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We report  observat ions  of  acetylene emiss ion lines near  13.3 /xm on Jupiter recorded at the 
N A S A  Infrared Telescope Facility in July 1984. A strong enhancemen t  in the intensity of  Rt0 line of  
the vs band was recorded within a well-localized region coincident  with the southern  extens ion of  
footprint o f  the Io magnetic  lines and with previous observat ions  of  localized enhanced  emiss ion of  
CH4 lines. The  line intensity was fairly cons tan t  outside this "br ight  spo t . "  Moreover ,  weak lines 
of  the  hot  bands  2v5 - us, and (v4 + vs) - v5 were observed within the bright spot. From the field of  
view and the precision of  the pointing, the zone of  activity of  the bright spot  is found to be: latitude 
= 59 -+ 10 ° and  longitude = 178 -+ 10 ° (System III, 1965). The location of the spot  was found to be 
cons tan t  over  a 3-day period. Two interpretations are proposed to explain these  observat ions:  (1) a 
variation of  the  C~H~ abundance  and (2) an alteration of  the thermal  profile in the bright spot. Ei ther  
may  result  f rom precipitation of  charged particles near  and below the Jovian homopause .  © 1986 
Academic Press, lnc. 

I. I N T R O D U C T I O N  

Acetylene in the upper atmosphere of Ju- 
piter was first observed by Ridgway (1974) 
and Combes et al. (1974). C2H2 is produced 
from CH4 via photochemical reactions. 
Once produced, C2H2 remains as a rela- 
tively stable molecule in the Jovian strato- 
sphere (Gladstone, 1982; Strobel, 1974; 
Atreya and Romani, 1985) because C 2 H 2  is 
reconstituted after its photodissociation 
into radicals (Atreya, 1984). In addition to 
the ground-based measurements of the 
abundance of C2H2 on Jupiter made by 
Ridgway et al. (1974), Combes et al. (1974), 
and Tokunaga et al. (1976, 1979), Voyager 
IRIS spectra at high spatial resolution dem- 
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onstrated the variability of the C2H2 abun- 
dance with latitude (Hanel et al., 1979; Ma- 
guire et al.,  1984). Another product of the 
CH4 photochemistry, C2H6, is formed in the 
same altitude region as C2H2 in the Jovian 
atmosphere. Variations in the abundance of 
C2H2 with latitude have also been reported 
(Kostiuk et al., 1983), and enhancement in 
the south polar regions have been ob- 
served. 

Modification of the stratospheric profile 
in the polar regions, due to the auroral elec- 
tron precipitation, was suggested by the ob- 
servation of high infrared brightness tem- 
peratures in the wing of the v4 band of CH4 
at 8/~m. (Caldwell et al., 1980, 1983). This 
infrared anomaly was found at a location 
similar to the Kostiuk et al. (1977) observa- 
tions of NH3 line enhancement, the maxi- 
mum of the UV auroral intensity (Broad- 
foot et al., 1979) and the location of the 
magnetic anomaly of Jupiter (Dessler, 
1979). We present here observations of 
acetylene fundamental and hot band vibra- 
tional emission lines from the same region. 
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TABLE I 

CHRONOLOGY OF 1 R T F  OBSERVATIONS 

611 

D a t e  P o s i t i o n  o n  U T  W a v e n u m b e r  S c a n  I n t e g r a t i o n  A i r  

t he  p l a n e t ,  ( c m  ~) n u m b e r  t ime  m a s s  

l a t i t u d e / l o n g i t u d e  (rain)  

J u l y  27 C e n t e r  8h20  755 1 20 1.0 

* 57°/156 ° 8h59  - -  2 20 1.8 

* 57°/175 ° 9h30  - -  3 10 1.8 

* 57°/184 ° 9h45  - -  4 10 1.8 

* 69°/160 ° 9h55  - -  5 20 1.9 

J u l y  30 C e n t e r  7h00  745 .8  6 20 1.0 

59°/193 ° 7h30  745 .8  7 10 1.9 

* 59°/186 ° 7h50  745 .8  8 10 2. I 

* B r i g h t  s p o t  o b s e r v a t i o n .  

The observations are presented in Sec- 
tion II. Section III gives the synthetic cal- 
culations deriving the C2Hz abundance in 
the equatorial regions and at high north lati- 
tudes. Section IV gives a preliminary inter- 
pretat ion of  the observations.  

11. O B S E R V A T I O N S  A N D  I N S T R U M E N T A T I O N  

The observations were done with a 
cooled Fabry-Perot  Grating Spectrometer  
(FPGS),  which is described by Beck e t  al. 
(1982) and Serabyn (1984). The observa- 
tions were made at the NASA Infrared Tel- 
escope Facility in Hawaii, in July 1984. The 
FPGS was previously used for the first de- 
tection of  HCN on Jupiter (Tokunaga et  a l . ,  
1981) and of 13CJ2CH2 (Drossart et  a l . ,  
1985b). The spectral resolution for the 
present observations was 0.03 cm ~ (full 
width at half maximum) and the noise 
equivalent power was about 4 x 10 ~5 W 
Hz 1/2. The observations were made using a 
3-arcsec circular beam. The details of  the 
observations are presented in Table I. As in 
Drossart  e t  al. (1985a), the flux calibration 
is obtained from the continuum level of  the 
Voyager  IRIS data in the equatorial region. 
Temporal  variations due to seasonal effects 
on Jupiter are found to be less than 2 K in 
the temperature  of the upper t roposphere 
(Orlon, 1984) and IRIS spectra can be used 
for calibration. In the high north latitudes, 

the same absolute calibration can be used 
since the spectra were recorded within the 
same hour. 

The wavenumber  calibration was ob- 
tained from an acetylene cell at ambient 
temperature.  The accuracy of  the spectral 
positions is ±0.005 cm t and the Doppler 
shifts due to the relative Ear th-Jupi te r  mo- 
tion and to the rotation of Jupiter were 
taken into account.  The pointing accuracy 
introduces another  uncertainty,  because of  
the Doppler shift of  the rotation, especially 
near the limb, of  the order  of 0.005 cm i. 
Figures 1-3 show the recorded spectra. 
The parameters  of the observed lines are 
given in Table II. 

To search for variations in C2H2 emission 
lines, we looked for a region mentioned by 
Caldwell et  al. (1980, 1983) as a region of  
enhanced infrared emission in the northern 
latitudes of  Jupiter. The C2H2 line at 
755.006 cm -I was found to be enhanced in a 
region localized both in latitude and longi- 
tude. This region, which is referred to as 
the "bright  spot"  in the ensuing discussion, 
was found by scanning the Jovian disk. 
However ,  since the signal to noise ratio is 
too low for short spectra (< I0 min) the en- 
tire disk of  Jupiter could not be mapped at 
the spatial resolution of  the FPGS. 

This bright spot is characterized by (1) an 
enhancement  of  the fundamental lines of  
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FIG. 1. C o m p a r i s o n  of  a s p e c t r u m  at  the c e n t e r  of  the J o v i a n  d i sk  (1) and  wi th in  the b r igh t  spo t  (5). 
The  r a d i a n c e  sca l e s  (unca l ib ra t ed )  are  the s a m e  for both  spec t ra .  The  labe l s  o f  the c u r v e s  c o n f o r m  to 
Tab le  1. L ine  n u m b e r s  refer  to  Tab le  I1. 

the v s band of  C 2 H 2 ,  (2) the appearance  of  
hot band lines of  C 2 H 2 .  These  bands are 
seen for the first t ime in the a tmosphere  of  
Jupiter. 

The position of the bright spot on Jupiter  
was found to be constant  be tween two ob- 
servations done in a 3-day interval. The un- 
certainty in the position of  the bright spot is 
found to be (approximately)  +2". It was es- 
t imated by taking into account  the field of  
view (3" circular), the accuracy  of the point- 
ing during the recording of a spect rum ( ~  1" 
for 15 min integration), and by scanning 
across  the spot. The position of  the spot 

was obtained by scanning on the Jovian 
disk f rom limb to limb. The position of  the 
limb can be determined with an accuracy  of  
I". Since the location of  the bright spot was 
fairly well defined, we conclude that its di- 
mension is smaller than the field of  view, 
and it is located at the following position: 
latitude = 59 -+ 10°; longitude = 178 -+ 10 ° 
(System III ,  1965). 

III.  S Y N T H E T I C  C A L C U L A T I O N S  

The synthetic spectra are calculated us- 
ing a line-by-line calculation. The model 

T A B L E  11 

Band  Ident i f ica t ion"  W a v e n u m b e r  E n e r g y  of  In t ens i t y  
(cm 1) l ower  leve l  (at 300 K) 

(cm i) (cm ~ am i) 

I v~ Rt0 755.006 129.41 5.91 
2 2v~ i - uls r Rt0 755.068 795.29 0.175 
3 (u4 -}- VS) 2e - -  //4 le 89 755.126 718.71 0.585 
4 (v4 + t~5) 0+ -- U le RI5 755.234 895.2 0.295 
5 2u~ e -- u le R 6 745.858 778.56 0.175 

N o t e .  Refe r ences :  H i e t a n e n  and  K a u p i n n e n  ( 1981 ); V a r a n a s i  et  al. (1983). 

a The  i n d e x  is the  va lue  of  J .  
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FIG. 2. Comparison of spectra recorded in the bright 
spot position at different time (the same scale is used 
in radiances). The labels of the curves correspond to 
Table I. 

used is described in Drossar t  et al. (1985a, 
b) in the 850- to 900-cm-I range. 

Retrieval  of  the thermal s tructure in the 
observed  areas is the first step in an abun- 
dance determination.  For  that purpose,  se- 
lections of  Voyager  IRIS spectra  recorded 
at similar locations were used, neglecting 
variations of  t empera ture  since the Voy- 
ager encounter .  Selection criteria upon the 
location of  the IRIS  field of  view (latitude 
and longitude), the air mass,  and the dis- 
tance be tween the spacecraf t  and the center  
of  the planet were applied. The choice of  
these constraints  results f rom a t radeoff  be- 
tween the desired degree of homogenei ty  in 

the selection and the signal-to-noise ratio 
required for the thermal inversion algo- 
rithm. 128 spectra  in the equatorial region 
were selected and used to calculate temper-  
ature profile 1 in Fig. 4. IRIS spectra  with a 
field of  view smaller than the field of  view 
of the FPGS (3" f rom Earth) were chosen.  
Although a homogeneous  selection can be 
made at latitudes similar to that of  the 
bright spot,  no IRIS spectra  fulfilling this 
selection criterion falls within the bright 
spot itself. A selection of nearby spectra  
were used to generate a second tempera-  
ture profile (Fig. 4, profile 2). Figure 5 
shows the emission in the u5 band of  C2H2 

observed  in these two IRIS selections. 
Tempera ture  profiles were retr ieved from 

1 to 600 mbar  by the inversion method de- 
scribed in Gautier  et al. (1977) using mea- 
surements  at selected wavenumbers  in the 
S(0) and S(1) Hz lines and in the core of  the 
u4 band of  methane.  A methane to hydrogen 
mixing ratio equal to 2.3 x 10 -3 was as- 
sumed (Gautier et  al . ,  1982; Gautier  and 
Owen,  1983). The effective vertical resolu- 
tion of the retrievals varies with altitude 
f rom 0.5 pressure scale height in the tropo- 
sphere to 2 scale heights at the 1 mbar  level; 
the formal errors  due to instrumental  noise 
are less than 1 K at any level. 

The vertical profile of  the CzH2 mixing 
ratio was assumed to be constant  above  the 
20 mbar  level and zero below, as in Dros- 
sar t  et al. (1985b). As the theoretical pro- 
files (Strobel,  1983) give no better  approxi-  
mations at our  spectral resolution (0.03 
cm i) and their lower cutoff  limit is also 
somewhat  arbitrary,  they are not used. 

Using these C2H2 and tempera ture  pro- 
files, the abundance  of C2H2 is est imated to 
be (1) 8.0 x 10 -4 cm • am in the equatorial  
region (C2H2/H2 = 1 x 10 -8 above  20 mbar)  
and (2) 8.0 × I0 3 cm • am on the bright 
spot (CzHz/H2 = 1 x 10 -7 above  20 mbar).  
The compar ison  between synthetic and ob- 
served spectra  is shown on Fig. 6 for the 
equatorial  region, and in Fig. 7 for the 
bright spot. These  values are es t imated to 
be precise within a factor  of  2 only,  the 
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FIG. 3. Comparison of spectra at the same latitude but at different longitudes. Only spectrum 8 
(labeled as in Table I) shows an acetylene hot band line at 745.86 cm ~; spectrum 7 is outside the bright 
spot. Spectrum 6 is recorded at the equator and is shown for comparison. Spectrum 6 and 7 are shifted 
on y-axis. 

main uncertainties being the systematic er- 
rors inherent to the model (continuum, tem- 
perature profile and variation of abundance 
with height). The equatorial ratio is a factor 
of 3 lower than the Voyager determination 
of Maguire et al. (1984), and could be due to 
temporal variations, but direct comparison 
of the C2Hz/H2 ratio are difficult because of 

the great uncertainties in the vertical distri- 
bution of acetylene. It is important to note 
that the temperature profile in the bright 
spot may differ from that of neighboring 
points. Such a variation could also account 
for the observed enhancement of C2H2 
emission as discussed in the following sec- 
tion. 
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FIG. 4. Temperature profiles inverted from Voyager 
selection. (1) Equatorial selection: 128 IRIS spectra in 
the equatorial region (field of  view smaller than 
FPGS); (2) selection at 60°N (but outside the bright 
spot): 53 IRIS spectra (field of view smaller than 
FPGS).  
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FIG.  6.  Synthetic calculation (dashed line) for spectrum 1 (radiances are in W c m  -2 s r - l / c m  - t  × 10s). 

Column abundances are (1) 8 x 10 -4 c m .  am (upper); (2) 4 x 10 -4 c m  • a m  ( l o w e r ) .  

The value of the continuum within the 
bright spot is found to be about 10% lower 
than the same latitude outside the bright 
spot. This difference is significantly above 
the noise level. Since the bright spot is near 
the northern limb of Jupiter, it is possible 
that part of the beam was off the planet's 

disk, resulting in a lower continuum. How- 
ever, this effect may be real, and can be 
interpreted in the synthetic spectrum by an 
absorption in a layer whose temperature is 
lower than the continuum temperature 
(about 123 K). This layer could be an aero- 
sol layer in the tropopause vicinity, giving a 

o 

E 

s y n t h e t i c  .~ 

.I 
754.8 

I 
755 

~# 5 

I 
755.2 755.4 

WAVE NUMBER 

I 
755.6 

cm-1 

FIG. 7. Synthetic calculation (dashed line) for the bright spot (spectrum 5). The column abundance is 
8 × 10 -3 cm • am. (Radiances are in W cm 2 sr-l/cm-~ × 108.) 
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FIG. 8. Comparison of the positions of the bright spot with the magnetic anomaly (Dessler el a/. 
1979). The magnetic field representation is derived from the 04 model of Acuna and Ness (1976). The 
solid lines north and south are the foot of the magnetic field lines crossing Io; the dashed lines are the 
foot of the Io toms lines. The circular field of the view of the instrument is plotted at the position of the 
bright spot (latitude of 60 ° , longitude of 180°). 

greater absorption coefficient in the bright 
spot than outside (attenuation factor ¢ = 0. I 
for an aerosol layer located at the tropo- 
pause). 

IV. INTERPRETATION 

The observed location of  the bright spot 
on Jupiter,  latitude 59 -+ 10 ° and longitude 
178 _+ 10 °, is very close to the region where 
intense auroral emissions of H2 Lyman and 
Werner  bands and H Lyman-a  were de- 
tected by the Voyager UV spectrometer  
(Broadfoot  e t  a l . ,  1979, 1981). In fact, at the 
longitude corresponding the bright spot, the 
UV data show auroral emissions at lati- 
tudes of 56 + 4 / - 3  degrees (see, e.g., Fig. 
20 in Broadfoot  e t  al. 1981). These latitudes 
lie in the same range as those of the bright 
spot reported here. It should be remarked 
that the exact  location of  the UV aurora 
seen by Voyager is uncertain by a few de- 
grees due to the fact that the aurorae are 
near the polar limb and the UVS slit has a 
finite dimension of  0.1 x 1 °. For  example,  
the equatorward boundary of  the auroral 
zone corresponding to the longitude of the 
bright spot of this paper is found to be at 54 
_+ 1 ° latitude, whereas the equatorward 
boundary of  the magnetic mapping of  the Io 
plasma torus on Jupiter lies between lati- 
tudes 50 and 53 ° (slightly removed from the 
auroral boundary as expected).  In any 

event,  the possible latitude range for the 
bright spot is easily accommodated  within 
the UV auroral zone even after accounting 
for all its positioning uncertainties. 

The bright spot is also found at a location 
within the magnetic anomaly reported by 
Acuna and Ness (1976), as is shown in Fig. 
8. This magnetic anomaly could be associ- 
ated with enhanced particle precipitations. 

The charged particle precipitation in the 
auroral zone can have major consequences  
of  relevance to the present C2H2 observa- 
tions. First, it could result in increased pro- 
duction of  CeH2 due to particle dissociation 
of CH4,  and, second, it could cause an in- 
crease in the stratospheric temperature.  If 
the UV aurorae are caused by precipitation 
of energetic electrons,  their penetration can 
be to greater depths in the Jovian atmo- 
sphere than in the case where energetic 
ions might be responsible for the auroras. 
The former are expected to result in en- 
hanced abundances of  the hydrocarbon by- 
products (e.g., C2H2) following particle dis- 
sociation of  CH4.  The observation of a 
bright spot reported here could very well be 
the consequence of such enhanced C_~H2 
abundance.  Another  consequence of  in- 
creased C2H: abundance is the possibility 
of  greater concentrat ion of  polymers which 
are expected to form subsequent to the 
photolysis of  C2H2. The polymers would ui- 
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timately condense and fall out of the strato- 
sphere. They would re-evaporate once be- 
low the tropopause due to the warmer 
temperatures prevalent there. This polymer 
layer could constitute the aerosol layer 
which is suggested to explain the contin- 
uum level of the bright spot (see Section 
III). 

Precipitation of heavy ions, such as those 
of sulfur and oxygen, has been proposed by 
Gehrels and Stone (1983) on the basis of 
Voyager cosmic-ray instrument data. The 
heavy ions presumably have their origin in 
the Io plasma torus, and ultimately in the 
volcanic outgassing from Io. Because of 
their shorter range, these ions are expected 
to deposit their energy near or above the 
microbar level on Jupiter. The estimated 
power input due to energetic ions at Jupiter 
is 1012 to 10 j3 (Gehrels and Stone, 1983), or 
approximately 1 to 10 erg cm 2 sec-J in the 
auroral zone. Such a large energy flux 
would have important consequences for the 
Jovian thermal structure. Although the ef- 
fect on the stratospheric temperature can- 
not be calculated exactly since the "nor- 
mal" thermal structure and the heat loss 
mechanisms in the middle atmosphere are 
not known precisely, it is reasonable to ex- 
pect some rise in the stratospheric tempera- 
ture--purely on the basis of heat conduc- 
tion from above. In fact, only a 10 K 
increase in temperature at the l-rob level is 
needed to explain the observed bright spot. 
Such a rise in the temperature would re- 
quire less than 0.03 erg cm -2 sec -1 addi- 
tional heat input as the 1-mb level, which is 
well within the realm of possibility of con- 
duction of auroral energy from above. 

Our conclusions are in agreement with 
the results found by Kim et al. (1985), from 
the analysis of IRIS spectra. 

V. CONCLUSIONS 

The observation of a polar bright spot in 
the atmosphere of Jupiter is characterized 
by an enhancement in the individual lines of 
C2H2 which can be interpreted as an en- 
hancement in the acetylene abundance, al- 

though a purely thermal effect, or non-LTE 
phenomena cannot be excluded. The inten- 
sity of the observed hot band lines are also 
consistent with either hypothesis. The 
source of the anomaly could be due to parti- 
cle precipitation, as in the UV aurorae. The 
penetration of the particles (most likely sec- 
ondary electrons), or the heat deposition 
has to be as deep as the lower stratosphere 
where the acetylene lines are formed. 

An unambiguous interpretation would re- 
quire observing other molecules (such as 
C2H6, for example) to discriminate between 
photochemical and thermal effects. The 
chemistry of ethane in the stratosphere is 
different from the chemistry of acetylene, 
and the modifications to both cannot be the 
same if the effect is only in a modification of 
the abundances. 

Finally, a measurement of the rotational 
temperature of C2H2, obtained by recording 
various rotational levels of different J, or 
by recording fully resolved line profiles, is 
required to determine the importance of 
nonequilibrium phenomena on the emission 
lines of C2H2. 
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