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Abstract. A static and circularly symmetriclens character
ized by massandscalarchage parameterss constructedFor
the small valuesof the scalarchage to the massratio, the
gravitational lensingis qualitatively similar to the caseof the
Schwarzschildlens; however, for large valuesof this ratio the
lensingcharacteristicaresignificantlydifferent. Themainfea-
turesaretheexistenceof two or nil Einsteinring(s)andaradial
critical curve, formationof two or four imagesand possibility
of detectingthreeimagesnearthe lensfor sourcedocatedat
relatively large angularpositions.Sucha novel lensmay also
betreatedasa nakedsingularitylens.
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1. Intr oduction

The deflectionof light in a gravitational field predictedby the
generatheoryof relativity withessedxperimentalerification
in 1919.The spectaculaphenomenaesultingfrom the deflec-
tion of light in a gravitationalfield arereferredto asthe grav-
itational lensing(GL). Chwolson,in 1924, pointedout that if
a backgroundstar(source),a deflector(gravitationallens)and
an obserer are perfectlyaligned,a ring-shapedmageof the
sourcecenteredn the deflectorwould appear(seein Schnei-
deretal. 1992).Thisis, however, usuallycalledasthe Einstein
Ring’. Einstein(1936)obtainedheapparentuminositiesof the
imagesof astar(source)dueto aforegroundstar(gravitational
lens).He mentionedhatif thesourcethelensandtheobserer
are sufficiently aligned,the imageswill be highly magnified.
However, arguing thatthe angularimagesplitting causedy a
stellarmasdlensis too smallto beresolhed by anopticaltele-
scope andwe shall scarcelyever approacttioseenoughto an
alignmentwith the sourceandthe deflector he remarled that
thereis alittle chanceo obsere lensingphenomenaausedy
stellarmasslenses.Thoughseveral authors(Eddington 1920,
Chwolson1924)discussedhatthedeflectionof light in agrav-
itationalfield may give riseto GL, only Zwicky (1937a,b)ex-
pressechis vision clearly that the obsenation of the GL phe-
nomenawould be a certainty The studiesof GL remainedin
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almosta dormantstageuntil Klimov, Liebesand Refsdalin-
dependentlye-openedhis subjectwith their pioneeringwork
in 19605 . Klimov (1963)investigatedhe lensingof galaxies
by galaxieswheread.iebes (1964 ktudied lensingf starsby
starsandalsostarshy globular clustersin our galaxy Refsdal
(1964a,bwas thefirst to amuethatthe geometricabpticscan
be usedin studyingthe propertiesof point-masgravitational
lensesandthetimedelayresultingfromthelensingphenomena.

A guasais anidealsourcefor GL becausef its high lumi-
nosity, point-like appearancgyrominentspectralfeaturesand
the large distancefrom the earth (high probability of deflec-
torsinteneningthe sourceandthe obserer). The greatvision
of Zwicky becametrue whenWalsh, Carswelland Weymann
discoveredthe first exampleof the GL - the QSO 0957+561
A,B (Walshetal. 1979).Thetwo imagesof asingleQSOwere
separatedby six arcseconds. Both imageshadsimilar optical
spectraa galaxy was found betweenthe images,the flux ra-
tio betweenimageswas foundto be the samein the opticalas
well asin theradiowavebandsandVLBI obsenationsshoved
detailedcorrespondencbetweenvariousknotsin the two ra-
dioimageqdcf. Narasimhaetal. 1984,NarayarandBartelmann
1996).The VLBI featuresweremodelledby Narasimhaet al.
(1984)who demonstratethata clusterin additionto the giant
elliptical was neededor producingthe obsenedfeaturesFol-
lowing this landmarkdiscovery, morethana dozenconfirmed
examplesof multiply- imagedquasarsareknown and,in addi-
tion, sixring-shapedadioimageshave beerfound(Refsdabnd
Surdej1994,Keetonand Kochanekl995). The Einsteinrings
for extendedsourcesverepredictecby Saslav et al. (1985)and
werefirst discoreredby Hewitt etal. (1987).The detectionof
new lensingphenomenanamelygiant luminousarcsand ar-
clets,and microlensingeventshave increaseddramaticallyin
recentyears.For a review on giantluminousarcsandarclets
seeFort andMiller(1994) andon microlensingseeNarasimha
(1995) and Roulet and Mollerch (1997). Chengand Refsdal
(1979,1984) aswell as Subramaniaret al. (1985) developed
thetheoryof microlensingto explain theflux variability in the
images.Thetraditionaldynamicalmethodto obtainmasse®f
celestiabodiesn theuniverserequireshatthesystermunderin-
vestigatioris in dynamicalequilibrium.Thereforethismethod
haslimitation in its use However, thereareno suchrestrictions
totheuseof GL andthereforejn recentyearsjt hasbecomehe
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mostimportanttool for probingtheuniverselndeed\Narasimha
andChitre(1989)predictedhatdark extendedmassie objects
couldactaslensedor systemdike 2345+007 MG 2016+112
etc.whichwas confirmedwith thediscovery of adarkbut X-ray
bright clusterat redshiftof 1 in the systemMG 2016+112by
Hattori et al. (1997).Narasimha1994)discussedhe gravita-
tionallensasaprobeof darkmatterin theuniverse TheGL can
give importantinformationson massef galaxies,the com-
positionof dark matter cosmologicaparametersgxistenceof
exotic massve objects thelarge scalestructureof theuniverse
andcanbe alsousedto testthe alternatve theoriesof gravita-
tion. A gravitationallensprovidesa highly magnifiedview of
thedistantobjectsin theuniverseandthereforeactsasacosmic
telescopeSincethe lastdecadehe GL hasbecomeoneof the
mostimportantresearcHields in cosmology(Schneidelet al.
1992 RefsdalandSurdej1994 ,NarayarandBartelmanmnl996,
Wu 1996).

TheGL isverylikelyto sene animportanttool todeteciex-
oticobjectgn theuniverse suchascosmicstringsandtherehave
beerattemptdo investigatef any of theconfirmedgravitational
lensescould be dueto the actionof cosmicstrings(seeHogan
and Narayan1984, Vilenkin 1984, 1986 Gott 1985, de Laix
andVachaspati996andreferencesherein).Thereis no com-
pellingevidencethatary of theobseredgravitationallensesre
dueto a cosmicstring. However, it is essentiato develop new
gravitationallensmodelswith objectswhicharethoughnotyet
obsened, are not forbiddenon theoreticalgrounds.lt is well-
known thatthescalarfieldshave beenconjecturedsincebefore
the outsetof the generatheoryof relatiity) to giveriseto the
long-rangegravitational fields, and several theoriesinvolving
scalarfieldshave beerproposedseeAbrahaml914,Begmann
1956,BransandDicke 1961,Callanetal. 1970,Garfinkleetal.
1991, 1992Yilmaz 1992,HorneandHorowitz 1992,1993and
referencesherein).The scalarfields minimally aswell ascon-
formally coupledto gravitation have beena subjectof active
theoreticaresearchln recentyearsthereis agrowing interest
in the studiesof scalar(dilaton)fields, becausef theirimpor
tancein stringtheories Therehave beenanumberof studiesof
light propagatiorin theuncorventionalscalartensorttheorieof
gravity (Sandersl989, Bekensteinand Sandersl994 andref-
erencegsherein).However, the problemof formationof critical
curvesandconsequenappearancef multiple imageshasnot
receved adequatattention.In the presenfpaperwe studythe
effectsof themasslesscalaifield ontheSchwarzschildensing.
More precisely we build a new staticandcircularly symmet-
ric singular lensmodel characterizedy two parametersthe
Schwarzschildmassandthe “scalarchage”. For this purpose
wetakethemostgeneraktaticsphericallysymmetricasymptot-
ically flat exactsolutionto theEinstein-MasslesScalafEMS)
equationsgiven by Janis NewmanandWinicour (JNW) (Janis
etal. 1968).Wyman (1981)obtaineda staticsphericallysym-
metric exact solutionto the EMS equationsand later Roberts
(1993) shaved that the most generalstatic sphericallysym-
metric solutionto the EMS equationgwith zerocosmological
constant)is asymptoticallyflat and this is the Wyman solu-
tion. The Wymansolutionis well consideredn the literature.

Recentlyone of us (Virbhadral997)shaved that the Wyman
solutionis the sameasthe JNW solution,which was obtained
aboutthirteenyearsago,we thereforecall it the INW solution.
Switchingoff the “scalarchage” in this solutiononerecovers
thewell-known Schwarzschildsolution.Hereafteywe will re-
fertothenew lensmodelasthe Schwarzschild-MasslesScalar
(SMS)lens.For smallvaluesof theratio of the“scalarchage”
to the Schwarzschildmassthe SMSlensingdoesnot have ary
new qualitatve (thoughdiffers quantitatvely) featuresandre-
sembleghe SchwarzschildlensingphenomenaHowever, for
reasonablyarge value ofthis ratio, the Einsteindeflectionan-
gle startswith a negative value, becomesositive, reachesa
maximumandthendecrease® zeroasthe closestistanceof
approachincreasedrom a smallvalueto theinfinity. This be-
haviour of the SMS lensgives rise to few interestingfeatures,
for instanceit givesradialcritical curves(radialcausticdn the
sourceplane)andconcentricEinsteindoublerings (tangential
causticdn thesourceplane).Theseeffectsarenotfoundin ary
of the known singular lensmodels.Moreover, the numberof
imagesalsodiffersfrom the caseof the Schwarzschildiensing.
It is worth mentioningthatthe INW solutionhasa strongcur-
vatureglobally naked singularity (Virbhadraet al. 1997).1t is
not known how onewould be ableto distinguishobsenation-
ally black holesfrom naked singularities(if theseexist). Our
presentinvestigationsreveal the qualitative differentfeatures
andconsequentlyheresultswe presenherecouldbeusefulin
differentiatingbetweerthetwo kindsof objects.Therestof the
paperis organizedasfollows: In Sect.2, we derive the Einstein
deflectionanglefor a generalstatic and sphericallysymmet-
ric metric, which generalizeshe resultobtainedby Weinbeg
(1972).Sect. 3 discusseshe INW solutionfor obtainingthe
deflectionanglefor this caseln Sect.4 we obtainpositionsof
imagesmagnificationandtangentialandradial critical curves
andin Sect.5 wediscusgossibleobsenationaltests.in thelast
sectionwe summarizethe qualitatve featuresof the lens.We
follow the corventionthatLatin indicestake values0 . . . 3 and
usegeometrizedinits, for instanceM = GM/c?.

2. Einstein deflectionanglefor a generalstatic spherically
symmetric metric

We considera generalstaticandsphericallysymmetricspace-
time given by theline element

ds* = B (r)dt*—A(r)dr*—D (r) r* (d9® + sin® ¥ d¢*) .(1)

Thenull geodesicgquationsare

%ﬁ + T 07k =0, 2)
where

gijv'v? = 0. 3
vt = Cfii,; is the tangentvectorto the null geodesicsk is the

affine parameter
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Egs.(2) with Eq. (1) give
dt

® _K 4

= : (4)
do

D 2 . 2 97 —

7 sin 1dk J, )
P9 (2 D\ drdd do\*
dk2+(r+D> dkdk—smﬁcosﬁ(dk> =0, (6)
and
&r A (dr\' D'+ 2Dy
dk?2  2A \ dk 2A

AW\ | 5 (do\?| | B [dt\®
[(dk) + sin ﬂ(clk) ZA(dk) =0. @)

K andJ areconstantf integrations.The prime denoteghe
derivative with respecto thecoordinate-. Withoutlossof gen-
erality we take

dt 1

dk B’
Appealingto the sphericallysymmetricnatureof the metric
under considerationwe considerthe geodesicswithout loss
of generality on the equatorialplane (¢ = x/2). Following
Weinbeg (1972,Chapters3.4and8.5),we get theequatiorfor
the photontrajectoriesas

¢(T> — Yoo =

—1/2
()" [y a5
” D(r) To r’
wherer is the closestdistanceof approachThe integration
constant/ is

8

D(r) B(ro)
D(ro) B(r)

9)

o D(TO)
J=r, Blr)" (10)

The Einsteindeflectionangleis given by

& (ro) = 2[¢ (10) — ¢oo| — ,

where¢ (9) — ¢oo is readthroughthe Eqg. (9). Theabove e-
pressionreducego the resultobtainedby Weinbeg (1972)if
onetakesD = 1.

11)

3. Janis-Newman-Wnicour solution and the deflection
angle

Therehavebeersomestudief bendingof lightin scalartensor
theories(Bekensteinand Sandersl 994).We wish to consider
agravitationallensendaved with the corventionalmassanda
“scalarchage”, describedythe INWsolution.We now discuss
theJNW solutionin orderto derivetheEinsteindeflectionangle

for the INW metric. The Einstein-MasslesScalarequations
(EMS) are

1
Rij — 5 Rgij = 87 S5, (12)

wheresS; ;, theenegy-momenturrtensorof themasslesscalar
field, is given by

1
Sij = ®;®,; — 5 Yid g P, D, (13)
and
o =0 (14)

® standdor themasslesscalaffield. Thecommaandsemicolon
beforeindicesdenotethe partial and covariantderivatives, re-
spectvely. R;; is theRiccitensorand R is theRicci scalar Eq.
(12) with Eq. (13) canbeexpressedis
Rij = 87T (I)’i (I)’j. (15)

JNW obtainedthe most generalstatic sphericallysymmetric
asymptoticallyflat exactsolutionto the EMS equationswhich
is given by theline element(cf. Virbhadral997)

¥ —
ds? = (1 — b) dt? — (1 — b) dr?
r r

1=
- (1 - b) r? (d¥* + sin® ¥ d¢?) (16)
'
andthescalarfield
q b
= m(1--), 17
bvar n( T) (7)
where
_ 2
’Y - b )
b = 2/M?+ g2 (18)

Notethatd < r < oo, andb is the curvaturesingularity; M

and ¢ are constantparametersvhich representhe total mass
andthe“scalarchage” respectiely. Clearlyq = 0 recoversthe
Schwarzschildsolution.The“scalarchage” doesnotcontribute
to thetotalmas=of thesystembput it doesaffectthecurvatureof

thespacetimgVirbhadral997).TheJNW solutioncanbeused
in two ways:first, it describesheexterior gravitationalfield of

an objectwhoseradiusis greaterthanthe paramete in the
solution.Secondjt describeghefield duea naked singularity
(Virbhadraetal. 1997).ComparingEqg. (1) with Eq. (16), one
hasfor the INW solution

v
A‘1:<1—b> :
r

B

D (19)

Il
7N
—
|
S|

~_
—_

|

2
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Fi g la

Substitutingheabovein Eg.(11), onegetsthe Einsteindeflec-
tion angle

mmzzﬁm

dr

- — —7.(20)
b r b\ 127 b\
Tvl‘V~¢(m>(1‘r> (1-%) -
Introducingdimensionlesparameters
e’
b7
r
Zo ?07 (21)

onecanre-writethe expressiorfor thedeflectionangle

d@@:2/
dx

AI-Ty(2) -

Theintegral in the above is definedfor =y > (2v + 1)/2. For
theSchwarzschildmetric(y = 1) thisgivesrg > 3M. Thefirst
derivative of the deflectionangleis given by

(2fy+1—2m0)/ < (dyx—2y—-1)dx
xo (

.’E()2 (1—%0) 1—l
1

V&) 0-n (-)" -

After lengthy but straightforwardcalculation€Eq. (20) givesthe
Einsteindeflectionangle(up to the seconcbrder)asfollows.
4M  4AM? (1577 2)

R s

—m(22)

&' (o) = .
2y +1—-22)"

(23)

Figl

S

Fig.laand b. The geometryof a gravita-
tionallens:S isthesourcdocation,O is the
obsererandL isthelens.Theangularsepa-
rationsof thesourceandtheimagepositions
fromthelensaredenotedy 3 andd, respec-
tively. & is the Einsteinbendingangle.The
bendingangleis takento be positive in case
a wherethe contritution dueto the massis
dominantwhileit is negativein caseb where
the “scalar chage” contributesmore. D,
representtheobsenrer-sourcealistanceD,,
theobsenrerlensdistanceand D; ;s thelens-
sourcedistance The lines SC andOT are
tangentson the null geodesicsat S and O,
respectiely.

2 2
+ = mwwmﬂ+q%—%§ Fo (24)
0
We trivially recover the deflectionanglefor the Schwarzschild
lenswheng = 0 in theabove equation.The seconcbrderterm
for the Schwarzschildcases obviously positive. In thefollow-
ing sectionwe useEqs.(22) and(23) to performcomputations.

4. Image positions,magnification and critical curves

We have given the lens diagramsin Fig. 1. The first oneis
applicableto the casewhenthe bendingangleis positive and
theotheroneis for theneggative deflectionWetakethereference
axisto betheline fromtheobsenerO to thelensL andkeepthe
distancdromthedeflectorto theobserer, D,;, fixed.Animage
positionis specifiedby theangled betweerOL andthetangent
tothenull geodesiattheobsenrer. Theobsenreris assumedo
belocatedin anasymptoticallyflat spacetimeA null geodesic
throughthe obsenrer is uniquelyspecifiedby the angled. The
impact parameteis D,; sin § and D;, standsfor the distance
from the sourceS to the point C in thelensplane.D, stands
for the distancefrom the obserer to the source.3 denoteshe
true angularposition of the source,whereasy standsfor the
imagepositions.With thesedefinitions,thelensequationmay
beexpresseds

sin (0 — ) = gii sin &. (25)
We define
D
a=sin"! (DZ sin &) . (26)
Fromthelensdiagramonehas
sinf = (27)
ol
UsingEgs.(10), (19), (21), and(27) we get
. 1 1722'y
sinf = To <1 — ) , (28)
ol Zo



K.S.Virbhadraetal.: Role of thescalarfield in gravitationallensing 5

Fig.2. The deflectionangle a andthe angled — 3 are plotted as
a function of the angularseparatiord of the image from the lens,
indicatedby thecontinuousanddashedines,respectiely. Thedotted
line passinghroughtheorigin representthesourcepositionprecisely
alignedwith thelens(3 = 0) andits intersectionsvith thecontinuous
cunesgivethetwo Einsteinradii. For aspecifiedoositionof thesource
the points of intersectionof the continuouscurves with the dashed
line give the imagepositions.Herey = 0.005, D,; = 10'°M and
B = £10. Anglesarein arcseconds.

whereb = 2q for v = 0 andit is 2M /~ for v # 0.
Themagnificationof imagess given by

_ (sinp @ -t
W= \sino a0) -
Thetangentiabndradialcritical curvesfollow from the singu-
laritiesin

(29)

. —1
ut—<?§1§) , (30)
and

a3\
u,-z<d§) , (31)

respectiely. To obtainmagnificationthefirst derivative of the
deflectionanglewith respecto 8 is required whichis given by

5 = & (xo) 7, (32)
where

dx,

a9

2 (1- 4 )i \/1 B (%)2%2 (1- ﬂflo)lm. (33)

To obtainimagepositionson both sidesof the optic axis
oneplotsa (0) ,0 — 3 against) and—« (0) ,—0 — 3 against
—60. The points of intersectiongive the image positions.The
continuoudine ontheright (left) handsideof the vertical axis

is « (0) againstd (-« (0) against—6). Thedashedinesonthe
right (left) handside of the vertical axisare# — [ againstf

(—6 — 8 against—#). The dottedlines are, similarly, 0 vs. 6

and—6 vs. —6. Theintersectionf « (¢) with ¢ give the an-
gularpositionsof tangentiakritical curves(Einsteinrings). For

thesecomputationsve have consideredD,,/D,, = 1/2 and
Dy = 1019M (for v # 0). We have plottedfor v = 0.005 (see
Fig.2).In Tablel, wehavegivenimagepositionsor few values
of thesourcepositionsfor v = 0.005. In Fig. 3, we have plotted
tangentiamagnificatiory.; andradialmagnificatiornu,- against
0 for v = 0.005. Singularitiesn thesegive the positionsof tan-
gentialcritical curves(TCC) andradial critical curves(RCC),

respectrely. In thesamefigurewe have alsoplottedtotal mag-
nificationy vs. 6. In Table2, we give the positionsof TCC and
RCCfor few valuesof .

For~v = 0.005, asshavnin Fig. 2, o« hadarge ngativevalue
for small#, becomegositive andthengoesto zero(asymptot-
ically) as# increasesThe dashedinesarefor 5 = F10 arc-
secondsThe dottedline (5 = 0) cutsthe continuouslines at
two pointson eachside of the vertical axis andthereforeone
getstwo concentricEinsteinrings. As 8 increasedrom zero
(seethe lower partof the figure) the dashedine cutsthe con-
tinuouscurvesat four points(two on eachside of the vertical
axis) giving rise to four images(two imageson eachside of
the optic axis).As ( increaseshe two imageson the opposite
sideof thesourcecomecloserandeventuallymeetatthe RCC
whereaghoseonthesamesideof thesourcegetseparated-or
ary furtherincreasen ( thereis noimageon theoppositeside
of the source.In Table 1, we have given image positionsfor
few valuesof the sourcepositionsfor v = 0.005. Out of the
two imageson the sameside of the optic axis, the onewhich
is nearerto the optic axiswe call theinnerimage andthe other
which is fartherfrom the optic axis we call the outer image.
For this particularcasewe have plotted i, and ., to identify
theTCC andRCC (seeFig. 3). Magnificationy is alsoplotted.
We have two TCC and oneRCC (the RCClies in betweerthe
two TCC). The magnificationfalls off sharplynearthe inner
TCC ascomparedo the RCC aswell asthe outer TCC. For
~v = 0.001, o haslarge ngative valuefor small §, becomes
positive andthengoesto zero(asymptotically)asé increases.
Therearetwo imagesof oppositeparitieson the sameside of
the source As || decreasethe two imagesmeetatthe RCC
andfor ary furtherdecreasen | 3| thereis noimage Thereisno
Einsteinring for this caseFor v > 0.5 the GL is qualitatively
similarto theSchwarzschildensing(onehasonly oneTCCand
hastwo imagespneon eachsideof the optic axis).

We have given the angularpositionsof critical curvesfor
few valuesof ~. 9i""er ¢, and #9ut*" standfor the angular
positionsof theinner TCC, RCC,andouterTCC, respectiely.
Anincreasen the“scalarchage” to themasgatio (decreasn
~) decreasethevalue ofangulampositionof theouterTCC and
increaseshevalue oftheinnerTCC andthe RCC.Theangular
separatiorbetweenthe two Einsteinrings decreasewith the
increasein this ratio. For “very large” value ofthis ratio (for
example for v < 0.001) thereis only RCCandthereisnoTCC
andfor the smallvalue ofthis ratio (for instancefor v > 0.5)
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Table 1. Imagepositionsfor v = 0.005
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Imagesontheoppositesideof thesource Sourceposition

Imageson the samesideof thesource

Qouter oinne'r ﬁ einner aouter
2.5852 0.1641 0.5 0.1610 3.1008
2.3592 0.1658 1.0 0.1595 3.3901
1.8006 0.1712 2.5 0.1554 4.3735
1.1876 0.1822 5.0 0.1493 6.3132
0.8208 0.1972 7.5 0.1441 8.4838
0.5795 0.2203 10.0 0.1395 10.7776
0.3765 0.2783 12.5 0.1354 13.1396
Noimage No image 15.0 0.1317 15.5418
Noimage Noimage 17.5 0.1284 17.9693
No image No image 20.0 0.1253 20.4135
* Wehavetaken D,; = 10'°M. Anglesarein arcseconds.
Y Y
0.2 . 4
I\
0.1 : AN 2
| oo
01 0.2-.0.3 0.aX 2 Z 6 g X
\
-0.1 ' -2
Vo
-0.2 i -4
Y Y Fig.3. The magnifications: tangential 1.
0. 006 4 denotedby dottedcurves radial y.,- denoted
0. 003 5 by dashedturves,andtotal » shovn ascon-
) tinuouscurves are plotted as a function of
| X X the image position# for v = 0.005. The
0.1 y0.2 o0 0.4 4 6 8 singularitiesof p; and ., give positionsof
-0.003 -2 thetangentialandradial critical curves,re-
/ spectvely. Here D,; = 10'°M andangles
-0.006 -4 arein arcseconds.

Table 2. Positionsof critical curves

v eginne'r) o, egouter)
0.001 No 3.4159 No
0.002 1.2326 1.5701 2.0984
0.003 0.4616 0.8323  2.6588
0.004 0.2551 0.4923 2.7812
0.005 0.1625 0.3202 2.8324
0.01 0.0405 0.0810  2.8966
0.5 No No 2.9170
1.0 No No 2.9171

ginner g9, andg2 te" standfor the angularpositionsof theinnertan-
gential curves, radial critical curves,and outertangentialcurves, re-
spectvely. We have taken D,; = 10'° M andanglesareexpressedn
arcseconds.

thereis only one TCC andno RCC. For “large” value ofthis
ratio(for instancefor v = 0.005, 0.01) thereisoneRCC,which

liesin betweertwo TCC's. In theentireinvestigationsve have
not consideregointscloseto theintegral singularities.

5. Gravitational lensasa diagnosticof scalar charge

We have given,in Tablel, typical solutionsfor the positionsof
imagesdueto lensingby “scalarchage” andnormalmassand
haveshavnthesamen Fig.2. Thecorrespondingritical curves
aregiven in Table2 andaredisplayedin Fig. 3. The obsera-
tionsof doubleEinsteinringsnearthecentresof relativistic star
clustersin galacticnucleicould be a powerful probeof “scalar
chage”. The mostimportantpropertyof sucha configuration
usefulfor the diagnosticof thelensis theformationof fourim-
agefabackgroundadiosourcdocatedataboutanarcsecond
fromtheline of sightto thecentreof thelens.Two of theimages
will be at oppositesidesof the lensandwill be bright, but the
othertwo images(oneon eachsideof the lens)will be gener
ally faint. For a sourcesufiiciently away from the optic axis,
two imageswill be formed,bothin the sameside of the lens
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unlike the normalmassdistribution actingaslens.The present
VLBA andVLBI arecapableof detecting theadioimagesat
milliarcsecondsndinferring from the spectralcharacteristics
thatthey couldindeedbe imagesof the samebackgroundb-
ject. The ellipticity of the massdistribution in the lens could
altertheimageconfiguration Still, if we doindeeddetectfour
radio imagesnearly collinear it will lend supportto possible
existenceof “scalarchage”. More probableconfigurationwill,
of course beformationof two imageson the samesideof the
lens.Thoughdifficult to detectjf thesefeatureshouldturnout
to bepresentit couldprovide ameando determingherelative
gravitationalinfluenceof the “scalarchage” g andmassM in
thelens.

Ourresultshecomemportantif thefollowing obsenations
yield positiveresults:Obsenationsof relatwistic starclustersn
galacticnucleishouldshav evidencefor doublering structureor
four imagesof abackgroundsourcealongaline or two images
in the samesideof the lenswith no evidencefor a third image
in theotherside.Theseresultsjf foundto betrue,will strongly
arguein favour of existenceof “scalarchages”in theuniverse.

6. Discussionand summary

The gravitational lens cansene & a very usefultool to dis-

cover exotic objectsin the universe(describedy matterfields
which arenot detectedasyet) aswell asto testalternatve the-
oriesof gravity. Even beforetheadwentof thegeneratheoryof

relativity, scalarfieldshave beenproposedo simulatethelong-

rangegravitationalfieldsandit still continuegseein Horneand
Horowitz 1992, Yilmaz 1992 and referencegherein).Beken-
steinand Sanderg1994)discussedhat gravitational lensesn

scalartensortheoriescould be divergentundersomecircum-
stancesWe studiedthenull geodesicén ageneraktaticspher

ically symmetricspacetimeandcalculatedhe Einsteindeflec-
tion angle.The deflectionanglefor a generalstaticspherically
symmetricmetric obtainedin this work can be usedto con-
structcircular gravitational lensmodels(with differentmatter
fields)in the Einsteintheoryaswell asin alternatve theoriesof

gravity. We have usedthis resultto studya circularly symmet-
ric gravitationallensin the Einstein-MasslesScalartheory by

consideringhe mostgeneralstaticand sphericallysymmetric
solution given byJanisetal. Thisdescribesheexteriorfield due
a sphericallysymmetricmassve objectendaved with “scalar
chage”. The samefield alsodescribeghe spacetimedueto a
naked singularity Thoughthe existenceof a naked singularity
is debatablethis subjecthasrecentlyattractedthe attentionof

mary researcherghninds(seeVirbhadraet al. 1997 andrefer

encegherein).It is notaltogetherclearhow onewould beable
to distinguishobsenationallyablackholefrom a nakedsingu-
larity (if indeedtheseexist). We proposethat the presentens
modelcouldbe helpful for this purpose.

The new Schwarzschild-MasslesScalargravitational lens
hasinterestingfeatureswhich are not sharedby otherknown
circularly symmetricgravitationallensesFor “small” valuesof
the“scalarchage” to the masgratio thelensingis qualitatively
similar (but quantitatvely different)to the Schwarzschildlens.

For thesecaseslik e the Schwarzschildlens,therearetwo im-
agesof oppositeparities(one on eachside of the optic axis),
thereexits noradialcritical curve,andthereis only the Einstein
ring. The“scalarchage” contritutesto the decreasén thera-
dius of the Einsteinring. However, whenthe “scalarchage”
to the massratio is not small, the gravitational lens actionis
quitedifferentfrom the Schwarzschildensing.Whenthis ratio
is“verylarge” (for example,;y < 0.001) onegetstwo imagef
oppositeparitieson the sameside of the souice or nil depend-
ing upon the sourceposition. Thereexists one radial critical
curve andno tangentialritical curve (no Einsteinring) in this
caseHowever, for “large” ratiocasesherearefourimageqtwo
on eachside of the optic axis) or two onthe sameside of the
sourcedependingiponthelocationof source Thereexist two
tangentiakritical curves(doubleEinsteinrings) and oneradial
critical curve which liesin betweerthem.Oneinterestingfea-
ture of thesecaseg"very large” aswell as“large” ratio) is that
onecangetimagesof positive parity andsometimesargemag-
nification at smalleranglescomparedto the sourceposition,
cf. Table1. An imagewhich formsat smallerangularposition
comparedo its sourcepositionareusuallydemagnifiedunless
it is closeto a critical curve. Thus,undersomesituationsone
cangetmagnifiedimageat smallerangularpositioncompared
to its sourceposition.
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