Application Form for Visiting Observers at Lowell Observatory

Please read the information at http://www.lowell.edu/VisitingObservers/ before submitting.

DEADLINES: Nov. 1 for Jan-Mar quarter, Feb. 1 for Apr-Jun quarter, May 1 for Jul-Sep quarter, Aug. 1 for Oct-Dec quarter

To submit:  

Electronic submission:  http://www.lowell.edu/VisitingObservers/Timeapp/visobs.html

Mail submission:  Send 5 copies to Robert L. Millis, Director, Lowell Observatory,
1400 W. Mars Hill Rd.,  Flagstaff, AZ  86001-4499

Investigators (list PI first):

	Name
	Institution and Address
	Phone
	Email
	Certi-fied?*
	Student? (G or UG)

	K. Meech
	Inst.  for Astronomy

2680 Woodlawn Dr.

Honolulu, HI 96822
	808-956-6828
	meech@ifa.hawaii.edu
	Yes
	

	H. Kaluna
	Inst.  for Astronomy

2680 Woodlawn Dr.

Honolulu, HI 96822
	808-956-9590
	kaluna@hawaii.edu
	Yes
	G

	S. Sonnett
	Inst.  for Astronomy

2680 Woodlawn Dr.

Honolulu, HI 96822
	808-956-6700
	sonnett@ifa.hawaii.edu
	Yes
	G

	T. Riesen
	Inst.  for Astronomy

2680 Woodlawn Dr.

Honolulu, HI 96822
	808-956-9086
	jana@ifa.hawaii.edu
	No
	Postdoc


All observers must be listed.  Changes to this list must be cleared with the director.  Service observing is not available; observers must be present to collect their own data.  Time is available for experienced research astronomers only.  Students desiring observing time must have a research astronomer act as principal investigator (PI) for the program.

*Lowell requires all observers to be certified in the use of the telescope AND instrument they propose to use.  If a proposed observer is not certified to observe, it is up to the observer to arrange for certification.  This may involve arriving early to overlap with other observers.  For a list of certified observers, see http://www.lowell.edu/Research/Mesa/Schedules/cert.html.

Observing year/quarter requested (e.g. 2005Q3 for July-Sept 2005):

2009Q4
Program title:  The StardustNExT Mission – Comet 9P/Tempel 1 Rotation
Abstract (less than 100 words): 
In 2/2011 the StardustNExT mission will fly past comet 9P/Tempel 1 and re-image the surface and crater seen during Deep Impact and look for evolutionary changes between perihelion passages.  The comet rotates every ~1.7 days; precise knowledge of the spin state is necessary to image the crater.  Previous observing campaigns have generated the best documented case of a comet's changing rotation period and we have developed a torque model to explain the changing period.  This is part of a continuing international observing campaign to achieve the accuracy necessary to ensure that we image the crater at encounter.  This is the last campaign request.
Summary of observing request:
	Run #
	# Nights
	Instrument (PRISM, Mimir*, DeVeny Spectrograph*, Kron Photometer)

	1
	2; Nov 14-25** 
	PRISM – Optical 2k CCD Imaging Mode; Perkins 1.8-m telescope

	2
	2; Dec 13-22**
	PRISM – Optical 2k CCD Imaging Mode; Perkins 1.8-m telescope

	**Note
	
	If scheduling is such that only 2 nights can be awarded, this is still critical for the project, and we would prefer time in Nov (17-19).


*Mimir and the DeVeny Spectrograph are not yet commissioned and therefore may not be available.  In addition, observers wishing to use Mimir must first contact Dan Clemens (http://www.bu.edu/dbin/astronomy/people/show/?id=13).

*Time for visiting observers is available only on the Perkins 1.8-m telescope.

Acceptable range of dates, lunar phase, other scheduling constraints:
Observing Strategy: The objective of the proposed observations is to enable the TOA adjustment of the trajectory of the Stardust-NExT spacecraft so that it arrives at encounter on 2011 February 14 with the, as yet unseen, artificial crater formed during DI at the sub-spacecraft point and fully illuminated by the sun.  To prepare for the trajectory correction maneuver (TCM) we need to determine the phase of the nucleus light curve of 9P/Tempel 1 with a precision of ~1% and the rotation period to an accuracy of ~±10 sec. The comet's opposition is in Feb., however, the TCM will be in early Feb. thus planning must occur in early-mid January.  Thus, we require a final decision about the rotation phase and high precision period by early Jan. 2010. Our strategy, based on work already completed and earlier experience with HST and ground-based data, is to obtain a high-precision light-curve covering a full rotation period from the HST in order to precisely determine the rotational phase and, in parallel, to acquire ground-based data that will extend the current time baseline from 2006 through Dec. 2009 and thereby achieve a baseline that can provide the ±10 sec accuracy in the rotation period we seek. Our current analysis shows we have determined the rotation period to ±20 sec while the comet is beyond ~3.5 AU and free of non-gravitational torques. This is equivalent to an accuracy of 8o in predicted longitude over a period of a year at a constant rate of rotation. 

We were allocated 19 HST DDT orbits for this program. The sampling for the 19 HST orbits are such that we will get complete rotation phase coverage (period ~1.7 dy) on the comet, and because the maxima are uneven in brightness, we will be able to link the Fall 2009 data to the Fall 2008 data; we have enough precision to do this.  September is the first time the comet moves out of solar avoidance for HST, and will be the likely start of any observations after calibration from the servicing mission.  Getting two light curves as far afterwards in time from the HST data will allow us maximum precision in determining the light curve, i.e. observing in Nov. and Dec. and should allow us to achieve the required ±10 sec accuracy in the rotation period.  However, we have documented that the rotation rate changes in a step-wise manner as the angular rate of rotation accelerates primarily in the few months prior to perihelion. Using the observations already acquired we have been able to model these changes with a non-gravitational torque model that should provide an accuracy in rotational phase at encounter of ~±20 deg.   
Observation Scheduling Requirements:

Rotation Campaign 2009 Time Allocated (solid) and Requested (italics)
	Lowell 
	UH MKO
	KPNO 2.1
	Liverpool 2m
	Yunnan
	BOAO 1.8
	India HCT

	2; Nov 14-25
	Nov 13,15,16
	Nov 20-22
	5.2 hrs Queue
	2; Nov 14-25
	2; Nov 14-25
	2; Nov 14-25

	2; Dec 13-22
	Dec 13,15,16
	Dec 17-22
	
	2; Dec 14-25
	2; Dec 14-25
	2; Dec 14-25

	
	
	
	
	
	
	

	HST
	Sept.
	19 orbits
	
	
	
	


In Nov. the comet is visible from Lowell for only 5 hours (08:00-13:00 UT at the start of the observing window), and in Dec. for 7 hrs (from 06:00-13:00 UT). To avoid sample aliasing, and thus get an unambiguous rotation solution, we are coordinating these observations to be taken during the “dark” periods in Nov. and Dec. (“dark” meaning that there is no moon in the sky when the comet is above 2 airmasses). Figure 1 shows how we plan to get nearly full phase coverage in Nov. and complete phase coverage in Dec.  We can accept either partial night runs, or preferably we would use the whole night and observe MBCs which are targets for our proposed Discovery mission during the first part of the night. We have been awarded 7x0.5 nts on the UH2.2m in Nov. (although only 3 of these are useful because of moon) and 6 nts in Dec., (only 3 useful owing to moon) have been awarded 9 nts at Kitt Peak (UMD time), 5.2 hrs queue time at the Liverpool 2m (La Palma), and have requests in at Palomar, the HCT 2m telescope in India, the BOAO 1.8m telescope in Korea and the Beijing and Yunnan observatories (Table 1).  The comet will be much brighter during Fall 2009 than previously; between mag 19.9-19.5 in the V filter.  With our mission requirement to determine a very high precision period, we need to be able to distinguish the uneven maxima which should differ by ~0.07 mag, i.e. we require S/N≥20-30.

Note:  Because of the poor scheduling for the UH2.2m, and the allocation from KPNO, getting time in Oct. is also very useful from Lowell if scheduling prevents allocation later.

Is this a long-term? If so, how many more nights/runs are required over what time period?

This is the final request for supporting the StardustNExT mission.
List Perkins observing time awarded during the last 3 years and status of data:

Oct 22-23, 2006, Oct 15-16, 2007, Nov. 13-14, 2007, Nov 30-Dec 1, 2008; Dec. 29-30 (10 nts total).  All of the data are reduced; rotation model developed, 2 papers written (one describing the data, and campaigns and looking at the heliocentric light curves, phase function etc., and the second looking at the changing rotation state of the nucleus, but want to wait to submit until we have the Fall 2009 data.  
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Figure. 1 - Distribution of observatory visibilities as a function of UT for observing windows in Oct., Nov. and Dec. 2009.  The bottom row for each month shows a grey→black bar across the bottom indicating the fraction of the full 24-hour period during which observations can be obtained, the darker the bars indicate overlap between observatories (which serves for cross-calibration and redundancy in case of poor weather).
Scientific Case:  Maximum of one page of single-spaced text, 12 pt or larger.  Figures and tables may take one additional page.  References and Object List may take additional pages.
The Deep Impact (DI) mission successfully flew by the nucleus of comet 9P/Tempel 1 and impacted it on 7/4/05 (A'Hearn et al., 2005).  High resolution images cover ~30\% of the nucleus and revealed regions of distinct geomorphology.  These observations are changing our paradigm about the formation and evolution of these small bodies (A'Hearn et al., 2005, A'Hearn 2008; Belton, et al., 2007, 2008, Belton and Melosh 2009, Sunshine et al. 2006, Meech et al. 2005).  The StardustNExT mission is an extended mission utilizing the Stardust spacecraft and has the following key objectives: (i) To document the surface changes between two perihelion passages; (ii) To extend the geologic mapping to elucidate the nature of layering and constrain models of interior structure; (iii) To extend the study of the smooth flows to understand their sources and origins; (iv) To Image the DI crater to understand crater formation on comets and derive further information on the structure of the outer layers of the nucleus.
The proposed observations will serve programmatic mission needs to enable appropriate se-quencing and will provide key science results related to comet rotation and outgassing torques.
The DI coordinated world-wide imaging campaign (Meech, et al., 2005), provided an unprecedented data set for characterizing the nucleus of comet 9P/Tempel 1 for the mission (See Fig. 2a, b). The assessment of the spin state of 9P/Tempel 1 following the DI encounter found a diurnal period of 1.701±0.014 dy (A'Hearn et al. 2005), which differed significantly from the pre-impact period of 1.744±0.006 dys from the ground-based, HST, and Spitzer data (Belton, et al. 2005; Lamy et al. 2007; Lisse et al. 2005).  Whipple (1950) first suggested that comet outgassing can alter cometary spin, and the theoretical basis for changes on short time scales has been developed (Gutierrez et al., 2002; Samarasinha et al., 2004). There has been a growing observational base supporting the measureable presence of this effect in comets.  The DI ground-based campaign, comprised of observations on more than 450 nights from observatories around the world, provides an unprecedented set of data with which to investigate the stability of the spin state of comet 9P/Tempel~1 (see Fig.~2c). In a detailed analysis of the light curve information from the DI ground campaign, we have found the following results (Belton et al. 2009): (i) The spin period changed in a stepwise manner through the 2000 and 2005 perihelion passages, lengthening by 17.1±0.9 min in 2000 and by 13.8±0.2 min in 2005 (Fig. 2c);  (ii) The angular acceleration was not symmetric about perihelion and mostly occurred well before perihelion, and an outflow of H2O from a southern jet near latitude -77o is primarily responsible for the torque;  (iii) The change in the angular acceleration from 2000 to 2005 is in the direction expected from the published trend in water production observed at the 1983 through 2005 perihelia; (iv) A two parameter non-gravitational rotating jet torque model based on water sublimation satisfies the observed periods through the 2005 perihelion passage, and is moderately successful in predicting the integrated change in longitude at the 2005 perihelion through the DI approach and post-2005 epochs; (v) The model is being used to predict the rotational state at the comet at the planned Stardust-NExT mission encounter in 2011.
Highly accurate knowledge of the spin period and rotational phase obtained through this request is required to design a TCM for Feb. 2010 that will allow the Stardust-NExT spacecraft to fly by the nucleus of 9P/Tempel 1 at a time that optimizes the scientific return from the mission.
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Figure 2:  [a; Top Left] Reduced Tempel 1 R mag (to unit r,  and zero phase angle) vs. time from perihelion passage. The filled points are relative to the 1/2/00 perihelion and the open circles are relative to the 7/5/05 perihelion.  The open triangles were taken in fall 2008.  The figure shows that at the time of our proposed observations, nearly 500 days pre-perihelion (01/11), the comet is not expected to be active, and we can observe the bare nucleus. [b; Top Right] Reduced R mag vs. r.  The brightness asymmetry about perihelion is clearly evident.  The filled points are pre-perihelion and the open points are post-perihelion.  Beyond r=4 AU, the light scattered from the nucleus dominates the signal, as indicated by the flattening of the curve. [c; Bottom] Spin rate evolution as a function of time. The solid line shows the torque model that satisfies the observations (shown as a few representative data points).  The red curves at the bottom show the timing and relative magnitudes of the torques. At encounter in 2011, the comet will not be visible from Earth because of its solar elongation.
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Object List: 

Positions are approximate for new moon each Month for 9P/Tempel 1.  The other two objects are approved UH2.2m program objects for fall ’09 MBC mission preparation.  In addition, Pan STARRS is now functioning and we expect to have new MBCs available for characterization. 
              Object
                               RA     (2000)   Dec
  V

9P/Tempel 1 – Oct  14

08:43:01
+25:16:55
20.5
9P/Tempel 1 – Nov 14

09:03:34
+25:34:27
19.9
9P/Tempel 1 – Dec 14


09:06:58
+27:18:32
19.5
P/2008 R1 (Garradd) – Nov 14 
06:34:50
+34:09:04
22.5
133P/Elst-Pizarro – Nov 14

07:03:16
+21:03:03
19.8
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