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THE "OLD"” SUNRISE
CONFIGURATION IN 2009 & 2013
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SUNRISE |+11

O Gondola (HAO)

O Sun acquisition and tracking (with few
tens of arcsec accuracy)

O Power supply with solar panels and
batteries

O Carries instrument electronics,
telemetry antennas and CSBF
electronics

O Telescope (MPS):

O 1 m aperture, 25 m focal length
o0 Gregory configuration

O In-tlight alignment of secondary
mirror for focus and coma correction
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SUNRISE 1+l INSTRUMENTS: SUFI MPS) (o

O Medium band imager with 5 A bands

O R tHteesed201 3:
® 395,84 hom (ICH 1THA Tyid& wide)
0 395,80 o\ Gaticd, 1,8 A wide)
O 308 nm (Psébdocontinuum, 4,4 nm wide)
0 200 62 ne (Mg dbkitd 8 ukwide),
O 214 nm (psewcdocconitinuum, 22 nm wide)

O FoV: 40" x 15” with 2048 x 2048 CCD

O Phase diversity for image
reconstruction

O ~ 125 m effective focal length
O 1s cadence at fixed A, 2s for different A
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SUNRISE I+1]l INSTRUMENTS: IMAX

O 2D maps ot magnetic vector and
line-of-sight velocity

O 525.02 nm, Fe |, g=3,
resolution: 85 mA
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O Fabry-Pérot etalons, liquid crystal
modulators

O FoV: 50" x 50"

O 2 CCDs 1k x 1k for phase diversity
& improved polarimetry

O Full Stokes vector images every 30s
O (1,V) every 5s
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SUNRISE I+I11] FLIGHT

ot sl : N e
Prime Meridian

.._\
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Flight'termination and instrument recovery in-

Canada, no overflight permission over Russia for |
U.S. balloon e

No atm_()spheri'c seeing, UV spectral range
accessible, continuous 24/7 observation of the Sun
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SCIENTIFIC HIGHLIGHTS

SUNRISE I+11, 2009 & 2013
SO FAR 88 REFEREED PUBLICATIONS (NOV 2017)
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Sun show that semi

provide a reasonable
(Lagg et al. 2010).

First ever brightness
centrations in the U\
nm reveal very high
5 above the mean qu
(Riethmiiller et al. 2(

First ever measureme
trast of granulation 11
up to 30%, consistent
These values provide

ciency of convective eme s
tion (Hirzberger et al. 2010)
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are interpret
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of maps of the vector magnetic field ever obtained

reveal abundant, short-lived and highly dynamic g
small-scale horizontal fields (Danilovic et al. 2010). fin the
sed In

Ubiquitous small-scale whirl flows are found which §g]ized
drag small-scale magnetic field structures into jeantly
their centres (Bonet et al. 2010). )10).
Magnetic field extrapolations from  SUN- {ortex
RISE/IMaX data indicate that most magnetic gortex
loops in the quiet Sun remain within the pho- | golar

tosphere.  Omnly a small fraction reaches the

chr o Discovery that 85 % of the internetwork magnetic
al€  fields stronger than 100 G are concentrated in
SIr¢  mesogranular lanes, although there is no particular
¢l ¢ mesogranular scale (Yelles Chaouche et al. 2011).
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1. Centeno et al. (2017) analyzed emerging , o , .
: : 7. The discovery of ubiquitous transverse waves travelling along these fibrils and car-
the interrelated dynamics of the gas and , , _ .
. rying copious amounts of energy 1s reported by Jafarzadeh et al. (2017), while
reports on two emerging flux events, d  Gufeira et al. (2017a) present the discovery of compressible waves travelling along

possible the mterrelat.ed dy NAmICs of 4 the fibrils, which they 11, Wiegelmann et al. (2017) have computed general linear magneto-static equilibria
occurrence of magnefic reconnection dy of the magnetic field and gas using the SUNRISE 1I/IMaX observations as a bound-
8. Jalarzadeh et al. (20_] 7 ary condition. In this way they obtain the magnetic field structure in the upper
connecting magnetic elements with a pc a;anopy. of magnetic atmosphere without having to assume th.e validity of the fo.rce-frt.eef a§sumption in
and the 3D structure of the magnetic fi observations. the solar photosphere. They computed linear magneto-static equilibria for all the
determir— L — IMaX frames of the active region, without the problems faced when modeling the
9. Chitta et al. (2017) observed that coronal loops are 1« magnetic field in different atmospheric layers of the quiet Sun.
polarity fields. They provide evidence tor flux cancell
Y-shaped jets (signatures of magnetic reconnection) at
might supply (hot) plasma to the overlying coronal I¢
of the traditional picture in which each loop footpoi
unipolar regions on the solar surface. E

. The properties of a likely siphon flow

13. Kahil et al. (2017) probe the relationship between brightness contrast at UV and
visible wavelengths and the magnetic flux in the quiet Sun, finding that the contrast
keeps increasing with magnetic flux, unlike most carlier observational results, but
in qualitative agreement with MHD simulations.

3. The pr
of the 1
contras |

: Dapilgvic e.t al. (2017) corr}pare dﬂ Ellermax.l bomb obs 14, jafarzadeh et al. (2017) characterize the wave modes observed at two heights in
4. The prc @ similar, simulated event in which magnetic reconnec magnetic bright points, including both compressible waves seen in brightness fluc-

and of of emerging flux. The 3D radiation-MHD simulation re tuations and transverse waves obtained from proper motions.
differer underlying physical process and the limitations of the ot

superdi SUNRISE/IMaX data cannot determine the height at wk 15. The short travel times suggest large wave speeds. A new estimate of the flux emer-
extrems takes place. The authors also show, however, that the ve gence rate in the quiet Sun is obtained by Smitha et al. (2017). Compared with
measured at the high resolution of SUNRISE/IMaX revee the emergence rate deduced from Hinode/SOT data using the same technique, the
MHD simulations can be overcome. emergence rate obtained from SUNRISE [ data i1s around an order of magnitude

larger.




SUNRISE |: RESOLVING SMALL-SCALE STRUCTURES <ii’®

Lagg et al., 2010; Martinez Gonzalez
etal 2012, Requerey et al. 2015
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AN ACTIVE REGION CLOSE-UP

- Centeno et al. 2017;

- Requerey et al. 2017;
- Danilovic et al. 2017:
IMaX uncovers the

~ dynamics and
topology of
emerging qux ,
-regions. The vector
magnetic field is used
to trace magnetlc '
fleld Imes e

LALaggSunrlse III DKISTCSP\_)\'/dr_ksh'op -°..Ja_n. 201~8."".7- " tiane =

time step — 0

1. Centeno et al. (2017) analyzed emerging flux regions with a detailed description of

the interrelated dynamics of the gas and the field, including the

reports on two emerging flux events, describing in greater detail than previously
possible the iterrelated dynamics of the gas and the field, as well as the likely
occurrence of magnetic reconnection during the emergence.
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small, initially low-lying loop

siphon flow and of the
connecting magnetic elements with a pore are deduced by Requerey et al. (2017a)

s and hence of the flow vector are

field line

agnetic

the m

and the 3D structure of

determined.
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MAGNETIC FIELD LINES & FIBRILS

Inclination angle [deg]|

O Wiegelmann et al. 2017:

Compute magnetostatic

equilibrium from Spinor
_inversions of IMaX data.

More reliable in lower

atmosphere than force
free fields

of the magnetic field and gas using the SUNRISE [I/IMaX observations as a bound-
ary condition. In this way they obtain the magnetic field structure in the upper
atmosphere without having to assume the validity of the force-free assumption in
the solar photosphere. They computed linear magneto-static equilibria for all the
IMaX frames of the active region, without the problems faced when modeling the
magnetic field in different atmospheric layers of the quiet Sun.
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6. The properties of the slendel fibrils dommatmg the SL Fl Call H 1mages are deter-
mined by Gaferra et al. (2017b), who show that the fibrils live much longer than a
simple analysis would suggest, if one takes into account that they often fade away
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5. Riethmiiller et al. (2017) present a novel inversion technique employing magne-
tohydrodynamic (MHD) simulations to provide the model atmospheres needed to
compute synthetic Stokes vectors that reproduce the observed Stokes parameters.

They illustrate the quality of the inversions by applying the technique to the SUN-
RISE II polarimetric data.

qa S calll « DPDKISTCSP ] o ONI.9 y
JY o UL R DKIST CSE workshop  * Jan. 20U 1o

:
{o's
(



')\

Q)

QC

(e

\}v

{7,

QO

N

O

N B g W ok

0.15
0.10
0.05
0.00]

—0.05

—0.10

—0.155

-1

1

kes 1

(]

Tt e T T . T L . T— T T\ BT & T

4.0
2.0)
0.0
2.0




[oesore|A

=

DUsHIR|A

o

1




WHY SUNRISE I11?
A 1-M TELESCOPE IN THE DKIST ERA?
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ATMOSPHERIC DISPERSION

O DL-NIRSP high-resolution tield
1.8°x2.4"

O channels:"
o0 8542 A
o 10830 A
o 15000 A

(K. Reardon)
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THE NEW SUNRISE
EXPLOITING THE 3RD DIMENSION Sunrise Re-Flight 2020:

Seeing the Sun with new Eyes

Sami K. Solanki and the SUNRISE team

Max-Planck-Institut fur
Sonnensystemforschung
Justus-von-Liebig-Weg 3
37077 Gottingen

: .Jan. 2018 | _ | o
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Littrow spectrograph with
Echelle grating and off-axis
aspherical mirror, slit scan

unit and slit-jaw imager

Photosphere:
Fe 1 846.8 nm, Fe | 851.4 nm
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KI766.5nm,KI769.9 nm
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770 nm
camera

: oy | Slit-jaw
_ , vedge /AP BbY dea camera

: I X | Polarization BS 5 : =
= sam pl N g : Dichroic BS Polarization BS , | |
|Cadence =

24 Max. pOIo > -
. -ih
- -~ — -~ - 3 . - .
- " V) -~ a % B ) - Yo ’ - - " . 2, - =2 BVe . N : - Yo ~ - . » - -7 - -
» . . A - \y . ¥ - ; - . - : v 2 s " e , AL — . . . - .
- - . <5 & v > A . - - . - - < ' . p -, e - 5 &~ A - P S : - . < - - 3 - - .
‘ A - v . - ~ . < . p* - e e “ . - P P T X - g pe - - Vaam - - . " e - r / - g < o Y o 2T, .
- ” : - o < = - - . e - ) r . - - 3 - - : . N -’ L. : e A" — D - . o y v * o e ’ 2 = - - > 2
- - e - - "’ ) - - - - ! - - - > g : -~ e ~ Y e N - S e R - - . o - C BT N ‘ - - - .
s & v - ' 2 < oh - - L > - ¥+, - S ' . 4z’ X - VAN O M. " -s " a » e
. - < . ” - - -~ : - » > ~ ) : < g s N N .- : . el Ty o WY e WG
: b e - - ~ . o ¥ e N - i il ¢ we 5 - \ ) - -
T Y T— . T T T AL —TE R AT W o e e R T S i § I ¥ pe———y o —— ——
- v GOSN s . . . . . -

- - - ai s ¥ e o ol N = - | . ~ - X . .
- . [ = y R - ) . ! ) - B, A P - v
- - P T e T g TS T L TR T T T 7 ST S W, e s, W N PR el i A e

N T e 7 T — e Ty

elaggessssunnse il ser DIISIECSEworkshiop s sadar=20iosan e e saih vaisn ma o e aa o A RS -

- < X p . : g > . -
' . y-



'SUNRISE UV SPECTROPOL. AND IMAGER (SUSI, MPS) <u®
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Spectral range

B 50k

Optical scheme

Collimated double-
pass Fabry-Pérot
filtergraph

Scientific target,
wavelength bands

Photosphere:
Fe 1525.06 nm
Fe 1525.02 nm
Fe 1 524.7 nm

Temperature minimum:

Mgl517.3 nm

FOV

56" x 56”

Spatial & spectral
sampling

0.055"/px 65 mA
FWHM

Cadence

8-33s

Max. polarimetric
‘|laccuracy

<1x103

| Pre filter

I Post filter
I Polarizer?

s

l

Beam Splitter?

Liquid cristal

mirror (near pupil
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Main scientific improvement:

O Tuning at several wavelengths
O Prefilter wheel

o Tunable prefilter (Liquid Crystal
Tunable Filters? Prefilter tuned
by angular rotation? Others?)

Technical improvements:
O Supression of image shifts

O Improve the mechanical design to
obtain a stronger stitfness

O Astigmatism suppression

O Cameras change
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SUNRISE |1l - STATUS

MBESH

Ik

O Funding is approved for
MPS, NAOJ and IMaX team

O MPS + NAOJ already
working on hardware

O APL gondola decision
pending

O Launch planned for June
2021

O Instrument system
integration and test will

start already one year
before launch (mid 2020)

S.K. Solanki + MPS Team

N\ Max Planck Institute for Solar System

FVIRSH

_ Research, Germany
P. Bernasconi + APL Team

G JOHNS HOPKINS Applied Physics Laboratory, Johns

Y10 de ASrp,
L0V Qg
\"\5 "’C},
%
v,
S
-
o
N
[~AA

NaAC)S

- Hopkins University, USA

J.C. del Toro-Iniesta + IMaX Team
Instituto de Astrofisica de Andalucia,
Spain and the IMaX consortium

Y. Katsukawa + NAOJ Team
National Astronomical Observatory of
Japan

T. Berkefeld + KIS Team

Kiepenheuer Institut fliir Sonnenphysik,

Germany
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1 Science case
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1.1 The crucial role of the magnetic field

1.2 The complex magnetic field in the photosphere
1.3 Turbulent magnetoconvection: origin and fate of magnetic flux

1.4 The chromosphere

1.4.1

1.4.2
1.4.3

1.44

1.4.5
Exploration of the polarised solar spectrum in the UV

Propagation, conversion and dissipation of waves

The role of Ohmic dissipation and magnetic reconnection
Determining three-dimensional magnetic structures in the solar atmo-
sphere

Formation of the sunspot penumbra

Photospheric and chromospheric jets
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CHROMOSPHERIC 3D OBSERVATIONS WITH SCIP  «ni®
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DKIST & SUNRISE 1l
MUTUAL BENEFIT
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UNRISE Il - MUTUAL BENEFIT

N BA ST A S5 1)
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-—,-}j‘.;, spatial resolution

| height resolution
magnetic sensitivity
- . instrumentation

_‘ ;-’ long-term stability
atmospheric straylight
v - near-UV exploration
995s - DKIST CSP workshop + Jan. 2018




DKIST / SUNRISE IlIl (SUC-59)

MPS)
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Boundary conditions:

O launch window:
6 week window around June 21st 2021

O launch decision: around 6am in the morning
O flight duration: 5-6 days

O DKIST FIDO setup change:
1 day

O Observing program for Sunrise to be defined in
2020
—> Sunrise lll observing timeline

A-Lagg - Sunriselll - DKIST CSP workshop - Jan. 2018
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DKIST / SUNRISE IlIl (SUC-59)

DKIST setup: DKIST observations:

O imaging preferred to O Sunrise lll detines pointing
polarimetry (VTF + BFI O coordinates + scientific
(common FOV guaranteed) program will be communicated

O use most common FIDO setup in real-time to co-observers at
(check all SUCs covering ground-based telescopes
Sunrise science objectives) 0O DKIST shall observe same

O identity existing SUCs region with the standard setup
matching the Sunrise timeline for the Sunrise Ill SUC (to be

defined)

SUC-59 is somewhat special. O as often, as long as possible.

2020: write normal DKIST

proposal

A:Lagg - Sunrise lll - DKIST CSP workshop - Jan. 2018
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