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Outline

o Introduction to the solar cycle.

« Helioseismic insights into the solar cycle.
» Stellar activity cycles.

« Asteroseismic observations.

. IS the solar cycle unusual?

« Something a little different...
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The solar cycle
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The sunspot cycle

DAILY SUNSPOT AREA AVERAGED OVER INDIVIDUAL SOLAR ROTATIONS
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Long term trends In solar activity

* Gleissburg cycle: 70-100yr modulation of cycle
amplitude.

« Grand minima and maxima
* de Vries/Seuss cycle: 210yr cycle
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Variability on timescales <11yr

* Reiger periodicities: numerous <1yr e.g. 154d
* Quasi-biennial: 1-4yr
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Solar cycle
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Determining the frequency shift

Method 1: Directly from fitted
frequencies

SVt = Vent — Ven

Method 2: Cross-correlations

10—

i
-20

1 [ T 1 L 1 1 | T
-15 -10 -5 0 5 10 15
Frequency lag (uHz)

1
20

elation shift (WHz)

Mode fitted shift — cross—corr

0.2

‘Com‘paris‘on of v

0.15
0.1r

0.05

-0.05

0.1

-0.15

1 7777\ | |
2000 2002 2004 2006

Year

_0-2 1 1 1
1992 1994 1996 1998

(uHz)

shift error

0.12
% Comparison of uncertainties
011
0.08- ..
006F % : %
o t ! M2
0.04- % R 2 % % % |
;R .
0.02f M1 ¢ O
%0 1 lI)O 1 éO 260 séo 460

uuuuuu (d

Cha

450

aﬁn et al. (2007)




Seismic frequencies and the solar cycle

« Seismic frequencies respond to changes in the
surface activity (Woodard & Noyes ,1985).

« Causes (see also A. Santos poster):
« Direct — Lorentz force.
« Indirect — change in cavity properties.
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Max-min frequency shift
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Max-min frequency shift
. Mode Inertia given by M, /Mg,

GONG data 10=£<150
- Change in frequency

 between cycle max. i
0.6 - and min, .

Frequency difference (uHz)

| 1 1 1 |

1500 2000 2500
Frequency (uHz)

3000 3500

WV




Frequency shift inversions

 Howe et al. (2002) localized the frequency
shifts in latitude.
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Degree dependence of frequency shifts

« Size of the shift is related to the latitudinal
distribution of the surface magnetic field.
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Quasi-biennial (2.5yr) oscillation

 Two dynamos at BCZ & near-surface shear
layer (e.g. Benevolenskaya 1998)

« Beating between different dynamo
configurations (e.g. Simoniello et al. 2013)
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The unusual solar cycle — smoothed
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Changes In the magnetic layer

« The upper turning point of the low-v modes are
beneath the magnetic layer in cycle 23

. The changes must occur above 0.9965R .

Magnetic

layer —

High-v mode —.

Low-v mode
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Mode damping rates and powers

From cycle minimum to maximum
- Damping rates (A) increase.

- Mode powers (P) decrease.
Scaled 10.7cm flux

< ; cycle 22 cycle 23 cycle 24 g E Y Icly<3I|eIQ:fgI Hl |';| - <:Iy<;lel2l3 o 1 cy::Ie: 21415
£ 02F 4 &~ 01f | E
D - A o il ] = : :
2 orEr MV ol ] S 0oF E
< F |‘ A [N T ol Xy L E © : =
O = || | ‘|,|w , |‘1|| 1 \I , I H" 3 = = =
[ = -l ||i “ uli: T b 7. l"'l']!’ E i(; -0.1F =

= \ | i -1 E =
= 0.0 I | I ,g:‘:‘, I"“ii‘h"!“':"”” SN R E E
= = "' ||" (Wi | = = = =
@ —01F ||| ; | L: :3_3 —0.25— E
T ' : ; :

:I S I — I L1 I Lt I L L1 J I L1 l: _O 3:_I L1 1 1 I L1 1 1 I L 11 I L1 11 I L1 1 1 I L1 1 |_:

1985 1990 1995 2000 2005 2010 2015 1985 1990 1995 2000 2005 2010 2015

Year Year

cEsli®

Broomhall, Pugh, & Nakariakov, 2015

/// \ /',
/ \ /
'\\ / T 4

\/




Energy supply rate

« Mode energy=power x mode mass.

« Energy supply rate o« energy x damping rate.
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Long-term surveys

* Mount Wilson HK survey, Solar-Stellar
Spectrograph at Lowell, photometric surveys...
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HD49933

. F5V star, 1.2M_, 1.34R_, 0.1P_ .

« More than 50 individual modes observed in
CoROT da_ta.
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Frequency dependence of shifts

« Shows similar frequency dependence to Sun.

 Larger shift expected since hotter and more
evolved (Metcalfe et al 2007)
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Other examples?

KIC3733735 — Régulo et al. (2016)
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Other examples?

KIC10644254 — Salabert et al. (2016) KIC3733735 — Regulo et al. (2016)
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Where to look: length of cycle
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Where to look: Activity-rotation

* Activity increases with rotation rate until saturation.

Ro=Rossby number

R
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But here’s the catch...

* Magnetic field suppresses the oscillations.

Solar activity
minimum \
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Stellar activity cycles

« Cycle length
decreases with
rotation rate

« Bohm-Vitense
(2007) active and

Inactive branches.

* Fed by different
dynamos.
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Stellar activity cycles

« Cycle length
decreases with
rotation rate

« Bohm-Vitense
(2007) active and

Inactive branches.

* Fed by different
dynamos.
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Stellar activity cycles

« Cycle length L g '132
decreases with AL 1M
rotation rate L .
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Stellar activity cycles

« Cycle length L g '132
decreases with AL 1M
rotation rate L .
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How reliable are cycle lengths?

« Even dominant solar cycle length varies

between ~9-14yrs (Hathaway, LRSP)
* From Olah et al., 2016.

Star Sp. type Prw Peyc,(range) It° Pecye, Baliunas et al. (1995)

(days) (years) (years)

- simple cycles

HD 3651 Kove  44° / 11.6(9.57=13.7)-1t \ yes 13.8+04
HD 4628 K2.5V® 41.6 | 8.94(8.30-9.5) no 8.37 +0.08
HD 10476 KI1VY  33.7 | 9.8(9.01-9.85) no 9.6 +0.1
HD 16160 K3ve 57 12.1 no 13.2+0.2
HD 26965 Kive 430 10.0(9.57-10.5) no 10.1 £0.1
HD 32147 K3+Ve 393 10.6(9.85-11.3), 1t yes 11.1 +0.2
HD 81809 G5vV¢ 393 8.69(8.10-9.28) no 8.17 + 0.08
HD 103095 KI1Ve  36.5 | 6.95(6.9-7.0), It yes 7.30 = 0.08
HD 160346 K2.5VY 353 | 7.35(7.2-7.5), It yes 7.00 = 0.08
HD 166620 K2V° 41.5 13.6(9.6-17.6) no 158 =0.3
HD 201091 K5V 37.1 6.95(6.7=7.2), It yes 7.3 +0.1
HD 219834B K2V 34.0 | 9.29(9.01-9.57) no 10.0 =0.2
Sun G2V 2?.2?&1[9—14]* 3.65[3.3—4@‘/ yes
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Meta-data cycle analysis
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» Using new results & & 43 s ‘
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Stellar quasi-periodic pulsations

* QPPs often observed in solar flares but rarely
In stellar flares
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Period vs stellar parameter
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Period vs stellar parameter

Conclusmn perlod dependent on
LOCAL active region and NOT

GLOBAL stellar parameter
PR S -
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Summary

« The Sun’s activity cycle is complex.

« Solar cycle variations in helioseismic parameters
are good proxies of solar activity.

« Only a few examples of asteroseismic activity
cycles.

« Observations of activity cycles in other stars are
Important to understand the place of the Sun
amongst stars.
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Summary

« The Sun’s activity cycle is complex.

« Solar cycle variations in helioseismic parameters
are good proxies of solar activity.

« Only a few examples of asteroseismic activity
cycles.

« Observations of activity cycles in other stars are
Important to understand the place of the Sun
amongst stars.

Thank you for listening!
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