
= L L L L L L B e
: v ~ o/ T \/ \/ \/ O \/ V VAR Y
3 N=200 km 2g71 E
il I T SN SR SR AN SR TN SN SN NN SN S T S NN SN T S S SN TN SN SUN S S S SN S S R S
1700 1750 1800 1850 1900 1950 2000

Date



DB: bv_01428.vtu
Cycle: 1428

hoaorméne
vor Soo
16040« 04

) 2430404

AV

4 '.f_l:l

- 0000
Maoax. | 840
M 0000

Sheormiine
Var Magreact

) #
- 3040

7 500

5000

- 0 000
Maox: 1000
M 0000

Pasucioookon
Var rosailogrwact
- 02000

5 S
-y s':.-‘

0 000

0. 1000

Q2000
Mas: 430
M A 119

Pasuoocoior
Yor coaNiognet

. e

-7 000
Q000

~2 000

’.‘ul S .‘é;.
Mic J1IW



Yeates & Munoz-daramillo,
MNRAS (2013)
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Support for the idea of radial decay, but best
parametrisation remains to be determined.



Making solar cycle predictions before Minimum
requires surface flux transport modelling.

May ultimately prove impossible to predict specific
cycles due to sensitivity to fluctuations in active region
emergence.

Best possible predictions need to incorporate
(1) accurate active regions
(2) appropriate flux decay mechanisms and rates.

Further reading

Mackay & Yeates, Living Rev. Solar Phys. 9,6 (2012)
Yeates & Munoz-Jaramillo, MNRAS 436, 3366 (201 3)

Yeates, Solar Phys. 289,631 (2014)
Yeates, Baker & van Driel-Gesztelyi, Solar Phys. (2015)
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Baumann, Schmitt & Schussler, A&A (2006)
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