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THE GREAT RED SPOT ON JUPITER:
SOME FEATURES OF THE AMMONIA ABSORPTION

Abstract. In April 2017, we carried out five cycles of spectral observations of Jupiter to study some optical
features of the Great Red Spot (GRS) that is a long-lived giant anticyclonic vortex. Recording the CCD
spectrograms of Jupiter’s central meridian in each cycle was performing consistently for two hours in the 240° - 310°
longitude ranges in steps of about 2° each - before, during and after passage the GRS across the CM. The main
objective was to investigate the behavior of the 645 and 787 nm ammonia (NH;) absorption bands in the GRS
region, which before was studied quite a little. The measurements of the profiles and equivalent widths of these
bands showed explicitly that ammonia absorption in the GRS is decreased; the decrease is even more than the NHj;3
depression in the Northern Equatorial Belt (NEB) that we discovered in 2004. A comparison with the results of the
studies of Jupiter in the ranges of thermal infrared and millimeter radiation allowed concluding that the causes of the
ammonia absorption decrease are not the same for the NEB and GRS. In the NEB, according to the radio
astronomical observations, the gaseous ammonia concentration is really lowered. In the GRS, the NH; absorption
decrease is caused by the increased cloud volume density. As a consequence of this, the absorption equivalent
optical path decreases due to multiple scattering. That is also manifested in the near infrared ammonia and methane
absorption bands. Quantitative interpretation requires some further complex studies because of the multiparametric
nature of the models that are will be taken.

Keywords: Jupiter, Atmosphere, Clouds, Great Red Spot, Ammonia, Methane, Molecular Absorption Bands,
Spectrophotometry.

Introduction

Some important and interesting objects in the study of Jupiter’s atmosphere are specific optical and
dynamic properties of the Jovian Great Red Spot (GRS). A number of distinctive features of this giant
long-lived anticyclonic vortex are already known quite well. The period of its rotation is about 6 terrestrial
days. It is known that the GRS makes its own special speed longitude drift, and it is not always regular,
and for 300 years GRS has noticeably decreased in diameter [1], which, judging by the early sketches of
Jupiter, had reached 40 thousand kilometers. The GRS has specific optical features, for example, its
unique red-orange color, which has not yet been explained. But the coloring of Jupiter’s cloud belts is also
not yet fully explained, although it is very likely that ammonium hydrosulfide (NH;,SH) plays a role in
this coloring, because it forms a cloud layer at great depths, below the ammonia layer [2].

In the ranges of thermal infrared [3] and millimeter [4] radiation, the brightness temperature of the
GRS is lower in comparison with the surrounding regions, and that indicates a greater opacity for
radiation emerging from the deep layers of the Jovian atmosphere.

It should be noted that in spectral ranges with strong methane absorption bands, the Great Red Spot
looks like the brightest, or rather abnormally bright, formation on the planet. This indicates that in the
GRS region the methane absorption is strongly weakened in comparison with all other regions of the
visible cloud surface of Jupiter [5]. As for the morphological and dynamic properties of the GRS, the most
impressive recent results are those obtained from the space probe JUNO, approaching to Jupiter at the
distance of only three thousand kilometers [6]. The properties of the GRS also show themselves in
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ammonia absorption. In addition to the previous photometric and spectral observations of the GRS (for
example, [7-9]), a special observational program for studying the spectral features of the GRS was carried
out in 2017. Five cycles of recording the spectra of Jupiter’s central meridian (CM) were carried out
before, during and after a passage of the GRS across the CM. We report on results of this our research.

Observations: methods and results

From the end of March to the beginning of May 2017, a series of observation cycles of Jupiter was
performed as an extension of regular long-term spectral studies of variations in the molecular absorption
bands, and studying the structure of the planet’s cloud cover. These observations covered almost all the
longitudes of Jupiter (Figure 1), including 5 cycles destined to obtain spectra of longitudes near the GRS.
At that time its longitude was 267° in the 2nd system. The GRS (or its core) has its own longitudinal
coverage of about 12°, apart from the peripheral light edging.
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Figure 1 - Diagram of the date distribution of Jovian longitudes observed in 2017

Each cycle, timed to the GRS passage across the CM, was lasting for 2 hours. During this time, 30-32
spectra were recorded with an interval of about 4 min, which corresponded to Jupiter turn of 2.5°. Thus,
the longitudes from 240° to 310° in the second system of the Jupiter rotation were covered (Figure 2). A
fragment of the map of Jupiter for April 2017, compiled by Vedovato (the site of the Association of
Observers of the Moon and the planets ALPO Japan [10]), was used.
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Figure 2 - Fragment of the map of Jupiter from the ALPO Japan site as of April 2017 with the area of longitude scanning

Observations were carried out using the SGS diffraction spectrograph installed in the 7.5-m
Cassegrain focus of the 0.6-m RZ-600 telescope. The receiver of a spectrum image was the ST-7XE CCD
camera with a matrix of 765x510 pixels. The size of one pixel is 9x9 microns and the resolving power for
dispersion of 4.3 A/pixel is 8.5 A. The scale of an image on the spectrogram is 4.08 pixels /arc second. As

—— 4 ——
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a rule, the exposure time of one spectrum was 20", although in some cases, it increased to 100" in order to
provide a better isolation of the methane absorption band in the near-IR region (800-900 nm). In total, the
extensive observational material was obtained, which can be used for different further studies, including
those related to the study of temporal changes in the Jovian atmosphere during the entire period of its
revolution around the Sun.

Processing spectrograms of the absorption bands

For the processing and analysis of the Jupiter's CM spectra, some corresponding programs based on
spreadsheets were compiled. They could provide a quick eduction of tabular and graphical results. The
main attention was paid to measurements of the two ammonia absorption bands’ (645 and 787 nm NHj3)
profiles and to the evaluation of their intensities. These bands are weak in intensity, especially the 645-nm
band. Both bands overlap with more intense methane absorption bands, so their separations require
special techniques. Therefore, their behavior in the spectra of Jupiter has not been studied in detail by
anyone before, except for some researchers [11-15]. Laboratory studies of these ammonia bands are also
few and not yet very definite. Their analysis is contained in [16]. The 645 nm NHj absorption band is
located in the short-wave and relatively weak wing of the methane absorption band (A?). Therefore, its
separation is carried out simply by calculating the ratio to the interpolated smooth running of the intensity
in this methane band’s wing. The 787 nm NH; band is located in the middle of another methane band,
centered at the same wavelength. Filling, its less intense central part. In this case, we use the spectrum of
Saturn as a reference spectrum. In it, the ammonia absorption inside this methane band is practically
absent or negligible. So, the Jupiter 787 nm NHj; band stands out well enough in calculating the ratio of
the Jupiter spectrum to the spectrum of Saturn. Figure 3 shows examples of the profiles of both ammonia
bands, obtained by processing one spectrogram of Jupiter's CM for all points of the meridian (from the
South Pole to the North one). As a result of measurements, we obtain estimates of the equivalent widths
(W) of these absorption bands at different latitudes, including the GRS region. We note that the maximum
value of W in the 645 nm band does not exceed 8A, while in the 787nm band it does not exceed 20A.
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Figure 3 - The 645 and 787 nm NH; absorption band profiles,
separated from all the lines of the Jupiter’s CM spectrum

We started measurements of the 645 and 787 nm NHj bands in the spectrum of Jupiter in 2004. From
them, we found the existence of a depression of ammonia absorption in the Northern Equatorial Belt
(NEB). This depression [17, 18] is most pronounced in the 787 nm NH; band. In the NEB its W (Wxgsp) is
less by 2-3A in comparison with other low and moderate latitudes, where W> Wygp and varies within
smaller limits [19]. Further observations from 2005 to 2017 (during the complete revolution of Jupiter
around the Sun) have shown that this depression remains a peculiar feature of the NEB, albeit it is
variable in longitudes and in time.

Ammonia absorption in the Great Red Spot

Based on the results of spectral measurements of each observational cycle during the GRS passage
across the Jupiter CM, latitudinal variations in intensities of the ammonia absorption bands were plotted.
The graphs plotted together for all longitudes (Figure 4) show that along with depression in the low-
latitudinal NEB, the weakening of ammonia absorption in the GRS is observed. It is most pronounced in
the 787 nm NHj; band (Fig. 4).
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NH3 645 nm NH3 787 nm

Figure 4 - Latitudinal variations of ammonia absorption in the GRS during its
movement along the meridian (the images of Jupiter were taken from the ALPO Japan site)

Figure 5 shows graphs of the 645 and 787 nm NHj; absorption bands’ intensities along the CM from
the measurements on April 19, 2017. The absorption profiles obtained in the 240°-310° longitude ranges
are averaged. The longitudinal variations of the profiles differ little, so that the standard deviation in the
W values is less than 1 A everywhere, except for the GRS region. The profiles with the GRS for the
longitude 272°, corresponding to the middle of the GRS, are shown separately (red). The ammonia
absorption decrease in the GRS stands out clearly. There also attracts attention the noticeable blurring of
the depression of ammonia absorption in the northern hemisphere in comparison with the picture that was
observed in previous years. At that time the depression was only related to the NEB. The additional
processing of spectrograms obtained for other longitudes gave the same result. The reason for this is that
in the Jupiter visibility season of 2017, the NTB dark band formed north of the NEB, where the ammonia
absorption also turned out to be lower. Changes in the NEB cloud cover structure were occurring in the
recent years, and they are described in [20].
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Figure 5 - Latitudinal variations in the 645 and 787 nm NH; absorption bands
averaged over the 240°-310° longitude ranges. The profiles with the
Red Spot for longitude 272° are shown separately (red)

To illustrate the differences in the meridional variations in the NH; absorption at different longitudes,
the W profiles of the 787 nm band are shown in Figure 6 with a vertical shift per unit of the scale. On the
right, a three-dimensional representation of the ammonia absorption variations is shown. It can be seen
that the absorption depression in the northern hemisphere remains at all the longitudes, whereas in the
southern hemisphere only the GRS region is manifested.

— 26 ——
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Figure 6 - Profiles of variations of the 787 nm NH; band’s equivalent widths
(on the left); 3D- representation of the ammonia absorption latitude-longitudinal
variations in the 240°-310° longitudinal interval (on the right)

Figure 7 compares the longitude variations of ammonia absorption at the latitude of the GRS: near the
southern edge of the SEB and at the latitude that is symmetrical to it in the northern hemisphere,
corresponding to the northern edge of the NEB (latitudes + 22° + 1° and -22° + 1°). One can see a
systematic difference in W of the 787 nm NH; absorption band in these belts: weakening the absorption in

the NEB, with the exception of the GRS, in which the absorption is even smaller than in the NEB.
20
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Figure 7 - Long-term variations of the ammonia absorption
at symmetrical latitudes in the SEB and NEB

In the other belts of low and moderate latitudes of Jupiter, there is a relatively monotonous longitude
course of the ammonia absorption, except for some oscillations caused by both inevitable errors and real
variations in the intensity of the absorption band. But at each the latitude within the considered
longitudinal range, the mean level changes with latitude that one can see in Figures 5 and 6.
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Discussion

From the consideration of the obtained data on variations of the ammonia absorption bands on Jupiter
located in the visible and near IR spectral regions, the following feature is worth serious attention. It has
already been noted above that the GRS seems anomalously bright in the images obtained through the filter
that cuts out the center of the strong methane absorption band at 887 nm. However, the NEB, where the
ammonia absorption depression is observed, comparable to that observed in the GRS, does not show such
an increase in brightness at 887 nm, as in the GRS. Apparently, one should seek the reason for this
discrepancy in the difference in the structural features of the atmosphere over these regions. These
features determine the mechanisms for the formation of molecular absorption bands. Here it is relevant
comparing the observational data on Jupiter in very different spectral regions of the reflected radiation and
the planet’s native thermal radiation.

In a number of publications on Jupiter's observations in the ranges of thermal radio emission, for
example, in [4, 21], the NEB’s feature was noted: the brightness temperature of the radiation in it was
slightly higher than in other regions of the planet. The most detailed map of the brightness temperature
distribution on Jupiter was obtained using the VLF (Very Large Array) radio telescope system, in 2012-
2014 [4]. Indeed, the NEB was distinguished with its high brightness temperature at frequencies of 8-14
GHz (millimeter-wave radio range). The output of increased thermal radio emission in the NEB is
associated with the lower ammonia abundance in this latitudinal belt. It is ammonia in this range that
reduces the radio emission absorption and determines the process of its transfer from the deep layers of
the Jovian atmosphere. A cloudy layer with particle sizes of one or even tens of micrometers is
transparent to radio waves and cannot affect their passage, so we can specifically speak about the reduced
ammonia abundance in the NEB. Accordingly, the depression of ammonia absorption in the visible and
near-IR spectral regions observed in the NEB, one can explain by a real decrease in the gaseous NHj;
abundance. However, in the absorption band formation in this spectral region, the cloud layer plays a
certain role. In this layer the gaseous molecules’ absorption optical path increases with the cloud particle
multiple scattering.

The GRS demonstrates a different situation. We see that in the 645 and 787 nm NH; bands, the
absorption in the GRS is lowered in comparison with the surrounding regions by almost as much as in the
NEB. However, radio measurements do not show such an increase in the brightness temperature in the
GRS, as in the NEB. On the maps, the Spot does not stand out for its brightness. A similar effect of
reduced thermal IR radiation is observed in the GRS both in the 8-12 um ranges [4, 22] and near 5 pm
[23]. As for IR measurements, they require special analysis and discussion in the future. But judging by
radio observations, in the GRS region the gaseous NH; concentration is not lowered as in the NEB.
Hence, weakening the ammonia absorption bands in the GRS has to be caused by other causes. It should
be remembered that in the strong 887 nm methane absorption band, the GRS looks abnormally bright in
comparison with any other morphological details of the Jupiter disk. In the temperature conditions of the
Jovian atmosphere the methane does not condense, so its vertical distribution is mainly described by the
barometric formula. Therefore, in the atmospheric layer above the clouds, the methane abundance is still
quite appreciable for the absorption band formation. Absorption in the strong 887-nm methane band
forming above the clouds can play an even greater role than inside the clouds, since the number of acts in
multiple scattering decreases with increasing the absorption. So the methane absorption abrupt decrease in
the GRS is most likely due to the fact that the upper boundary of the cloudiness in the Spot is higher than
in its surroundings. Formation of the ammonia absorption bands occurs practically only within the cloud
layer, since the concentration of NH; over it becomes smaller by several orders of magnitude. It follows
that the decrease in the intensities of the NH; absorption bands in the GRS mainly occurs because of the
increased bulk density of the clouds inside it. This reduces the equivalent absorption path, which
determines the observed intensities of the 645 and 787 nm ammonia bands. They are relatively weak.

In the region of IR thermal radiation, the GRS looks like a dark spot surrounded by a light rim. The
effect of cloud density on IR thermal radiation in the GRS (especially at A 5 um) depends on the particle
sizes both in the upper ammonia cloud layer and in the deeper layer of clouds consisting of ammonium
28
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hydrosulfide NH,SH. Interpretation of measurements in this range is still ambiguous and depends on the
adopted models and initial parameters of the structure and temperature regime in the troposphere at
different latitudes and depths.

Conclusion

This paper presents the first experience of studying the behavior of the 645 and 787 nm ammonia
(NH;) absorption bands in the region of the GRS on Jupiter. We found that these ammonia bands were
sufficiently weakened in the GRS as compared to the surrounding areas of the visible cloud surface of the
planet. In terms of magnitude, this depletion is comparable to the previously observed depression of the
787 nm NHj; band intensity in the NEB. Our long-term (since 2004) spectral observations have shown that
such the NEB feature is peculiar to this belt, although it reveals some longitude and temporal changes.
However, based on a comparison with the results of observations of Jupiter in the ranges of thermal IR
optical and millimeter radio emission, one can assume that the mechanism of ammonia absorption
depression in the GRS and in the NEB is not the same, but is determined by some different causes. Of
course, further observations and analysis of different models of formation of the absorption bands and
their role in the transport of visible and thermal radiation in different atmospheric layers of Jupiter are
needed. In this atmosphere, apart from the usual zonal circulation and the vortex structure, unusual and
unpredictable large-scale changes occur at times, such as the disappearance of the SEB dark belt in 2010
or the formation of a quasi-periodic structure of the NEB belt observed in the strong 887 nm methane
(CHy4) absorption band in photographs in 2018. Accordingly, we plan new observations on molecular
absorption studies in the visible and near-IR spectral regions for the next few years.

This research was carried out in accordance with the grants of MES RK 0073 / GF4 and AP05131266
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BOJIBIIOE KPACHOE ITATHO HA IOIIUTEPE:
HEKOTOPBIE OCOBEHHOCTU AMMUWAYHOI'O NOI'JIOIEHUSA

Annotanusi. B anpene 2017 roma MBI mpoBeNd NATh HUKIOB CHEKTPalbHBIX HaOmromeHuit IOmwurepa mms
M3y4YEeHUs] HEKOTOPBIX omnTHdeckux ocobeHHocreil bonpmoro Kpacnoro Ilsarna (BKII) — nonroxwusymiero
TUTAaHTCKOTO AHTHLMKIOHANBHOrO Buxps. 3amuck [13C-cnekTporpamm LeHTpasibHOTO MepuauaHa lOnwurtepa B
KaXJIOM LHMKJE MPOU3BOAWIACH B B TEUEHHUE JIBYX YacOB IOCJIENOBATEIbHO B HMHTepBasie A0aroT ot 240 mo 310
rpaayCcoB C IIAroM OKOJIO 2 TpaaycoB — 10, BO Bpems u nocie npoxoxaenust BKII uepes neHTpanbHblil MEpUIUaH.
OCHOBHOI 3a7a4eil OBUIO HCCIICAOBAHUE MaJl0 M3ydeHHOro paHee noseaeHus B BKII momoc mornonieHns aMmMuaka
NH; 645 u 787 M.

W3mepenus npoduield 1 SKBUBAJICHTHBIX IIMPUH ATHX MOJOC MOKa3anu onpenenacHHo, uro B BKII ammuagnoe
MOTJIOIIEHUE OCITAa0JICeHO, MPHCEEM Jake B HECKOJNBKO Ooiblied cremeHu, yeM y nenpeccun NH; B CeBepHOM
skBatopuainsHoM nosice (NEB), o0HapyxenHo# Hamu emie B 2004 roay. CpaBHEHUE C pe3ysIbTaTaMU UCCIICIOBAHHIMA
IOmuTepa B nuana3oHax TEIIOBOrO MH(PPAKPACHOTO M MIJUITUMETPOBOTO U3IYUYCHUS MPUBOIAT K 3aKIIOYCHHIO, YTO
MPUYUHEI OCTAa0JICHUsT aMMHAYHOTO TOTJIONICHUs He onuHakoBbl. B NEB, coriacHO MaHHBIM pPagroacTpOHO-
MHUYECKUX HAOIIOACHUH, MOHMKECHA KOHIIEHTpaIws ra3oo0pa3Horo ammuaka . B BKII ocnabnenne normomenns NHj
BBI3BAHO ITOBBINICHHOW OOBEMHOW IUIOTHOCTHIO 007ayHON cpensl. M3-3a 3TOro yMeHbBIIACTCS SKBHBAJICHTHBIN
ONTHUYECKU MYTh MOTJIOUICHHSI B MTPOLECCE MHOTOKPATHOTO PACCESHUS, YTO MPOSIBISIETCS U B TI0OJI0CAX MOTJIOLICHUS
aMMHaKa ¥ MeTaHa B OmkHed wH(ppakpacHOW oOxactu. s KOMMYECTBEHHOW WHTEPIPETAIMUA HEOOXOIUMBI
JlanbHeHIIne KOMIUIEKCHBIE UCCIIE0BAaHUS BBULY MHOTONIAPAMETPUUYHOCTH IPUHUMAEMBIX MOZEIIEH.

KaroueBsie cioBa: Omurep, atmocdepa, obnaka, bomsimoe KpacHoe [1sTHO, aMMuak, MeTaH, MOJICKYJISIPHBIC
MIOJIOCHI MTOTJIOIIEHHUSI, CHEKTPO(POTOMETPHSL.
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IOIMATEPJEI'T YJIKEH KbI3bLI TAK:
AMMMUAKTDBI K¥TbLIYABIH KEMBIP EPEKINEJIIKTEPT

Annotanus. 2017 eUAbIH coyipinae 0i3 y3aKk eMip CYpeTiH aHTUIUKIOHABIK ChI3BIK YIKeH Kp3but JJakThiy
(YK[) xeiiOip onTHKaJbIK epeKmeNikTepin 3eprrey yumiH HOnurepnin cnekTpiik OakpuiayJIapbIHBIH O0ec HUKIiH
Kyprizuik. Opranslk MepuaraH apkeutel YK/ oTy ke3iHae jkoHe ofjaH KeliH maMameH 2 rpaayc Kagammer 240 Tan
310 pmeitim rpagycta OOWMNBIK WHTepBambiHAA Tiz0ekti IOmumTepmiH opramblk  MepuauaHbBHBIH ~ 3BA-
CIEKTPOTPAMMBIHBIH ka30achl opOip MUKIAE €Ki caFaT apanbIFeIHAA KYprizingi. Eprepekre a3 3eprrenren YK/ NH;
645 xoHe 787 HM aMMHAKTBI )KYThUTYAbIH OaFbIThIH 3€PTTEY HEri3ri MiHIET OOJIIbL.

byn sBkuBaneHTTIK eHaikTepnae OarbITThl emniiey 0i3 2004 xbutbl TankaH CONTYCTIK 3KBaTOPIBIK OeNiKTeri
(NEB) NH; nenpeccusichlHa KaparaHzna OipHeIle YJKeH Jopexele IKypelerMi3 aMMHaKTbl IKYTHUIYIbIH
Jnci3feHreHiH aWkbliH Kepcereni. JKbUly HMH(PaKbI3bUI KOHE MHJUIMMETPIIK COyJesieHy JHana3oHAapblHia
Onrepain 3eprTeyiepi HOTHKeNePIMEH CaJIbICTBIPY aMMHUAKTBI XKYTBUTYIBIH SJICI3eHYoHa1 cebenrepi Oipueit emec
JleTeH KOpHITBIHIbFa okeneni. NEB paamoacTpoHOMUSITBIK OakpLIayIapIblH MOJIIMETTEpiHE COMKec, ra3 Topi3i
aMMaKThIH KoHIeHTparusacel TemeH. YKJI NH; >konarblHBIH QNCI3ZICHYl KOpIIaraH OPTAHBIH apTKaH KeJeMi
THIFBI3IIBIFBIHAH TybIHAaFaH. OChIFaH OAMIAHBICTHI KOII €CE MaNbIpay MPOIECCiHAe KYTY KOIAFbIHBIH YKBUBAICHTTI
OIITHKAJIBIK JKOJIBI a3asi/ibl, OYJI KaKblH UH(PAKBIZBUT aliMaKTa aMMHAK JKOHE METAH XKYTY MKOJIAKTapbIH/Ia KOPIHEITi.
CaHOpIK MHTEpIpETalnsUIap YIIiH KaOBUIJAHATHIH MOJICIACPAIH KON MapaMeTpiiri TYpiHIe KeIIeHAi 3epTTeyiep
KaXKeT.

Tyiiin cesnep: IOnutep, armocdepa, Oyir, Yiken Kpi3bur Jlak, aMMuak, MeTaH, JKYTYbIH MOJCKYJANbIK
KOJIAKTAPhI, CHEKTPOPOTOMETPHSI.
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