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Coronal Heating Problem
- approach with Hinode EIS -

Solar corona is heated to 10° K. How heated?

Hinode needs to answer:
DC type (reconnection) or AC type heating
(wave), which predominates?

An approach with Hinode EIS

— Investigation of upflows by Doppler velocity:
Coronal upflows are expected when heated.

— Investigation of a type of motion by line width:
Search of hidden specific coronal motions

These are investigated for an active region (AR).
Hara et al. 2008, ApJ, 678, L67



Doppler Motion in QS corona

« ~5 km/s upflows in the quiet-sun corona have been
reported in SUMER observation.

line formation temperature [K]

10° mE m’-‘
_| T LI B B B | | T IIIIII | I_ :'"'I'"'I""I""I""I:"'I":
sk | 1 sE 5 1 Mg X (625 A4)
E i dOWﬂﬂOW S IAY | 0 E_ - : _ __E +4 5+1.3 km/'s
I oV = 1 f : E
10 [ Zﬁl\ =5 :_ I I I I I : I _
_ ot SiIV.
= [ 51‘] -;. ] 750 800 850 900 950 1000
2 5 ¢ Iil . . distance from disk center [arcsec]
= [ 0 1’]‘ - i |
E I \‘-._: ]
;é O_ HeI J T Skylab observation
2 | ¥ (Sandlin et al. 1977)
i 3 [ | present paper
- [ | Sandlin et al. (1977)
10 N v Brekke et al. (1997)
[ — -+ ftto Chac etal (1999 Peter and Judge (1999)
1 1 TN T T YN WO NN N NN TN SO N O
4.0 435 5.0 55

line formation temperature log( T [K] )



Doppler Motion in AR Corona

10 km/s upflows in the active region corona have been
reported in a SUMER observation (Teriaca et al. 1999).
5-20 km/s projected upflow speed has been reported

in a TRACE imaging observation
(Winebarger et al. 2001).
High-precision 2D Doppler measurements B8

over AR in the corona with EIS are new.
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Conclusions
€ We found from AR observations with Hinode EIS:

« Dynamical motions generally found near footpoints of
active region loops

« Broad coronal emission lines found when multiple small-
scale Doppler motions along coronal loops, mostly
upflows, exist near loop-footpoint regions.

« High-speed (Vcosd=V,>100 km/s, V~V,) upflow motions
are detected at the footpoints, generally in low emission,
as a blue-side enhancement in the emission line profile.

» These characteristics are direct evidence for heating by
nanoflares, which are intrinsically small-scale events that
predominantly occur near footpoints.
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Basic Observables

Information from a single emission line
 Line intensity
 Line shift by Doppler motion
Doppler velocity = (0A/A) C
« Line width: temperature, non-thermal motion
thermal Doppler velocity

Ins;trumental width/ nonthermal velocity

In velocity unit

Vy7- nearly isotropic. QS: Chae et al. 1998, AR: Hara & Ichimoto 1999

Information from selected two line ratio
« Temperature
« Density
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Height of FWHM enhancement

HAGANGs,

A filter to find
coronal loops is
applied.

Apparently FWHM

. o o decreases from
“”“ the bottom to top
- In coronal loops.

The scale length in
the FWHM change

~10-20 Mm 7




Stability of the Structure
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Fe X1V 274
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Unresolved Flows
hidden in line width
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— Superposition of line-of-sight plasma motions along magnetic field lines
Unresolved Doppler components are hidden | Hara et al. 2008, ApJ, 678, L67



Multiple emission-line components

Vp = 10.5 km/s observed
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Blue-side Enhanced Line Profile

Line profile
by EIS observations
( instrumentally broadened )

Line profile
before observations
(solar origin)
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Blue wing enhancement by nanoflares

Simulated line profile Blue wing enhancement
Fe XVl 251 (log 7=6.6) —in Fe XVII 254 line profile
T VA has been expected in
a simple nanoflare simulation by
Patsourakos & Klimchuk (2006).
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Note: In EIS observations Fe XVII intensity is generally weak.



Line profile from a simulation result

Expected line profile

Nanoflare simulation (footpoint heating)
[ nanoflare input at 2 -12 Mm height ]

| Antolin et al. (2008)
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Thermal energy
of high-velocity component
within EIS sampling (1 arcsec) unit

« Emission measure n?l = 2.6x1026 cm™
« Volume V =(725x10°¢cm )3

— Width w= 725 x10° cm
— Line of sight length /= 725 x10° cm

e n=1.9x10°cm3
e T~1.8x10°%K forFe XIV 274 observation

« 3nkTV = 5.4 x1023 erg ~ nanoflare energy



Characteristics of Flows
in AR 2MK loops

» Disk center observations:
— Slow upflow (~30 km/s) dominates near loop footpoints

— Fast flows (V~Vs~200 km/s) near footpoints found with
low emission at blue wing

—Plasma flows of heated plasmas (evaporation)
« Limb observations:
— Generally slow flows (<10 km/s)

— No fast flows found at wings in line profile
— note: Vr ~ 20 km/s
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Conclusions
€ We found from AR observations with Hinode EIS:

« Dynamical motions generally found near footpoints of
active region loops

« Broad coronal emission lines found when multiple small-
scale Doppler motions along coronal loops, mostly
upflows, exist near loop-footpoint regions.

« High-speed (Vcosd=V,>100 km/s, V~V,) upflow motions
are detected at the footpoints, generally in low emission,
as a blue-side enhancement in the emission line profile.

» These characteristics are direct evidence for heating by
nanoflares, which are intrinsically small-scale events that
predominantly occur near footpoints.
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