Juno at Perijove 25: What the pictures show

John Rogers(2020 Mach 5)

Perijove25 was on 2020 Feb.17. Jémdrajectory and orientation were similar to PJ23 and
PJ24 Perijove altitude was 4700 kmat 23.8N (all latitudes are planetocentricjuno crossed
the equator at L1=782=116, L3=153.

This report is in the same style as our previous ones, which cactaiowledgementsnd
explanations of the image sources and the abbreviations

Galilean moonsare shown in the first two inbound imadésgure ). Image Ishows lo with a
probable volcanic plume seen fdynon the terminator. Imageshows lo entering eclipsand
another mooifnot shown here)

North Polar Region

Circumpolar cyclones:

Figure 2is a composite north polar projection map dediromGerald Eichstadt s ama p

Four of the circumpolar cyclones (CPCs) are nicely sh@hser to the pole there idarge
anticyclonic reddish oval; and traces of the central North Polar Cyclone can be seen aound th
pole itself, although not as regularly as at PJ24. The arrangement of the CPCs is the same as
when this sector was last well imaged, 238PP4 and at PJ17Geraldhas madera

animationof hi-pass imagesnd points outhat anticyclonic counterotation can be seen in the
centres of two of the filled cyclones.

Composite viewof north polar region:

Figure 3presents composite north polar projection maps, in colour (A: RGB) and the methane
band (B: CH4).Figure 4presents composite, reprojected images of the NPR, also in RGB and
CH4. Following the successfacquisition of methane images down to quite low latitudes at
PJ24, more such images were taken at Raka% are prsented here in extensively cresd and
reprojected versions-{gures 4 &5).

Bland Zone & haze bands:

Long linear bands of bright haze are a striking featutbe PJ25RGB imagesThese are

nor mal featur es o f64°N, b it iHuBds@Eainfa thetnamapp@ar lbright a+ 6 0
the way around the globe as they do h@rkey are ao 23 times longer than usudlhese

linear bandsre also visible in the methane imagend in some sectors thieym a sharp
southern edge to threethanebright NorthPolarHood. But surprisinglypverallthe usual
methanebright North Polar Hood is not obvioust is not clear if this is a real change, or due to
the way the viewing angle varies across the globe.

There are also discrepancies in the features revealed in methane images at lower latitudes,
perhaps due to differences in illuminatioAt ~43-58°N,where RGB images show irregular
haze bands at the terminator, the methareges 13&16&19Fig.4) showdiffuse, weakly
methanebright haze features near the terminator which do not match the undevilyiiole-

light features (FFRs). But in methane images 23&26.5) taken fromlower latitudesand

higher sunthe samend lowenatitudesshowno sign of overlying haze bands; instead, there is
a tremendous amount of detathich generallycorreldes with the visible atmospheric features,
including anticyclonic ovals nteanebright and cyclonic ones methadark (down to the

NNTZ and NNTB).



The same regions are showrFigure bas t hough from a single poin
fish-eye gbbe view made by Kevin Gill from his own projections of several images.

Global maps

PJ25 occurred early in the apparition for grotmaged observers, so there were few good

context images, but Phil Miles and Anthony Wesley in Australia managed tanggtiagbly

good i mages at t heoves@agure ).tA plaretwidesmad, iomamages f | y
takena few days before, is iRigure 8

Our usual global cylindrical map from JunoCam images iSdnre 9 Brian Swift has posted a
higherresolution compage cylindrical map, and aexcerpt from it is shown ifigure 10 from
the N3 domain down to the equator.

Mid -northern domains

N3 & N2 domains:

The closeup images of the N3 and N2 domains showenharkable panorama of diverse

circulatons as shown i n GeFkgart SBasdKevie@lib ] enatpi o ms Fi g
10,and also in lgh-qualty reprojections posted by Kevin Gill and Bjorn Jonssbigure 5

shows that the features here follow the general rule that anticyclonic ovals are rigthane

and cyclonic features are methadagk. The colourimages are sufficiently kies to show pop

up cloudsclustered in ridgeen the highly sheared streakghin NN-WS-4 andin the regions

surroundng cyclonic circulationsthough sparse within those circulatidiisgure 114).

The notablecirculationsare marked ofrigure 10(from top to bottom):

(1) In the N3 domaing mergingpair of cyclones. Beautiful orange cyclones are familiar in
JunoCam images of this domain, so we can recognise the twshapen features here as a pair
of them caught in the act of merging.

(2) IntheNNTZ, the greatnticyclonicoval NNF\WS-4 [see PJ21 repofor list of previous
closeupt Its centre is slightly reddish and also the most metbaight. (Last year it was
sometimes quite reddish.)

(3) In the NNTBn latitude, a dark brown cyclonic owdlich can be called a miharge.

(4) A closed, pale orange segment of NNT#ichis very likelythe dark segment that was
observedt L2~90105in 2019, whiclreddened then faded awayA019Sep.[2019 Report
no.9]. Note its similarity to the STB Géb& Spectre (PJ8, PJ1BJ13,PJ15PX21) and to
other closed pale cyclonic circulations such as one in the S&§BPR0 & PJ2).

Image 28Figure11B) is the closest view of this NNTB segment, and also shows, at the limb, a
detached haze layer over the NNTZ.

(5) NNTBs jetspots (dark ringstheanticyclonic vorticity is evidenin some of them

N1 (N. Temperate) domain:

In the NTB(N) we see a series of three smadty dark brown cyclonispots oo m i-barge$
(Figure 1Q 1 perhaps an indation that this belt is now developing a chain of very dark spots as
it has sometimes dore the past



Low latitudes

NEB:

This sector of NEB is especially colourful in grodbased images-(gures 8 & 9), and contains
two AWOs persisting from 2019; the f. one is edlWSa, and the p. one here labelled VdS
JunoCam image 3(Figurel1?) just includes both AWOs near the E and W horizons; but the
main feature in this and other images, between the AW@s, iisipressive spiral circulation,
which is cyclonic.t lies in the pale yellowisfringe north ofthe main NEB.In groundbased
images it is onlysea asa smallirregularpale spot, with appeared in 2019 August within a
brown bulge of the NEB.

EZ:
There are excellent oblique views of a NEBs dark formation and its festoon in the northern EZ,
but no obvious mesoscaleaves, perhaps due to the long slant range.

SEB:

This sector is all quiet, with just one small vortex on the S edge. Contrasting textures and
colours in the clouds are eviddgithage 3739: Figure13): the very smooth texture of the light
orange orthern SEB, the streaky dark rbtbwns and greys of the southern SEB, and the
numerous white flecks (presumably pop clouds) in the STropZ. Fringing tB&Bs there is a
remarkable long orange strip which is evidently a translucent haze band, enltheaogtrast
of underlying cloud textures in the northern STropZ.

South Tropical and Temperate domains

Figure 9includesour usuabutbound southern hemisphere map

TheGRSwas just captured in the finl-res imagesHigure 14. There are long complex
streaks of red methasiight material extending both p. and f. the GRS, presumably derived
from recent flaking events; some flalka® still close to the GRS.

SEBs: After the three large ringbat areclosely approaching the GRS, there are no more for a
long distancéFigure 9. Instead, there is a higimplitude wavdrain from L3=203238,nine
waveswith amean wavelengtbf 3.9°, perhaps the shastthatwe have yet observed.

Oval BAis just visible on the limb; the dark segment of STB f. it is now short, but still
turbulent, and its f. end abuts a small AWO in the SFigure 15s a hires map of the region.

STB SpectreThe p. end can now be seatgngside the f. end of the turbulent STB segment f.
oval BA, and adjacent to the small AWO théreggure 19. It is not evident whether it is still a
closed circulation there, as thegnd is tapered. As it is now in contact with the dark STB
segment, there is the possibility of a sudden eruption and transformation of the Spectre, as
happened with the STB Ghost in 2018. However, as the Spectre has elongated to an
unprecedented degragemay not behave in the same way. In the PJ25 map, the p. end is at
L3~142 and the f. end at L3=305, a lengtli68. The f. endFig.9) is a fairly conspicuous
dark feature, as also seen in recent grelambd imaged.he Spectrés still methanedarkin

the JunoCam methane nsdpigure 170 except passibly at the p. end, which does not appear
dark in agroundbased methane imageig.7).

A typical view of the southern hemisphere is-igure 16 South polar projection mapin
similar format to our reports for other recent perijgwein Figure 1.



Souh Polar Region

Haze structures

The methandand magFigure 1C) shows the usual features, most obviously the methane
bright South Polar Hood, with its wavy outline, and metHamght FFRs within it.

A mapof nearterminator regions, to show hazekpwsunusually little for this perijove; haze
bands are sparse and mostigonspcuous,with low optical depth.A diagram of those
detected is ifrigure17B. The bandsargelyhave theypical orientationsand h the best
imaged sector(lower right)there is a series dfie commonly observe> -shaped bandéut not
conspicuous; thdeepest imagealsoreveal extensivéhin diffuseterminatorhazes irthis
region In the upper left sector, there igrainbow ban@ and another haze band unusually
close tothe pole overlying a CPC-{gure 18B.

Circumpolar cyclone$CPCg9:

The south polar polygois currentlyof special interestbecause at PJ23 the familiar pentagon of
cyclones appeared to be transforming into a hexagon, as a small darle tyadamoved into

the gapbetween CPCG4 & 2. At PJ24, tls had been replaced by a larger but chaotic cyclonic
region (FFR). Would there be a stable hexagon at PJ25? The answer is no: it has reverted to a
pentagon, with the 5 cyclones more evenly spaced thamusaelyto be!Kigures 17A&18A)

(CPG4 is not clearly visible, bus likely to be still pesent,asit is thefurthest from the former

gap, ancdarcson one side of itan be seep.

The centre of theouth polar cycloneSPQ has not moved muclirigure 18Q. It is still
oscillating to and fron longitude but has not cangedits latitudesignificantlysince PJ18




FIGURES (miniature copies)

Full-size copies are in thettached ZIP file

(L) Image 1: lo with possible plume
Image : NASA / JPL-Caltech / SWRI / MSSS / Svetoslav Alexandrov

(R) Image 2: lo entering eclipse
Credit: NASA/ JPL / SWRI / MSSS / Gerald Eichstadt

Figure 1. Views of lo. Left, stowing a possible plume next to the upper cudmht entering
eclipse; the dgsed part is brightened, and appeardliteda lunar eclipse from Earth.

PJ25: North polar CPCs

North polar projection maps

merged from images 8, 14, 15

& Gerald’s hi-pass map

Credit: NASA / JPL/ SwRI/ MSSS /
Gerald Eichstadt / John Rogers

Figure 2. Composite north polar projection map dedvfromGerald Eichstadt s  sydavan
to 75N at edges The red cross is the north pole.



PJ25 (2020 Feb.17)
Composite north polar projection maps
Credit: NASA / JPL/ SWRI/ MSSS / Gerald Eichstadt / John Rogers

Rainbow band

Bland
Zone

Figure 3. Composite north polar projection maps, in colouy éad the methane band)(B
covering the northern hemisphere.



Bland Zone with haze bands

o

Bland Zone
with haze bands

RGB
Images 8 & 14 & 18 ages 13 & 16 & 19
reprojected & merged epro 2d & merged

Figure 4. Composite views over the north polar regiGerald Eichstadprocessed the imagasd
reprojected therall as from a common viewpoint. | have mergedgees ofthree images and adjusted
the intensities so as to sh@mhancealetailsincluding atthe terminator. Sesral of the circumpolar
cyclones are visible at upper right.eft): Colourview derived fromimages 8 & 14 & 18.(Right):
Methanebandview derived fromimages 13 & 16 & 19 Some pixel noiskas been removedlhe

small, very bright spots are convective clouds (thunderstorms) in the chaotic cyclonic (E§iee¥

Colour and methane images, reprojected to the same viewpoint and contrast-enhanced
The CH4 image has been cleaned of motion blur and misalignments and dense pixel noise.
Credit: NASA / JPL / SWRI/ MSSS / Gerald Eichstadt

22 (RGB,
reprojected)

Figure 5A [caption below]



Colour and methane images, reprojected to the same viewpoint and contrast-enhanced
The CH4 image has been cleaned of motion blur and misalignments and dense pixel noise
Credit: NASA / JPL / SWRI / MSSS / Gerald Eichstadt

25 (RGB,
reprojected)

26 (CH4)

25+26

(blended)

Figure 5. Colour and methangews, all by Gerald&Eichstadt The RGB images were reprojected to the

same viewpoint as the CH4 images. The original CH4 images sufferedrfration blur and
misalignments and dense pixel ngise a | | of which have baeemgmdi ni mi sed
processedAll images are contrastnhanced.(A) Images 22 & 23, centred on the N4 domain.

(B) Images 25 & 26, showing the N3 and N2 domains, incluttiegnerging cyclones in NBIN-WS-4,

a faded orange strip of NNTB; see Figure 10 for key.

(A & B): Top: RGB image, reprojected to same view point as CH4 image. Middle: Methane image.

Bottom (only in B): Blend of RGB and methane images.

PJ25: Composite ‘fish-eye' view over N4 & N5 domain, made by Kevin Gill from reprojections
of several images. Credit: NASA / JPL-Caltech / SwRI / MSSS / Kevin Gill

Figure 6.
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Image by A. Wesley, map by Shinji Mizumoto

Figure 7. Groundbased imagesf Junas track takemuring PJ25, by Anthony Wesley and
Phil Miles.

2020 Feb.12-15 Images by A. Wesley [(IR&R)-G-B], N. MacNeill, & C. Foster; Juno
’ Map by Shinji Mizumoto, & extra image (unprojected) on Feb.15; edited by JHR PJ25
NMacN, Feb.14 CF, Feb.15 AW, Feb.13 CF, Feb.14 AW, Feb.12 o
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Figure 8. Map of groundbased images taken a few days before PJ25.

PJ25 (2020 Feb.17)

Composite cylindrical map from JunoCam

Figure 9. Map of JunoCam images from PJ25.



Figure 10. Cylindrical mapfrom the N3 domain down to the equatan excerpt from a larger
map by Brian Swift, with some intensity adjustments and added laBklsk labels are above
the indicated circulations. NEDF, NEBs dark formation.



