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Abstract
Near-infrared observations of Neptune were per-
formed using OSIRIS, the integral-field spectrograph
on the 10-m Keck II telescope. By utilizing the adap-
tive optics system, we are able to image the planet with
a spatial resolution of 0.035” at 1651 wavelengths in
both H and K bands. On 25 and 26 July 2009, we
observed more than 90% of a hemisphere in a single
night, allowing us to derive the properties of individual
cloud features across many latitudes and longitudes.
On 22 August 2010, we performed a series of obser-
vations of Neptune’s bright southern cloud band. We
will present our preliminary analysis of these data, and
discuss the implications for the seasonal and spatial
variability of Neptune’s clouds.

1. Introduction
In the near-infrared, where we probe Neptune’s strato-
sphere and upper troposphere, Neptune’s active nature
is perhaps most evident. Bright bands and cloud fea-
tures stand out against a dark disk (Fig. 1), and evolve
in timescales as short as hours [2, 6, 5]. These fea-
tures can be modeled with radiative transfer codes to
explore their physical properties. From such analyses
we can investigate the planet’s atmospheric chemistry
and dynamics [1, 4, 3].

Slit spectroscopy of select near-infrared-bright fea-
tures has suggested that those in the northern hemi-
sphere tend to be at higher altitudes than those in
the south [1]. This might imply a difference in ori-
gin for the different features-perhaps southern mid-
latitude features are methane haze circulated from be-
low, while northern bright features are due to the subsi-
dence of stratospheric haze material- or may be due to
a difference in the altitude of the tropopause between
the two hemispheres. Clouds within a given latitude
band appear to travel with a wide range of velocities
[2]; it has yet to be shown if their speeds are corre-
lated with other physical properties, such as altitude.

Figure 1: Preliminary OSIRIS H-band data cube from
July 2009, summed over frequency. Neptune’s north
pole points up in this image.

To explore these previous findings, we require detailed
near-infrared spectra of individual cloud features over
a range of latitudes and longitudes.

2. Observations
On 25 and 26 July 2009 we collected OSIRIS data in H
(1.473-1.803 µm) and K (1.965-2.381 µm) bands (Fig.
1). We chose a plate scale of .035”, which corresponds
to∼ 400 km at disk center. Each 300 second exposure
covers a 0.56” x 2.24” region, allowing us to cover the
majority of Neptune’s 2.3” disk in 6 exposures. The
spectrum at each pixel has an average resolution of R
∼ 3800 (Fig. 2).

To augment these data, we obtained four new H-
band data cubes of Neptune’s southern bright band
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on 22 August 2010 (Fig. 3). These new data should
provide us with additional information on the vertical
structure of the clouds and hazes in this particularly
active region of the planet.
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Figure 2: Examples of OSIRIS spectra from one of
our July 2009 data cubes (same as Fig. 1). Three
images are shown for context, covering 1.50-1.53 µm
(A), 1.56-1.59 µm (B), and 1.65-1.68 µm (C). The red
spectrum corresponds to the feature indicated in the
images by a red arrow, while the green spectrum cor-
responds to the feature indicated by a green arrow; dif-
ferences between the spectra are evident.

3. Summary
Traditional slit spectroscopy does not facilitate the
clean separation of individual features from the qui-
escent background. The resulting confusion translates
into an uncertainty in cloud altitudes and other proper-
ties. OSIRIS, the near-IR AO-assisted field-integral
spectrometer on the 10-m Keck telescope, is capa-
ble of obtaining spatially-resolved spectral informa-
tion over a significant fraction of Neptune at once, al-
lowing us to address this major obstacle.

With the aid of our newly-developed radiative trans-
fer code [3], we will be able to retrieve cloud and
haze properties such as height, composition, and op-
tical depth for features across 90% of Neptune’s disk
in a single set of observations. We will look at the
variations in cloud properties across many latitudes,
to comprehensively study the seasonal differences in
cloud properties; and across many longitudes, to study
the variability of cloud properties in relation to the
variation in cloud speeds.
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Figure 3: Time series from 10 August 2010, summed
over frequency. The time (UT) of each data cube is
marked on the image; the motion of individual clouds
is clearly evident over the ∼ 40 minute time series.
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