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1. Introduction and Methodology

This document presents the results from the Observing Model Trade Study (WBS 3.1.2.1.10). Our objective is to report on the relative merits of various observing models (classical, queue, service) for the NGAO science cases.  In particular, it includes the possible impact from weather, space command approval, laser traffic control, instrument inefficiency and time on target to achieve a desired science performance (i.e., SNR). [1] 

We propose the following methodology:

2. Recall the main goals for the observing model  and develop a simple key-metrics for the Observing Model that will be used for the trade study

3. Enumerate the assumptions for the study (and highlight the current paradigm we may breach)

4. Present a quick narrative of existing observing models worldwide 

5. Select 3 likely models and compare these models based on the key-metrics

6. Discuss models implementation and range of options

7. Conclude with recommendations

2. The goals and key-metrics for the observing model

A trade study is meaningful only in the framework of a key-metric, used to compare the various models. It also requires to understand and agree on the goals that the observing model is striving to achieve.

We are assuming that the main goal for the science operations is to maximize the science impact of the allocated observing time, given an AO instrument suite, an operation-cost for the Observatory and a scientific skill set for the astronomers.  

It is a flexible approach and gives rise to various possible solutions, as a function of the instrument functionalities, the Observatory budget and the modus operandi and size of the scientific community.

The key metric we propose is:

1. Completeness of the observations for a science project 

2. Science-grade quality of the raw data (image quality, noise pattern, mostly)

3. Science-grade quality of the reduced data (instrument-calibrated science images)

4. Science-grade quality of the data products (including photometry, astrometry, WCS calibrations)

5. Science impact from a given data product (number of publications and citations) 

At this point, the instrument image quality performance, the Observatory budget and the scientific quality of the astronomy community are context, and are not in our metrics. 

3. Assumptions for the Trade Study

In this section, we are listing the assumption to develop the trade study:

3.1. The telescope and instruments:

We are assuming the following:

· The telescope used for NGAO could be either Keck I or II or both.

· NGAO will be installed at the Nasmyth focus(i)

· Changes, particularly electronic hardware and software changes, can be made to major sub-systems: DCS, current and future instrument suite, etc to accommodate for switches between instruments, parallel command processing (e.g., setup instrument for nighttime while DCS is reconfigured, science readout while loading the configuration for the next target, etc), scripting and automation.

3.2. The science community

We are assuming that the science community will be composed of the actual Keck community: UC, Caltech, UH, NASA & NSF/TSIP. 

· Each of them has a Time Allocation Committee (TAC), that will allocate time for NGAO. 

· All observing proposals will be ranked by the TAC (science merit or any other method). 

· Most astronomers from this community are opposed to service observing.

· Time Domain Astronomy (target of opportunity or monitoring programs) proposals will be allocated observing time. [2] And no restriction is made for the observing time required for an observing project (at least for NGAO).

· Once the time is allocated, there will be a phase-2 for the NGAO proposals (early-on or later, yet before execution at the telescope). 

3.3.  The telescope schedule

We are not assuming any constrains on the scheduling except for the following:

· Each TAC will be allocated its share of time

· There will be time allocated for Telescope & Instruments Engineering

Particularly, at this point in the study, we are not assuming that the interferometer  or any other instruments will constrain the schedule.   

3.4. Simple observing support paradigm:

We are assuming the following observing paradigms:

· Observing Assistants (or equivalent-skill staff) will be present at the summit

· The Support Astronomers (or equivalent-skill staff) will be available for support locally (Keck hq) or remotely (Oahu and US mainland)

· Astronomer (from either the science community and/or equivalent-skill staff  from the Keck Observatory) will be performing the observations either locally (Keck hq) or remotely (Oahu and US mainland) 

· The requirements for target approval with US Space Command will be automated and be of less than 12 hour. The notification of laser propagation for laser safety will be automated and less  than 12 hours. The LGS operations will not required any laser safety observers at the summit.

3.5. Observing conditions

 From KAON 463,[3] we assume the following observing conditions throughout the year:

· ~20% of the total nights year-round are not usable for NGAO (whether NGS or LGS)

· ~55% of the total nights year-round with photometric conditions (>6h/night)

· ~65% of the total nights with good or marginal cloud conditions (cirrus or partially cloudy), workable for LGS

· ~75% of the total nights with good or marginal cloud conditions (thick cirrus or greatly cloudy), workable for NGS

At this point, we are not assuming any constrains for seeing. We are not assuming that NGAO will be a bright or dark time instrument as it may be able to include NIR tip-tilt sensors and acquisition camera. 

4. Existing Observing Models

Observatories worldwide have different ways of observing. Most of them fall in the following two categories: classical, and queue-service observing models.

4.1. Classical Observing

This is the model of choice for Keck Observatory and for some other major observatories (Magellan,[4] Subaru, UKIRT, KPNO, CTIO, etc). Note that both VLT and Gemini operate in this mode more than 30% of the time.[5,6] Astronomers from a given institution are allocated time by their TAC for their observations with a given instrument. The observing time is scheduled for a precise date. The astronomers are the observers and service observing is not offered for this mode; P.I.s are in charge of the observing program and can make changes to it. The observations are performed either locally (e.g, Subaru Control Room on the summit of Mauna Kea) or remotely (e.g., Keck Waimea or UCLA remote observing room). In most cases, the support astronomers are located in the same room than the observers. The observer is responsible for the calibrations of the instrument. 

This observing model is directly affected by marginal observing conditions (typically 25% of the nights is lost year-round) and technical problems. Backup programs are the responsibility of the observers, and time lost for weather or technical reason is not compensated. 

This model is the cheaper to operate overall; To further control the operational cost, some observatories may minimize the requirements for observation readiness (observing preparation tool, staff support), instrument performance maintenance plan and monitoring, ancillary data products (seeing, PSF reconstruction), data reduction pipelines and data archive.[4] In that case, there is generally no limit for the proprietary data.

As of today, the classical model requires more instrument and scheduling flexibility to work well for TDA, either Target of Opportunity or Monitoring.[2]
This model gives a lot of flexibility to the science program for the astronomer and works pretty well for national communities (vs large international like ESO or Gemini).   

4.2. Queued-Service Observing

Queue scheduling does not have to be paired with Service Observing but it appears to be done in practice (ESO, Gemini, CFHT, HET, etc). Yet, none of the ground based observatories are operated in 100% queue-service mode; the queue-service mode represents 40 to 70% of the total observing time.[5,6]
In the queue scheduling mode, the observers are allocated observing time by the TAC. Proposals may be ranked scientifically (class 1, 2, etc), where class-1 proposals are given the highest observing priority. The date for the observations is constrained by the observability of the targets and the observing conditions required for the program. The astronomers have to go through a phase-2 proposal, where all observing details will be listed and reviewed. There is no backup program (class-C proposal may be performed under adverse conditions). Overall, there is much less flexibility for the observers to adjust instrument setup, change target priorities or assess the science quality of the data ; And the other hands, science programs have a greater chance to be complete as well as performed under optimal conditions. The time limit for the proprietary data ranges from one to two years.

The Observatory is responsible for the calibration data for the science and the instrument performance, which allows to use the same calibrations for different science programs. 

This model works great for a large and international community. It requires greater funding and provides a much greater suite of tools for observing sequences, instrument performance simulations and monitoring, data reduction pipelines and data archive.[7]  
This observing model is a great advantage during technical difficulties and during the integration of a new instrument. In principle, this should also be a great benefit for AO observations that require good observing conditions. 

4.3. Model Comparison against the NGAO proposed key-metrics

The main characteristics for the two models are summarized in Table 1.

	
	Classical
	Queue-Service

	Scheduling

Number of nights/semester

Mode

Obs. Date
	180

night/night (>0.5 night)

Fixed
	Account for weather losses

Program/program  (>4 hour)

Flexible

	Observations

Observer

Science priority and observing strategy

Science Calibrations requirements
	PI et al.

Per PI et al.

Per PI et al.
	Staff Astronomer

Per phase-2 and observing staff

Per phase-2 and observing staff

	Observing Requirements

Atmospheric conditions

Telescope/Instrument readiness
	Random

Best effort
	Per phase-2 reqts

Optimized / Documented

	Observing Risk management:

Backup options

Bad weather Impact 

Technical problem
	Limited range

Lost allocated time

Lost allocated time
	Per schedule and phase-2

Delayed observations

Delayed observations

	Completeness of observations
	Depending on Observing Conditions
	Per phase-2

	Science quality of raw data
	Depending on Observing Conditions and Observer’s decisions
	Depending on Phase-2 and Observer’s decisions

	Science quality of reduced data
	Depending on Observer

No data archival
	Calibration data archived

Documented

	Science quality of data product
	Depending on Observer

Proprietary data

No data archival
	Depending on Obs. and Observer

>18 months proprietary data

Archived

	Science Impact
	Per PI work
	Per PI work

Per archive access 


Little has been published to support a quantitative cost/benefit analysis between the two observing models: most institutions operate in a quite different socio-political framework, with different communities and budget constrains.[8] For part, the comparison between these models is qualitative and relies on anecdotes: 

· Astronomers not satisfied with the final data product from the queue mode, sometimes by the data quality;  but most times, astronomers claim they would have done a better job of assessing the scientific potential of the data and making decision to pursue or change the program.

· Astronomers losing part or the total of their allocated time due to adverse observing conditions (weather, technical, seeing), sometimes over more than one scheduling period. This leads to delayed publications at best, possible difficulties to request for more time, and/or abandon of project.

· Astronomers able to make observing decisions on the spot that improved the quality of their science.

· Astronomers not efficient, due to a limited understanding of the instrument performance and calibrations, and poor ability to operate the science instrument.    

· Astronomers using archive data for his/her research. 

Of particular interest is the paper from Puxley and Jorgensen[5] which provide a great overview of Five years of Queue Scheduling at the Gemini Telescopes. Both Gemini and VLT AO reported that their community is very now very enthusiastic with the service-observing mode.[5,6] The numbers of astronomers requesting service-observing has been steadily increasing over the fraction 50-50, which the Observatories were designed for. Both observatories are trying to keep the fraction of classical (visitor) mode to at least 30 to 40% of the allocated time. On the other hand, the observing model for  Keck is classical. Yet, we observed in 2004-2006 a trend for LGS observers to arrange with other observers and share nights so that each of them would have more than one opportunity to point the laser at the high-priority targets. The choice was based on two concerns: getting the best possible observing conditions and optimizing the coverage of variable sources (Galactic Center, low mass binaries, binary asteroids, time-series of the Crab nebula, etc).  

Both Gemini and ESO faced challenges for the staffing of the science operations: the number of hired was too low, and the learning curve was very steep. ESO notes that NAOS-CONICA (NGS at this point) is mostly operated in classical mode (>60% of the allocated time). Keck has 8 support astronomers for two telescopes, when Gemini science operations require more than 10 and up to 15 Ph.D.-level support persons, not including the scientific staff for each National Gemini Office (~4FTE/2 telescopes) and the support for data reduction tools (~4-5 FTE/yr/2 telescopes). Of course, the Keck Observatory and Gemini Observatory science operations goals and achievements differ in proportion to the cost. 

Once the weather losses are removed, the NGS AO instrument open-shutter efficiency numbers reported for Gemini Queue are ~60% under stable conditions (good weather) and ~50% for less stable conditions (variable transparency and/or marginal seeing). The open-shutter efficiency for Keck in NGS mode ranges between 40-60% and is 33% in LGS mode (without weather).[9]  Gemini North weather losses account for 20% of the available time (Keck LGS metrics is 25% and Keck metrics gives 21%).[2] The technical faults at Gemini North account for less than 10% of the observing time compared to 19% in LGS mode at Keck. 

Puxley and Jorgensen[5] report a 2003-2005 publication rate much higher for Queue (126) than for Classical (26), and note a strong correlation of the program completion with the publication of a paper based on the program data: as one expects, when the percentage completion increases for the program, so does the publication rate.  Gemini Queue proposals are ranked by TAC into three bands, Band 1, 2 and 3, based on science merit (each fraction  is respectively 20, 30 and 50% of the Queue proposals). Gemini met the goals of 90% of queue programs completed  for Band 1, and 75% for Band 2 (for Gemini North). The goal of 80% of the program of Band 3 being 75% completed is partially met. 

In Feb. 2007, we studied the science impact for the Keck LGS AO nights from Nov. 2004 to Jan. 06. These nights were primarily allocated to astronomers with a competitive AO science experience. Out of 55 allocated nights, 15 were fully (>7h of lost time) lost to weather or technical problems and 12 were partially (3h < lost time < 7h) lost. Twelve refereed papers were published from 10 nights (including 3 nights, partially lost). We are not aware of any paper that was published based on the backup science programs. 

We concluded that astronomers were very productive when they were able to perform their observations: at least 1 paper for 3.3 nights (nights not fully lost) as of Feb’ 07 and 1 paper for 4.6 nights (including lost nights) . These values are in well within the range of other Keck instruments like ESI and DEIMOS. 

As said, further comparison of the two models is a difficult task, so we choose an outcome-oriented  approach and we list below their respective (sometime common) advantages, that are keys for science impact:

· Ensuring the science instrument is developed, delivered, maintained and operated in a way that is well understood, supported  and agreed upon with the scientific community. 

· Ensuring that the instrument performance is documented and understood by the astronomer for the observing preparation phase.

· Ensuring there is a process to assess the science-grade quality of the data and make science-driven observing decisions.

· Ensuring that the observing program completion (including calibration) is as final as possible. 

· Ensuring a realistic staffing to support observing, with respect to the goals: FTEs and expertise levels.

· Ensuring there exists a fast way to switch between instruments and programs depending on conditions.
· Ensuring there exist strong collaborations and interactions between the support staff and the scientific community for the entire phase of an observation program (preparations, observations, calibrations, data reduction, etc), as well as during the instrument commissioning phases (science verification).
5. Pre-selected Observing Models

Given the assumptions made in section 3, we anticipate that the NGAO science operations will not be the full classical model nor the queue-service model. A NGAO operations model that will allow the science cases chosen by the Keck community may depart from the classical observing to become more efficient in providing the complete data set required for the science program and allow for better time domain astronomy; yet it will not become a queue-service (at least for the first few years of operations), as this would require changes to most instruments at Keck and represents a major increase in operations cost for the Keck Observatory and its community. 

We proposed a key metrics basis for the science operations in Section 2 and were able to extract some of the key-drivers for best science impact from looking at various observing models (sect. 3). Below, we are proposing a case-study for three models: a classical-backup, the TAC-flexible and the Keck queue. 

5.1. Classical-Backup

Classical-backup is a poor name to describe a science operations model that would be on the cheapest side of the various model options, yet able to present some minimal flexibility to adapt the science program  to the observing conditions. The advantage of such a minimalist approach is that it could be implemented early on, later, or not at all, by the TACs.

In this model, the observers would present two type of proposals (class A and B). Proposals in Class A (NGS or LGS) require stable image quality, photometric conditions and at least 4 continuous hours of observations; they are not required to have a back-up program. Proposals in Class B  have lower requirements on image quality, need not photometric conditions and use any of the compatible instruments. Class B could be considered as the backup proposal class. 

· The TAC allocates NGAO time to observers in the two classes independently, as it does now for LGS AO proposals. 

· In addition, each TAC makes sure that roughly one LGS night out of 5 is not scheduled.  We call that night an NS night. The NS nights may vary in number and distribution throughout the year, depending on weather pattern, science target priorities, etc.

· Each Class A observer is awarded observing time as in the current paradigm. The observer may choose to observe remotely or travel to Hawaii (see Section 6 for a range of observing support options).

· The Class A science program is reviewed and prepared with the help of the observing support tools and staff. Then the program is performed as scheduled.

· If the data collection for Class A program is 80% satisfactory (criteria to be expressed at a later time), then the program is considered complete.

· If the observing conditions (weather, faults, etc) prevent data collection, the program must stop and a fraction (to be detailed) of the next available NS night will be reserved for the Class A proposal. Immediately, the observing support  will identify a Class B proposal that can be performed given the observing conditions, the instrument setup and the observers’ availability (staff and observers’ roles to be detailed at a later time)

· If the entire available NS night is open, it can be decided either to allocate it to Class B proposals or to leave it open for any available Class A observers. 

This model makes almost no assumptions on people’s buy-in: observers individually, as well  as TAC may or may not choose to participate in the program. TAC may adapt the program to fit the observing priorities of their community. It leaves a lot of options open for  observing support model, decision making processes, etc. One could argue that the TAC should start thinking along these lines as more LGS nights become available in 07B.

In this lowest operation-cost model, we are assuming a significant effort for preparing the observations (pre-observing tool, performance simulation, etc), supporting the observations and assessing the raw science-data quality. Calibrations may be solely the responsibility of the observers. 

Requirements for instrument reliability, maintenance and performance monitoring may remain to current level or improve. Any data reduction and archive tools remain an option for each science instrument.

5.2. TAC-Flexible

We are now presenting an alternate model, that would provide a greater ability to perform and complete observing program under requested observing conditions. 

· Each TAC allocates observing time either per night (~9-12 hours), half-night (~5-6 hours) or quarter-night (~3 hours or less). 

· Each program is ranked in either Class A or Class B. Class A proposals may include a set of well-defined requirements; dark, grey time, photometry, resolution, minimal time on target. Class B proposal are considered secondary science priority for the TAC.

· Each TAC provide its request of NGAO nights, as well as for the request for dark/grey instrument nights for the semester. The observatory coordinate the requests and allocate blocks of night for each TAC. The final Observatory schedule include TAC blocks of nights and other constrains such as interferometer run, and period of maintenance for each instrument.

· Each TAC may have the option to allocate less observing time for a block of night to ensure that each observing program is completed.

· We illustrate some aspect of this TAC-Flexible model by the following schedule table:

	 
	Scheduled maintenace
	 
	Not available
	
	
	
	

	 
	Requested config
	 
	Readiness required
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	Date
	% dark
	TAC
	Inst. Request
	Instrument availability and status
	

	
	
	C
	F
	 
	D-IFU
	NIRCAM
	VIS-IMG
	NIRSPEC
	DEIMOS
	ESI
	other

	
	
	 
	 
	 
	
	
	
	
	
	
	

	1/1
	0
	CIT
	 
	NIRSPEC
	 
	 
	 
	 
	 
	 
	

	1/2
	10
	 
	CIT
	 
	 C453A, C456A, C567A, C487A,

C582B, C564B
	 
	 C568B

 C564B
	 
	 
	

	1/3
	20
	 
	CIT
	 
	
	 
	
	 
	 
	

	1/4
	29
	 
	CIT
	 
	
	 
	
	 
	 
	

	1/5
	39
	 
	UC
	 
	 
	
	 
	 
	 
	 
	

	1/6
	48
	 
	UC
	 
	 
	 
	 
	 
	 
	 
	

	1/7
	56
	 
	UC
	 
	 
	 
	 
	 
	 
	 
	

	1/8
	65
	 
	UH
	 
	 
	 
	 
	 
	 
	 
	

	1/9
	75
	 
	UH
	 
	 
	 
	 
	 
	 
	 
	

	1/10
	83
	 
	CIT
	 
	 
	 
	 
	 
	 
	 
	

	1/11
	91
	 
	CIT
	 
	 
	 
	 
	 
	 
	 
	

	1/12
	100
	 
	CIT
	 
	 
	 
	 
	 
	 
	 
	

	1/13
	100
	 
	UC
	 
	 
	 
	 
	 
	 
	 
	

	1/14
	100
	 
	UC
	 
	 
	 
	 
	 
	 
	 
	

	1/15
	100
	NOAO
	 
	VIS-IMG
	 
	 
	 
	 
	 
	 
	

	1/16
	96
	UC
	 
	ESI
	 
	 
	 
	 
	 
	 
	

	1/17
	88
	UH
	 
	ESI
	 
	 
	 
	 
	 
	 
	

	1/18
	80
	CIT
	 
	ESI
	 
	 
	 
	 
	 
	 
	

	1/19
	73
	CIT
	 
	 
	 
	 
	 
	 
	 
	 
	

	1/20
	65
	 
	UC
	 
	 
	 
	 
	 
	 
	 
	

	1/21
	57
	 
	UC
	 
	 
	 
	 
	 
	 
	 
	

	1/22
	48
	 
	UC
	 
	 
	 
	 
	 
	 
	 
	

	1/23
	38
	 
	DDT
	 
	 
	 
	 
	 
	 
	 
	

	1/24
	29
	UC
	 
	 
	 
	 
	 
	 
	 
	 
	

	1/25
	19
	 
	Keck
	PCS
	 
	 
	 
	 
	 
	 
	

	1/26
	9
	 
	Keck
	PCS
	 
	 
	 
	 
	 
	 
	

	1/27
	0
	 
	NASA
	IF
	 
	 
	 
	 
	 
	 
	 

	1/28
	0
	 
	NASA
	IF
	 
	 
	 
	 
	 
	 
	 

	1/29
	0
	 
	NASA
	IF
	 
	 
	 
	 
	 
	 
	 

	1/30
	0
	 
	CIT
	IF
	 
	 
	
	 
	 
	 
	 

	1/31
	5
	 
	CIT
	IF
	 
	 
	
	 
	 
	 
	 

	2/1
	15
	 
	 
	 
	
	
	
	
	 
	 
	

	2/2
	25
	 
	 
	 
	
	
	
	
	 
	 
	

	2/3
	34
	 
	 
	 
	
	
	
	
	 
	 
	

	2/4
	44
	 
	 
	 
	
	
	
	
	 
	 
	


Table 2 shows a possible configuration for the month of January 2010. TAC may allocate nights either in classical ( C) or flexible (F)  mode. For the flexible mode, various Class-A proposals may be in line (C453A, etc) as well as backup programs (C582B, etc). DEIMOS or NIRSPEC could be available in parallel with NGAO possible instruments (D-IFU, NIRCAM or VIS-IMG). The interferometer is not assumed at this point to be an instrument for NGAO.

· Each TAC would have the charge of maintaining, coordinating with PI astronomers and coordinating the schedule with the observatory using synchronized scheduling tools with automated logic, error checking, and a range of options including email notification to PI and synchronization with other Observatory database (to be designed). 

·  Each TAC will identify a limited number of remote observing sites (e.g., UCSC and UCLA for UC, CIT for CIT, MSC for NASA, Keck for UH) where observers will be encouraged to stay during their scheduled period of observing. 

· A major improvement will be needed for remote observing functionalities (multi-site video-links, high-bandwidth internet and possibility to observe from personal computers)

· The nightly support of astronomers may be done either from Keck HQ or from the remote sites. There may be a lot of advantages to have some of the Observatory support staff be relocated in California. The support staff would be able to coordinate and work closely with the UC, Caltech and MSC astronomers during the preparation phases, pre-observations, etc.  It will certainly help understand some of the issues with the science impact of any instrument.

· There will be a lot of details and options that would need to be worked out with the Observatory and the astronomers for that model to work well. These include coordination with DEIMOS and ESI planning and day-calibrations when another NGAO instrument is used, management for the calibration requirements for each science instrument, development of an accepted phase-2 effort with the observers, etc 

5.3. Keck-Queue

The Keck-Queue model 

5.4. Comparison with key-metrics

6. Requirements on implementations, range of options and cost control.

7. Recommendations and Conclusions
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