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Kitt Peak Condition Report

It is dark. Flashlightsarenot alwaysprovided. Recommendomethingyou cancarry
atall timesin your pocket

TemperatureFreezingo 70 F

Low humidity common high humidity occasional

Cando laundrywhile you arethere(powdereddetegentprovided)
Food,beddingtowelsprovided

“Night lunch” signup recommended



Interfer ometric Observations of Comets
Jef Morgenthaler

Outline

How doesinterferencevork?

— Wave natureof light
— Derive Braggre ection/Fabry-Rerot/gratingequation

Whatis interferometry’AVhatis notinterferometry?
— Dispersve spectroscopvs. Interferometry

Why is interferometrybetterfor comets?

— High etenduehigh spectroscopicesolvingpower
Interferometrianstruments

— Fabry-Ferot
— Michelson
— SpatialHeterodyneésSpectrometer

How we useinterferometers$o studycomets
— Fabry-Ferotspectra



Scattering surfaces

= sin a Path difference = n |
2D Side oftriangle=n /2

Fig. 1.— Derivation of the basicinterferencesquationfor Braggre ection ( gure: Mor-
genthalerl998). The “scatteringsurfaces”could also be the mirrored platesin a Fabry-
Perot. The dervationis similar for a transmissiorgrating orientedvertically alongthe
heavy dashedine. Assuming is theoutputangle thegeneralkequatiorfor thediffraction

gratingis: sin  + sin = n=D.
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What is interferometry?

Whatit is not

— Prism(refraction)

— Gratingspectrometer re ective or transmissie (diffraction)
— Braggcrystalspectrometefre ection)

— General:Translatevavelengthinto anangle

Interferometers

— Fabry-Ferot
— Michelson
— Weird ones(e.g. SpatialHeterodynespectrometer)

— General:Usetheprinciple of interferencdo achieve aninterferometrianull or reen-
forcementover awide rangeof angles
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The Fabry-Perot
Two parallelplatesof glass.distanceD apart
Re ective surfacesfacingeachother
Considemormalincidentlight
Somelight bouncesff rst surface,somepenetrates
Light bouncesaroundinside,constructvely interferingif n = D

Somelight escapesecondsurfacefor detection



Fig. 2.— Fabry-Ferotring patternof hydrogen-deuteriunamp.
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Fig. 3.— Spectrunof a hydrogen-deuteriunramp.
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Grating

Slit Lens _
Lamp O <( I
\v P
Calibrated
circle Telescope

Fig. 4.— Transmissiomgratingspectrometer~igure: S. Dodds,Rice U.
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Fig. 5.— Outputof a gratingspectrograpliFigure: S. Shahetal., J Phys. B, 1973). Top
arelinesof Fe,bottomis the bandstructureof Srl.
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Key differ encebetweenFabry-Perot and grating techniques

Etendue Effective areasolid-angleproduct: A

Concentraten , whichis how much canchangebeforespectrometegetsfooled
Into thinking it is looking at a differentwavelength

Fabry-Ferot:sin ;sin ! 1
Gratings:sin = sin ; Sin = sIn
sin +sin =n

For a grating,a smallchangeof input shavs up immediatelyasanapparenthange
In wavelength

— Thisis why high-resolutiorgratingspectrographeeednarrawv slits

For aFabry-Ferot, canchangemorebefore appeardochange

Fabry-Ferotspectroscoyp (really any interferometriccechnique)s betterfor extendedob-
jects
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ResolvingPower

Resolvingpower:R = =
Forone , DopplershiftR = ¢c= v

Prism: Michelsons 1907Nobel PrizelecturecreditsLord Rayleighwith a prismwith
R =40,000.R < 4,000typical

Gratings:
— R = nL=D, whereL is thelengthof thegrating

— TypicalR  3,000-30,000( v 100kms '-10 kms 1)
— Monster nely grooved,highordergratingscangetR > 100,000

Fabry-Ferot:

— R = 2NRrD= , whereNRg is relatedto the re ectivity of the glassplates(typical
value= 20)

— A monsterFabry-Ferotis 6 inchesin diameter

— Cometstudies:R = 30,000- 100,000( v 10kms -3 kms 1)

— GonzaloHernandeznesospherigzvindsR = 10
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Michelson Interfer ometer: Fourier transform device

Like anopened-ug-abry-Ferot
Inputlight is split by a half-sliveredmirror

Resultingbeamsdirectedtowardstwo mirrors which re ect the light backtoward the
beamsplitter

Light recombines
If pathis preciselythe samethereis a maximumin output
Onemirror is movedandthe outputmonitored

As the path differencemoves through integer multiples of a particular wavelength
presenin thesourcejnterferencewill occur

Thatinterferencdringe will repeateverytime the mirror movesby onewavelength
Fouriertransformof fringe signalvs. pathdifferenceplot givessourcespectrum

Resolvingpower dependn how far the mirror moves. S/N is built up by multiple
passes
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Fig. 6.— Michelson interferometer (Figure credit Leonardo Motta,

http://sciencevorld.wolfram.com)
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Spatial Heterodyne Spectrometer (SHS)

Michelsonon steroidsandludes
Mirrors arereplacedoy gratings

— Wavefrontanglesdependon wavelength:light is sprayingeverywhere

— Onewavelength(“the tune”) will follow the Michelsonpatharoundbotharms
— Slightly differentwavelengthwill beangledandcrossin an X' pattern

— Constructve interferenceof crossingwavefrontsmakesfringes

No moving parts

High etenduelik e Fabry-Ferot
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Fig. 7.— SpatialHeterodyneSpectrometefHarlanderetal. 2003).
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Fig. 8.— SHSfringe pattern.Photocredit YunlongLin andthe SHOW project.
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Real Fabry-Pérot data and science

Spectraimode(rings)
— Gettotal ux comingfrom source(e.g.comet,atmosphere)
Imagemode

— Narrow-band lter imaging
— Only way to isolatesomeemissionines(e.g.,[O 1] 6300A)

Datacubes(seeWalt's moviesof H,O")

— Find projectedvelocity distribution
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Fig. 9.— Fabry-Ferotobsenationsof HydrogenBalmer
thaleretal. 2002).
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Fig. 10.—Fabry-Ferotobsenationsof HydrogerBalmer in cometHale-Boppconverted

to spectrumMorgenthaleretal. 2002).
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Comet Hale—Bopp 9/0305az
WHAM Fabry—FPerot Spectrum
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Fig. 11.— Fabry-Rerotobsenationsof [O 1] 6300A in cometHale-Bopp,shaving band-
passesisedfor image-modebsenations(Morgenthaleretal. 2001).
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Fig. 12.—Fabry-Rerotimage-modabsenationsof [O 1] 6300A andnearbycontinuumin
cometHale-Bopp(Morgenthaleretal. 2001).
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Fig. 13.—Narrov-bandimagein the OH molecularandat 3080A (Harrisetal. 2002).
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Fig. 14.—Radialpro les of narrav-bandimagesof cometHale-Bopp(Morgenthaleetal.
2001).
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Fig. 15.—Hale-BoppH,O™" velocity map.
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This preprintwaspreparedvith the AAS IATEX macrosvs.0.



