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Why we need realistic modelings?
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We wish to emphasize that the HSRA, like all models that have preceded it, should
not be interpreted as an accurate description of the true solar atmosphere. The model
describes an idealized plane-parallel homogeneous atmosphere in hydrostatic equili-
brium; however, it 1S well known that 1n the Sun, and especially 1n the chromosphere,
Mbations due to magnetic and hydrodynamic effects grossly distort the local
structure from its mean configuration.
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T oward Reallstlc

Modelmgs of Solar Atmosphere
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Waves inside Flux Tube

- Overview

* Analytical Solutions of Wave Equatibns

- Defouw 1976; Roberts & Webb 1978; Spruit & Zweibel 1979: Longitudinal waves
- Roberts 1981; Rae & Roberts 1982; Spruit 1982,,,: Transverse waves

* Wave Propagation Simulations
- Helbold et'all. 1986; Musielak, Rosner, Ulmschneider 1989,,, too many!

- Driving waves

v Longitudinal piston-like motion
v - Transverse foot point motion

* Wave Generation & Propagation Simulations

- Steiner 1998, 1999: Swaying; Bending; Squeezing
- YK et al. 201 1: Magnetic Pumping

- Wedemeyer-Béhm et al. 2012: Swirling
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Issues of Analytical Solutions

* Thin flux tube approximation

- Wave equations become much simpler forms that can be solved analytically,

- Most of papers consider pores and magnetic elements as a flux tube, but this
approximation is valid ohly, below the interface between convection zone and
photosphere

- Some papers apply their results to sunspots instead of pores and magnetic
elements, but | think it’s misleading.

IsothermaI/Adiabat'ic atmosphere

- Radiation loss cannot be neglected in the Solar atmosphere, especially in the
interface between convection zone and photosphere, and also in the lower
chromosphere.
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Issues of Wave Propagatlon
Slmulatlons

S Source of Waves?

- Location of wave generatlon remains mystery
- Steady or Impulsive? .

* Wave M_odes?_ |

- Generation of waves is poorly understood in both
-theory and observations. |

- This is why there is a lot of choices and therefore
any drivers can be applied.

3 Energy speCtrum? s What kind of MHD waves?

A ; i (Spruit 1982)
- Likewise, energy spectrum of generated wave is -

- unknown.
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| in 1-D Non-LTE Mﬂdel atmosphere
hv Carisson & Stein 1992, 1994, 1995, 1997: Fossum & Carisson 2006; Carisson 2007
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Ga Il H-line formation
| in 1-D Non-LTE Model atmosphere
hv Carisson & Stein 1992, 1994, 1995, 1997: Fossum & Carisson 2006; Carisson 2007
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Propagatlon of Tré ‘Waves
i Vlgeesh Hasan, Steiner 2009
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Time Evolution of Flux Tube in the
Solar Atmosphere

YK, Steiner, Steffen, Suematsu (2011) by using CO°BOLD
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OF SLOW-MODE & SHOCK

YK, Steiner, _Steffen, Suematsu (2011)

time = 15.1 min time = 16.4 min
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OF SLOW-MODE & SHOCK

YK, Steiner, _Steffen, Suematsu (2011)
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CORRELATION BEWTEEN
DOWNDRAFTS AND SLOW-MODES/SHOCKS

YK, Steiner, Steffen, Suematsu (2011)

Downflows are excited near Eﬂ;@r%ggghogrﬁ;hﬁggﬂ
the optical surface (tau — 1) Propagation speed ~ 5 - 10 km/sec

Time [min]

Downdrafts are excited below
the optical surface (tau ~ 1)
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Magnetlc T ornadoes
in the Solar Atmosphere

Wedemeyer-Bohm et al. (201 2) by using CO5BOLD
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What we can observe by using
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ALMAIC S 3 ZERIGS

| & 9506HZ@0_04” . | time=  6.533

- Higher-spatial resolution ~ 10 km
- Internal structure of the base of flux tube (DC)
- Propagation of shocks along the flux tube (Limb)

* 300GHz@0.126”

- Comparable spatial resolution < 30 km to. models
- Detect propagation of shocks inside the flux tube

* 100GHz@0.38”

- - Lower-spatial resolution ~ 100 km
- Shock propagation time ~ 1000 km / 10 km/s = 100 s
- High-cadence observation is useful < 1 min

KRS

NN

NNANNNN
NNNANAN
ZANSNNNN

]

-
ﬁﬁﬁﬁﬁﬁ
3 e - ¢ &

r

i
[
HE

~
%
-
v v
-

¥
‘'

F

il

~ ~xaaaasaae iR

o

D ESERARIAN

\'\};\,\lﬂﬂ I I

= W\

ararit

- - » - T

- | X [Mm]
- ALMAXEZEEIWS 2012/09/04 . 19

Tuesday, September 4, 12



)
Limi

SO

OB ABAKESU VIR | ARERTR |

S BRAR

Canopy/& & DM RSS2 & > TASIEENRE STV S

SHKBTEVWHR S B FE

REC
 — |

Se
@0 (3 glé

EEBXHRE TDRERV R (downdraft) (C K > GELVESR S RO
HERAS FZEABVRS S ENMEE L. YEBTERRERD

* IRTRS(ETBEMES LR—RIRICE R3S

Le

>B
i

BROFHEZTS

umu
1w

SRR (< 0.17) AR (< 60sec) DIE - HEEANHE

ﬁz*i RE TIEK - ¥EDIK

BB (C(E. JEBK - XEBHRIZERININEARTIR

| BWRE D]
Solar-CD4%

I

PERICEDAl & ALMAD SRR ERIRICEAT

ALMAKXBZERAIWS 2012/09/04 20

Z,
\\I
e

Tuesday, September 4, 12



