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letters to nature
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Filamentary structure on the
Sun from the magnetic

Rayleigh-Taylor instability

:_hﬁ.fﬂ‘m.l_l“

! K xaw amd Hida Obnervatoria, Kyoto Univensty, Yamam lina, Kyoto SI7 8471,

Japan
* Departwent of Earth and Plavesary Séena, Universty of Tokyq Homga,
Bunkyodw, Tokyo 113-0043, fapan

Magnetic flux emerges from the solar swface as dark flaments
< cting small sunspots with oppasite polarities’ . The
reglons around the dark filaments are often bright in Xorays
and are assoclated with jets*“. This implies plasma heating and
accd eration, which are important for coronal heating. Previous
two-dimensional simulations of such reglons showed that mag-
netic ction bet the a magnetic fidd and the
emerging flux produced Xoray jets and flares, but left unresalved
the arigin of ilamentary structure and the intermittent nature of
the heating. Here we repart three dimensiona sinmltions of
emerging flux showing that the flamentary structure arises

P sly from the magnetic Rayleigh-Taylor instabllity™,
contrary to the previous view that the dark flamentsare bsolated
bundles of magnetic fid dthat rise fram the photo sphere carrying
the dense gas™ ™. As a result of the magnetic Rayleigh-Taylor

instablity, thin current sheets are formed in the emerging flux,
and magnetic ction occurs betw ging flux and
the pre-existing coronal field inaspatially intermittent way. This

naturally the intermittent nature of corona heating and
the patchy brightenings in solar flares.

We performed #hree di jonal mag ydrod ynamic sima-
Ladons of solar emerging flaxand its reconnection with pe-existing
magnetic fidd in the corona, with the highest resolution ewer
achieved The namerical code is basically the same a5 $hat wsed in
our previous two-dimensdonal simalations™ ®*, but exended to
indude variations in e third (y) dizcion. The simalaton box s
designed 1o model the upper conwecton 2one (conveaively
unsuble), photasphere/chromosphere (10°K), and coroma
(10°K). The box sikze & 0< x< 45000, 0< y < 15,000,
—1,500 < z< 19,500 (anis are kilometres shroughout), which &
reanhed by 200 X 400 X &0 gid pointg zis the vertial direction
and z= 0 corresponds to the level of the photosphere. The initial
state & hydrostatic. To simulate an emergng flux region (EFR), a2
haorizonnl magnetic flux sheet &s placed in $he convection 2one. A
small pertarbagion & then impozed on the flax sheet within a finie
domain (22500 < x < 25,5(0), to excie the Parker i nsubility™".
The magnetc fidd in $he coroma &s obliqoe and antparalld 1o the
flux sheet. The bound ary conditions ax:a rigid wallat he bomom, a
free boundary at the top, and periodic at he x and y boundaries.
Following previons smdies of fast magnetic reconnection, we adopt
an anomalons resistivity modd becanse localized resistivity &
necesary for iz reconnection © occar*.

Figare 1 shows the sree dimensional visaalizaton of the sima-
Ldon resalt, showing the bosurface of magnetc fidd strengh | B,
temperatare digribugons & the y boundary, a set of mpresentative

3
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valocky In he range 22500 < x < 25500 and - 1,200 < 7« —600
Vo VpooqZu(t = Kpud/ M), whora V= 05 TS, X g = 24 000kmand
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The Sun in visible light
(ARSI TREXE)

1992 June 07

The sun as seen by your eye (but don’t look at it without proper filter)!
ABDBTREKREG (BEEAGNIE!)



Sunspot observed
by the Japanese
solar observation
satellite “Hinode”

BRAOAILGZ
[ODTINRT=
NGER

Courtesy of
T. J. Okamoto




The Sun in X-ray (X TR=X5)

The sun as seen by X-ray telescope on board “Yohkoh” satellite.

You see sun’s outer atmosphere called “Corona”. Temperature about 1-million degree.
Sudden brigtennings are called “flare”, the biggest explosion in the solar system.
ATBENES IS ITHALI=KBEDOXERR, 10005 EDOESRERK[IO0FINRZ S,
FFHTE - &N DDIETTL T IEFIINS . KIERRNERKDBRHIRE



The sun in Extreme-Ultraviolet (#Bif4E N R CR-XK[E)

TRACE S o |

EUV image obtained by NASA's TRACE satellite. You see fine structures in corona.
KENASAOTRACER EZ MR- =1Bim L /MRIR, 20T DA WEEETRZS



Solar flare (K[&E2L7)

The noisy bright dots are
high energy particles
emitted from the flare that
hits the CCD came on board
the satellite. &4 TE{EHVEL
N5DE. L7 TlRESNT=
B LRI —RIF (ST A
BEICEESINI=CCDAAS
[ZSDM-TLVSTF=8,

If an astronaut is outside

the space ship at this

time, he will be exposed i T —
fatal amount of radiation. 13:04:26 ‘
HLLEOBFFERITLIAN The sun is the source of all the life activities on earth,
FHEBEKL T zD, B3t but once outside the Earth’s atmosphere, it is very
ENHIREZET D, dangerous. KGI3hERk EDETHERFHDRI=A.

ODEF-UBRD RSB H B EERIZEBALWLEE
TLH5



Energy of solar flare: magnetic field
(KEBILT7 O IRILF—IRILHIE)

Sunspot is big magnet.
Strength of magnetic
field is about 1500
Gauss
EREIFERGHA,
F15 D 5E S 1L #91500
HOR

Energy of solar flare
come from the
magnetic energy of
sunspots
ILF7DIRILE—
RIEERDEZDOT
RILF—




Why researchers are interested in the Sun?
TEKREGZHART DI ?

It is intrinsically interesting
AEZDELDOHEELND

Similar dynamic phenomena found in other stars galactic
center, black holes etc. Since it is well-observed, sun provides

basis to understand these other objects
fthd 2R il T35y o R—ILEABLGETEH, KEILTIZBE=T 1 F2v)
BRENEETND, FLLWEADTELIKRENTNOZEME T HERIZLD

It affects the Earth environment and human activities
HIKIRIE L ABDEHICHEEXS5Z5H5



~ Relation of the Sun, Earth and human activities
Akmctix, AREIORZR

1G5306C15121



Solar wind (XFER)

Artificial “eclipse”
observation from
satellite. You can see
background stars, as
well as the continuous
gas from from the sun,
called “Solar Wind”.

ANIBEEMNSIAIH
B ITREXED ML
EIZHADWEHLTL B
T.IXKIBREFIENS,

1900/08/01 0018 + .

Occasionally, a bulk amount of mass is ejected from the Sun, called coronal
mass ejection. They are associated with solar flares. Some of them are directed
to the Earth. Then...

RNEILTITHES>TRARZLGARADEAEL T 5, RICIEHERKIZRMN>TLEHELD
LY.



The origin of the aurora is the solar wind. 7Z—B S D #ER X E (X KEE
(RAR—T DENETERAA)







Space weather FEHXS
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Solar flares and coronal
mass ejections damages
satellites, communication,
GPS, electric power plant
etc.

KBTI ATHEDHKE.
BIEEE ., GPSIZ&L 58I
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Number of sunspot changes with 11-year period
KZERDHIHNIIFERIATEDS

Flare activities also change
accordingly.
ERBOEIIZEELN, JLT
DEHRSELNMNETEDD

magnetic field

Why it changes in 11 years is not
understood.
BENMNETELLIDMNEELSH>TLVELY




Sunspots and Earth climate?

Sunspot number
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B AMEMBRD SR ?

e Almost no sunspots for
several decades in 17th
century

17HIZIC. M+ EMB AN
FEAELGVLEEANH T

e The earth was slightly
colder in that time
T M AMEKIFIZIZ
f=o1=

oK AT ER

Older records show that there is a correlation
between the sunspot number and cimate. The
earth was colder when sunspot number is less.
The mechanism is still uncertain, though.

F KYHVEREHEZRTE. BERBERIRICIZEFEN

HY. BEDBDLGNEENLLLY AN X LIE (L

Picure of Thames river in that time

| (OMMBIBEN TS LA BTV



Global warming tthEk;BEE1L

The Intergovernmental Panel on
f/\/a Climate Change concluded that it is
highly likely that the earth is
warming because of the green house
effect by CO2
emitted by human activities.

SIXZ BB 9 HEATRE/ ARIL
(IPCO)Z ARBDHLI-ZE bR E
(CO2)IZ&-THEBRk A B F=T=h %D
TWAAREEMN S LN EFER DT

S EHBKRR LR L EENHEE > F— http://www.jccca.org/ KV



St e >

Anthropogenic

HEROS &>t

Table of various effects on climate. Some have warming effect, the others have cooling
effect. R[URICFEE T HIHRRGENRDOKR, BEIELSELHLDEERESELLDEHD

From IPCC report (IPCCOEREZEKY)

RF Terms RF values (W m™) [Spatial scale| LOSU
I I |
: |
| L -
. 0102 = : 1.66 [1.49 to 1.83] Global High
Long-lived | | |
greenhouse gases | ! | 0.48 [0.43 to 0.53]
C:H4 | Halocarbons | 01801410 0.18] [ Giobal | High
| I
I | I
‘ | l -0.05 [-0.15 t0 0.05]| Continental
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: I
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[ [ |
| |
Solar luminosity ) E—« : | |0.12[0.06 to o.3o1| Global\
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RF values (W m?) |Spatial scale| LOSU

L} L) l L)
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L\ Halocarbons 0.16 [0.14 t0 0.18] Global High LOSU
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What should we believe then?
CeoHhEZECNIEL I ?

Scientifically, it is often very difficult (usually impossible) to
say something “absolutely”

PRIt 11100% ], ELVDSZEIFIEREIZEHLLN(ELNVSMEIR)

“Global warming by CO2” may be wrong, however, it is still

more likely than ohter scenario
CO2[CKBRBBILIFBUMLIZDIELLGZLAEILNELY, LWL, fthd
X (BIZIEKEBEED B TUZRZ RO TULVS) JYIFIKAELTH
BEME XS LY

If it is “likely” and the consequence is serious, we need to
take action before we have 100% confidence.

REEEEED LI, THLEELERENEX TGS, TFAIEEHED
B DERETEALHDITEIZRE IR ELIFRL



When do we act, then?
CoHhEDERET, ECEFTITEZREIT ?

Can we stop using cars to reduce CO2 emission?
CO2BEHZ RO I -OIC. EDFERZTEICLEDHLNS ?

How much can you pay for electricity, when the probability of
CO2 warmingis 90%? How about if it is only 40%?

Bl Z ECO2LRBRIL DFERAI0%IZEL =D, ENERSCI=BOICLKHET
BEXRZEHIToND? LLENDIL0%IZ0F=5 7

You cannot answer these question if you know only science
and technology. You need to consider politics, economy,
psychology and social sciences...

an(ifﬂﬁ’(ofiﬁs'zﬁruth“rlat,k&b LNTEUVERE, BUR. &, IDE
F.HEZF. .. @,/2f&ﬁﬁ?ﬁ\b@nTL&L\&L\(T@L\



“Science and technology” and society
Bl -ttt s
Science and technology are so deeply involved our daily life.
Bl -BiTEF -0 BEEFITEE LTS

Science and technology always have various levels of
uncertainties. Effect of low-level radiation exposure on
health, safety of nuclear plant, genetic engineering....

B -BINICEBRRALANILD T R EEE INEICH L BLASILOEEGT
BREIDEE ., FROZEME. ETFIFELGLE..

Don’t believe naively, don’t hate and reject. Bear the fact that
there is no right answer. Keep thinking and discussing.

Bl -HifiEzBEETT . 2N EL-TERITHEES  TIEENELY S
ClIZTHAT . EZ . ER/RLODDHFONBAAIZHSTTELY
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Future of the Sun X[ Znh o

Sun and earth was born about
4.5 billion years ago.

XI5 EMER L FI45EETIICE
EX W=

Sun was a little darker in the
beginning. It keeps increasing
brightness slowly. So in long O i ssaiienice
time the Earth cannot avoid @ G-type star
warming. £ENT-EZ TS LY Bl
LUEES, DLFDEA S [

HoTWD, - THRELH [ , 6|
(VOB ER T — L) IZIFHER (K | e
W9RBRIE " o

Alter 6 billion years, the sun
becomes a red giant star and
swallows the Earth. $J60{E £
ZICKBEEIZGY. #hEkE

ﬁkﬂﬁ{; Copyright © 2005 Pearsn Prentice Hall, Inc.




The sun will die lie this.

AEDERIFILZALRIZESIET




What is the first life on the Earth?
Ik CRIDEZTYIIEALTD ?

Something like bacteriawho lives near the

hot spring in bottom of the sea
BIEDRRIZED/N\ITIUTHI=LNED

They hate oxygen. 5IZE>THERIEE

Later, new, green guys appear and they
destroy the Earth’s environment by emitting

oxygen. Lots of species were extinct.
PNT, (RBED)BREHETHL TKRIREHIEZS
SECTHRBEYMEEL., KigRI|EED,

The green guys are primitive plants. Later a new types of life arose

who use oxygen to get energy. We are their descendants. A T
RZODFEOMHDEZTEOMIHALE, AEITZDF2



What science tells you about the future.
HENMBKIRIEEANBDOREICONTRI L

“Earth friendly” doesn’t make sense. “Good environment”
depends on who you are.

[HOBR(ZASTLULNJELS DALY, I AT KUMRIE I T EGRIC K> TED

In long perspective, the earth’s environment cannot avoid
changes.

RHMICHANIE HIKIRIBIX NI EILT D

We have to be prepared for changes, while paying possible
efforts to prevent or slow them.

HI=6IEEDRWMREZTEAEITFALRFIC, BiEICTHA N D%
SEELTENEN TR
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