muroal of Al-Nabrain University

Vil 22}, December, 20406, pp.111-115 Scienre

Determination of the Hubble Constant in the Presence
of Shear and Non-Isothermal Models
'Ahmed M. A. Al-Ani, *Ayad A. Al-Ani*, and 'Mohamed A. Sulib

1 " . . ; .

Dopartincnt of Astrinomy, College of Science, Bavhdad Universicy
3 = . oogm ] . . , co .
Dupartment nf Phizics, Collese of Scicnee Al-Nahrain, University Jadrivah, Barhdad, Irag

Abstract

In our present work twa modsls have been adonted for estimatiog the Hobble constant These modals
are the effect of shear y in the lens moedel and also the nen isathermal wodsl, These models have besn
applied for six gravitetionally lenscd svstems. These svstems are: R O2I2+357 ¢ B-A_ ) 0957+351 / D-A.
PGOTISH0B0 7 A-B, PG 1115080/ C-D0, B 16001434 7 H-A, and PES 1830-211 / B-A _ The results shows
that an exteenal shear v changes the time delay by 2n arnaust propartional 1o the shear steeueth, and affects
A-image lenses more than 2-Image lenzes, Furthermare, we find, that such small core radiss changes the time

delavs negligibly = 1%,

The effect of shear on the Iens model

The enviromment of 4 palasxy, including any
clugter surrounding the primarcy leas, will in
general conttibute both eonvarpence and shear
The  elTeclive potentinl  due o the  Ineal
euvironment showld be take in care in some
gravitationnlly lensed abservod sysioms,

In the principal axcs system af the exlernal
shear, where the convermence and shoar arc

locally independent of the deflection angle of

lensing. An external shear breaks dw gircuju
symmietry of a lens and therelire, i elivn has the
same effect as indroduging elliplizivy in the lens. It
15 frequently possible o wodel the same syslem
either with an cfliptical potential or with a circular
potzitial plus an exlernal shoar,

Time Delay in the Presence of Shear

It many  gravildivoal lesnses the imn'ges
canniot be  fit withowl melosion of o tidal
perturbatiom from obhjecrs near the lens salasy ar
along the line of sight [1.2]. The lewest arder af
the perlurbation " @ " can be medeled as an

external shear with potential |3
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Where y is the streangth of tha shaar and [, is the
direclicn with respoet to the lons p__:ﬂax}-’s.' major
wiis, while:

nm=veor 2 and v, = ysin2 0,

The tatal patential is then:
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andd thi: fens cguation can by wrillen as

C=r=d +pax+y,y ., H-y—g traryy  (2)

The rwelative time dzlay "atiz,y) " hehacon

images in gravilalional leos syslem is propartional
o the seale ol the universe and thus, iz inversely
proportional 1o Ue Hubble purumeter, and is piven
by [4]:
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While, the elative time delay belwezn bwo images
i and j in Lhe presence of shear 35 given b [4]
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This titme delay depends on the shear
amplitude and direction and theiefors cannat he
determined  withowt  detniled medelion
Mevertheless, we can meke several remarks. Uhe
shanpe w the e delay (eelative e the roe-shear
caze} i& proporional oy - Far nea-imane lenszss
that have images ar different distancea r /. and a
srmal]l shear, the shear should have a small effect
an the lime delay. However, when the images lie
al approxiniualy the same distance 15 1. such as
in some four-image lenses, the shear tetm may be

¥ signidicant.

[n particular, pertarbation theary reveals
thar i the prescnes of a shear the distancs af an
ez Irom the eritical curve seales {ar oy ) 1o
Bowewst ender | 3], so the s wemons o egeation (4)
can  he  comparabla.  Although., we  cannot
determinz the time delay without knoewing the
shear ampliude and dioection [6,7], 15 the angle
belween thye shear and the lens gaiysy maier s
boellowed o take oo oany valuc, then the tiooe
dalay is bounded by
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Where -T,-, ;I miven by[3]:
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If the images are directly appasite each ﬂlh'-'r | 8-
B | — |80, as i a clreular lens, the bounds will bz
[5]:
T =27 AL, commmmonn 7

Where A1 is the time deluy inense of mo-shaar,
This mweans thart, for example, & 10% slear (v =
1) Jends toow 109 uncenainty o the fime delay,
and hewee there js no information aboul thee anglc
betwesn the shear and the lens palaogy major nxis.
Applving equations (33, (6) and {7} i order ke
ohtain hoonds [or specific lenses, then suhstituling
the value of tle time delay AT ™ (under the effest
of shent} instead of Mﬂi‘. . lhen we pet Hubble
cansldk as 3]
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Resulils and Discussion

Time delay tn in the preseoce of Shear mode!l

I this section we calculats the cxpeocted
valuos fior H,y by wsing absarvations (Tum Laklc {1}
3] for everyane from Lhe six cbierved systoms, as
shwn io Fipuie {17 | 3],
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BO21B+3577 BA n.'I;-r;' 068 | 10.510.2 0240, 06

O 095T+861f B-A L4l | 0.36 4173 F22FA0.0035 F 1034200035 1534.2
PG 1115480 1 A-TE 172 | 031 11 ':I:l;. O W E-= R e 0,595,008 1155

(r; , 1) represents the angular positlon of the tow

PG 11154080/ C-B | 1.72 | (.31 25516 1397404 0.95+0.004 1 1146
B 160D+434/7 B-a | 157 | 0.42 4714 1. 140,03 025005 | 1794
PES 1830-211/B-A | Z. 2615 074D, o8 | 0520008 : _

Table 1
The abservetional data fur iz Vime delay lenscs
Whﬂ‘t %, , 7, are the red shifls of the lens, souree. At i the time delsy in duys belween the bva ahserved lmages.

images. { & - §; ) pre e separation angle between the two

imazes A vl B ]3]
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Q (5 T+561 | B 1600+434

PES 1830-211 - PG 1115H80 B 2L8+357

Fipure (1]
The Images for the six time delay lenses [3]

igure (2} to figure (7}, shows the Limes
Between TT; and 7 from the streng Lensing (0 the
gravilglionally |ensed svelown (B Q2184357
B-A, ) D957+361 /' B-A, PG 11154080 { A-B,
PG 11154080 / C-B, B 1600+434 / B-A, and
PES 1830-211 / B-A. We plotied Hubble constant
"Hy" against the strength of the shear "y for 0 <5
= (15, for each cosmological model and we
neglect the error bars in the observations. The
bounds are computed using equations {6) and (8).
The two sets of bounds refer to the two different
time delays. All resulis arc compuled with
different  adopted  cosmological — maodels
representing by decelerating parameter as follows:
s g = 001 for the closed universe model (red
CUrves )
e gy = 0.5 for the flat universe model (gresn
curves}
= gy = 2 for the open universe madel (blue
CUFVES b
These fipures do not include statistical
uncertainties due to observational errors,
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Figure (2)
Limits berween Hy and 7 from the sirong lensing
in the gravitationally lensed system Fis 1115H080
A-Bfor {g,=90.01,05 and 2

I‘l.'.lﬁlill l.lﬁﬂ.;ﬂ.}!‘lﬂﬁﬂl!lﬁl!

Figure (3)
Limits between FI, mnd y from {he strong leasing in the
gravitationally lensed system PG 1115H80 C-B for
(qe==0.01, 0.5and 2 )
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Figure (1)
Limits between Hy and v from the sirong
lensing in the pravitationally lensed system B
1600+434 B-A for (g, ="0.01, 0.5 and 1 }
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Limits between H;, and ¥ from the strong lensing The cFfeet of ¢ nn the 4-Imnge lenses
1n the gravitationally lensed system B 021 8+357

B-Afor{g,=001,058nd 2
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Figure (5)
Limits betvwesn Iy and + fram the strang Figure (%)
Lensing in the gravitationally lensed system PES

The effect of ¥ on the 2-Image lenses
1830-211 B-A for (go= (.01, 0.5 and 7) L =
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Figare [T)
Limils between My and y From the strong lensing Higure (14)
in the gravitationafly lewsed gystem QO957+561 The eFfeet of ¢ an the different iravitational
B-A for( q, =101, N5 and 2} lenses -
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Time delay in non-isotbermal models

Olgerved lenses soom to be consistent witl:
wothermal galaxies, but Tonscs will images a1
similar distances fiamm the lons galaxy can ofton be
madeled with other depsily proliles as well
Muodels of PG 1115080 and BIAO%- 656 =how
that steeper density profiles lead to larper
predicted time delavs and hence larger values or
Ho [B%]. We analyee deviations frorm an
isntheriial profite by relaxing the condilion in
emeation {5) is given by [3];

Be=xd +¥é (%)

Wheee [ & a constant Tsethennal models huve p—
1. This candition can be anderstoud by finding the
gencral solution for the pulential satisfy equation
(2. Lhen the fime delay is given by [3]

Ilc.E_'mlf y‘] (1)

And The tima delay bcmaen two dmayes | nnd j is
then [3):
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Alternatively, ifwe anbstitute for the souroe
posilion {E ) uzing the lais aquation we find;

Ay - [1+r,1[{ 2tz plg-el 2w

here -‘.I-I,-—ﬂr{rj_,l}i].

Equations {113 and (12) shows it when
the mwodel is not sothermal (3 #1), we cannat
chiminale the mndel decrnining  the soures
pogition and or the potential at ench iloage.

The tine delevs for the non-isstheromal

efliptical ~ puolentials have  been compuied
mimerically. and we found that for small Lo
moderae  ellipticities the  delavs  are  well

approximated hy the jsethemmal tine delay, e
Eqi11% modified By a multiplicative [actor. For
appased images 18- B180= 1, the kime delay is
approximatsty &t = [2 =] at; ™, while for
orthogonal mages G- 890 = || the tioe delay is
approscioutely Avg s [(2 - f) /B ) at; ¥, Dy
conlrast, the jsethwrmal time delay is not a poge
approximation for close imape paies | B- 80=1,
since the imaves are necessarily near the lensing
critical curve and hence, more sensitive 1o the
particular lens model,

Conclusions
By nssuining no knowlzdge of the anule
hztweoen the shear and the Tens palaxy major axis,
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the boands would be narrower constraints on this
anglz. An impoitaor qualitative result is thas 14,
determied  {finn  the  four-image  leas B
FLIZHGED , tizores (1) and (23, i wuch mnre
stronply affecled by shear than those fron owo-
inupe lemses, as gxoveted rom the fact that i
fur-imaes leoses the images tend o liz at
approximarely the same distwce trom the legs
aalaxy. Therefore, un external shear changes the
time delay by an amoust properticnal te the shear
strength, amd aflicls 4-image lenses more than 2-
g lenses. Tignees (70 and (3 shows how
exlernal shear strength  aflecls mueh  more
strongly on {our-imugs Jausss than the 2-imngs
lenses for qu=0.5 el

Purthermoere, numerically, woe {ind. ihat
such small core rndiss changes the dme dzlays
negligibly <%,

Foo the siong Tensing in the system
QI957+56 ), we sneeess 1o minimize the valus of
Ha into an aceeptable range and to lic in a pood
fit by takdoe the offect of the smooth Tess
paramcter and the (urk mater in care, These give
us un indication thuls the motter inside and
wiound  Lhe ralaxy tot
distributed and contiins in o complicated objeors,
Finally. thers is o parcentape of dack nwiler
hetween 0-30 &5 in the way bulweun us to this
system play & main rels in the  strong
aravitational field aronnd the Jens galax.

lens arc simopthly
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