DKIST: Synergy with EIS/Hinode

Shinsuke Imada (ISEE, Nagoya Univ.)



HINODE Spacecraft

 HINODE (which was called
SOLAR-B before launch) was
successfully launched on 23
Sep, 2006.

e (Observations started from
the beginning of Nov 2006.




The Instrument

Wavelength bands  Prima Mirror

170A-210A (

250A‘290A | \ /Q?()""n ~_ Slit Exchange Mechanism

S"tS & S|OtS Shull_cr Entrance Filter
CCDs -~ ,'/(\ 3

17, 2", 40", and 266" ~AAY

High resolutions Ny S &

A . ” . 1449 "y 0001,,,” a \}
0.0223A/pixel & 17/pixel \//U
ngh throughput Concave Grating
Minimum number of reflection
Multi-layer coating of the mirror Hinode

=>Suitable for transient phenomena EIS



What is line spectroscopy?
If you are beginner of line spectroscopy,
imagine velocity distribution function!
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Field of View
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Young et al (2007)
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Why we can estimate temperature?

Because of its ionization!

Fel3+ Feld+ Fel5+ Fel6+ Fel7+
FeXIV > FeXV _—> FeXVl > FeXVIl > FeXVll
—3> jonization <«——— recombination
A YA
on:
! —|—V°niZ'v:RiZ
Ot
7 =1 N, i=1.....N?
— 1y .« o4 IVelem I == 1on
where
zZ _ z 7 —nZ( Z
R = n, [”z+1“z+1 + nl 1S n (ni + 5 )]

a collisional and dielectronic recombination
S collisional ionization



Active Regio

-

0.8 MK

Multi-Temperature Structure of active region. 2.5 MK

One may find that High-Temperature loops are
wider than Low-Temperature loops!!



Hinode EIS temperature coverage
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log EM (crme—5)

Emission Measure

Ermission Measure Distribution
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EIT (FeXIl 195A)

There is Semi-Coronal hole.

EIT wave was observed associate with Flare.

Plage region get darker associate with EIT wave and some
recovery can be observed.



IES PLOT
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Doppler Shift (Single Gauss Fit)

150km/s e ] _150km/s



What is Non-Gaussian
Broad Line Profiles?

W = \/(MF +41nz(iJz[M_T+§zJ

| T

Instrumental
Thermal

Non-Thermal

Thermal: T is decided by the line (Te ~ Ti)
for example, FeXIV: T~ 2MK

Non-thermal: Others, not thermal one



How it looks like?

(X, Y)=(331,-94) 5x10” *

02:40:37 210t FWHM ™~ 215km/sec
1x10°
3x10"
02:42:12 ‘ FWHM ~ 100km/sec
9 ' 1x10*
X“=3.02
273.9 274. 1 274. 3 274.5

Wavelength Imada et al. 2008



Physical Meaning of Broadening

Velocity Gradient
Multi-dir flow (no typical direction)
Velocity Oscillation (include waves)

Turbulence
Gradient Multi-dir ~ Oscillation Turbulence
ot ot e
S| Mt Nt R
c YO 1| R
Conerall SPECACHE ymerrc symmet



lon Temperature

2k Tion
Wpe = \/II’IQ +4log 2 (ﬁ—[ + 52).
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Density Diaghostics capability

Ratio [ energy units ]
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Synergy observation with DKIST



Off-limb wave observation

Brooks et aI 2015
(a) Properties in solar wind source regions and their relatlonshlp wsth magnetic flelds
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AR footpoint

Warren et al. 2011

Fe XV 284.1597

A
6.35 {
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Reconnection observation:
Turbulent flow & Magnetic field?

Warren et al., 2018 Takasao et al., 2012
(B) Sheet structure with islands

A) Sheet structure without islands

(not seen by SXT)

Upward reconnection outflow
1000 knvs

(A)

Isothermal slow shocks

Rising plasmoi D
ieconnected U-loops
Fast bow shock (SXT,15 MK|
Hot as sl ( 5 MK)
rix lin
n

Sheet structure

Downward reconnection outflow
1000 km/s

Shibayama et al., 2015

Yokoyama & Shibata, 1997



Spectroscopic obs: EIS Line Profiles

Red-wing 192.3 A

Blue-wing 191.8 A
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