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Gravitational lensing by spiral galaxies
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Abstract. Spiral galaxiesat moderateredshiftsand orientedoptimally could form characteristic
multipleimagesof extendedbackgroundourcegrom which the massdistributionin the galaxycan
be estimated.The absorptiorprofile dueto the galaxyprovidesa reliabletool for the chemicaland
thermaldiagnosticof thelens.
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1. Introduction

In generatelativity, thespacdime curvatureandthe gravitationalmassarerelatedthrough
Einsteins equationsa consegencef which is the apparenbendinganddistortionof the
photonpath neara massve object. During the lasttwo decadesthis provided a power
ful tool for confrontationof theorieswith obsenations,throughgravitational lensing of
a sourcedueto anintervening massve objectand formation of multiple imageshaving
identicalintrinsic properties.

An objectcanshaw signaturesof stronglensing,like distortionof theimageinto arcs
or formationof multiple images|f its centralprojectedsurfacemassdensityy exceedsa
critical value,S¢; ~ c2/(47GDeg), whereDeg = (D;Dys)/Ds and Dy, D, Dy, arethe
angulardiametedistancegrom thelensto obsenrer, sourceto obsenerandsourceto lens
respectiely. It is clearthata moredistantlensactsasa strongelensfor afaraway source,
thoughtheimageseparatiomlsodecreasems angularunitsas~ ¢/D;/¥ /3¢, — 1, where
¢ is atypical scalelengthof massdistribution in thelens. Spiralgalaxiescanproducemul-
tiple imagesif locatedat moderateredshift. For instance the disk of the milky way has
surfacemassdensityof 0.01gm/cn? in our neighbourhooéndof theorderof 0.1 gm/cn?
nearthecentre whichwill becloseto 1 gm/cn? if measurectedgeon orientation.Conse-
guently thedisk of our galaxy viewededgeon, canform multipleimagedf it is atredshift
of ~0.1.

Someof the lensingcharacteristicef spiral galaxieswhich make it a valuabletool of
cosmologyare

1. Ellipticity of the projectedsurface massdensityof the lensdependson the orien-
tation of the disk. Thus, certainorientationof the disk of the spiral can produce
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eye-catchingmageconfigurationwhich provide strongconstrainton thelensmod-
els.

2. Spiralsaregasrich andreadily produceabsorptionines which carry signatureof
theline of sightrotationcurve of thegalaxyaswell aschemicabbundancef various
species.

3. Mary of thespiralsarefield galaxiesandhencethelensingactionis likely to bedue
to asingleobjectthoughthelensingby the bulge anddisk componenhave different
characteristicsBut theangularseparatiorof theimageswould be smallandatleast
somecomponenbdf the sourcewould have morethantwo images.This makesthem
usefultargetsfor time delaymeasurementisetweerthe images,if the sourcewere
variable.

Therearethreeprobesto the masddistribution in thelensspiral.

1. Modelsof the multiple imageconfiguration.
2. Rotationcurve inversionfrom resohedabsorptiorprofiles.

3. Baryonmasddistribution andits chemicalandthermodynamictatethroughthe ab-
sorptionline strengthandwidth of variouslines.

In this talk the methodswill beillustratedthroughanexample,thoughqualitatively.

2. Model analysis

We have carriedout detailedobsenationsand modelling of two systemsthe Ooty lens
1830-211[1,2] and0218+357 [3,4]. In both casesthe two imagesof a compactflat
spectrumradio sourceaswell asa ring like morphologyproducedby the lensactionon
extendedieaturef thesourceprovide goodcontsraintonthelens,from which theorien-
tation of the major axis of thelensaswell asapproximatenclination of the disk, its scale
lengthof masddistribution andsurfacemassdensitycanbe estimated.

3. Absorption line analysis

A typical absorptiorprofile is shavn in thefigure 1, obsenedin the systemB0218+357.
The main two peakshave widths of approximatelyl0 km/seceach,thusindicating that
they areformedby a small numberof cloudshaving similar rotationvelocity. The dif-

ferencebetweenthe two peaks,26 km/secis the differencein the line of sight rotation
velocity betweerthetwo images.It turnsout, from theaccuratgositionof theimagesand
modelling of the configuration that one of theimagesis closeto the lenscentreandthe
otherone,within 15 degreesof the minor axisof the spiralgalaxy In addition,thediskis

ataninclinationof 25to 35degrees.The smalldifferencein therotationvelocity between
theimagesis consistentwvith both theseresultsfrom the model. The shallov absorption
profile, which s significantat 6 sigmalevel, but worth observingat highersensitvity, has
a dopplerwidth of 160 km/sec. From the radiusof the ring responsibldor this feature
(200milliarcsecondst redshiftof 0.685),we derive thattheline of sightrotationvelocity
is approximately80 km/secat 1.5 kpc from the lens centre. Using the eccentricity of
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HI absorption by the Spiral Lens Galaxy towards B0218+357
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Figure 1. A sampleabsorptiorline (solid line) dueto alensspiralgalaxy Thesource
hasa compactflat spectrumcomponenof which two imagesare obsered andsome
steepspectrumblobs, the imagesof which form aring like structure. The absorption
line is decomposedéhto two Gaussiarprofilesdueto the compactmages(dashecand
dashdotted curves) and a shallav componentdue to the blobs (meanof which is a
straightdotdotdashdotline). Thedifferencein thepeaksturnsoutto beapproximately
27 km/sec. The shallav absorptioncomponents at least160 km/secwide, but it is
not smoothbecausehe blobs do not form a continuousring. The 1 o limit of the
continuumis dravn as dottedlines and 3 ¢ limits of the meanvalue of the shallav
absorptionfeaturesareshavn aslong dash-dottedine. Fromtheselimits it is evident
thattheabsorptiorfeatureis reliableat betterthan6 o in spiteof thenoisynatureof the
data.Thefigureis basedon anongoingwork with J ChengaluandA G deBruyn, and
theobsenation wascarriedout at WSRT, Dwingeloo.

0.45to 0.55, the expectedrotation velocity is in the rangeof 150 to 200 km/sec. This
is a lower limit becausédhe shallov line is curtaileddueto noisein the dataaswell as
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discontinuityin thering. If the galaxyis similar to the milky way, the derived rotation
velocity is likely to be the asymptoticvalue; but mary of the Sc spiralshave increasing
velocity evenoutwards,in which casethevaluecouldbehigher In essencethe galaxyhas
characteristicsimilarto ours.A similar analysiswvascarriedout for 1830—-211wherethe

line of sightrotationvelocity wasderivedto be 160to 175 km/secandthe eccentricityof

theorderof 0.7to 0.75. Consequentlytherotationvelocity wasestimatedo be 220to 250
km/sec.

Chemical analysis: The columndensityof neutralatomichydrogencanbeestimatedrom

the optical depthandline width of the Gaussiarfits to the two main components.The
derived valueis proportionalto the spin temperatureof hydrogen,which, in both these
casess estimatedo bein therangeof 300to 500K. However, without multiple absorption
lines we cannotderive quantitatve resultson the column density or thermal structure.
In the caseof 1830-211the OH doublethasequalintensity Thatalongwith the other
numeroudines obsened [5,6] indicatethat the molecularlines originatefrom extended
regionsof diffusecloudswherethe radicalsare reachthermalequilibrium with radiation
ratherthanby collision betweerelectronsor otherspecieg?2].

4. Summary and outlook

Gravitationallensingby spiralgalaxieswill beanexciting field of cosmologyin thecoming
years.If bulk of thesegalaxiesareisolated theimageseparatiortouldbeatrueindication
of the massdistribution at galaxy scales. The chemicaland dynamicaldiagnosticwill

be reliabledueto the rich gascontentof the galaxies. The Faradayrotationwill provide
methodgo studythe evolution of galacticmagneticfield at intermediateredshiftandthe
rotationcurve profilewill have strongimplicationsonthetotalmasscontentof thegalaxies.
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