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A rotating solitary
star has oscillating

Intense magnetic
fields
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Primary Questions

 How Is the solar magnetic fields generated,
transported? (global and local dynamo

process)

e Conversion of magnetic energy to create
X-ray corona, flares and eruptions

98 = VXV xB + nAB

ot




SOLAR-B mission objective: systems approach to under
generation, transport and ultimate dissipation of solar
flelds with 3 well-coordinated advanced telescopes

X-ray Telescope
(XRT)

Launched on Sep 23, 2006 by ISAS/JAXA
Japan-US-UK-ESA project

Mission Lifetime: > 3 years

Orbit: Polar, Sun Synchronous
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Early universe 10(-15) G?
(Clusters of) Galaxy a few 10(-6) G

— can not make this field from early universe with «w-dynamo

Late type stars 10(3) G super equipartition

Bottom of convection zone 10(6) G? super equipartition
BIFTCO—L>YRIEFEFTEZEIEFLULEDHTLFD

Pulser 10(12) G Compression and fossil

Magnetor 10(15) G Needs dynamo

How does Universe create strong field?

— fossil field, @ w-oscillatory dynamo, turbulent dynamo,
convective collapse
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Hinode Polar Landscape 2007 Marclm Magnetic Field Strength
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PreC|S|on data analysis

Precision calibration
/~ of photometric data ™

'Hinode Observation

JJJJJJJ

red :
668.4[nm],

blue:

450.5[nm]

-~ J

Temperature distribution along meridional line
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Primary Questions

 How Is the solar magnetic fields generated,
transported? (global and local dynamo

process)

e Conversion of magnetic energy to create
X-ray corona, flares and eruptions

98 = VXV xB + nAB

ot
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Hinode/XRT: 2007—=07—-03 16.719:03UT




Hinode discoveries
golden age for solar physics!

Chromospheric
transition region
jets due to

: along
spicules

Penumbral

micro-jets
Ascending and
Descending ‘

Process

Waves in prominence
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Slow solar wind
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Supersonic downflow

%

Emergence of flux rope

Ubiquitous
Horizontal fields

b

High coronal




Non-quiet
Quiet Sun

X-ray corona




Photosphere and coron
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SOT: Solar Optical Telescope
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The paradlgm ublqwtous

i ey

* Both polarities ....,
« Strong KG magnetic | " ) |y .Q *‘_",""

fields > s o Qu

e Located In inter-
granules




Finally discovered 30 years after initial
prediction: Magnetic field intensification due
to convective collapse

6 T 2.5 1.2
i +—+ Velocity
I &—< Intensity
4 -_ ¥— Field Strength ] 2.06 11
@ =,
= < -
=, o ‘B
> 2r 1155 1.05
g [ 7 £
2t o
Un 1.0 0.9
'2 i 1 N . 1 ™ i a 1 x " 2 1 i 05 08
0 200 400 600
time (sec)

The initial field strength of ~400 G is intensified up to ~ 2000 G as the
downflow grows to 6 km/s in 150 s. The field strength then remains
above 1000 G throughout the sequence. A transient upflow of ~2
km/s at the end of the sequence.




How are ubiquitous kilo-G flux tubes formed?

Parker (1978); Hasan (1985), Hasan et al. (2003), Bunte, Hasan,Kalkofen, (1983)
(b)

la)

g_::ﬁ:.magnetic
eolar o0 Elux tube

surface

interi=

E = (dnp) Fwa00G

AowmE 1l owr
in=ide
Elux tulkhe

é//

.

(a) As magnetic Pressure increases, heat flux from the granule decreases.

(b) Flux tube cools due to radiation loss, and down flow grows.

(c) Flux tube shrinks due to the decreased pressure inside, and then the field

strength increases; kilo-gauss flux tube appears.




Parker®F+ ./ L 7 {RER :
AR ENKRYI(Z
LEHD ?

=1

0.AFADHER
BRI

28



e (log)

NEaOF(F/MNMERKIYGES?
OO mE=2 IMNEFE?

GOES 8 X-Rays:

1E-9 .

16-Nov 17-Nov 18-Nov 19-Nov ZU—NGVH#F%‘l—NDU
T |B

Start Time (16-Nov-00 00:00:00)

v v s e~ s 6E Faﬁ,.._._...,~ -



Discovery of ubiquitous
horizontal magnetic field

Horizontal magnetic flux

W

1. (2007),




Degree of linear
Polarization
AEFXARL

IK 135

* Courtesy of R. Ishikawa




Horizontal field is highly
transient!

Lites et al. 2007, Orozco et al 2007
Centeno et al. ApJL 2007

Ishikawa et al. A&A 2008

Ishikawa & Tsuneta A&A 2009

Sun center Quiet Sun

Stokes-V (vertical field)

Stokes-Q/U (horizontal field) Yellow
Threshold: CP:0.3%, LP:0.18%

[ Video available; Ishikawa & Tsuneta (A&A, 2009)
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Chromospheric jets and fountain due to
magnetic reconnection (shibata et al 2007)




New possibility of chromospheric heating
With horizontal magnetic field

heating

than corona

Chromospheric

X10 more energy

Energy to maintain

Chromosphere

4x106-2x107 erg/cm?/s
Magnetic energy carried

by horizontal B

Magnetic Iayer' ‘

Temperaty

10,000

0

Transition

emperature

1000 2000 3000

|

Does THMF
visit here?

1073

1077

10-°

lO-—]I

Dissipation layer

Mass Density (kg m-3)



aAFMEE) ARSI DR ?

 Heating of corona is due to
magnetic fields

Magnetic reconnection
heat
heat "CHF
Ubiquitous small bursts

The smaller the larger in number

Magnetic fields can carry waves
Driver: photospheric motion
Conversion to heating ?

Difficult to observe waves

Joule heating
Resistivity much larger than Spitzer

Observed current much smaller than
needed.




(Berger et al 2007)

Quiet Sun (lonized
Calcium) Prominence

Characterized by

very fine structure
Up-down motion
Convection-like feature

Where is signature of
supporting magnetic fields?

07—08—17
i R e




(Okamoto et al 2007)

- :_:}-"

B—MNov— 200688

Spicules, coronal rains, and cloud-like structures over
an active region (AR10921)




Osclillating motion

B

Okamoto et al. (2007)
Oscillatory filament
Period: 3 ~4 min
Amplitude: 400 ~ 1000 km

Similar fluctuation is seen in
spicule (DePontieu et al. 2007)

h}wm
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— Alfven wave

Alfven wave with moving material
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MHDE D E—k &Rl 77 R EE A ETH
Kink wave (bending mode) and
magneto-sonic wave (sausage mode)

Bending Compressional
mechanism mechanism

(Alfven wave) _ (magneto-sonic
wave)

Without With
Intensity Intensity
Fluctuation Fluctuation

Weakly compressible Compressible

HBTRHATHRGKERE !
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What is going on In polar region ?
Source of fast solar wind
Location of global poloidal fields
sink of meridional flow

1000

ULYSSES/SWOOPS Speed (km s™)

Los Alamos
Spoce and Atmospherio Seiences

High speed solar wind
Ulysses
(McComas etal 2000)

T (NASA/GSFC)

G Hinode XRT (Cirtain etal 2007)

i

20061 1X--23 00:47:25
XRT Al_poly filter exp. 16385bmsec
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How is appearance of solar poles as a

I; Inclination angle between solar equatorial plane

Rocket: H2A-202

Possible by
Earth swing-by
only

- I

function of inclination?

Cruise by

lon engine

in a shorter duration
compared with SO

| = 60 deg

Jupiter swing-by
of long-duration
cruise (>10 yrs)

H2A-204
Cruise by
lon engine
in a long duration
- : ~10 yrs,
Ballistic orbit but with higher duty cycle
by Jupiter and Earth :
) for observations
Swing-by

with heavier (~x3) payload
H2A-204 4
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National Astronomical ==

Observatory of Japn
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Calender for Years 2009-2020

2010 2020 cy
I R :
I R
< > < >
HINODE Solar maximum Solar maximum

2006 Sep. 23
Phase 1 |Initial analysis and discovery

Phase 2New research development from solar max. observations
Phase 3 |New view with cycle-long observations

SOLAR-C 8 N Launch (2017 Feb)
& Project ——
Pre-A A B/C D JAXA
AA A A
Current location of DQ: %é Do: %
ISAS SOLAR-C WG g=2c = © [ IESA/NASA
Mission
proposal Pre-A: Pre-Phase-A (WG activities)
—— :r___:_:_._____: ................ A: Phase-A (R&D)
Eounc_hng TOCketzoog ‘A'F-);_"l""""L h (2011 S B/C: Phase-B/C (PM phase)
Xperimen Kickoff aunch ( ep) D: Phase-D (FM phase)
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