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Preliminary ConsiderationsPreliminary Considerations

Pose a single, testable hypothesisPose a single, testable hypothesis
Does an interferometer help you make this Does an interferometer help you make this 
measurement?measurement?
Know all necessary background Know all necessary background 
informationinformation
Know whether ancillary data are needed Know whether ancillary data are needed 
and if already availableand if already available
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Choosing an InstrumentChoosing an Instrument
Primary Considerations:Primary Considerations:

Hemisphere Hemisphere –– zenith angle limitationszenith angle limitations
Wavelengths Wavelengths –– acquisition, tracking and scienceacquisition, tracking and science
Angular Resolution Angular Resolution –– wavelength/baseline dependentwavelength/baseline dependent
Sensitivity Sensitivity 

Secondary Considerations:Secondary Considerations:
Spectral Resolution Spectral Resolution –– lines, SNRlines, SNR
UV Coverage UV Coverage –– snapshot, longsnapshot, long--term monitoringterm monitoring
Amplitudes and/or PhasesAmplitudes and/or Phases

NotaNota BeneBene::
Special Modes Special Modes –– e.g. nulling, phase referencinge.g. nulling, phase referencing
Availability of Instrument Availability of Instrument –– science mission, collaborationscience mission, collaboration
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Choosing CalibratorsChoosing Calibrators
No single step is more important!No single step is more important!

Considerations:Considerations:
Proximity to Science Object Proximity to Science Object 
Stability Stability –– Variable, Binary, OblateVariable, Binary, Oblate
Colors/Spectral Types Colors/Spectral Types –– Needed for AO? Needed for AO? 
Instrumental response?Instrumental response?
Spectral Lines Spectral Lines –– Spectral ResolutionSpectral Resolution
Resolved or UnresolvedResolved or Unresolved
Other Considerations Other Considerations –– Different calibrators for Different calibrators for 
different parts of the science programdifferent parts of the science program
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CalibrationCalibration
Some types of interferometric observables need Some types of interferometric observables need 
different levels of fidelity than othersdifferent levels of fidelity than others

Phases Phases –– closure phase measurements more closure phase measurements more 
immune to calibration errors than othersimmune to calibration errors than others
Amplitudes Amplitudes –– what level of Vwhat level of V22 errors can you suffer errors can you suffer 
and still make a meaningful measurementand still make a meaningful measurement
Spectral Lines Spectral Lines –– how well do they need to be knownhow well do they need to be known
Nulling Nulling –– how unresolved does your source have to how unresolved does your source have to 
be to avoid leaking throughbe to avoid leaking through
Phase referencing Phase referencing –– how large is the how large is the isoplanaticisoplanatic
angle, do the target and calibrator need to be done in angle, do the target and calibrator need to be done in 
the same modethe same mode
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Conservative Approach to Conservative Approach to 
CalibrationCalibration

Pick at least 2 unresolved calibratorsPick at least 2 unresolved calibrators
Make sure they are free of any Make sure they are free of any ““disturbingdisturbing””
referencesreferences
Make sure they are free of spectral lines and Make sure they are free of spectral lines and 
approximately the same magnitude as your approximately the same magnitude as your 
targettarget
Pick sources as nearby as possible to the target Pick sources as nearby as possible to the target 
source source –– interferometer dependentinterferometer dependent
Interleave with target during observationsInterleave with target during observations
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What Affects Data Quality?What Affects Data Quality?
System Visibility System Visibility –– absolute and fluctuationsabsolute and fluctuations
Sensitivity Sensitivity –– are you meeting it?are you meeting it?
Atmospheric Issues Atmospheric Issues –– what are your what are your 
requirements on seeing and requirements on seeing and StrehlStrehl
System Diagnostics System Diagnostics –– what do the blackwhat do the black--belt belt 
interferometristsinterferometrists look at?look at?
Be Prepared to Make Changes in RealBe Prepared to Make Changes in Real--Time Time ––
have a backhave a back--up program readyup program ready
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Modeling the ResultsModeling the Results
Pre and Post ObservingPre and Post Observing

often required by often required by TACsTACs
helps distinguish how to make the observationhelps distinguish how to make the observation
allows you to determine key times to observeallows you to determine key times to observe

What Information Will You NeedWhat Information Will You Need
photometry, spectroscopy, RV, ephemeredesphotometry, spectroscopy, RV, ephemeredes
contemporaneous?, periodic?contemporaneous?, periodic?
parametric modelsparametric models

What Resources Will You NeedWhat Resources Will You Need
computer time/softwarecomputer time/software
theorist, collaboratortheorist, collaborator
time on other telescopestime on other telescopes
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Other ConsiderationsOther Considerations

Timed programsTimed programs
variable stars, binaries, variable stars, binaries, ToOToO

LongLong--term programsterm programs
slow or periodic changes in the targetslow or periodic changes in the target
deep integrations for sensitivitydeep integrations for sensitivity

Coordinated programsCoordinated programs
with other observatorieswith other observatories
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Tools for useTools for use
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FeaturesFeatures
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Features Features concon’’tt
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Some OutputsSome Outputs
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getCalgetCal OutputOutput
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FbolFbol output (i)output (i)
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FbolFbol output (ii)output (ii)
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Example Number 1Example Number 1

Triple System Triple System –– Hummel et al., 2003, AJHummel et al., 2003, AJ
Hypothesis:  Angular momentum axes of the Hypothesis:  Angular momentum axes of the 
smaller and larger orbits are alignedsmaller and larger orbits are aligned
Instrumental choice:  LongInstrumental choice:  Long--term coverage on term coverage on 
a system with RV data where wea system with RV data where we’’d like to get d like to get 
closure phases closure phases NPOINPOI
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When can I observe?When can I observe?
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Calibrators?Calibrators?
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Which calibrators were used?Which calibrators were used?
HD 102870 (F9V)  & HD 118098 (A3V)HD 102870 (F9V)  & HD 118098 (A3V)
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Is the calibrator okay?Is the calibrator okay?
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UV CoverageUV Coverage
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RV?  RV?  -- Yes!Yes!
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Data from PaperData from Paper
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Published ResultsPublished Results

ηη VirVir: P: PABAB = 4794d= 4794d
PPAaAbAaAb=71d=71d
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Next Steps?Next Steps?

Did we answer our question?Did we answer our question?
derived distance, masses, relative derived distance, masses, relative 
magnitudes, orbital inclinationmagnitudes, orbital inclination
have 30.8have 30.8oo between orbits and orbits are cobetween orbits and orbits are co--
rotatingrotating

Is there a way to improve this experiment?Is there a way to improve this experiment?
Do more systemsDo more systems……..only 22 triples have ..only 22 triples have 
measured orbits!measured orbits!



MSW MSW -- July 28, 2006July 28, 2006 Designing an Observing ProgramDesigning an Observing Program

Example Number 2Example Number 2

Rapidly Rotating Stars Rapidly Rotating Stars –– Peterson et al, Peterson et al, 
2006, 2006, ApJApJ

Hypothesis: Rotation causes the stars to be Hypothesis: Rotation causes the stars to be 
oblate oblate –– pick Altair to test.pick Altair to test.
Instrumental choice: Need high angular Instrumental choice: Need high angular 
resolution due to the differential nature of the resolution due to the differential nature of the 
measurement of measurement of oblatenessoblateness. Probably want . Probably want 
closure phases closure phases NPOI.NPOI.
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When can I observe?When can I observe?
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Calibrators?Calibrators?
HD 177724HD 177724

A0Vn A0Vn –– known doubleknown double
6.56.5”” but 9 but 9 magmag fainterfainter

in GCVSin GCVS
rapid rotator rapid rotator -- ~300 km/s~300 km/s
FFbolbol predict = 0.6 +/predict = 0.6 +/-- 0.1 0.1 masmas

HD 176437HD 176437
B9III B9III –– known doubleknown double

1313”” away but 8.9 away but 8.9 magmag fainterfainter
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UV CoverageUV Coverage
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Data from PaperData from Paper
Triple amplitudes as fit Triple amplitudes as fit 
to Roche lobe models to Roche lobe models 
(left)(left)
Spectral feature due to Spectral feature due to 
H beta (below)H beta (below)
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Published ResultsPublished Results
TTpolepole = 8740K= 8740K
T T eqeq =  6890K=  6890K
Vega from Peterson et al., Vega from Peterson et al., 
2006, Nature2006, Nature



MSW MSW -- July 28, 2006July 28, 2006 Designing an Observing ProgramDesigning an Observing Program

Next Steps?Next Steps?

Did we answer our question?Did we answer our question?
Yes Yes –– rapid rotators can appear to be oblate rapid rotators can appear to be oblate 
(viewing angle)(viewing angle)
See predicted von See predicted von ZeipelZeipel gravity darkeninggravity darkening

Is there a way to improve this experiment?Is there a way to improve this experiment?
More spectral resolution?More spectral resolution?
More sensitive instrument in order to get More sensitive instrument in order to get 
larger sample?larger sample?



MSW MSW -- July 28, 2006July 28, 2006 Designing an Observing ProgramDesigning an Observing Program

Example Number 3Example Number 3

Dust Species around massDust Species around mass--losing variable losing variable 
star star –– MennessonMennesson et al. 2005, et al. 2005, ApJApJ..

Hypothesis: Can we locate the dust formation Hypothesis: Can we locate the dust formation 
location around a masslocation around a mass--losing star?losing star?
Instrumental choice: Dust is more readily Instrumental choice: Dust is more readily 
observed at N band (and with spectral observed at N band (and with spectral 
resolution we can learn something about the resolution we can learn something about the 
dust species) dust species) Keck Interferometer KALI Keck Interferometer KALI 
camera in noncamera in non--nulling modenulling mode
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When can I observe?When can I observe?
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CalibrationCalibration
HD 143107 HD 143107 –– K2IIIK2III

FFbolbol size = 3.14 +/size = 3.14 +/-- 0.68 0.68 masmas
Published size = 2.81 +/Published size = 2.81 +/--
0.1 0.1 masmas –– Why?Why?

HD 194317 HD 194317 –– K3IIIK3III
Published size = 2.82 +/Published size = 2.82 +/-- 0.1 0.1 
masmas

HD 197989 HD 197989 –– K0IIIK0III
Published size = 4.47 +/Published size = 4.47 +/-- 0.2 0.2 
masmas
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Ancillary DataAncillary Data

MidMid--infrared spectrum infrared spectrum –– IRAS IRAS 
LRS (right)LRS (right)
AAVSO curve AAVSO curve –– phase (above)phase (above)
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ResultsResults
VV22 as function of as function of 
wavelength (left)wavelength (left)
UD fits to spectral channels UD fits to spectral channels 
(below)(below)
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Published ResultsPublished Results

Derived from spectrum from a single Keck and using Derived from spectrum from a single Keck and using 
best model parameters:  star UD = 3.78 best model parameters:  star UD = 3.78 masmas @ 3100K & @ 3100K & 
shell UD = 27.6 shell UD = 27.6 masmas @ 1160K @ 1160K –– a Mga Mg--rich silicate dustrich silicate dust



MSW MSW -- July 28, 2006July 28, 2006 Designing an Observing ProgramDesigning an Observing Program

Next Steps?Next Steps?

Did we answer our question?Did we answer our question?
Yes Yes –– we detected the dust at a larger stellar we detected the dust at a larger stellar 
radius than the photosphere and were able to radius than the photosphere and were able to 
understand a few things about the species.understand a few things about the species.

Is there a way to improve this experiment?Is there a way to improve this experiment?
Plan ahead and have ancillary data that is Plan ahead and have ancillary data that is 
contemporaneous contemporaneous –– IR spectrum and light IR spectrum and light 
curvecurve
Do with nulling Do with nulling ““turned onturned on””..
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Final Steps in the ProcessFinal Steps in the Process……
Reduce the data early and oftenReduce the data early and often

check quality, check tools, trace instrument behaviorcheck quality, check tools, trace instrument behavior

Model and perform fits Model and perform fits 
preliminary models, find out if need more infopreliminary models, find out if need more info

Include Error Estimates Include Error Estimates 
systematicssystematics and observing uncertaintiesand observing uncertainties

DonDon’’t Hesitate to Ask for Assistance t Hesitate to Ask for Assistance ––
support scientists, colleagues, theorists,support scientists, colleagues, theorists,……

PUBLISH!! PUBLISH!! –– and then followand then follow--upup
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ConclusionsConclusions

Good design of an observing program Good design of an observing program 
takes careful preparation. Think ahead.takes careful preparation. Think ahead.
Data is only as good as its calibration.Data is only as good as its calibration.
Try to be open to serendipity Try to be open to serendipity –– there may there may 
be more in your data than you expect.be more in your data than you expect.
Enjoy Enjoy –– youyou’’ve got the best job in the ve got the best job in the 
world!world!


	Designing an Observing Program
	Outline
	Preliminary Considerations
	Choosing an Instrument
	Choosing Calibrators
	Calibration
	Conservative Approach to Calibration
	 What Affects Data Quality?
	Modeling the Results
	Other Considerations
	Tools for use
	Features
	Features con’t
	Some Outputs
	getCal Output
	Fbol output (i)
	Fbol output (ii)
	Example Number 1
	When can I observe?
	Calibrators?
	Which calibrators were used?
	Is the calibrator okay?
	UV Coverage
	RV?  - Yes!
	Data from Paper
	Published Results
	Next Steps?
	Example Number 2
	When can I observe?
	Calibrators?
	UV Coverage
	Data from Paper
	Published Results
	Next Steps?
	Example Number 3
	When can I observe?
	Calibration
	Ancillary Data
	Results
	Published Results
	Next Steps?
	Final Steps in the Process…
	Conclusions

