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A rotating solitary
star has intense
magnetic fields

f.the Sun
LInside the S
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‘Why do we go to

space in solar physics?GoooKe‘Hz P

"Opague atmosphere
In UV and X-rays
*Severe atmospheric
seeing effect even with
adaptive optics
Observations from
space have been
Inevitable in solar
astronomy since the

dawn of space age!
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Importance of
Solar Research from Space

* The Sun is the only astronomical object
that can be resolved, and is a laboratory of
astrophysical phenomena related to
interplay of plasma and magnetic field. We
address fundamental guestions such as

— How Is intense solar magnetic field
generated and transported?

— How Is the magnetic energy converted to
create X-ray corona, flares and eruptions?

2010/2/22-24 8



JAXA-NASA-UK-ESA Hinode

Solar Optical
elescope (SOT)

High spatial resolution for

(XRT)

B 1-10MK X-ray corona

Orbit: Polar Sun Synchronous



Role of Magnetic fields
In Stars and Cosmos and

The best analogy of cosmic magnetic
field is rubber band!

Magnetic fields are created by interaction of flow
and fields ( )

Carry energy through
Store energy
Dissipate stored energy with

Induce MHD instability and
Suppress for mass and heat
l.e. energy transport



171 ,OOO l_(m



uns ayl spisul wolj pisYy
Jldubew Jo asusblaw3

K
-~
| _

3

20101220284 il .
. ’ ; -



UoNoOW U0oN23AU0D AQ
Moene 0] anp jodsuns
]O uolrelbayuisiq

-—>
2,000 km

I—May—2007
19:00:11 UT




2010/2/22-24
R

-



Magnetic fields frozen to plasma

¢ Plasma cannot 11 \
move across G

magnetic field. & — /
e Magnetic fields

moves with Magnetic field

plasma and

magnetic field
lines are stretched <&_
(ie. amplified). 11 |

Galaxy Differential rcl)tatlon
of the Sun

2010/2/22-24



GIObaI dynamo }éinetic :>-
generating sunspots

 Differential rotation stretches and amplifies

magnetic field. East-West directed
North North North magnetic field
emerges to
surface forming

nspots

South ) South
Rotation South

velocity of
Sun

* cosmic magnetic field is ruboberHand!



Too-strong Magnetic field in the Universe

How does Universe create such strong fields?

Early universe: 10-1°G?

Galaxies and Clusters of Galaxy: 10° G
Late type stars 103G

Bottom of convection zone 10° G
Pulser 102G

Magnetor 101° G

Dynamo inside the Sun can amplify the rﬁag-netic fields

Kinetic
Energy

And.ae.magnetic energy is used to create the corona! 47
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Where are we looking at?
Photosphere and corona 1

1 million 107
RN Trunsition‘ X'ray }
N Region
A~~~ > i
9 + Density l Temperature | - ;
~ ——— Visible =—/—
D 100,000 .
— .
- — Phtosphere - Chromosphere ] Corona — 10-7
+— . ,
| - : \\ : S
D
(@ "\ g
E 10,000 emperature 10
D
I_
i Density — 10!
lopol W\ /. 7

20 0 3000
1ze of granules
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Hinode movies of
Photosphere with Visible Light

Solar surface seen in visible light
. - -
-

20000 km
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Paradigm: Magnetic Field Is
vertical to surface

« Strong kG

 Slender flux
tubes seen in
between
convection cell

18:15:42 UT
* ' »

'!‘ Tl ' Y-
\ ~\~ " f"";
.‘.cﬁ". , y t "
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Hinode discovery of horizontal field
A new form of solar magnetic field

Yellow: strong
horizontal field

Convection and horizontal field

2010/2/22-24

20000 km



Ubiquitous
horizontal field

Wherever convection, horizontal fields exist

wX00002T




Hinode movies of horizontal field

4000 km

Convection pattern
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New magnetic creature In the Sun
has energy much larger than
sunspots and vertical fields

D10/2/22-24




Discovery of New Dynamo Mechanism
with Hinode

Sunspot

/

« Differential rotation of
Sun amplifies magnetic

field

Magnetic
field

@@%

\

Rotation

Horizontal fields

 Convection motion of
plasma amplifies
magnetic field

Convection cell 1000km Magnetlc field

Convection

M)

Known mechanism

Energy

\

oy e

2010’2’22'I*<Iewly discovered

Energy
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Where are we looking at?
Photosphere and corona 1

2010/2/22-24
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Chromosphere more dynamic than expected!
Chromospheric jets and fountain
driven by magnetic force

20—Nov—2006
19:11:34 U
- ' »
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What Is going on in polar region ?
Source of fast solar wind
Location of global poloidal fields
rmoones - SR sink of meridional flow

Los Alamos
Space and Atmospherio Sciences

High speed solar wind

observed with Ulysses

.| satellite

Unexpected high coronal
activity in polar region
Hinode X-ray Telescope

1000 =

2006/11,23 02:47:25
XRT Al_paly filter exp. 16385msec
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Polar Spicule
Narrow jets driven by magnetic field

20G7—-04—-01T02:20:30.420
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Waves along magnetic field line
carry huge amount of energy
potentially accelerating solar

wind and heating corona
.J"\Q.K’ o
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Energy transport
and heating via wave Annihilation of magnetic fields

called magnetic reconnection

How IS corona
V7 ner Neated? Two
possibilities



Enigmatic
prominence

(lonized
Calcium)
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NOAA predictions updated
multiple times to cope with

long solar minimum

Sunspot number and prediction by NOAA
ST T 1 T T T T T T T T T T ]

[

Next solar max was predicted to be October, 2011
by NOAA, and will be 2013-2014(?). The period is

>12.5 year longer than nominal 11 year.
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Summary of observations
Indicating unusual low solar
activity

Longer solar cycle (> 12 yr 6 month)

Cumulative no-sunspot days is close to that of 100
years ago.

New sunspots in northern high latitude appeared much
earlier, while those in south appeared recently.

Total solar luminosity may be lower as compared with
those in the past two minimum.

Polar magnetic flux is half of the previous value.
Unusual solar wind distribution in heliosphere
Lower solar wind pressure

Highest cosmic ray flux in past 45 years

2010/2/22-24 52



cold spells vs. Grand solar minima

8 60 observed sunspot data }

- ] Reconstructed dafa ()

3 |

C  40A

ls)
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2 20| 1 '
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-4000 -3000 -2000 -1000 0 1000 2000

Years -BC/AD

Sunspot number reconstruction (Usoskin et al., 2007) as well
as known climate shifts in Europe to cold/wet conditions

(Versteegh, 2005) for the

ast 6500 years:

14 cold spells — vs — 15 Grand minima > 12 coincide

Usoskin, I.G., G.A. Kovaltsov, Cosmic rays and climate of Earth: Possible connection,
Compt. Rend. Geosci., 340. 441-450, 2008



Are we about to
enter grand-solar
minimum?

Sports ona Frozen R|ver
by Aert van der Neer
Courtesy: The Metropolitan Museum of Art

- - Modern
little ice age M'r,ximum 250

AT~0.6 degree lower

Dalton
Minimum

Maunder
Minimum

1600 1650 1700 1750 1800 1850 1éoo 1950 2000

Combined data set suggest that we may have low activity
caifp&rdble to the Dalton Minimum. >4



Influence to the Earth?

Courtesy NASA



Influence to the Earth?

« The Sun has profound influence to our climate, life and
civilization:
— Space weather: Short term effect of solar activities to
human activities in space and on Earth
— Space climate: effect of solar cycles to Earth climate
— Faint young sun problem and origin of life on Earth

* Only through long-term observations and basic
research from space and ground, we are able to
predict the future activities of the Sun.

 Hinode continues to monitor critical polar regions.

Courtesy NASA



Contact

Saku Tsuneta
saku.tsuneta@nao.ac.|p
Hinode Science Center
http://hinode.nao.ac.jp/index_e.shtml
National Astronomical Observatory of Japan
http://www.nao.ac.jp/E/index.html
Osawa 2-21-1, Mitaka
Tokyo 181-8588, Japan
81-422-34-3720(office), 3700(Fax)
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« Usoskin and Kovaltsov(2008), Comptes
Rendus Geoscience, v. 340, iss. 7, p. 441-

450.
» Usoskin et al.(2007), Astronomy and

Astrophysics, Volume 471, Issue 1,
August [l 2007, pp.301-309



