
Co-alignment MUSE-GBO : He II 304Å vs H-alpha

Luc Rouppe van der Voort 


RoCS / University of Oslo


5 June 2025



Rob Rutten’s report on Solar Orbiter campfires in SDO images
Lingezicht Astrophysics Reports 1, Dec 2020, https://arxiv.org/abs/2009.00376
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Fig. 4. AIA 304 Å image at best-match time. The dense coverage by grey patches is addressed in appendix B. They show the chromosphere with
traditional “transition region” temperatures but also visible in H↵. Notice small brighter patches called “brushfires” below, as coyly as “campfires”
but with language correction from Ron Moore (footnote 6).
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Fig. 7. The SDO field at best-match time in the downloaded HMI magnetogram sequence. The greyscale is clipped at apparent flux density BHMI
app =

±200 Mx cm�2 to enhance the visibility of the network fields occupying this quiet area. The subscript app stands for “apparent” following Lites
et al. (1999) to emphasize that while these units formally equal Gauss units, the actual intrinsic field strength in the magnetic concentrations (MC)
charted here is much higher, of kilogauss amplitude. The superscript HMI specifies the apparent/intrinsic ratio as a specific instrument property.
The small black and white (“bipolar”) MCs are roughly arranged in the apparent “network” incompletely outlining supergranular convection cells
(e.g., Schrijver et al. 1997). The grey internetwork in between shows just noise due to low sensitivity. Charting internetwork fields needs higher
sensitivity, as with Hinode/SP (e.g., Lites et al. 2008). The area is quiet and generally mixed-polarity. On small scales there appear to be many
monopolar clusters of a dozen or so same-color grains, but with better magnetic sensitivity these likely will show opposite-polarity concentrations
as well. In higher resolution observations all such MCs are no longer pointlike but have fast-varying morphology following local intergranular-lane
dynamics (e.g., the SST “flowers” of Berger et al. 2004).
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Fig. 10. The SDO field at best-match time in a simultaneous Big Bear GONG H↵ image. The cutout is bytescaled after severe clipping and limb
darkening removal. The angular resolution is too low to show that the darker, roughly linear, patches are made up of fibrils. Higher-resolution H↵
imaging would show that these emanate from network. Yet-higher-resolution outer-wing H↵ imaging would show slender recurrent RBEs and
RREs emanating further from network (Figure 4 (pdf 6) of Sekse et al. 2013b). Appendix B argues that the latter produce the former. The plans
for a DOT-clone GONG successor (Fig. 13 (pdf 8) of Hill et al. 2019) include H↵ tuning to the outer wings. The present GONG network takes
full-disk images of this quality sampling the wide core of H↵ at 20 s or slower cadence with 24/7 coverage about 90% since 2009, before SDO.
The resolution is nominally twice worse but worsens further by station-dependent and time-dependent seeing also causing rubber-sheet warping.
See the GONG H↵ fact sheet.
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•Quiet Sun


•GONG Big Bear full-disk H-alpha, 
resolution 2” or worse (seeing) 

https://arxiv.org/abs/2009.00376
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Fig. 12. The SDO field at best-match time in the AIA 304 Å image. The greyscale shows the logarithm of the intensity in rescaling with
sdo_intscale.pro and clipping the brightest pixels in the 15-min sequence. Unfortunately, the AIA 304 Å channel lost much sensitivity over
the years; initially the signal-to-noise was much better. The campfires detailed in section 6 are not very obvious but blinking against the next
images shows they are here too. Their presence here and in the next AIA 131 Å image led to the SDO fire detector defined in figure 69 and shown
as second member in the triples of figures 17–46. The brighter patches mark brushfires (section 7) that are also seen better in the next images.
Blinking back to the preceding reversed H↵ image in figure 11 shows rough but remarkable overall pattern correspondences everywhere for the
grainy grey chromosphere patches. This similarity is discussed in appendix B.
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Fig. 10. The SDO field at best-match time in a simultaneous Big Bear GONG H↵ image. The cutout is bytescaled after severe clipping and limb
darkening removal. The angular resolution is too low to show that the darker, roughly linear, patches are made up of fibrils. Higher-resolution H↵
imaging would show that these emanate from network. Yet-higher-resolution outer-wing H↵ imaging would show slender recurrent RBEs and
RREs emanating further from network (Figure 4 (pdf 6) of Sekse et al. 2013b). Appendix B argues that the latter produce the former. The plans
for a DOT-clone GONG successor (Fig. 13 (pdf 8) of Hill et al. 2019) include H↵ tuning to the outer wings. The present GONG network takes
full-disk images of this quality sampling the wide core of H↵ at 20 s or slower cadence with 24/7 coverage about 90% since 2009, before SDO.
The resolution is nominally twice worse but worsens further by station-dependent and time-dependent seeing also causing rubber-sheet warping.
See the GONG H↵ fact sheet.
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H I 6563Å vs He II 304Å

•He I ionisation threshold 24.6 eV (H I 13.6 eV)


•Simple assumption: structure visible in one line is invisible in other line

He II 304Å H-alpha
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Fig. 12. The SDO field at best-match time in the AIA 304 Å image. The greyscale shows the logarithm of the intensity in rescaling with
sdo_intscale.pro and clipping the brightest pixels in the 15-min sequence. Unfortunately, the AIA 304 Å channel lost much sensitivity over
the years; initially the signal-to-noise was much better. The campfires detailed in section 6 are not very obvious but blinking against the next
images shows they are here too. Their presence here and in the next AIA 131 Å image led to the SDO fire detector defined in figure 69 and shown
as second member in the triples of figures 17–46. The brighter patches mark brushfires (section 7) that are also seen better in the next images.
Blinking back to the preceding reversed H↵ image in figure 11 shows rough but remarkable overall pattern correspondences everywhere for the
grainy grey chromosphere patches. This similarity is discussed in appendix B.
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Fig. 10. The SDO field at best-match time in a simultaneous Big Bear GONG H↵ image. The cutout is bytescaled after severe clipping and limb
darkening removal. The angular resolution is too low to show that the darker, roughly linear, patches are made up of fibrils. Higher-resolution H↵
imaging would show that these emanate from network. Yet-higher-resolution outer-wing H↵ imaging would show slender recurrent RBEs and
RREs emanating further from network (Figure 4 (pdf 6) of Sekse et al. 2013b). Appendix B argues that the latter produce the former. The plans
for a DOT-clone GONG successor (Fig. 13 (pdf 8) of Hill et al. 2019) include H↵ tuning to the outer wings. The present GONG network takes
full-disk images of this quality sampling the wide core of H↵ at 20 s or slower cadence with 24/7 coverage about 90% since 2009, before SDO.
The resolution is nominally twice worse but worsens further by station-dependent and time-dependent seeing also causing rubber-sheet warping.
See the GONG H↵ fact sheet.
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H I 6563Å vs He II 304Å

•He I ionisation threshold 24.6 eV (H I 13.6 eV)


•Simple assumption: structure visible in one line is invisible in other line

A&A proofs: manuscript no. solosdo-v3
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GONG  Hα reversed

Fig. 11. The same GONG H↵ image as in preceding figure 10, but with the greyscale reversed. This image is inserted here to facilitate blinking
to the next (AIA 304 Å). How to blink pdf pages in a pdf reader is treated on page 9. When you blink them the scenes appear to jump due to your
eye detecting patch size di↵erences but they are actually well aligned. This comparison is striking and discussed in appendix B.
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He II 304Å H-alpha H-alpha reversed



FAFDETECT

Vissers et al. (2019) did not develop an analogous FAFDETECT
program, but it would be a similar e↵ort and similarly contain a
severe brightness threshold but then require elongated shape and
fast motion along filament-shaped tracks.
I suspect it would be worthwhile to let also such a detector loose
on the SDO database. For example, when a slow-wind source
map (pdf 26) was published by Brooks et al. (2015) I made cor-
responding preceding EBFAF movies and noted that the wind-
producing active regions were also rich in FAFs, i.e., in having
canopy-piercing reconnection events.

AIA 1600/1700 with limbshift correction

Inspection of figures 9 and 8 (or rather the corresponding
cube files using showex) showed immediately that running
sdo_makeeblocmovie or EBDETECT makes no sense for this
quiet area.

Nevertheless, I wanted some indication of excess AIA 1600 Å
brightening over 1700 Å brightening while lower than for EB or
FAF localizing. Renewed experimentation brought me to divi-
sion instead of multiplication.
A complication arose for such weaker excess detection: the ap-
parent limbward shifts of MCs in AIA 1600 versus 1700 Å. It is
immediately obvious per showex when zooming in to near-limb
areas, showing displacements up to half an AIA 0.6 arcsec pixel.
Figure 70 displays them as shift vector chart. Such figures are
an optional byproduct of my SDO cross-alignment pipeline for
many years already, but I have not published any.
Figure 71, also a regular product, shows that these apparent shifts
increase linearly limbward and that radial components dominate
them.
In figure 72 each subfield “tile” (similar to those in which the
pipeline splits the disk-center JSOC cutouts for SDO cross-
alignments) has been shifted back with radial counter-shift in-
creasing to 220 km at the limb before cross-correlation. The
vectors in this residual shift chart are much smaller but show
large-scale patterns. I then made such residue charts for the first
minute of every month of the 10 full SDO years so far and found
to my surprise that this pattern is roughly the same on all. I don’t
know whether it comes from errors in my programs or from fixed
small-scale imaging di↵erence between the two bands, but the
amplitudes are only of order 0.1 px (⇠ 40 km) and negligible in
my cross-alignment averaging over many tiles.
Since last year apparent limbshift corrections as these are ap-
plied in my SDO cross-alignment pipeline; they improved it. In
particular, they enabled using AIA 304 Å versus HMI magne-
tograms as “anchor” pair to couple the EUV channels directly
to HMI, bypassing the UV channels I used before in an inter-
mediate step. This gives better driftscenter results because
magnetograms sample a thinner atmospheric layer and so su↵er
less from such apparent shifts and from blocking by foreshort-
ening. The result for the present SDO download is shown at left
in figure 75.

MCs in AIA 1600 and 1700 Å

I conclude this UV appendix by discussing the reason for the
apparent 1600 versus 1700 Å brightening and limbward shifts of
MCs.

Plane-parallel colleagues attribute both to larger opacity at
1600 Å due to increased Si I photoionization, and possibly larger
C IV contributions. I doubt the latter because the tile chart in fig-
ure 71 is regular and does not reflect EUV brightness patterns.
Only near and at the limb do I note sight-line integrated C IV
contributions.
Higher 1600 Å formation is correct for idealized gas in the
VALIIIC plane-parallel solar analogon star of Vernazza et al.
(1981) and indeed evidenced in these panels of their informa-
tive Fig. 36 (pdf 39). A plane-parallel plage model with outward
increasing facular temperature excess then also explains facular
1600 over 1700 Å brightening.
Such plane-parallel construct was the basis for often-followed
facular SATIRE irradiance parametrization in Unruh et al.
(1999) which uses the FALP model of Fontenla et al. (1993)
although discarding its chromospheric temperature rise to avoid
strong-line core reversals from assuming LTE line formation (the
classical trick of Holweger (1967) underlying the formerly pop-
ular but equally unrealistic model of Holweger & Müller 1974).
However, in non-plane-parallel solar reality this explanation fails
entirely. MC brightening and enhanced MC brightening are not
due to extra heating with upward increasing excess but to non-
plane structure viewing. MCs appear bright because they are
holes in the surface sampling higher temperatures underneath,
brighter when seen deeper. The observed 1600 versus 1700 Å
brightness enhancements and limbward o↵sets are due to smaller
opacity at 1600 Å, resulting in more apparent MC transparency.
It gives deeper hole viewing from above and deeper penetration
beyond holes in slanted viewing. Figure 73 and its caption re-
view how and why. Old stu↵ but ignored in irradiance modeling.
For continuum bright points, G-band bright points and faculae
non-heated multi-D hole viewing has been properly reproduced
with numerical simulations by Keller et al. (2004), Carlsson et al.
(2004), Steiner (2005) and Vitas et al. (2009). The dark limb-
ward MC foot was emphasized by Steiner (2005) and is clearly
observed near the limb in AIA 1600–1700 Å zoom-in showex
blinking. Together with the growth of the bright stalk sampling
the granule behind, these combined morphology changes explain
the apparent limbward shifts in figure 70.
Such MURaM and Bifrost simulations might easily be extended
to 1600 Å versus 1700 Å formation comparison and furnish a
sounder network/plage recipe for irradiance modeling. Rela-
tively easy because non-E and ion-neutral separation play no role
so deep in the atmosphere; the hardest part is accounting for the
non-LTE ultraviolet line haze (Rutten 2019).

Appendix B: AIA 304 Å and GONG H↵ comparison
Chromosphere in H↵ and He II 304 Å

Figures 11 and 1225 show coarsely similar patterns in greyscale-
reversed H↵ and He II 304 Å. Figure 74 demonstrates this simi-
larity statistically.
One would expect that observing some atmospheric domain or
structure in the one line would exclude observing the same in the
25 I co-aligned these two images with findalignimages.pro which is my en-
gine for SDO–STX co-alignments. It uses iterative best-fit determination of rel-
ative scales, shifts and rotation with Tom Metcalf’s auto_align_images.pro
in SSW. I applied the results per reformimage.pro. In this case the trick was
to blur both images considerably. When blinking this pair the scenes appear to
jump, but detailed showex inspection shows close alignment.
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Blink AIA 304Å and reversed H-alpha 

Cross-correlation : dx,dy = 2”, -7” 

http://tsih3.uio.no/lapalma/temp/muse/robrutten_halpha_vs_aia304_blink.mp4

http://tsih3.uio.no/lapalma/temp/muse/robrutten_halpha_vs_aia304_blink.mp4


SST/CRISP WB 6563Å diameter = 87” SDO/HMI continuum

SDO - SST alignment using HMI continuum vs CRISP wideband



SST/CRISP H-alpha diameter = 87” SDO/AIA 304Å

SDO - SST alignment using HMI continuum vs CRISP wideband



SST/H-alpha SDO/AIA 304Å
Active Region

15-May-2024 Reetika Joshi & Ignasi Soler Poquet observing



Blink AIA 304Å and H-alpha 

Cross-correlation : dx,dy = -0.02”, 0.02” 

http://tsih3.uio.no/lapalma/temp/muse/halpha+aia304_15May2024_ar_blink.mp4

http://tsih3.uio.no/lapalma/temp/muse/halpha+aia304_15May2024_ar_blink.mp4


SST/H-alpha SDO/AIA 304Å

06-May-2024 Daniel Nóbrega-Siverio et al. observing

Quiet Sun



Blink AIA 304Å and H-alpha 

Cross-correlation : dx,dy = 0.08”, -0.57” 

http://tsih3.uio.no/lapalma/temp/muse/halpha+aia304_06May2024_qs_blink.mp4

http://tsih3.uio.no/lapalma/temp/muse/halpha+aia304_06May2024_qs_blink.mp4


SST/H-alpha SDO/AIA 304Å
Active Region near limb

24-May-2024 Reetika Joshi & Ignasi Soler Poquet observing



Blink AIA 304Å and H-alpha 

Cross-correlation : dx,dy = -0.3”, 0.4” 

http://tsih3.uio.no/lapalma/temp/muse/halpha+aia304_24May2024_ar_blink.mp4

http://tsih3.uio.no/lapalma/temp/muse/halpha+aia304_24May2024_ar_blink.mp4


Blink AIA 304Å and H-alpha 

Cross-correlation : dx,dy = -0.3”, 0.4” 

•Alignment He II 304Å vs H-alpha seems promising


•Specially for active region targets


•Large FOV helps - CRISP2 will have 120”


•Will it also work on Ca 8542?  Ca II H/K?


