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THE “OLD” SUNRISE
CONFIGURATION IN 2009 & 2013
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Gondola (HAO)  
Sun acquisition and tracking (with few 
tens of arcsec accuracy) 
Power supply with solar panels and 
batteries 
Carries instrument electronics, 
telemetry antennas and CSBF 
electronics 

Telescope (MPS): 
1 m aperture, 25 m focal length 
Gregory configuration 
In-flight alignment of secondary 
mirror for focus and coma correction
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SUNRISE I+II
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Medium band imager with 5 λ bands 
2009 Filter set: 

397 nm (Ca II H, 1 Å wide) 
388 nm (CN band) 
313 nm (OH band) 
300 nm pseudo continuum 
214 nm pseudo continuum 

FoV: 40” x 15” with 2048 x 2048 CCD  
Phase diversity for image 
reconstruction 
~ 125 m effective focal length  
1s cadence at fixed λ, 2s for different λ
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SUNRISE I+II INSTRUMENTS: SUFI

Medium band imager with 5 λ bands 
New filter set 2013:

396,84 nm (Ca II H, 1,1 Å wide) 
396,80 nm (Ca II H, 1,8 Å wide) 
300 nm (pseudo continuum, 4,4 nm wide) 
279,62 nm  (Mg II k, 4,8 Å wide),  
214 nm (pseudo continuum, 22 nm wide) 

FoV: 40” x 15” with 2048 x 2048 CCD  
Phase diversity for image 
reconstruction 
~ 125 m effective focal length  
1s cadence at fixed λ, 2s for different λ
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2D maps of magnetic vector and 
line-of-sight velocity 
525.02 nm, Fe I, g=3, 
resolution: 85 mÅ 
Fabry-Pérot etalons, liquid crystal 
modulators 
FoV: 50” x 50” 
2 CCDs 1k x 1k for phase diversity 
& improved polarimetry 
Full Stokes vector images every 30s 
(I,V) every 5s
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SUNRISE I+II INSTRUMENTS: IMAX
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SUNRISE I+II FLIGHT

No atmospheric seeing, UV spectral range 
accessible, continuous 24/7 observation of the Sun 

Flight termination and instrument recovery in 
Canada, no overflight permission over Russia for 
U.S. balloon
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SCIENTIFIC HIGHLIGHTS
SUNRISE I+II, 2009 & 2013  
SO FAR 88 REFEREED PUBLICATIONS (NOV 2017)
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SUNRISE II
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SUNRISE I SCIENCE HIGHLIGHTS (SOLANKI ET AL., 2017)
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SUNRISE II SCIENCE HIGHLIGHTS (SOLANKI ET AL., 2017)
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Lagg et al., 2010; Martıńez González 
et al 2012, Requerey et al. 2015

Granular flows Khomenko et al. 2010
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SUNRISE I: RESOLVING SMALL-SCALE STRUCTURES
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Centeno et al. 2017; 
Requerey et al. 2017; 
Danilovic et al. 2017: 
IMaX uncovers the 
dynamics and 
topology of 
emerging flux 
regions. The vector 
magnetic field is used 
to trace magnetic 
field lines
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AN ACTIVE REGION CLOSE-UP
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ACTIVE REGION DYNAMICS

Requerey et al. 2017: 
A magnetic flux concentration with a weak field of 
positive polarity and displaying an upflow is 
connected by a set of arch-shaped magnetic field 
lines with a strong field patch of negative polarity 
showing a downflow



A. Lagg ・ Sunrise III  ・   DKIST CSP workshop  ・  Jan. 2018

Wiegelmann et al. 2017: 
Compute magnetostatic 
equilibrium from Spinor 
inversions of IMaX data. 
More reliable in lower 
atmosphere than force 
free fields

15

MAGNETIC FIELD LINES & FIBRILS
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Dynamics of low-lying canopy 
Jafarzadeh et al. 2017a,b;  
Gafeira et al. 2017a,b 

Heating and transverse oscillation 
in low-lying fibrils
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SLENDER CA FIBRILS
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(1) MHD cube with QS, 
plage, pores: compute 
Stokes vector 

(2) degrade (spatial & 
spectral) according to 
instrument 

(3) in every pixel: assume 
the atmosphere 
corresponds to the MHD 
atmosphere of the best 
matching Stokes profile 

(4) use this (inconsistent) 
MHD cube as initial 
condition for an MHD 
run 

(5) repeat (3)-(4) until MHD 
relaxes
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MHD-ASSISTED INVERSIONS (MASI, RIETHMÜLLER ET AL., 2017)
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MHD-ASSISTED INVERSIONS (MASI, RIETHMÜLLER ET AL., 2017)



A. Lagg ・ Sunrise III  ・   DKIST CSP workshop  ・  Jan. 2018

EXCURSION 1: MIHI

19



A. Lagg ・ Sunrise III  ・   DKIST CSP workshop  ・  Jan. 2018

EXCURSION 2: SPECTRAL RECONSTRUCTION
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WHY SUNRISE III?
A 1-M TELESCOPE IN THE DKIST ERA?
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Spectral region: UV 
Seeing-free 
environment 
no atmospheric 
refraction 
well-known PSF 
high pol. S/N ratio 
(no noise increase 
from reconstruction) 
no telluric lines 
long time series
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WHERE COULD SUNRISE III DO BETTER THAN DKIST?
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DL-NIRSP high-resolution field 
1.8˝ x 2.4˝ 
channels:" 

8542 Å 
10830 Å 
15000 Å 

(K. Reardon)
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ATMOSPHERIC DISPERSION
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THE NEW SUNRISE 
EXPLOITING THE 3RD DIMENSION  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new gondola 
(APL): 
now with roll 
damping 
new instruments: 

Chromospheric 
Infrared Spectropol. 
(SCIP)  
UV Spectropol. & 
Images (SUSI) 

refurbished IMaX+
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THE “NEW” SUNRISE
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SUNRISE CHROMOSPHERIC INFRARED SPECTRPOL (SCIP)

Spectral range 765 – 855 nm

Optical scheme

Littrow spectrograph with 
Echelle grating and off-axis 
aspherical mirror, slit scan 
unit and slit-jaw imager

Scientific target,  
wavelength 
bands

Photosphere: 
Fe I 846.8 nm, Fe I 851.4 nm 
Upper photosphere: 
K I 766.5 nm, K I 769.9 nm 
Chromosphere: 
Ca II 849.8 nm, Ca II 854.2 
nm

FOV 58“ x (61 – 83) Å
sampling 0.094“ x (39 – 42) mÅ/px
Cadence 1 – 10 s
Max. pol. 
accuracy 3 x 10-4
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6-camera configuration 
current baseline: 2 cameras + rotating wave plate
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SUNRISE UV SPECTROPOL. AND IMAGER (SUSI, MPS)

Spectral 
range 300 – 430 nm

Optical 
scheme

Littrow spectrograph with 
Echelle grating and off-
axis aspherical mirror, slit 
scan unit and slit-jaw 
imager

Scientific 
target, 
wavelength 
bands

314 nm (Zeeman ++) 
323 nm (Scatter++) 
359 nm (Scatter++)  
393 nm Ca II K 
397 nm Ca II H 
408 nm (Zeeman++)

FOV 61“ x (14.3 – 20.5) Å
sampling 0.03“ x (7 – 10) mÅ/px
Cadence 5 – 20 s
Max. pol. 
accuracy 5 x 10-4
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IMAGING MAGNETOGRAPH EXPERIMENT (IMAX+)

Old IMaXNew IMaX

Spectral range 517 – 525 nm

Optical scheme
Collimated double-
pass Fabry-Pérot 
filtergraph

Scientific target,  
wavelength bands

Photosphere: 
Fe I 525.06 nm 
Fe I 525.02 nm 
Fe I 524.7 nm 
Temperature minimum: 
Mg I 517.3 nm

FOV 56“ x 56“
Spatial & spectral 
sampling

0.055“/px   65 mÅ 
FWHM

Cadence 8 – 33 s
Max. polarimetric 
accuracy < 1 x 10-3
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Main scientific improvement: 
Tuning at several wavelengths 

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

Technical improvements: 
Supression of image shifts 
Improve the mechanical design to 
obtain a stronger stiffness  
Astigmatism suppression 
Cameras change

29

IMAX+
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Funding is approved for 
MPS, NAOJ and IMaX team 
MPS + NAOJ already 
working on hardware 
APL gondola decision 
pending 
Launch planned for June 
2021 
Instrument system 
integration and test will 
start already one year 
before launch (mid 2020)
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SUNRISE III - STATUS

S.K. Solanki  + MPS Team 
Max Planck Institute for Solar System 
Research, Germany 

P. Bernasconi + APL Team 
Applied Physics Laboratory, Johns 
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 für Sonnenphysik, 
Germany 
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SUNRISE III SCIENCE 
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MANY-LINE ANALYSIS WITH SUNRISE III
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MANY-LINE ANALYSIS WITH SUNRISE III
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MANY-LINE TEST OBSERVATIONS (SST/TRIPPEL, 2016)
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MHD cube (QS - pores)  
smooth height strat. → 
perfect solution 
possible  
synthesize spectrum  
degrade to 1-m 
telescope, spectral 
resolution  
invert & compare 
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MANY-LINE ANALYSIS WITH SUNRISE III

MHD experiments with 
many-line inversions show: 

Strong polarization 
signals available 
Gain of information by 
the use of many spectral 
lines 
Spectral range contains 
many chromospheric 
lines 
Highest accuracy of T and 
v_LOS measurements in 
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CHROMOSPHERIC 3D OBSERVATIONS WITH SCIP
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DKIST & SUNRISE III
MUTUAL BENEFIT

37



A. Lagg ・ Sunrise III  ・   DKIST CSP workshop  ・  Jan. 2018

DKIST / SUNRISE II - MUTUAL BENEFIT
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DKIST Sunrise III

spatial resolution +++ +

height resolution ++ +++

magnetic sensitivity +++ +++

instrumentation +++ +

long-term stability + +++

atmospheric straylight - +++

near-UV exploration - +++
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DKIST / SUNRISE III (SUC-59)

39

Boundary conditions: 
launch window: 
6 week window around June 21st 2021 
launch decision: around 6am in the morning 
flight duration: 5-6 days 
DKIST FIDO setup change: 
1 day 
Observing program for Sunrise to be defined in 
2020 
—> Sunrise III observing timeline
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DKIST / SUNRISE III (SUC-59)

40

DKIST setup: 
imaging preferred to 
polarimetry (VTF + BFI 
(common FOV guaranteed) 
use most common FIDO setup 
(check all SUCs covering 
Sunrise science objectives) 
identify existing SUCs 
matching the Sunrise timeline 

SUC-59 is somewhat special.
2020: write normal DKIST 
proposal

DKIST observations: 
Sunrise III defines pointing 
coordinates + scientific 
program will be communicated 
in real-time to co-observers at 
ground-based telescopes 
DKIST shall observe same 
region with the standard setup 
for the Sunrise III SUC (to be 
defined) 
as often, as long as possible.
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DKIST/SUNRISE SUC: FINISH YOUR SUCS …
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