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Power spectrum of the surface convection ptem ssroemne
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The power spectrum analysis provides a clue to understand at which scale kinetic and
magnetic energies are injected, transferred, and dissipated on the solar surface

If flows are turbulent at the spatial scale smaller than granules, power—law (scale—free)
spectrum is expected up to the diffusion scale.

It is impossible to spatially resolve the spatial scale where diffusion takes place. But it is
important to find how the surface convection makes fine scale magnetic structures,
especially at the scale smaller than granulation

- Are there unresolved “hidden” magnetic flux?
—  Are small-scale magnetic fields created by local dynamo or diffusion of global fields?

20120904 ALMA WS 2



BIrXszs

NAC.J

National Astronomical
Observatory of Japan

Intensity & velocity power spectrum

Frenkiel & Schwarzschild (1955)

. Muller (1989)
Mount Wilson observatory
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Figure 9. Power spectrum of the solar photospheric motions, derived
from two superposed Doppler images taken two and half minutes apart

for the finite resolution of the plate used.
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Magnetic power spectrum
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Nakagawa & Priest (1973)

Kitt Peak magnetogram
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FiG. 7.—The comparison of theoretical and observed spectra for a typical quiet region.
F1G. 8.—The comparison of theoretical and observed spectra for a mixed region of activity.

Abramenko et al. (2001)
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Figure 3. Power spectra of network and noa-network fields.

Abramenko (2005)
Abramenko & Yurchyshyn (2010)
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Figure 3. Raw aclive-region magnetic power spectra oblained from the BBSO (thin line) and the

Studied magnetic power in AR and

MDI (thick line) magnetograms. The dasked line shows best linear it ~ 517 10 both spectra.
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Goode et al. (2010), Abramenko et al. (2012):

Rieutord et al. (2010): Hinode SOT NFI and BFI Hinode SOT SP and BBSO
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» Horizontal velocities derived with local correlation
tracking (LCT).

* |t seems the instrument resolution is not corrected
to derive the power spectra obtained with Hinode.
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HINODE/SOT spectro—polarimetric obs gt ssrsomca

(Katsukawa & Orozco Suarez 2012) | S
Hinode SOT/SP observations to get ;}_.‘—,‘» B i ki 5;\'3%%':335?"'%3

parameters on the solar surface.

Because of the stable image quality
and accurate polarimetric
measurements, the SP data allows us
to get the power spectra more
accurately.

We use 30 normal maps (0.15” /pixel)
taken at the disk center in 2006 and
2007. Both QS and AR are analyzed .

QS (K|Bz|> < 20 G): 23 scans
QS + AR: 7 scans

"-Sfékgs:Q gU.
9 Bx,By

(Bx, By, Bz) are obtained with from
wavelength—integrated polarization
signals with the method described in T e R
Lites et al. (2008) 1024 pix
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Derivation of the power spectra Natioal Astrpemic

Two dimensional power spectra are derived with 2D-FFT.

P(fikok,) = EEf(x y)exp(-27i(k,x +k,y)

f(x,y)=AT orv_ or B or B or B,

The 2D power spectra are averaged in azimuth of the wave number
to get 1D power spectra.

P(f:k) = 27k(P(f:k, k)

k'd k—dk/2,k+dk/2)

The 1D power spectra are then normalized for each parameters.

Thermal enerqy Maagnetic enerqy of horizontal comp.
3 k, P(AT;k .
E,(k)==>" <dk ) o | (P(B:K)+P(B,:b)
2 T E,, Y. dk
Kinetic energy Magnetic enerqy of vertical comp.
1 P(v.:k) 1 P(B_k)
=— < E. (k)=
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Power spectra before the MTF correction e sewenica

Thermal energy (intensity fluctuation)
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Instrumental MTF and noise correction  stons assmomca
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The power spectra thus derived are affected by noises and the
instrumental resolution (modulation transfer function, MTF).

E (k) = (E, (k) - noise(f k) | MTF (k)’

The noise spectra noise(f k) is estimated using linear fit of the

power at high k. 1000lkm %OOkm
1.E+0 :
llll Hinlodel PSI[—’ @'630Inml ——— o “‘
, _ MTF(k)2 1e1f
SOT PSF at 630 nm .| - ] : :
(Strehl ratio ~0.8) | 2 I 2. ' '
L 4 | = 1.E-2 3 E
Lo o - = 5 5
Provided by Suemtsu | . ) ; R Airy disk ]
L . 1 1E-3L + central obscuration and spider _
2 ) (ideal telescope, Strehl ratio=1) E
— — + aberrations (Strehl ratio=0.8)

S L ] 1E-4l

- - (orenn) ’ 0.01 0.10 1.00 10.00

k (1/Mm)
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Power spectra after MTF correction pomssstme
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The shapes of the intensity & velocity power Velocity-intensity correlation (Hinode-SP)
spectra look very similar. It is expected | ]
because of good correlation between the
intensities and the Doppler velocities at the
granular scale.

Qs

Continuum

Both the spectra have clear peak at the

granular scale (~1000 km). No enhancements 02 Sunspot -
at the super-granular and meso-granular 000 a0 :;aoa""'v"a‘/ ““““ 000 00 3000
scales. 2 (mis)

The power-law indices of the slopes are -3.6 ~ -3.3, which are significantly steeper
than the Kolmogorov’s -5/3 law.

Both the horizontal and vertical powers distribute over a broad wavenumber range.
Weak enhancements at the granular and super-granular scales, which suggests that
the these are typical scales characterizing the magnetic field distribution on the solar
surface. No enhancements at the meso-granular scale.
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Power spectra in small boxes Ntinal Astercmica

To separate internetwork and

network structures, the
1024x1024 FOV is divided into

small boxes whose FOV is 96x96
("10* kmx10%km). The FOV is not
enough to cover the super-
granular scale.

1000 E#

800

600

400

200

s R AL S e MTF+noise corrections are
applied.

We derive average unsigned flux
density <|Bz|> in each box. The
power spectra are averaged over

each <|Bz|> interval.

Compare the power spectra with

0 200 400 600 800 1000 0 200 400 600 800 1000 < | B Z | >
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Power spectra in internetwork regions wemsrame

Observatory of Japan

50=<Bzl><54 _ 135=<Bzl><143
Weak internetwork 3 Internetwork

. Magnetic energy (Bz)
1.E-1L L

0.1 1.0 10.0 0.1 1.0 10.0
Kk (1/Mm) _ _ . k (1/Mm)
When the unsigned flux is small, the intensity and velocity power spectra do not

change much. Peaks at the granular scale. The power law indices are steeper than
—3 at the sub—granular scale.

The horizontal and vertical magnetic power spectra have similar shapes, and both
the spectra have peaks at ~800 km. Consistent with the size of the granular scale

horizontal field structures (Ishikawa & Tsuneta 2010, Orozco Suarez & Katsukawa
2012).

Horizontal magnetic power is larger than the vertical one (Lites et al. 2008).
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Probability density function (PDF) in QS e asvsiomea
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Power spectra in network and AR Ngtioral Astercnica
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20120904

The magnetic power tend to increase especially in the lower wavenumber range. The
slopes changes their signs from positive to negative, which makes the peak at the
granular scale less pronounced in the network regions.

The slopes of the velocity and intensity power spectra become less steep at the sub—
granular scale.

- Suppression of the power at the granular scale (suppression of granular convection)

—  Enhancements of the power in the high wavenumber range (contribution of facular structures)
All the power spectra exhibit similar slopes at the sub—granular scale when the average
unsigned flux is larger than 100 G.
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Power indices vs <|Bz[> Ntona petpmica
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Power indices vs <|Bz[> Ntona petpmica

When the magnetic energy is smaller than the convective energy (B<100G), the

power spectra of intensities and velocities are completely different from those
of Ebz and Ebh. The difference of the power—law indices are about 2.

=» In this regime, magnetic fields are passively advected by convective motion.

One possibility is that (V =V) or (Vx V) create magnetic structures, which
creates Eb(k)ock2Ev(k).

When the magnetic energy becomes large (B>100G), the shapes of the power
spectra (power—law indices) become similar at the sub—granular scale. Strong
interaction between convection and magnetic fields takes place at every spatial
scales.
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The total magnetic energy is:

E, (k) « kK

E, « fkk;k“dk - 1:O{[k“"‘]

P(k) a

small-scale structures
are predominant
a>-1

large-scale structures
are predominant

k-1
a<-1

v
=

In the observations with Hinode SP, = -1 or a@ < —1.

This means that the total magnetic energy mainly comes from either the
granular—scale magnetic structures or both the granular—scale and smaller

ones contributing evenly.

20120904
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What is the predominant magnetic structure e assenc

If we extrapolate the power spectrum of P(K) a /granular scale

k™13 up to 50/Mm, the percentage of the observable limit
magnetic energy contained in the
observed wavenumber range is ~50 %.

Numerical simulations reproducing local
dynamo suggested that small-scale
structures are important, and more

4

1Mm  4Mm  50/Mm

magnetic energies at the unresolved (1000km) (250km)  (20km)
scale.
Vogler and Schussler (2007) Pietarila Graham et al. (2009, 2010) | . ~k_2”_” o
, _ o . Kinetic energy (Vz)

- Magnetic energy (Bz)":7vi;._;_l |

N
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Temperature Velocity
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HINODE/SOT FG Nationa Astrcpemica

Continuum

G-band
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Power spectra obtained from the FG obs  jtomassenc
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HE, DOTOM EERFBICLOIESHBRESTBDERICEST, 4
RRRAT—IL, HBEINEENKYEL/NSBRT—ILTOXRNTRDIRS 5
LY. %*L( KOMIGHEEDHRDRANONEEIITGE>TETLNS
Power spectra steeper than the Kolmogorov' s —5/3 power—law
— Total flux budget (hidden magnetic flux?)
— Local dynamo

— Convective collapse
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