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Summary
1. On Sept. 1988 a FTS run to detect in the K-band the 

predicted infrared H2 emission of auroral origin on Jupiter 
à discovery at the south pole of 33 unexpected and 
unidentified emission lines out of the H2 spectrum.

2. Triggered an intense international collaboration (France, 
Canada, UK) which led to identify these lines as belonging 
to the 2ν2(2) band of H3

+, unknown in lab and ion seen for 
the first time in spaceà letter to Nature (Aug. 1989) = 
30th anniversary.

3. Subsequent observations: 
- Other high-resolution FTS spectra, in particular the ν2 band at 4 μm.
- Imaging of the H3

+ Jovian aurora in this band.

- Detection of H3
+ in the auroral regions of Saturn and Uranus.

- Detection of the H3
+ ion in the interstellar medium. 

- Currently, images of the H3
+ auroral oval on Jupiter by JUNO camera.

- Future potential detection in giant exoplanet atmospheres.



The H2 proposal

Basis of the scientific justification:
§ Detection of UV H Lyα and H2 enhanced emission by Voyager I 

(Broadfoot et al. 1979) and by IUE (Clarke et al. 1980 ) in the polar 
regions of Jupiter. Analyzed as a bright spot of auroral origin. 

§ Detection of transient brightenings at the poles by CH4 8 μm (Caldwell 
et al. 1980, 1983) and longward (C2H2 Drossart et al. 1986) identified 
as possible infrared aurorae on Jupiter. 

§ Theoretical prediction of the observability of  the Jovian aurorae in the 
2-μm quadrupole transitions of H2 (Kim & Maguire, 1986).

§ Unsuccessful attempt of detection of S1(1) line of H2 at 2.12 μm at 
IRTF by Trafton in 1986 with a low-res grating spectrograph (Trafton et 
al. 1988) à probably less intense than predicted

Submission for the 2nd sem. of 1988 of a 6 half-nights proposal, 
equally-shared time between France and Canada, to observe with the 
FTS the quadrupole lines of H2 in the K-band: P. Drossart (Meudon
Obs.), PI for France, J. Caldwell (U. of York) for Canada.



The Jupiter FTS observing run
Ø 5 allocated half-nights (3 on Canadian time, 2 on French time).

Pierre Drossart, Sang Kim (Goddard) and I in the dome + John Caldwell
(simultaneous 8-μm observations on IRTF).

Ø Jupiter (20°19' dec) perfectly located from Hawaii = almost crossing 
at zenith at the meridian. 

Ø Auroral zone from thermal IR was supposed to be a fixed hot spot in 
the north (long. 180°, lat. +60°), moving (long. 270° to 90°) at south.

Ø Pointing on Jupiter by offset from a Galilean satellite. Autoguiding
of the telescope on the satellite + computed drift of the telescope 
to compensate for the motion of the satellite wrt the FTS aperture. 

Ø Pointing Jupiter and A7 calibration star (θ2 Tau) at same airmass on 
23, 24, 25, 26 Sept. 1988. On the first night, clear sky, 10% relative 
humidity, low wind, no telescope problems. Not always the case for 
the other nights. Even, an earthquake on the last one!

Ø Immediately, unexpected emission features seen from real time 
FT of 13 min individual scans. Sang Kim skeptical: ‟Is it not noise?” 



Raw spectrum (useful range 4200 – 5100 cm–1, limit of res. 0.2 cm-1) of Jupiter’s

south auroral region in a 5’’ aperture (= 80° long.) on the central meridian (lat. +

60°) taken on 24 Sept. 1988 (UT). Jupiter relatively dark due to hydrogen

pressure induced absorption. Three H2 emission lines (marked x) + numerous

unknown emissions seen thanks to full K-band coverage and high res. of the FTS.
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Identification of the unidentified lines: main steps

03 Nov. 1988: List prepared by P. Drossart of 29 Jovian emission line posi/ons 
between 4586 and 4948 cm–1 from the southern aurora spectrum. Sent to OFawa 
to look for coincidences with emission lines in lab discharge H2 spectra.
04 Nov. 1988: Response: ‟Majewski did scans at 10 and at 50 Torr to pressure label
the lines … He can discriminate H3 and H3

+ from H2 but not H3 from H3
+… J. Watson 

considers H3
+ possibly but H3 seems a better candidate…”. 

Then, for one month Ottawa wanted to convince us that we had detected lines of H3

02 Dec. 1988: work of J. Watson on Majewski’s lines in the region of Jupiter spectrum: 
1. I tried recalculating the electronic transitions of H3 using new ionisation potential. 

… The distribution of the lines does not seem to fit this explanation. 
2. As a result I returned to H3

+ to clear up the 2ν2 band… I have now been able to fit 
34 lines in Majewski’s spectrum with a rms of 0.1 cm–1. Comparing these results 
with Jupiter spectrum, I find that 10 of your lines coincide with lines of the 2ν2 – 0   
band of H3

+. Thus, I consider this band well established in the Jupiter spectrum.

02 Nov. 1988: after a phone call to HIA (Ottawa): “Dear J-P, I brought up your 
discovery at tea on Friday. There was unanimous agreement by G. Herzberg et al. 
that you have probably observed a fairly typical emission spectrum produced in a 
discharge of H2 … if your lines are of this sort, hard to be excited about them. Most 
hopefully, at least some might be H3, which has yet to be observed in space.”



Main steps (end)

14 Mar. 1989: first draft of a Letter to Nature ‟Detection of H3
+ on Jupiter” written 

by P. Drossart and I with a list of 35 emission lines in the Jupiter auroral spectrum at 

2 μm, 3 attributed to S1 H
2

lines, 24 to the 2ν
2
(2) band of H

3

+
with their assignment.

H
3

+
ions produced through the ion-neutral reaction H2

+ + H2 à H3
+ + H 

28 Apr. 1989: Manuscript submitted to Nature, from 6 on the proposal to 12 co-
authors from France, Canada, UK and USA.

17 Aug. 1989: Drossart, P., Maillard, J.P. et al. Nature, vol. 340, p. 539 – 541.

From the abstract: High-resolution spectra at 2 microns in the southern auroral
region of Jupiter are presented which may represent the first astronomical
spectroscopic detection of H3

+. The derived rotational temperature of H3
+ is in the

range 1000-1200 K. Such strong H3
+ lines could be used in future ground-based

monitoring of the Jovian auroral activity and to search for this molecule ion in the
interstellar medium.

17 Feb. 1989: from J. Watson: ‟I have just received from Steve Miller, of Miller and 

Tennyson (U. College, London), results of new calcula\ons for H
3

+
which suggest 

assignments of most of the remaining Jupiter lines. Some of them are to higher-J 

of the 2ν
2

band of H
3

+
.”



Subsequent FTS 
observations

Observations on 10 and 13 Nov.
1989 (UT) of Jupiter north and south
auroral zones in the L’ band (2400 –
2900 cm-1, 3.45 – 4.17 μm).
First complete 2400 – 2900 cm-1

spectrum at R ≈ 15,000 of the ν2
band of H3

+ à 42 lines assigned
to the R, Q, P branches out of 62
observed lines. Emission taking
place in the very upper
atmosphere (1 to 100 nbar level),
above CH4 (region dominated by
the saturated P-branch of the ν3

band of methane).
A pure H3

+ spectrum
which cannot be obtained in lab! 



Following works on the H3
+ Jovian aurorae

• After publication of the 4 μm ν2 emission spectrum, imagery of the 
Jovian auroral zones with the new IR cameras:
Ø Images of aurorae on Jupiter from H3

+ emission at 4 microns, Kim, S. et al., 
Nature 353, 536 – 539 (Oct. 10, 1991)

Ø Imaging Jupiter's aurorae from H3
+ emissions in the 3-4 micron band, 

Baron, R. et al., Nature 353, 539 – 542 (Oct. 10, 1991) 
Ø Infrared Imaging of Jupiter's Aurorae, Ballaster, G., Miller, S., Tennyson, J. 

et al.,  23rd DPS meeting, Palo Alto, Nov. 1991
ØMorphology of H3

+ emission in the auroral regions of Jupiter, Drossart, P., 
Prangé, R. and Maillard, J.-P., Icarus 97, 10 – 25 (1992)

• Spatial variation of 2 μm H3
+ emission in the southern auroral region of 

Jupiter, Billebaud, F. et al., Icarus 96, 281 – 283 (1992)
• High resolution FTS spectrum (R = 115,000) to fully resolve the emission

line profiles, making possible to test the validity of LTE approximation 
for the H3

+ emission: 
Line-resolved spectroscopy of the Jovian H3

+ auroral emission at 3.5 
micrometers, Drossart, P., Maillard, J.P. et al., ApJ Let. 402, L25 –28 (1993)



From these data, a thesis and papers:

Spectro-imaging observations of 
Jupiter's 2-μm auroral emission. I. 
H3

+ distribution and temperature, 

Raynaud, E. et al., Icarus 171, 133 –152 

(2004)

Spectro-imaging observations of 
Jupiter’s 2 μm auroral emission. II: 
Thermospheric winds, Chaufray, J.Y. 

et al., Icarus 211, 1233 – 1241(2011)

BEAR = CFH-FTS working in imaging
mode by coupling of the step-scan FTS 

to a NICMOS 1 – 2.5 μm camera à
seeing-limited, high res. spectral 

imaging over a 25’’ FOV. 

Observations (Oct. 1999 and Oct.

2000) in a H2 filter (4712 cm-1) and a

H3
+ filter (4777 cm-1) at res. 0.2 cm-1.

From data in the H2 filter: H3
+ (2.113 μm), H2 (2.122 μm) and conWnuum 

images in the northern auroral zone:   ̏hot spot  ̋ seen in H3
+, not in H2.



Detection of H3
+ on Uranus

At UKIRT: slit spectrum (CGS4) at R ≈ 1150 of Uranus (filled circle) and fit (solid
line). Trafton et al., Detection of H3

+ from Uranus, ApJ 405, 761 (1993)

The intensity of Uranus H3
+ emission cooler and few percent of the Jovian aurora. 

It seems consistent with the less solar wind and insolution at Uranus. H3
+ is excited 

primarily by the Sun. Emission widely distributed across the disk.



Detection of H3
+

on Saturn

Surprisingly, intensity much less than that detected from Uranus and more than 
100 times fainter than on Jupiter (see comparison).

Also on UKIRT: Geballe, T. et al, T., Detection of H3
+ 

infrared emission lines in Saturn, ApJ 408, L 109 (1993)

Image of the Saturn aurora but not in 
H3

+, in Lyα and H2 with STIS on HST.
Trauger et al, JGR 103, 237 (1998)

No detection so far on Neptune (Feuchtgruber & Encrenaz, A&A 403, L7, 2003). 



Imaging of the H3
+ aurorae with

JIRAM on JUNO
In operation since August 2016, 
unprecedented view of the 
southern auroral oval taken by the 
camera of the Jupiter Infrared
Auroral Mapper (JIRAM) in a 
3.45 μm filter (290 nm bandwidth), 
small domain of the H3

+ ν2 band. 
In the field, the temperature  values 
range between 850°K and 1100°K.

From the spectrometer data, 
vertical profile distribution of H3

+

and variation with latitude. 
Adriani et al, GRL 44, 4633, 2017
Miglorini et al, Icarus 329, 132, 2019



H3
+ in exoplanet atmospheres

No Detectable H3
+ Emission from the Atmospheres of Hot Jupiters, Shkolnik, E. 

et al, AJ 132, 1267 (2006) 

Soon after the detection 51 Peg b (1995), the example of hot Jupiter,
idea that H3

+ could be a detectable species (high intensity emission
across the planet due to strong UV irradiation), proving the object to
be a true gaseous giant planet.

The distance between the star and the planet, important parameter
on the presence of H3

+. Model made by at U. College (London) of
moving Jupiter closer to the Sun à sharp breakdown in atmospheric
stability between 0.14 and 0.16AU. H2 dissociates thermally, no more
formation of H3

+.
A stability limit for the atmospheres of giant extrasolar planets, Koskinen, T. 
et al, Nature 450, 845 (2007)

Possible future detecWon by transit (ARIEL), by direct spectroscopy of 
the exoplanets (JWST, ELT). 



Conclusion: importance of the H3
+ identification 

beyond the planetary atmospheres
After H2 the most abundant molecule, the H3

+ ion, the other simple hydrogen 
molecule, plays a crucial role in the chemistry interstellar clouds (formation by 
cosmic rays - detection in absorption towards YSOs) through the reactions:

H3
+ + X H2 + HX+ 

Infrared spectrum of H3
+ as astronomical probe, T. Oka & M.F. Jagod, J. Chem. Soc. 

Faraday Trans. 89, 2147 – 2154 (1993)
Observation of H3

+ in the Diffuse Interstellar Medium, McCall, B.J. et al, ApJ 567, 391 (2002)
Detection of H3

+ in interstellar space, Geballe, T. & Oka, T., Nature 384, 334 (1996)
Absorption Line Survey of H3

+ toward the Galactic Center Sources I. GCS 3-2 and GC 
IRS3, Goto, M. et al, PASJ 54, 951 (2002) 
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see:

eg: Thank you for your attention!

and more …


