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COMPARATIVE ANALYSIS OF THE BEHAVIOR OF WEAK ABSORPTION BANDS OF
AMMONIA AT 552 AND 645 NM IN THE SPECTRUM OF JUPITER

Abstract. This article contains the first obtained results of measuring the latitudinal variations of
the very weak ammonia (NHs) absorption band at 552 nm along the central Jupiter meridian based on
spectral observations in 2019. This study is preliminary in nature as the first attempt to clarify the possibility
and advisability of further detailed study of this weak ammonia band behavior on the Jupiter disk. We
obtained the latitude variations of the equivalent widths and equivalent absorption paths for the 552 nm NH3
band and, for comparison, the same characteristics for the more intense, but also weak NH3 645 nm band.
The absorption maximum in both bands is observed in the equatorial zone, where in the center of the disk
their equivalent widths are: W (552 nm) = 2.58 + 0.29 A and W (645 nm) = 6.77 £ 0.25 A.

A feature that distinguishes the behavior of the 552 nm NH3 band from the 645 nm NH3 band is a
steeper decrease in absorption towards high latitudes, as well as small differences in the positions of
absorption extrema in latitudes. The effect of latitudinal differences in the position of the extrema of the
methane absorption bands was discovered by us as early as 1999 observations and was later noted also in
the ammonia absorption bands. These features reflect structural differences in the Jupiter cloud layer and its
troposphere and can serve as one of the means for its (troposphere) optical sounding.

Key words: Jupiter, atmosphere, troposphere, spectrophotometry, ammonia, methane, ammonium
hydrosulfide, molecular absorption bands.

Introduction. In modern study of the Jupiter atmosphere and the processes occurring in it, a wide
range of different methods of observing and measuring the planet’s characteristics in a wide spectral region
(including radio wavelengths) is used. Despite the repeated use of space crafts for studying Jupiter from
close distance (Pioneer, Voyager, Galileo, Cassini, Juno), ground-based researches with the help of large
telescopes and radio telescopes in the microwave and thermal infrared ranges play a significant role. A
number of recent publications related to such researches can be noted [1-7]. They deal with measurements
of the thermal Jupiter radiation emerging from various depths of its troposphere. For comparison, the
observations of highly qualified amateur astronomers carried out in recent decades with obtaining high
quality digital images of the planet, published on the ALPO Japan website [8], are useful. At the Laboratory
of Lunar and Planetary Physics, we carry out long-term systematic observations related to studying the
behavior of the methane molecular absorption bands at 619, 702 and 725 nm and ammonia ones at 645 and
787 nm in the Jupiter spectrum. In addition to them, we undertook the first experiments to study one more,
the weakest, absorption band of ammonia NHz at 552 nm. This article sets out the preliminary results of
studying this band based on observations made specifically for this purpose in 2019.

Formulation of the problem. The formation of molecular absorption bands in an atmosphere
containing not only gases but also cloud layers is complex. The observed spatial-temporal variations in the
intensity of these bands are due to heterogeneities and differences in the vertical structure of the planet's
troposphere and the cloud layers present in it.
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The formation of bands of different intensities occurs at different effective depths, that, in principle,
provides the possibility of optical sounding the atmosphere. The weakest bands are formed at the greatest
optical and geometric depths, that makes it possible, in comparison them with the stronger bands, to carry
out such sounding based on the study of latitudinal-longitudinal variations in molecular absorption. In this
respect, it is the very weak NH3 552 nm band that is of particular interest, although its study requires a
special approach.

Despite the rather long history of the discovery and observation of the NH3 absorption band at 552
nm in the Jupiter spectrum, the total number of publications dedicated to this band is not very large. Due to
the limited size of the article, we can only list individual publications without their detailed review.
Apparently, the works published in 1969 [9] and in 1971 [10] were among the first descriptions of the
presence of the 552 nm NHs band in the Jupiter spectrum. Spectrometric measurements of the profiles of
the NH3 bands at 552 and 645 nm in the Jupiter spectrum were performed in 1977 [11]. In the same work,
growth curves were derived for both absorption bands. Measurements of the 552 nm NHj3 band intensity in
different parts of the Jupiter disk obtained from observations in the mid-1970s, are described in [12, 13]. An
analysis of the 552 nm NHj3 absorption band intensity measurements available by 1979, was carried out in
[14]. It was made from the standpoint of the possible structure of the Jovian cloud cover. As for laboratory
studies of this absorption band, in addition to the above-mentioned work [10], one can also point to works
[15-19].

Our previous studying the behavior of molecular absorption bands on Jupiter concerned only the
more intense ones and was limited to the wavelength range from 580 nm to 940 nm, corresponding to the
dimensions of the CCD matrix of the ST-7XE camera included in the SGS diffraction spectrograph. Using
another camera with an array of large linear dimensions, we carried out a test shooting of the Jupiter spectra
in a wider wavelength range from 400 to 900 nm. So it became possible to observe the 552 nm NHj3
absorption band simultaneously with other, longer-wavelength, absorption bands. Accordingly, it became
possible to trace and compare how the intensities of the two ammonia absorption bands at 552 and 645 nm
change with latitude on the Jupiter disk. First of all, it was necessary to investigate the possibility of correct
selection of the very weak 552 nm band and measuring its equivalent width and profile.

Observations. In the 2019 season of Jupiter's visibility, the standard long-term program of spectral
observations of Jupiter with the ST-7XE camera was carrying out. In this season a number of spectrograms
of the Jupiter central meridian with the SBIG STT-3200ME camera were also obtained. The CCD of this
camera has a 2184x1472 pixel format. The size of each photosensitive element is 6.8x6.8 microns, the
spectral dispersion is 3.24 A / pixel, that is, slightly higher than the dispersion with the ST-7XE camera.
The scale of the planet's image on the spectrogram was 5.41 pixels / arc second. The size of the Jupiter polar
diameter is 220 pixels. From the obtained spectrograms recorded with different exposure times on July 2,
2019, three spectrograms of the Jupiter central meridian with an exposure of 100 seconds and with the
highest S / N ratio were selected and processed. They were used to measure the latitudinal behavior of
absorptions in the 552 and 645 nm NHj3 bands. It should be noted that the 2019 season was the least favorable
for observing Jupiter due to its greatest negative declination and, accordingly, a low position above the
horizon. Nevertheless, the results of the observations themselves turned out to be quite suitable for a
preliminary study of the 552nm NH; band behavior as a basis for a program of further researches.

Results. In spectral observations of Jupiter, as a rule, we use Ganymede's spectrum as a reference.
This choice of the reference spectrum is preferable, since it can always be obtained on the same night as the
planet's spectrum and at the same zenith distance. This makes it possible to most correctly improve the
purity of the isolated profiles of weak ammonia absorption bands, especially in the long-wavelength wing
of the 645 nm band, where some water vapor weak bands are located. The control over the alignment of the
main and reference spectra by wavelength was carried out with use of the Ha line within the accuracy of 1
pixel.

Figure 1 shows, as an example, the profiles of the 552 and 645 nm ammonia absorption bands
measured in the equatorial zone at the center of Jupiter's disk.

In the spectrum of Jupiter central meridian, the 552 nm NHjz absorption band equivalent width,
according to our measurements, is on average only about 2.8 A, and the depth of the line’s profile at the
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absorption maximum does not exceed 0.05. The equivalent width of the 645 nm NH;3 band reaches 6.77 A
and the central depth does not exceed 0.10. This does not contradict the earlier separate measurements of
these bands at individual points of Jupiter, for example, [10-13]. The main difficulty in studying these bands
is that they overlap with methane absorption bands of similar intensity and, in addition, weak telluric bands
are superimposed on them. The effect of the latter on the purity of the 645 nm ammonia absorption band
profile and its intensity is well illustrated in [20].

Therefore, specific techniques are required in order to correctly draw the level of the continuous
spectrum and to isolate precisely the ammonia bands’ profiles. This problem is discussed in detail in [22-
24] and in our articles, for example, in [25].
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Figure 1. Profiles of the 552 nm and 645 nm ammonia (NH3) bands in the center of Jovian disk.

Figure 2 shows the latitudinal passage of equivalent width of the 552 and 645 nm NHs; absorption
bands in absolute values and in relative ones, normalized to the values in the equatorial zone. Values of
equivalent widths at the equator in the center of the disk are estimated as W (552 nm) = 2.58 + 0.29 A and
w (645 nm) =6.77 £ 0.25 A.
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Figure 2. On the left - latitudinal variations of equivalent widths of the 552 and 645 nm NHs
absorption bands at the Jupiter central meridian. On the right - a comparison of the relative values of the
552 and 645 nm NH; bands’ intensities on the Jupiter central meridian normalized to the equator.

To compare the latitudinal behavior of the absorption in two ammonia bands, in addition to
equivalent widths, we made an estimate of the corresponding equivalent absorption paths. To do this, we
used the laboratory growth curves published in [11]. Since both bands relate to weak ones, they fall on the
linear portion of the growth curve representing the relationship between the effective thickness of the

—— 150 =——



ISSN 1991-346X Series physico-mathematical. 3. 2021

absorbing gas and the equivalent width. When recalculating the dimension of equivalent widths from inverse
centimeters in angstroms, these linear ratios are obtained: Cnns (552) = Wiss2) - 41.7 m-amagat, Cnwis (645)
= Wess) - 4 m-amagat. If the growth curves are accepted according to [11], for example, for the center of
the Jupiter disk, then estimates of the equivalent absorption paths for two ammonia bands, are: Cssz) = 107.5
+ 12.1 m-amagat and Css) = 27, 1 + 1.0 m-amagat.

It should be borne in mind that these values cannot be considered as direct estimates of the gaseous
ammonia abundance due to the complex formation mechanism of the absorption bands in the gas-aerosol
environment of the Jupiter atmosphere.
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Figure 3. On the left - latitudinal variations of the ratio of equivalent absorption paths of the
ammonia bands Cssz / Cess. On the right - the correlation between the 645 and 552 nm ammonia bands’
equivalent widths.

The left part of Figure 3 shows how the ratio of absorption equivalent paths calculated for the two
ammonia bands, changes.

The right part of the figure shows the correlation diagram between the equivalent widths of the two
ammonia absorption bands.

Consider the data described above in details.

In the meridional movement of the observed variations of both ammonia (552 and 645 nm)
absorption bands’ equivalent widths, there are similar elements and differences.

Both bands show the maximum absorption in the equatorial zone and a well-pronounced minimum
in the transition zone between the equator and the northern equatorial belt at the latitude of 20-25 degrees.
And in the 552 nm band, this minimum is narrower and slightly shifted to the north by about 5 degrees.
Both bands have a clearly expressed maximum absorption at the latitudes of (+40) £ (+60) degrees and a
weakly pronounced maximum at (-40) + (-60) degrees. Both bands show a decline in absorption on the poles
(60-85 degrees).

Differences consist in the fact that the equivalent widths of the 645 nm NH; band vary across the
disk within 15-20%, while for the 552 nm NHs; ammonia band these variations reach 40-45%. Total
(integral) absorption in the 645 nm band in the northern hemisphere is less than in southern one by about
10%, and in the 552 nm band - is on the contrary.

Differences in the latitudinal passage of ammonia absorption (accurate to a certain multiplier) can
be calculated by taking the ratio of the meridional movement of equivalent paths Css, / Cess. Equivalent
paths were determined by the method described above.

From Figure 3 (left) it follows that the equivalent path in the 552 nm NHs band in the center of the
disk is 4 times higher than that for the 645 nm NHj3; band and it decreases to the poles remaining about two
times more.
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Discussion. Molecular methane and ammonia absorption bands, which are present in the infrared
and microwave thermal radiation of Jupiter, have a significant impact on the transport and release of this
radiation from the planet’s deep layers. Studying the spatial distribution of the brightness temperatures of
the outgoing thermal radiation reveals a number of interesting and not always easily explainable features
associated with the internal atmospheric gas-aerosol structure and its latitudinal and longitudinal variations.

In the microwave radio and infrared ranges at wavelengths greater than 8 um, the outgoing thermal
radiation fluxes are almost or completely unaffected by the cloud layers on Jupiter, in which the particle
sizes are significantly smaller than the observed wavelength. In a shorter wavelength range of near infrared
and visible radiation, Jupiter's cloud cover begins to play a very noticeable, if not decisive, role in the
passage of its own thermal radiation and in the formation of sunlight reflected from the tropospheric cloud
layer. This is clearly manifested in the observed differences in brightness temperature at a wavelength of
about 5 pm, where the transparency window of methane absorption is located. The same applies to the
visible wavelength range, where the relatively weak absorption bands of methane and ammonia are located.
Variations in their intensity are largely associated with the features of the structure and density of Jupiter's
clouds. It is studying these absorption band space-time variations that constitutes the program of long-term
observations and researches of Jupiter carried out by the authors of this article. Over the past 17 years,
systematic annual uniform observations of Jupiter have been carried out by spectrophotometry of the planet
in the range of 0.5-0.9 um. They have been carried out with the expectation of covering (by 2028) two full
revolutions of Jupiter around the Sun. This is necessary in order to identify possible changes in the
atmospheric and cloud cover characteristics of the planet, associated with the ellipticity of Jupiter's orbit
and a change in its heliocentric distance. The most important energy source on Jupiter, influencing the
dynamics of its atmosphere, is the release of internal heat and the rapid rotation of the planet around its axis.
However, a change in the influx of solar radiation, reaching 20%, may affect the state of the upper
atmosphere and cloud cover. But to reveal such regularities, long-term and uniform spectral and other
observations are required.

The main feature of interest to us in the absorption band’s behavior and their latitudinal variations
is the discrepancy in the latitude of the equivalent width extrema for different bands, both methane and
ammonia. We noticed this feature in the methane bands even when observing Jupiter in 1999 [26], and then
the same feature was noticed in the ammonia absorption bands [27-28].

The NH; 552 nm band was no exception, showing the difference in the latitudinal direction from
one for the 645 nm NHj3 band, both in local deviations and in the general tendency for a greater decrease of
the intensity towards high latitudes. The preliminary results described in this article indicate the possibility,
expediency and prospects of further research of the ammonia NH3 552 nm band in combination with other
weak and moderate absorption bands observed in the Jupiter spectrum.

The work was carried out within the framework of grant funding MES RK 0073/T'®4 AP05131266
and also as a basis for further study of the atmosphere of Jupiter on the behavior of weak molecular
absorption bands.

The authors are grateful to their colleagues G.A. Kirienko, G.A. Kharitonova and A.P. Hogenez for
their contributions to this article

B.A. ®winnnos, B./[. BioBnuenko, A.M. Kapumos,
ILT. JIsicenko, B.I'. Teiidean
B.I'.®eceHkoB aThIHIaFbI aCTPOGU3UKAIIBIK MHCTUTYTHI, AiMaThl, Kazakcran
E-mail: filipp.va@mail.ru,vdv1942@mail.ru

IOIIMTEP CIIEKTPIHJEI'I 552 )KOHE 645 HM AMMMUAKTBIH, 9JICI3 CIHIPY
KOJAKTAPBIHBIH OPEKETIH CAJIBICTBIPMAJIBI TAJIIAY
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Annortauus. byn makanana 2019 sxpuiebl criekTpaik Oakpuiaynap OolisiHina KOmuTepain opTanbik
MepuauaHbiHBIH 00ibiHAarel NH3 552 HM aMMHaKTBIH ©Te aIIci3 CiHIpY JKOJAFbIHBIH SHIIK BapHaIlsIIapbIH
OIIIIIey HOTIDKEIIEP1 alFall peT alibiaFan. by 3eprrey FOmutep muckiciameri OChI 9JI1Ci3 aMMHaK >KOJIaFbIHBIH
OpEKeTiH OfaH opi erKeW-TerKelsn 3epTTeyliH MYMKIHAIrT MEH MakcaTKa COMKECTIIiH aHBIKTayIbIH
AIFaIlIKbl 9pPEeKeTi peTiHae anibiH-ana cunateina ue. bizs NHz 552 M koiaFsl YIIiH 9KBHBAJICHTTI €HI MEH
SKBHUBAJICHTTI CiHIpY *OJIaphIHBIH MOHJIEPIHIH €HIIIK OOWBIMEH JKYP/IiK jKoHEe canbIcThIpy yiriH NHz 645
HM-HIH KapKbIHIBIPAaK, Oipak oJiCi3 JKOJIaFbl YINiH Oipaed cumaTtamaiapibl aiaablk. Koc kojakra
MaKCHMaJJIbl CiHIpY SKBAaTOPJIBIK aiiMakTa Oalikaiabpl, MyH/a AUCKiHIH OPTAChIHA OJapAblH SKBHUBAJICHTTI
eHi colikecinme TeH: W(552 um) =2.58 £ 0.29 A u W(645 am) = 6.77 £ 0.25A.

NH;z 552 awm sxomarsiHeiH NHs 645 HM KoJarblHAH €peKIIeNiTi-CiHIpYIiH )KOFaphl SHIIIKKE Kapai
KYPT TOMEHJeyi, COHIail-ak eHJiK OOWBIHIIA CIHIPY SKCTPEMYMIAPBIHBIH OpHANACYBIHJAFbl HIAMAJEI
alBIPMAIIBUTBEIKTAPBIHAA. MeTaHHBIH CiHIpY JKOJNaKTapBIHAAFBl SKCTPEMYMAAPABIH JKaFTalbIHIAFbl SHIIIK
alBIPMAITBUTEIKTAPABIH acepiH 0i3 1999 skbuTFbI OaKbUTayTap OOMBIHINA AHBIKTAIBIK, KEHIHIPEK aMMHAKTHIH
CIHIpY »OKOJaKTapblHma Jjga Oalikanmel. By epekmieniktep Oynr  kabatel MeH  FOmurepnig
TponocdepachiHIaFbl KYPBUIBIMABIK aibIpMAIIbIIBIKTApABl KOPCETEAl KOHE OHBI ONTHUKANIBIK 30HATAY
KYpaJIapbIHbIH Oipi 00Ja anasbl.

Tyiin ce3mep: HOmnurep, armocdepa, Tpomocdepa, crnekTpoGOTOMETpUs, aMMHUAK, METaH,
aMMOHHH THAPOCYIbGUII, MOJIEKYJIAIBIK CIHIPY KOJIaKTaphl.

B.A. ®uaunnos, B./l. BioBuuenko, A.M. Kapumos,
ILT. JIbicenko, B.T'. Teiidenn
Actpodusndeckuit uncTUTyT uM. B.I'. ®ecenkona, Anmarsl, Kazaxcran
E-mail: filipp.va@mail.ru,vdv1942@mail.ru

CPABHUTEJIbHbIA AHAJIN3 IOBEJEHUS CJABBIX IOJIOC MOTJTOLIEHUSI
AMMMAKA 552 11 645 HM B CIIEKTPE IOIIMTEPA

AHHoTanus. /[aHHas CTaThs COACPIKUT NOJTYUYCHHBIC BIICPBBIC PE3YIbTaThl H3MEPEHUS IUPOTHBIX
Bapuanuii o4eHb cinaboil monockl normomeHus ammuaka NHsz 552 HM Bonmb EHTpaIbHOTO MepHIuaHa
IOnurepa mo crnekTpansHbM HaOmoaeHUIM B 2019 romy. D10 HWccleqoBaHWEe HOCHT MPEIBapUTEIBHBIN
XapakTep Kak IepBas MOMbITKA BBIACHUTh BO3MOXHOCTh U 11€J€CO00Pa3HOCTh JaIbHEHIIETO JIETaIbHOTO
W3YYCHUS MMOBEACHUS 3TOM ClIa00H aMMUAYHOM M0JI0CkI Ha Aucke FOmuTepa. Mbl OTyYrIIU X0/ IO IIUPOTE
3HaYeHUI 3KBUBAICHTHBIX IIMPUH U SKBUBAJICHTHBIX IyTel moriomeHust s momockl NHz 552 am u st
CpaBHEHUS TaKHeE K€ XapaKTePUCTHKH JUIsl O0jiee MHTCHCUBHOM, HO ToXe cimaboi momockl NHz 645 mMm.
MaxkcuMyM MOTIONICHHS B 00SHX MOJI0cax HaOMI0AaeTCs B SKBATOPHAIBHOMN 30HE, T/I€ B IICHTPE IUCKA UX
SKBHBAJICHTHEIE IIUPHUHEI paBHEI cOoTBeTcTBeHHO: W(552 HM) =2.58 £0.29 A W(645 am) =6.77 £ 0.25A.

OcobenHocThIO, oTiIHYarouieii nmoseaeuue mojaockl NH3z 552 am ot monocer NH3 645 HMm, sBisiercs
0ojiee KpyTOH cCraj MOTJIOIICHUS K BBICOKUM INHPOTaM, a TakKXKe HEOOJBIINE PA3JIMYMs B IMOJIOKECHUU
HKCTPEMYMOB TOTJIOMIEHHS TIO UPOTe. DD (PEKT NTUPOTHBIX PA3TIHMYNH B MTOJIOKEHUN SKCTPEMYMOB Y TIOJIOC
TTOTJIONICHUST MEeTaHa ObIT OOHapyXeH HaMmH emé 1mo HaomoaeHusM 1999 roma u mosmHee OBIT OTMEUCH
TaK)Ke U Y MOJIOC TIOTJIOIICHUS aMMHUaKa. DTH 0COOEHHOCTH OTPAXKAIOT CTPYKTYPHBIC PA3JINUKsl B 00JIaUHOM
cioe u Tpornocepe FOnurepa u MOTYT CITy)KHTh OJTHUM W3 CPEJICTB IS €€ ONTHYECKOTO 30HUPOBAHMS.

KaroueBslie caoBa: lOmurep, atmocdepa, Tpomocdepa, crnekTpodhoToMeTpusi, aMMHaK, METaH,
TUAPOCYIb(HT aMMOHUS, MOJIEKYJISIPHBIE TIOJIOCHI ITOTIIOMCHHMS.
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