LICK OBSERVATORY

APPLICATION FOR 3-M SHANE TELESCOPE OBSERVING TIME

Observing Period:       2001B      
Program Title:
Titan’s upper atmosphere from the 2001 December 20 stellar occultation

Program type: Long term         Short term    x     First application for this program? (y/n)     n    
Name and position of P.I., Co-P.I.’s **:
Scott Severson (Postgraduate Researcher UCO Lick), Leslie Young (Research Scientist, SwRI)

Address of P.I.:  UCO/Lick Observatory, University of California Santa Cruz, CA 95064

Phone number: 831-459-5148
 Fax number: 831-459-5244
E-mail address: severson@ucolick.org
Billing instructions: LOSEV1
Observers planning to be present: Scott Severson, Leslie Young
Abstract of Scientific Justification:

Occultations are the only way to measure temperature profiles, zonal wind fields, and haze distributions in Titan’s upper atmosphere from Earth. On 2001 December 20, a Titan occultation of a K=10.6 star will be visible from Lick. With the relatively large collecting area of Lick’s Shane telescope and its ability to image in the infrared (where the Titan is faint), we should be able to observe a high S/N lightcurve, to probe the mesospheric structure and perhaps observe the central flash. Using adaptive optics, we will also be able to observe the multiple refracted images near the central flash region, which greatly increases our sensitivity for measuring zonal winds. 

Total number of nights requested this period:     2    Estimated number to complete program:     2   
Lunar conditions (maximum number days from new; must be justified in program description):    11  

Preferred distribution of nights by month:     Night of 19 Dec for event, 18 Dec for preparation and calibration  

Dates to avoid (give justification):    (see above)    

Observers need or desire instructions? (y/n):    n    

Equipment: Instruments, detectors, filters, etc. Be as specific as possible for each observing run.

IRCAL with the LLNL adaptive optics system, using the K’ filter.

Scientific Justification: Attach a clear discussion of the scientific goals of the proposed observations. Be sure to include a list of objects (or fields) and their positions, estimated exposure times, estimate of total number of nights needed for the entire program, and any other information which may assist the TAC in evaluating the scientific merits of the proposal and its suitability for the 3-m Telescope. If appropriate, observations planned for the Keck Telescope as part of this program should be described; are both the 3-m and the Keck observations essential for the program? Please briefly review the status of the Keck programs.

* If this is a resubmission for a continuing program, attach the original scientific justification plus a report of progress and list any papers resulting from the program so far.

** Graduate student thesis proposals must include a letter of support from the thesis advisor.

(Form for Requesting 3-m Observing Time—October 1998)

Titan’s upper atmosphere from the 
20 December 2001 stellar occultation

Scott Severson (UCO Lick), Leslie Young (SwRI)

Background

Stellar occultations, when a solar system object passes between an observer and a star, probe atmospheres with vertical resolutions not otherwise possible from Earth. The main drop in stellar flux due to differential refraction of the starlight as it passes through a planetary atmosphere (fig. 1) allows us to measure temperature and pressure as a function of height between ~0.1 and 100 bar—a region that is often difficult to measure with traditional spectroscopic techniques. From the bright “central flash” region in the center of the occultation shadow, we also measure the stratosphere (~10 mbar). 

The last widely-observed occultation by Titan was of 28 Sgr in 1988.  The shadow cast by this 6th magnitude star passed over heavily populated areas of Europe; the center of the shadow passed directly over Paris.  Comprehensive analysis of this event (Hubbard et al. 1993, Sicardy et al. 1998) derived temperatures, haze properties, and zonal winds on Titan. A similar opportunity exists on 2001 Dec 20 5:30 UT, when Titan will occult a red (K7V) star with K magnitude = 10.6 (fig. 2). The center of Titan’s shadow passes over the America Southwest, allowing this event to be observed by the Shane telescope. Although much fainter than 28 Sgr, the 2001 star will be observable in the NIR to improve contrast (fig. 3). Adaptive optics will further improve contrast and to make important measurements of the multiple refracted individual images of the star during the event (fig. 4). 

This occultation  will help us track changes in Titan’s 29-year seasonal cycle, by allowing comparisons to Voyager in 1991, the occultation of 28 Sgr in 1989, and the upcoming Cassini mission in 2004. Furthermore, the information on zonal winds and temperatures can assist Cassini planners. 

Scientific Goals

As described in Hubbard et al. 1993 and Sicardy et al. 1998, a Titan occultation yields a wide range of scientific results related to the Titan’s atmosphere. These can be summarized as follows: 

Atmospheric structure in the mesosphere and thermosphere.

· Density, temperature, and pressure profiles from 290-500 km (100-1.4 bar) at 2-4 km resolution. A single chord can be used to determine vertical structure at two locations (ingress and egress).

· Variation of temperatures with location. As the shadow of Titan passes over a suite of telescopes, we obtain essentially a raster image of brightness in the shadow.
· Power spectra of wave activity from 4-100 km vertical wavelength. 28 Sgr had a large apparent diameter, which limited vertical resolution to 18 km. In contrast, this star will allow measurements on the 2-4 km scale, and is limited only by our data rate. The IRCAL camera on the AO system has an extraordinary data capture rate.

Zonal winds in stratosphere.

· Zonal wind velocity and symmetry axis of Titan's upper atmosphere. The positions and brightnesses of the multiple refracted images of the occulted star (Fig. 4) are extremely sensitive to the oblateness of the 10 mbar isobar, and hence the stratospheric zonal winds. 

3. Haze distribution.

· Aerosol opacity, and variation with latitude. Analysis of the central flash observations of 28 Sgr were complicated by the unknown effect of haze absorption. By observing with adaptive optics, the effect of absorption on each image of the star can be separately monitored.
Observing Strategy

We plan to observe Titan and the star continuously for ~30 minutes surrounding the ~6 minute event to measure a complete lightcurve, including a possible central flash (Fig. 1). It is important to also establish the upper and lower baselines of the lightcurve to better than 1%, so we plan photometry of Titan and the star when their respective fluxes can be easily separated. 

	Target
	Ra
	Dec
	V
	K

	Titan
	04h 35m 22s
	+20° 09’ 05”
	8.0
	8.5

	NV0435215+200905
	04h 35m 22s
	+20° 09’ 05”
	13.8
	10.6


Justification of number of nights and phase of moon: The event occurs at 2001 December 20 5:21 UT. This is near local midnight, and so we request the entire night of event. It is important to have a night prior to the event to practice and to optimize filters and exposure time. 

Wavelength: Contrast between Titan and the occulted star improves in the near IR, decreasing photon noise from Titan (fig. 3). During our requested night of preparation, we will compare the tradeoffs between more throughput (K’) and better contrast (2.36 narrow-band).
Exposure time: An easily achievable rate of one image every 930 ms will provide 18-km resolution, or 2.8 samples every atmospheric scale height, the same resolution as the fruitful  1989 28 Sgr event. Based on experience with a 1999 Titan occultation using IRCAL (fig. 5), we plan 200 ms exposures, which, in K’ with AO, which should give SNR>150 per exposure for the normalized flux. We will use our requested preparation night to see if images can be taken every 100 ms, allowing 2-km resolution, matched to the star’s angular diameter.

Supplementary Observations: For an event such as this, all high-quality lightcurves give scientific results; for example, neighboring telescopes measure the characteristic horizontal scale of gravity waves, while distant locations measure the oblateness of the mesosphere and the global characteristics of thermal structures. Observations are planned at other telescopes with IR instruments, large collecting areas, or AO capability, including: Keck (de Pater), IRTF (Osip), Palomar (Brown), McDonald (Lemmon), and Catalina Station (Hubbard).

Need for Lick Observatory: Lick Observatory will obtain a track ~400±250 km North of the nominal center line, and ~250 km North of the nearest planned track. If the central flash is large, or if the center line is North of nominal, Lick observatory will measure the Northern cusp of the central flash region, which tells us about the structure at Titan’s South pole. Furthermore, Lick can help measure the horizontal extent of gravity waves, and quantify North-South asymmetries.

Previous Shane observations within the last 2 years: Time was awarded for the semester 1999B proposal “Stellar occultations of Jupiter, Saturn, and Titan,” by Scott Severson (PI), Leslie Young, and Amanda Bosh. We observed Saturn (Shane/LIRC2), Titan (Shane/IRCAL), and Jupiter (Nickel/LIRC2). A Titan lightcurve is shown in fig. 5. We plan to submit lightcurves and atmospheric profiles to the Planetary Data System in late 2001. Scott Severson was also PI of the proposal entitled “High Resolution Imaging of Galaxy Centers with Lick AO.” The work on that project is ongoing with paper writing under way. That project was the subject of Raschke et al., 2000, BAAS 196 #52.04.

Gains from Adaptive Optics: We used IRCAL in 1999 to maximize our data rate, with AO as a secondary consideration, operating only with tip-tilt correction. We demonstrated  that we can solve the issues that arise when observing occultations, such as accurate timing, subframe-readout, and rapid data collection. With full AO correction we will gain increased sensitivity and the possibility of the first ever resolved observations of a Titan central flash. According to Don Gavel, the manpower needs for a two day NGS AO run are reasonable. The Lick staff can mount and set up the system, and Don Gavel has offered to spare a day if needed.

References: Hubbard et al. 1993. The occultation of 28 Sgr by Titan. AA 269, 541.
Sicardy et al. 1999. The structure of Titan’s stratosphere from the 28 Sgr occultation. Icarus 142, 357.

Nicholson et al. 1995. Saturn’s central flash from the 3 July 1989 occultation of 28 Sgr. Icarus 113, 57.

[image: image1.wmf]Fig.1 . Anatomy of an occultation lightcurve. The main drop is due to differential refraction perpendicular to the limb (with local inhomogeneities causing bright spikes). The central flash is due to focusing of light by the curvature of the planet.
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	Midtime 2001 December 20 5:20 UT

Approximate duration 6 minutes

Body Titan

Star NV0435215+200905

RA/dec (J2000) 4 35 21.541, +20 09 05.25

Catalog Navy A2.0

Magnitude 12.4 (R)

Geocentric Miss Distance 0.3"

Sky-plane velocity 19.3 km/s

Unique opportunities:

Wind shear, comparison with Cassini.

Other goals:

Haze distribution, small-scale thermal structure.


Fig.2 . Left: The star passes nearly precisely behind Titan. Middle: Earth as seen from Titan at mid-event, with shading indicating nighttime. Titan is easily observable from Lick. Right: Summary of the event. 
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Fig. 3. Contrast between Titan and the occulted star improves in the near IR. 





Fig. 4 Anatomy of a central flash. Near the center of Titan’s shadow, four images of the star appear on the limb. This sketch is adapted from Nicholson et al. 1995 (Icarus 113, 57), where they derive Saturn’s zonal winds from two sites within of the central flash region.  When Titan is observed without AO, the central flash is the sum of the four images of the star. The 2001 December 20 event will be the first attempt to resolve the central flash images for a Titan occultation.





Fig. 5. Observation of an occultation by Titan in Dec 1999 observed at the Shane Telescope at Lick observatory. Observations were made with the tip-tilt loop closed,  but without full AO correction. The observations were read-noise limited (since the PSF had FWHM=17 pix); we expect the SNR with IRCAL+AO or LIRC2 to be 10 times better than that shown here.
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Telescope near the shadow’s center. 







Refracted image of star (1 of 4)
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