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JUPITER: ZONAL SPECTROPHOTOMETRY
OF WEAK AMMONIA ABSORPTION BANDS IN 2018

Abstract. Based on measurements of zonal spectrograms obtained by scanning the Jupiter disk in March — June
2018, the profiles of the 645 and 787 nm weak absorption bands of NH3, and the character of the zonal absorption
variations at different latitudes are derived. A standard has been prepared for processing and analyzing data in
relation to further studies of possible seasonal and sporadic variations based on Jupiter’s spectral observations for the
full period of its rotation around the Sun. The zonal and latitudinal variations of ammonia absorption are shown. As
in previous years, the NH3 absorption depression is particularly prominent at the latitude of about + 150 in the NEB
region. As in previous years, some differences in the latitudinal absorption of the 645 and 787 nm NH3 bands
remain.
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Introduction

Ammonia in the atmosphere of Jupiter, despite a low relative abundance, plays a decisive role as the
main cloud-forming factor in the upper troposphere. In the program of atmospheric research of Jupiter,
which we carry out, special attention is now being paid to studying the behavior of the absorption bands
of ammonia in the visible and near infrared region of the spectrum. These are two fairly weak bands in the
region of the wavelengths of 645 nm and 787 nm. The bands are weak in intensity and very little have
been studied so far, since no special observations of these bands have actually been made. The exception
is a lot of data, possibly unique, from Jupiter’s spectrophotometric observations, which we have carried
out since 2004. We obtained the uniform observational data with a single technique during the full 12-
year period of Jupiter’s revolution around the Sun, which makes it possible to trace certain seasonal
changes in the atmosphere and in the cloud layer of the planet. Some results, but far from all ones, have
been published recently [1- 4].

The program of research of ammonia absorption on Jupiter as well as the characteristics of the
planet’s atmosphere depending on it, should cover a long period. Therefore, in order to preserve the
homogeneity of the observation and processing, a standard procedure has been developed for the general
problem of studying molecular absorption and atmospheric structure from spectral observations. This
technique is described here using the example of processing one of the Jupiter scans received in 2018.

There are no descriptions of the observations of these two absorption bands of ammonia on Jupiter in
the literature for the last decades. But it does not mean the absence of considerable attention to the
problem of studying ammonia absorption on this planet. A whole series of works was carried out, one way
or another, related to the content of ammonia and its variations in the atmosphere of Jupiter. The fact is
that the absorption of radiation by NH; molecules can significantly affect the passage of infrared or
microwave radiation in the Jupiter troposphere in those areas of the electromagnetic spectrum where there
are fairly intense NH; absorption bands. An example of this is the observation of long waves of
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microwave radio emission in the region of 8-12 GHz [5-6]. In addition, both molecular absorption by
gaseous ammonia and the cloud layer in the upper troposphere, consisting mainly of crystals of frozen
NHs, affect the transmission and output of infrared radiation in the 4+8-micron range [7-13].

Studies of the behavior of the weak absorption bands of ammonia (NH;3 535, 645 and 787 nm) give
some possibilities for optical sounding of the Jovian troposphere. Their formation occurs both inside the
ammonia cloud layer and in deeper layers of the atmosphere. But there is some peculiarity in the
conditions of their formation. Unfortunately, so far there have been a little laboratory studies of these
bands [14-15]. Recently, in 2018, two publications were published [16-17]. But still, no completely
reliable values of absorption coefficients have been obtained for these bands. This is due, in particular, to
their complex rotational-vibrational structure.

Observations

The observations of Jupiter described here, were made on the night of 9 to 10 of May 2018, using an
SGS diffraction spectrograph with a ST7-XE CCD camera installed in a 7.5-meter Kassegren focus of the
0.6-meter telescope RZ-600. The CCD matrix consists of 765x550 elements-pixels of 9x9 microns in size.
The spectrograph dispersion is 4.3 Angstroms per pixel. An entrance slit width of 25 micrometers
provides a resolution of about 8 Angstrom along wavelengths, and a formal resolution on the image of the
planet is about 0.65 angular seconds. The actual resolution in the image, of course, is worse due to the
influence of atmospheric turbulence. In the image of the spectrum, the scale is 4.08 pixels for 1 arc
second.

JUPITER Scan B 9.05.2018
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Figure 1 - Photometric profile of Jupiter’s disc scan. Each point corresponds to a separate zonal spectrogram

The entrance slit of the spectrograph was oriented parallel to the planet's equator, and when
scanning the Jupiter disk, 66 zonal spectra were obtained from the South to the North Pole. Figure 1
shows the brightness profile along the central meridian of Jupiter, constructed from the intensity readings
in each of the spectra.

The duration of exposure of each spectrum was 20 seconds, and the entire scanning process lasted
24 minutes. During this time, Jupiter rotates by 15 degrees, so the observations belong to the visible
hemisphere of Jupiter with the longitude of the central meridian of 220 + 7 degrees in the 2 rotation
system. Figure 2 shows a longitudinal sweep map in Jupiter’s second rotation system [18], where the
longitude interval of the central meridian during the scan period and the entire longitude interval covered
by the zonal spectra, are marked.
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Figure 2 - The scanned region of Jupiter on the map for May 2018 (ALPO Japan)

Spectrogram processing

We perform the initial digitization of spectrograms using the standard program for CCD Camera. An
area of 765x220 pixels is selected. The resulting digital array is transferred to an Excel spreadsheet, where
a wavelength calibration is performed so that H-alpha line of the Fraunhofer spectrum always falls on the
same line number. Then the array is transferred to the processing Excel-program. All further operations
are carried out in this program automatically up to the output of the corresponding resulting graphs. The
processing includes following stages: background accounting, calculation of the relation to the reference
spectrum, interpolation of the continuous spectrum in the region of the molecular absorption bands of
methane and ammonia for further calculation of the profiles of these bands in units of residual intensity.
Then, for each band, the absorption band equivalent widths are calculated for each point of the zonal
profile of the Jupiter disk. All this is done within the same file pertaining to the same spectrogram. In this
way, the plots of the absorption band equivalent widths course along one or another zone are obtained.
We show some examples of such graphs in Figure 3.

Separation of the NH; 645 and 787 nm absorption bands is a complicated enough procedure, since
both of these bands overlap with the absorption bands of methane. The 645 nm band falls on the weak
wing of the methane absorption band, so that its separation is carried out simply by interpolating the
methane band profile, which is almost linear in that spectral region, which the ammonia band profile
belongs to. For similar spectral regions, the spectrum of the Saturn ring is used as a reference, because it
does not contain any absorption bands. For the 787 nm band, which falls in the middle of the more intense
methane band, we used the spectrum of the center of the Saturn disk as a reference. This spectrum also
contains methane absorption bands, but ammonia absorption is practically absent there, so the ammonia
band profile stands out in the relation of the Jupiter spectrum to the Saturn's one, as described in [2]. At
the time, it was paid attention to the presence of the ammonia band in the relation of the Jupiter spectrum
to the Saturn's one [19], but no special measurements of this band were made. The results obtained for
each spectrum are then transferred to another summary table for the derivation and comparative analysis
of absorption variations at different Jupiter latitudes.

The absorption bands profiles

From each zonal spectrogram, profiles of ammonia absorption bands in units of residual intensity
were obtained. From them we calculated equivalent widths of the bands. To study the latitudinal
absorption of ammonia on each zonal spectrum, we selected and averaged equivalent widths over ten
pixels corresponding to the position near the central meridian of Jupiter. These results are presented as a
set of 66 profiles for each of the two NH; bands. We show the absorption band profiles for zones with
numbers 25, 30, 35, 40 in Figures 3 and 4 as the samples.
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Figure 4 - Fragment of a set of profiles of the 787 nm absorption band
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To compare the profiles of the studied lines, we selected seven of them, corresponding to the
seven following belts and zones of Jupiter: southern temperate belt (STB), southern tropical zone (STrZ),
southern equatorial belt (SEB), equatorial zone (EZ), northern equatorial belt (NEB), northern tropical
zone (NTrZ), and Northern temperate zone (NTB). The comparison results we present in Fig. 5 and 6.
These figures show a pairwise comparison of the absorption bands corresponding to the symmetric zones
or belts. One can see that the both absorption bands corresponding to the Northern Equatorial Belt (NEB),
have the lowest intensities.
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Figure 5 - Comparison of the profiles of the NH; absorption bands for 7 Jupiter belts
and zones (STB, STrZ, SEB, EZ, NEB, NTrZ, NTB) at the central meridian

Zonal variations of the ammonia absorption

The main objective of this study is primarily considering the behavior of ammonia absorption during
the transition from the central meridian to the edges of the Jupiter disk within each of the zones (or belts).
In our previous publications [1-2], we have already noted that the intensity of the weak NH; absorption
bands decreases to the limb rather steeply, so that the zonal absorption variations differ from the
latitudinal variations observed along the central meridian, where the decline occurs mainly at high
latitudes.
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Figure 6 - Comparison of profiles of the ammonia absorption zonal variations in the three Jupiter belts (SEB, EZ and NEB)

A decrease in the absorption to the edges of the disk is observed for all zones of Jupiter and is
inherent to the studied weak molecular absorption bands of 645 and 787 nm of ammonia and 702 and 619
nm of methane. The formation of weak absorption bands occurs mainly in the Jupiter troposphere inside
the upper cloud layer. If the cloud cover optical thickness is large enough, the multiple light scattering on
cloud particles plays an important role, because this increases the optical absorption path in the gaseous
medium. Theoretical calculations show that, with the approach to the edges of the planet's disk, the
number of scattering events decreases and, accordingly, the effective optical absorption path decreases.

In fact, those things are not so simple. While we cannot exclude the fact that the ammonia cloud layer
has a finite optical thickness, and absorption in weak bands also occurs in a sub-cloud layer of pure gas. In
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addition, large-scale images from the JUNO space probe, which is next to Jupiter, indicate a very complex
horizontal vortex and turbulent cloud structure of Jupiter [16]. Therefore, many of the effects observed in
the cloud zones of Jupiter may manifest themselves differently depending on the scale and spatial
resolution.

Latitude variations of ammonia absorption

The study of latitudinal differences in intensities of the ammonia absorption bands one can carry out
in two ways: by zonal spectra and by the spectra of the central meridian, when the spectrograph slit is
oriented in the south-north direction. In digital arrays derived from zonal spectrograms, we selected and
averaged the values of equivalent widths of the ammonia bands near the central meridian (10 points on
each side). Within these longitude intervals, the absorption is almost the same, so averaging just gives a
smaller random scatter of estimates. Figure 7 presents absorption graphs for each ammonia band,
indicating standard deviations. One can see that they are small, whereas the resulting latitudinal
differences in some zones clearly superior to them. This figure also shows the meridional course of
brightness in the continuous spectrum. We recall that each point on the curves corresponds to a separate
zonal spectrogram.
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Figure 7 - Variations of equivalent widths of the ammonia absorption bands in latitudes
at the central meridian of Jupiter from measurements of zonal spectrograms

Interestingly, the latitudinal courses of intensities of the two ammonia absorption bands always show
very noticeable differences, as one can see, for example, from figure 8. In that figure there are the both
bands’ variations normalized to the equatorial zone and shown in the scale of planetographic latitudes.
Here one can see the mismatch of absorption minima located north of the equator. In the NH; 787 nm
absorption band, the minimum occurs at a latitude of about 15 degrees, and in the NH; 645 nm band it is
shifted to the north, i. e. to a latitude of about 20 degrees. From radio observations of Jupiter in the
microwave spectrum [6], the researchers also note that the minimum of ammonia absorption, which
corresponds to the maximum output of thermal radio emission, falls not in the middle of the Northern
Equatorial Belt (NEB), but on the border between Equatorial zone and NEB.
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Figure 8 - Comparison of latitudinal variations of equivalent widths of the 645 and 787 nm absorption bands normalized to EZ
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Another difference in the absorption latitudinal course is that the 645 nm band has a greater decrease
in absorption when moving to temperate latitudes.

Conclusion

Because of a limited scope of this article we cannot present all the results and details of the conducted
research. Really, even only the 2018 observational material comprises more than 4,500 spectrograms of
individual zones.

There is still a number of problems and tasks, including the search of the most correct methods for
the best separation of ammonia absorption from methane one, as well as the problems of interpretation of
the obtained data using different models of absorption band formation.

The study of the behavior of the ammonia weak absorption bands is of interest, in particular, because
their formation in the cloud layer is most susceptible to the influence of multiple scattering, especially if
the optical thickness of the clouds is considered as semi-infinite. But an occasion of the relatively small
optical thickness of the cloud layer is also possible. Then the observed features of the absorption bands
should be largely determined by their variations in latitude and longitude. The local values of the density
and thickness of the ammonia cloud layer must be interrelated with the temperature regime and the
concentration of gaseous ammonia. So comprehensive studies in this direction are necessary in the future.

This research was carried out in accordance with the grants of MES RK 0073 / F4 and AP05131266.
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IOIATEP: 9JICI3 )KOJIAKTbI AMMHAK JKYTbIJ1YbIHbIH
AUMAKTBIK CHEKTPO®OTOMETPUSICbI

Annoranus. 2018 >XpUIIBEIH HayphI3-IIUIAE ainapeiHAa FOmuTep MUCKAchIH CKaHEepJIeyAeH KeHiHT1 alblHFaH
alfMaKTBIK CIIEKTpOrpaMMalap HETi3iHAe oJCci3 XKyThuTy komakTapel NH3 645 skoHe 787 HM KecKiHIepi ©JmeH i
JKOHE OPTYPIi €HMIKTETi KYTBUIYIBIH alMaKTBHIK ©3TepiCTepiHiH CHIaTTaMarapbl aHBIKTaNAbl. HOmuTepaiH TOIBIK
Kynni aifHaimy mepHOABIHBIH CHEKTPIIK Oakpiiay MoiMeTTepi OOMBIHIIA Ke3AeHCOK JKOHE ME3TUIIIK MYMKiH
6oaThIH OONAIIaKTaFsl 3epTTEYNIEpPre KONIAaHBUIATBIH MOIIMETTEpl OHAEYre XOHE TajjiayFa apHaJFaH diCHaMa
JaibiHAanael. EHAIK JkoHe aiimMak OOWBIHIIA aMMHUAKTBIH JKYTHUIYBIHBIH alHBIMAJbUIbIFbI KepceTiireH. NEB
ayJaHbpiHaa mamamen +15 rpagyc enaikre NH3 oKyTBUIYBIHBIH TOKBIpAaybl OBUITBIPFBI JKbUIAAFbLIAN epeKiie
Oaiikananpl. OTkeH xburnarbiiail, NH3 645 sxoHe 787 HM jKOJIaKTapbIHBIH €HIK OOWBIHAAFbI XKYTHUTY KOJIAAPBIHBIH
KeHOip ailblpMaIIbUIBIKTAPhI CaKTaIaIbl.

Tyiin ce3mep: HOmnrep, atmocdepa, OYIT, aMMuaK, METaH, MOJICKYJAIBIK YTBUTY OJaFbl, CIEKTPO(OTO-
METpHS.
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IOIMUTEP: 30HAJIBHASL CHEKTPO®OTOMETPUS
CJIABBIX ITOJIOC NOTI'JIOINEHUSI AMMHAAKA

Annotanusi. Ha ocHOBe m3MepeHHIT 30HAIBHBIX CHEKTPOTPaMM, IIOJyYEHHBIX NPH CKaHUPOBAaHMU JIUCKA
IOmurepa B mMapre-urone 2018 roga, usmepensl npoduimu cinadpix monoc normomenns NH3 645 u 787 am, u
BEIBEJICHBI XapaKTep 30HAIBHBIX BapHAIMi MOTJIOMICHNS HA Pa3HBIX IMHUPOTax. [[oATOTOBIEH CTaHAAPT METOAUKH
00paboTKM W aHamW3a JAaHHBIX HIPUMEHHTENHBHO K JajJbHEUIIMM WCCICAOBAHHUSIM BO3MOXKHBIX CE30HHBIX H
CHOpaIMYeCKUX BapHalii MO MarepuanaM CIeKTpaJbHbIX HaOmogeHnid lOmmrepa 3a MONHBINA IMEPHOX €ro
obpamenns Bokpyr Cousana. [loka3aHsl Bapuamuyu aMMHAYHOTO TOTJIOMICHMS MO 30HaM W 1o mmpote. Kak u B
MPONIIBIE TOABI OCOOSHHO BBIAENsAETCs nenpeccus moriomenns NH3 Ha mmpote okono +15 rpamycoB B paiione
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NEB. Kak u B npeapiayniue roapl COXpaHsIOTCsS HEKOTOPHIE pa3ivyvs B IIMPOTHOM XOJE IMOIJIOLIEHUS Y MOJ0C
NH3 645 u 787 um.

Kirouesble ciaoBa: FOnmrep, atmocdepa, oOmaka, amMMHuak, METaH, MOJIEKYJSPHBIC IOJOCHI TOTJIOLICHUS,
CIIEKTPOPOTOMETPHSI.
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