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Flares and Oscillations in the Sun

O In 1972 Charles Wolff suggested that solar flares
could excite free oscillations in the Sun

O The general idea by Wolff was that the flares would
cause a thermal expansion that would act as a
mechanical impulse by causing a wave of
compression to move subsonically into the solar
interior.

O The lifetimes of such oscillations would be around a
day UNIVERSITYOF
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Free Oscillations of the Sun

O In seventies the
observations of 5-minutes
global oscillations were
confirmed.

O With global | here mean
oscillation that can be seen
In disk-integrated data.

O This means that we can
observe the same kind of

: I oscillations in other solar-like

FREBUENCY tmiiz> ’ Sta rs.

Claverie et al., 1980, A&A, 91, L9
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What Drive the Oscillations
in the Sun

The solar p-modes are
excitated by turbulent motion
in the near surface
convection zone.

This excitation mechanism
gives the right amplitudes
and mode lifetimes.

This can excite f-modes
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Solar Oscillation Modes
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Solar Oscillation Modes
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Solar Oscillation Modes
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Solar Oscillation Modes
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Solar Oscillation Modes
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Solar Oscillations
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Models of High-frequency Waves

O High-frequency interference peaks (HIPS).

(Kumar & Lu, 1991, Apd, 375, L35)

O P modes reflected at the transition region.

(Balmforth & Gough, 1990, ApJ, 362, 256)

O Chromospheric oscillations.

(Deubner, 1995, APS, 76, 303)
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High-frequency Interference Peaks

Corona

Transition region

Chromosphere Line' forming layer

Photosphere

Granulation zone
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P modes Reflected
at the Transition Region
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Chromospheric Waves

Figure 2  Sketch of the properties of a chromospheric cavity.
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Localized Excitation
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on. The elliptical outline is a result of apodization of the original rectangular image. The dark ol egion near the SW boundary of
PNO magnetogram of the same region, taken 135 m before the start of our abserving interval and resampled at the same spatial

images. This image has beer odc band. The range of power values P displayed is 15 X

5a
(d) Power integrated over the high-v band. The range of power

BRrOWN et al. (see 394, L66)
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High-frequency Waves 1n the Sun
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Frequency-time Diagram
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High-frequency Waves 1n the Sun
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Frequency-time Diagram
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Correlation with X-ray Flux
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Correlation of Different Modes

Power density at 3.22 mHz
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Oscillations at High Frequency are
more Correlated
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The Three Suggestions

O High-frequency interference peaks (HIPS).

(Kumar & Lu, 1991, ApJ, 375, L35)

O P modes reflected at the transition region.
(Balmforth & Gough, 1990, ApJ, 362, 256)

O Chromospheric oscillations.
(Deubner, 1995, APS, 76, 303)
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P modes Reflected
at the Transition Region
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Two Possibilities

O Improving space-weather predictions

O Observations of flare driven waves

In solar-like stars - implications the
understanding of the solar cycle
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Predicting Space Weather

Helioseismic holography Secondary sources of Lyman o radiation

2-2 skip limits

Sound wave path o e
« " Visible side of Sun = -

+ -'Sun's rotation '
2 * . .

\4— Observing limits

@ To Earth and SOHO

Lindsey & Braun, 2000, Science, 287, 1799 Bertaux et al., 2000, GRL, 27, 1331
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Predicting Space Weather

. SWAN/SOH0

2002/01/02 CR 1984
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Cycle 23 Sunspot Number Prediction (March 2004)

T T I T T T I T T T I

2000 2002 2004 2006 2008

NASA/NSSTC/Hathaway

UNIVERSITYOF
BIRMINGHAM




Cycle 23 Sunspot Number Prediction (July 2004)
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Cycle 23 Sunspot Number Prediction (March 2005)
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Cycle 23 Sunspot Number Prediction (May 2005)
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Cycle 23 Sunspot Number Prediction (June 2005)
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Cycle 23 Sunspot Number Prediction (October
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NASA/MSFC/Hathaway
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Cycle 23-24 Sunspot Number Prediction (March 2008)
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Cycle 23-24 Sunspot Number Prediction (June 2008)

I T T T T . I T I

2005

NASA/MSFC/Hathaway

UNIVERSITYOF
BIRMINGHAM




UNIVERSITYOF
BIRMINGHAM

NASA/MSFC/Hathaway
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Cycle 23-24 Sunspot Number Prediction (October 2008)
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Cycle 23-24 Sunspot Number Prediction (November 2008)
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Cycle 23-24 Sunspot Number Prediction (January 2009)
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Cycle 23-24 Sunspot Number Prediction (February 2009)
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Cycle 23-24 Sunspot Number Prediction (March 2009)
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400 Years of Sunspot Observations
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The Mount Wilson Survey

"K-type stars with low <S> values almost all have pronounced cycles"

"F-type stars, especially those with low <S>, generally have nearly
constant records (flat) or slow, secular variations (long)."

"Among the G-type stars, very low amplitudes of chromospheric
variations and levels of activity [Maunder minimum] occur only in stars
with low <S>."

"A few stars of all spectral types have two significant cycles. Those
stars are located at intermediate values of <S>, and are close to the
Vaughan-Preston gap."
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The Vaughan-Preston Gap

very inaclive
79 %

.

this survey

Henry et al. 1996, ApJ, 111, 439
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Cycle Period v Rotation Period
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Dynamo Theory
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Cycle Period v Rotation Period
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Revealing the Roots of Stellar Cycles
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Mode Height v Temperature
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Frequency Precision v Temperature
for a ~9th Magnitude Star
Observed for 1 Year
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Rotation Splitting v Temperature
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Rotation Splitting v Temperature
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Rotation Shifts from Differential
Rotation v Temperature
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Cycle Length v Temperature

log(7e/Prot) = —(0.324 — 0.400y + 0.283y” — 1.325y°), (7)

where y =log(Ryk X 10°) and 7. the convective turnover

time. The convective turnover may then be calculated from

a second scaling relation (which gives an answer in days):
log(7.) =

1.361 +0.166z +0.025z° — 5.323z> for z >0 (8)
1.361 — 0.140z for <0
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1 where z = 1—(B—V). To calculate the Ry index, we solve
1 ] the cubic Eq. 7 for the known input parameters: B — V and
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Cycle Acoustic Amplitude
v Temperature

The amplitudes of the activity cycles ARjx can be
obtained from the relation given by Saar & Brandenburg
(2002):

ARjx (R;m)(”?: (9)

/
6VC_\'C O( AR[!K

—
N
I
3
-
)
]
<
n
>
Q
C
L)
3
o
[
—
Y
Q
O
>
o

6000

5500
Tu [K]

5000

UNIVERSITYOF
Chaplin et al. 2007, MNRAS, 377, 17 BIRMINGHAM




Cycle Acoustic Amplitude
v Temperature
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The amplitudes of the activity cycles ARjx can be
obtained from the relation given by Saar & Brandenburg
(2002):

ARjx (R;m)(”?: (9)
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How to Measure the Depth of the
Convection Zone

198 'G/€ ‘SYHUNIN ‘2002 ‘ubnoo % ¥apnoH
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Figure 11. Top: the symbols are second differences Azv, defined by equa-

tion (2), of low-degree (I =0, 1, 2) eigenfrequencies obtained from adiabatic

pulsation calculations of the central model 0, and have the same relation to

[ as in Fig. 1. The solid curve is the diagnostic Dy determined by equations

(21), (30) and (37), whose 11 parameters arg have been adjusted to fit the data F
by least squares. The measure x? (mean squared differences) of the overall UN IVE RS ITY()
misfit is (53 nHz)z. The dashed curve represents the smooth contribution

(last term in equation 21). Bottom: individual contributions of the oscillatory B I RM I N G H AM
seismic diagnostic. The solid curve displays the He 11 contribution, the dotted

curve is the He1 contribution and the dot—dashed curve is the contribution

from the base of the convection zone.




Acoustic Amplitude of the Depth of
the Convection Zone v Temperature
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Relationship between Flares and
Stellar Cycles?

The soft X-ray background
flux shows a delay of ~2
years to the Sunspot number
in odd cycles (21 & 23).

This might be related to the

empirical Gnevyshev-Ohl
rule which says that the sum
of sunspot numbers over an
odd cycle exceeds that of
the preceding even cycle.

Is this the case for other
stars to?
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