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High throughput UV/EUV spectrograph

Objective:

Quantitatively observe energy flows at dynamic times scale over the entire
atmosphere from chromosphere to hot corona with high resolution, high
throughput spectroscopy in UV-EUV and understand physics of dynamics and

heating.

Study Activities:
e International high-throughput UV/EUYV spectroscopy sub-WG working for
science & feasibility investigation of the instrument.
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Quantitative understanding of

Hinode discoveries Slow solar wind
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High throughput UV/EUV spectrograph
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High throughput UV/EUV spectrograph
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High throughput UV/EUV spectrograph

Performance much improved from previous instruments

REDAEREFDRIBE

Primary Mirror - | solar

30~40cm / . : rad|at| on
Focal Plane Detectors :

(Solar-blind intensified ” I e

APS or CCD) \

| Entrance Slit Grating
= (TVLS)

* By removing metal filters with solar-blind intensified detector, having
minimum numbers of optics and ~30cm aperture, we expect >10
improvement in effective area from EIS and SUMER.
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High throughput UV/EUV spectrograph

Performance much improved from previous instruments
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High throughput UV/EUV spectrograph

Performance much improved from previous instruments

Effective area of the strawman instrument (solid lines).
Previous comparable effective areas for EIS, CDS and SUMER are
plotted for comparison.

| T T 1 | 1 1 T | T T T T T T T | T T 1 =1
10.000 & Channel 1 Channel 2 Channel 3 Channel 4 N
s = -
N — —
|
B [ i
| |
|
II:EHD :_ | Ill i
© -] / ]
- » | / .
s [ | /
p r | / - - -
o fy i
w B | - N
U G
o | 1 '| , # q -
e 0100 Il - _ _ . SUMER — det B —
=1 = | M| -
= C Pt 3
:_"- ] III
QO L ;o |
- Fd
— | cobl ]
Lol Lo
b NS 2 T
GIS 1~ ;|
™ I
00 1 = N ]
LI L W o — 1 a I =
- | GIS -
I
|
I | | _
- I _
- | | B
L EIS-SW,; I )
i |
1 | i | | ] | L L |
200 400 B00 800 1000 1200

Wavelength (A)



UVSA 2 DI4 R GERRTZ BGRE DBEELT)
BRI OEAERNOZ A THEINDI T8, EMYT1)>2450.33"(C

T, >1007+ b2 TEREZ MM AIEE,
lotal instrument count rates((counts/s)
T T /

o x TR FR RS nR

*

€Hx
3
»

100

I IIIII'ﬂ] I IIIIIII| I IIIIIII| TT
| IIIILI.I] | IIIIIII| | IIIIIII| 11

@ SUMERHE
@ Eisin

o

o
IIIIﬂTl] IIIIITH] IIIII[ﬂ] IIII|T|T|
IIIIlI.I.l| IIIII.I.l|.| IIIIIlI.I] IIII|.|1L|

Log Tm(]! (K)

 Temporal resolution can be more improved with observing bright lines,
which are formed in wide temperature range in 104-107 K.



BEfZ D EEE Hinode/EIS

The Solar Corona at Many Temperatures

Plasma Outflows ; i 4

PV 10
EIS intensity and velocity maps to show plasma outflows from the edges of the active region, June 27, 2009, Credit Deb Baker



X F D E Hinode/EIS:
InsufﬂClent performance

EIS Is a very good instrument, but ....

Need long exposure for the quiet Sun
observations. ~100 s required.

It Is also true for some topic of active region
observations

~ 1hr scan duration for 4x4 arcmin? for line
width measurements

Low spectral resolution for line profile analysis
Weak TR lines in the EIS wavelength band
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VUV spectrograph SUMER on SOHO

Spectral coverage from 800 to1600A, where spectral lines from TR is rich.

raster scan
of sunspot:

vis 6330A cont. ~1250A NV 1238A OV 629A Fe XII 1242A
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BEfF D EEE Hinode/EIS:

InsufﬂClent performance

EIS Is a very good instrument, but ....

Need long exposure for the quiet Sun
observations. ~100 s required.

It Is also true for some topic of active region
observations

~ 1hr scan duration for 4x4 arcmin? for line
width measurements

Low spectral resolution for line profile analysis
Weak TR lines in the EIS wavelength band

We now know that there are unresolved
structures.
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Unveiling the Microphysics of the Solar Corona

*Particle acceleration Seeing the microphysics requires
Magnetic reconnection high spatial and spectral resolution
elon-cyclotron wave heating coupled observations from the
*Turbulent cascades photosphere into the corona
*Non-Maxwellian distributions

TRACE: 0.5” pixels

SOHOIEIT: 2.6” pixels TRACE: 0.5” pixels Yohkoh: 2.45” pixels

18:24:23 18:24:171952\.

eis_|1_20090203_212340, Fe XI, Fe XII, Fe XV

Plan B Solar-C: 0.1” — 0.3” spatial

. . /Ezmp%q;?rzoﬁiit;%;\fm resolution will provide an exact
This event is clearly match from the photosphere into
" unresolved at ~EIS/ the corona, thus allowing resolution
£ “ TRACE spatial resolution. | of elementary heating events and

traceability of footpoint mechanical
energy into the coronal magnetic
Hinode/EIS: 1" pixels field and into consequent plasma
heating.

Pixels



Science Goals

Trace energy flow at natural dynamic solar time scales over a
large dynamic range from the photosphere into the corona
through small spatial-scale elementary solar structures and
determine the resulting large-scale structures (Understand the
physics of the beta = 1 region)

Understand physical processes such as magnetic dissipation
and reconnection in astrophysical plasmas, under a wide
variety of physical conditions. (Measure the magnetic field in
]Eheldc)hromosphere; make accurate extrapolations of the coronal
e

Understand and spatially resolve elementary atmospheric
structures over each temperature domain of the atmosphere
and determine how they are created and evolve

Understand how small-scale physical processes initiate large
scale dynamic phenomena creating space weather

Understand how physical processes alter coronal properties
such as variations in its composition (put in for supporting in
situ measurements)

Particle acceleration???
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It is a key point to

investigate simultaneously
the broad temperature

range.

Exploring physics of magnetic
dissipation (reconnection)

Why the dissipation is so fast?

oundary, /35/ Fundamental structures of

condition) control t% energy flows in dynamic time
. scales?
For understanding e

astrophysical plasma A

=
c

—

A R Ry s
Magnétic reconnections
~in partially-ionized -

- plasma (chromosphere)

Heating problem
(Corona, Chromosphere)

Qutfl
T

)

It is a key point to make direct
measurements of plasma in the area
close to diffusion reqgion.

nanoflare

For understanding nature of
dynamics in the solar
plasma, flares, and CMEs.
It is a key point to make high

Magnetic patches with
single polarity

cadence measurements for
dynamics.
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Their connection to magnetic
fields in the chromosphere/
photosphere?
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Understanding elementary atmospheric structures

« Understand and spatially resolve elementary magnetic
atmospheric structures over each temperature domain of the
atmosphere and determine how they are dynamically created
and evolve and resnonsible for heating and dynamics.

White lines:

In the corona

Magnetic field lines

YEIS (arcsecs)
o
Normalized Counts

YEIS (arcsecs)
o

Limb (L)

Residual

-100 -50 0 50 100

0
Xy (@rcsecs) (Hara et al. 2008)

1.2F
1O

0.8F
06F
04Ff
02Ff
0.0F
0.10¢

0.05F
0.00 &
0.05¢
-0.10F

A signature caused by highly

blueshifted component (>100km/s)

was discovered with EIS observations,
which may be a signature of
nanoflares at the base of coronal loops
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Important roles of weak magnetic

Horizontal fields (yellow)
overlapped on granule image

wsfiikawg

9 & -_..::‘:I:

et al*

. ‘;.
(2q08)

Vertical field not shown here

Convective
gas flows

Tip of icebergs

Horizontally oriented
magnetic flux tube

fields in chromosphere

Hinode revealed that small-scale horizontal
fields exist ubiquitously and behave

dynamically in the photosphere (Lites et. al. 2007,
Ishikawa et al. 2008)

Horizontal magnetic fields may play important
roles in forming the magnetic structures in the
chromosphere.

They may produce nanoflares (magentic
reconnections) and resultant MHD waves,
which are important in understanding heating
and dynamics of the atmosphere.

Isobe et al. (2008)

wave

reconnection

. canopy

photosphere
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gmergence
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Trace energy and mass flows at dynamic time scales

« Quantitatively understand energy and mass flows at dynamic time
scales over a large dynamic range from the photosphere into the
corona through small spatial-scale elementary solar structures.

Magnetic dynamic structure

EISEe XII 195 (~1.4MK)
In the chromosphere by SOT |

Doppler FWHM
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Sources of the solar fast wind

EIT Fe XII 195

115 BEKNBRIMREICEITH =

plumes, interplumesDZEX? ..

e VUV (>1000A) AR KLEE ..

[CKHZWTAE
« Doppler shift o

1200
* Doppler dimming
1000
“““““““““““
1000.000 | 0 VI Plume (SUMER) @ |
|
0 VI Plume (UVCS) m 800 R
‘ 7 - ~ )
100.000 [~ | O VI Interplume (SUMER) @ - —-600 -400 -200 0 200 400 600
0 VI Interplume (UVCS) m Solar X

Teriaca et al. 2003

10.000 [~ |

Expected stray light

1.000 ! SUMER stray light —-------- |
' [

» \We need a very good control of the

o8 stray-light (micro-roughness ~2 A
0.010 - | | 7 m)_
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Doppler Dimming

_ _ Teriaca et al. 2003
e Allows to determine the radial .
component of the plasma o ononin e -

outflow velocity from the S ey
analysis of off-limb spectra. | o
o Vi e

* Line emission mechanisms

— Electron impact excitation g g
(collisional component). 'SUMER '8

— Resonant absorption of disk _ ‘ ;,}/ UVCS

/
/

(km s™)
[ %]
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radiation (radiative component). PR v T T
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Shocks/Energetic Particles?

« Type ll radio events =

are generated by “
coronal shocks g
ks
* Most are below 3 g2
Rsun 10
. 0
 Shocks passing e )
through FOV visible s st s
opalswamy

as narrow high
temperature events
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e How microphysics are linked to resulting large-scale
structures (such as corona and solar winds) and
dynamics (such as flares and CME)?



Major jumps from IRIS?

e |RIS (Interface Region Imaging Spectrograph) is approved for
launch in 2012.

— IRIS diagnoses spectral lines in 120-280nm with 0.3” and 1-5s cadence to
discover how an outer stellar atmosphere is energized.

— The spectral lines observed with IRIS are suitable to explore the interface
between upper chromosphere and lower transition region.

e Still major jumps from IRIS, because the S-C plan-B can
provide unique observations which have never been realized:
(IRIS-HinodeT—42Z R EILH SN, IREF =R T)
— Quantitative measurements of magnetic fields in the chromosphere

— EUV/UV spectral lines used in Solar-C spectrograph will seamlessly cover from
chromospheric temperature through the coronal temperature with 0.1-0.5”
and 1-5 s cadence.

— Energy spectral (thermal and non-thermal) diagnostics in 10°-107 K plasma for
flares and active region dynamics.
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Fixed Slit Mode

IRIS spectra and slit-jaw imaging covers

the photosphere, chromosphere, transition region
and corona - 4,500 to 10,000,000 K

Estimated Count Rate

lon m (counts/s/line/spatial pixel)
sl 0[5 IS T =~

UV Spectra (effective area of 2.8 cm? for far-UV, 0.3 cm? for Mg passband, continuum is 1 A)
I Count rates for Mg Il wing, h and k are in counts/s/spectral pixel/spatial pixel

Sil(3P)Cont | 1335 | 125 3.7 40 80 -

Mg Il wing 2820 25 |3.7-39 21007 75001 75007

Ol 1356 | 12.5 3.8 50 100 250

Mg ll h 2803 25 4.0 870! 34001 13000t

Mg Il k 2796 25 4.0 11001 45007 100001

o | 1335 | 125 43 540 1970 22000

o | 1336 | 125 4.3 500 1780 20000

Si IV 1403 | 125 48 400 1000 1eb 2

Si IV 1394 | 125 48 640 2200 3eb 2

oW 1401 | 125 5.2 65 116 2eb5 2

ow 1400 | 12.5 52 25 60 1eb 2

Fe Xl 1349 | 125 6.2 30 50 500

Fe XXI 1354 | 125 7.0 10 40 4e4

UV Slit-Jaw Images Estimated Count Rate (counts/s/pixel)

Effective area 0.005 cm? with 5 A FWHM filter for Mg Il; 0.7 cm? with 40 A FWHM for far-UV.

Mg Il wing 2816 3.7-3.9 1500 3500 3500 4

Mg Il k 2796 4.0 750 3500 8500 4

o] 1335 4.3 400 1300 13000 4

Si IV 1400 48 300 1200 2e5 4
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High throughput UV/EUV spectrograph
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SPICE on Solar Orbiter

EREpig B E=A Ty TR AUV,
TVLSY L—T 1% . intensified APS

FEDF O 5cm x5cm

FOV 16-17 arcmin (1Kx1K), spatial 1”
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FAERE®T 2/ Uk
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Quartz Heat Rej

Intensified APS
Detectors (2)

w/ Vacuum Door

Ly-Alpha
Trap

Slit & Pre-Slit
Assembly&
Slit Changer
Mechanism

TVLS Grating

Offdimb
Occulter
Mechanism

Mirror Mount &
Scan/Focus Mechanism

Ly

ection Window

OAP Primary
Mirror

911 mm

Interface
i / to SIC
Radiator

Optical/Thermal
Baffles (cooled)

Optical Bench
(Honeycomb Base)

- Front
Aperture
] SPICE DPU

Dimensions in mm

+——349 mm—




http://solarorbiter3.oato.inaf.it/Presentazioni/so3_2805 hassler_talk.pdf

1) Where do fast and slow solar wind streams originate?

— Map both fast & slow solar wind streams to their solar origins by matching
compositional signatures.

2) How do fast and slow solar wind streams originate?

— Discriminate physical processes that inject material into solar wind streams by
observing dynamic and thermal signatures (jets, shocks, waves) at the source regions.

+ 3) How is the extended solar wind accelerated?

— Discriminate between solar wind acceleration models by measurin%line broadening
versus height of minor ions with different charge/mass ratios from the solar limb to
beyond the sonic point (~2 Rs).

4) What are the source regions (seed populations) of energetic particles?

— Remotely image supra-thermal ions (broad spectral wings) thought to be the seed
populations of energetic particle events as they are accelerated and depleted.

5) How is the structure of ICMEs related to their origin?

— Quantitatively characterizing flux ropes and current sheets in their pre-eruptive and
erupting state.

— Search for partial reconnections in post-CME current sheets
6) How and when do shocks form near the Sun?
— Image the turbulent broadening associated with shock formation.

. ~ 1 UNIVERSITY
%,ﬂ@. _. e e @ oF osLo 3 Solar Orbiter Workshop — Sorrento, Italy
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High Throughput UV/EUV
Spectrograph
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