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Gravitational lensing by spiral galaxies

D NARASIMHA
TataInstituteof FundamentalResearch,Homi BhabhaRoad,Mumbai400005,India

Abstract. Spiral galaxiesat moderateredshiftsandorientedoptimally could form characteristic
multiple imagesof extendedbackgroundsourcesfrom which themassdistribution in thegalaxycan
beestimated.Theabsorptionprofile dueto thegalaxyprovidesa reliabletool for thechemicaland
thermaldiagnosticof thelens.
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1. Introduction

In generalrelativity, thespacetimecurvatureandthegravitationalmassarerelatedthrough
Einstein’s equations,a conseqenceof which is theapparentbendinganddistortionof the
photonpathneara massive object. During the last two decades,this provideda power-
ful tool for confrontationof theorieswith observations,throughgravitational lensingof
a sourcedue to an interveningmassive objectandformationof multiple imageshaving
identicalintrinsic properties.

An objectcanshow signaturesof stronglensing,like distortionof the imageinto arcs
or formationof multiple images,if its centralprojectedsurfacemassdensity � exceedsa
critical value, �������	��

����������������� , where ������� �!��"#�%$ &'�(�)�+* and ��" , �+* , ��",* arethe
angulardiameterdistancesfrom thelensto observer, sourceto observerandsourceto lens
respectively. It is clearthatamoredistantlensactsasastrongerlensfor afarawaysource,
thoughtheimageseparationalsodecreasesin angularunitsas �.-/�)��"�0 �1�������3254 , where
- is a typicalscalelengthof massdistribution in thelens.Spiralgalaxiescanproducemul-
tiple imagesif locatedat moderateredshift. For instance,the disk of the milky way has
surfacemassdensityof 0.01gm/cm
 in ourneighbourhoodandof theorderof 0.1gm/cm

nearthecentre,whichwill becloseto 1 gm/cm
 if measuredatedgeonorientation.Conse-
quently, thediskof ourgalaxy, viewededgeon,canform multiple imagesif it is atredshift
of � 0.1.

Someof the lensingcharacteristicsof spiral galaxieswhich make it a valuabletool of
cosmologyare

1. Ellipticity of the projectedsurfacemassdensityof the lensdependson the orien-
tation of the disk. Thus, certainorientationof the disk of the spiral canproduce
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eye-catchingimageconfigurationwhichprovidestrongconstraintson thelensmod-
els.

2. Spiralsaregasrich andreadilyproduceabsorptionlineswhich carrysignaturesof
theline of sightrotationcurveof thegalaxyaswell aschemicalabundanceof various
species.

3. Many of thespiralsarefield galaxiesandhencethelensingactionis likely to bedue
to asingleobjectthoughthelensingby thebulgeanddiskcomponenthavedifferent
characteristics.But theangularseparationof theimageswould besmallandat least
somecomponentof thesourcewouldhavemorethantwo images.Thismakesthem
usefultargetsfor time delaymeasurementsbetweenthe images,if thesourcewere
variable.

Therearethreeprobesto themassdistribution in thelensspiral.

1. Modelsof themultiple imageconfiguration.
2. Rotationcurve inversionfrom resolvedabsorptionprofiles.
3. Baryonmassdistribution andits chemicalandthermodynamicstatethroughtheab-

sorptionline strengthandwidth of variouslines.

In this talk themethodswill beillustratedthroughanexample,thoughqualitatively.

2. Model analysis

We have carriedout detailedobservationsandmodellingof two systems,the Ooty lens
18302 211 [1,2] and02186 357 [3,4]. In both cases,the two imagesof a compactflat
spectrumradio sourceaswell asa ring like morphologyproducedby the lensactionon
extendedfeaturesof thesourceprovidegoodcontsraintsonthelens,from whichtheorien-
tationof themajoraxisof thelensaswell asapproximateinclinationof thedisk, its scale
lengthof massdistributionandsurfacemassdensitycanbeestimated.

3. Absorption line analysis

A typical absorptionprofile is shown in thefigure1, observedin thesystemB02186 357.
The main two peakshave widths of approximately10 km/seceach,thus indicatingthat
they are formedby a small numberof cloudshaving similar rotationvelocity. The dif-
ferencebetweenthe two peaks,26 km/secis the differencein the line of sight rotation
velocitybetweenthetwo images.It turnsout,from theaccuratepositionof theimagesand
modellingof the configuration,that oneof the imagesis closeto the lenscentreandthe
otherone,within 15 degreesof theminor axisof thespiralgalaxy. In addition,thedisk is
ataninclinationof 25 to 35degrees.Thesmalldifferencein therotationvelocitybetween
the imagesis consistentwith both theseresultsfrom the model. The shallow absorption
profile,which is significantat 6 sigmalevel, but worth observingat highersensitivity, has
a dopplerwidth of 160 km/sec. From the radiusof the ring responsiblefor this feature
(200milliarcsecondsat redshiftof 0.685),we derivethattheline of sightrotationvelocity
is approximately80 km/secat 1.5 kpc from the lens centre. Using the eccentricityof
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Figure 1. A sampleabsorptionline (solid line) dueto a lensspiralgalaxy. Thesource
hasa compactflat spectrumcomponentof which two imagesareobserved andsome
steepspectrumblobs,the imagesof which form a ring like structure.Theabsorption
line is decomposedinto two Gaussianprofilesdueto thecompactimages(dashedand
dashdottedcurves) anda shallow componentdue to the blobs (meanof which is a
straightdotdotdashdot line). Thedifferencein thepeaksturnsout to beapproximately
27 km/sec. The shallow absorptioncomponentis at least160 km/secwide, but it is
not smoothbecausethe blobs do not form a continuousring. The 1 7 limit of the
continuumis drawn as dottedlines and3 7 limits of the meanvalue of the shallow
absorptionfeaturesareshown aslong dash-dottedline. Fromtheselimits it is evident
thattheabsorptionfeatureis reliableatbetterthan6 7 in spiteof thenoisynatureof the
data.Thefigureis basedonanongoingwork with J ChengalurandA G deBruyn,and
theobservationwascarriedoutat WSRT, Dwingeloo.

0.45 to 0.55, the expectedrotationvelocity is in the rangeof 150 to 200 km/sec. This
is a lower limit becausethe shallow line is curtaileddueto noisein the dataaswell as
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discontinuityin the ring. If the galaxy is similar to the milky way, the derived rotation
velocity is likely to be the asymptoticvalue; but many of the Sc spiralshave increasing
velocityevenoutwards,in whichcasethevaluecouldbehigher. In essence,thegalaxyhas
characteristicssimilar to ours.A similaranalysiswascarriedout for 18302 211wherethe
line of sight rotationvelocity wasderivedto be160to 175km/secandtheeccentricityof
theorderof 0.7to 0.75.Consequently, therotationvelocitywasestimatedto be220to 250
km/sec.

Chemical analysis: Thecolumndensityof neutralatomichydrogencanbeestimatedfrom
the optical depthand line width of the Gaussianfits to the two main components.The
derived value is proportionalto the spin temperatureof hydrogen,which, in both these
casesis estimatedto bein therangeof 300to 500K. However, withoutmultipleabsorption
lines we cannotderive quantitative resultson the column densityor thermalstructure.
In the caseof 1830–211,the OH doublethasequalintensity. That alongwith the other
numerouslines observed [5,6] indicatethat the molecularlines originatefrom extended
regionsof diffusecloudswherethe radicalsarereachthermalequilibrium with radiation
ratherthanby collision betweenelectronsor otherspecies[2].

4. Summary and outlook

Gravitationallensingby spiralgalaxieswill beanexcitingfield of cosmologyin thecoming
years.If bulk of thesegalaxiesareisolated,theimageseparationcouldbeatrueindication
of the massdistribution at galaxy scales. The chemicaland dynamicaldiagnosticwill
be reliabledueto the rich gascontentof the galaxies.The Faradayrotationwill provide
methodsto studythe evolution of galacticmagneticfield at intermediateredshiftandthe
rotationcurveprofilewill havestrongimplicationsonthetotalmasscontentof thegalaxies.
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