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Abstract We explore a new realisation of the galactic scale
dynamics via gravitational lensing phenomenon in power-
law f(R) gravity theory of the type f(R) o R'*® with
8 << 1 for interpreting the clustered dark matter effects. We
utilize the single effective point like potential (Newtonian
potential + f(R) background potential) obtained under the
weak field limit to study the combined observations of galaxy
rotation curve beyond the optical disk size and their lens-
ing profile in f(R) frame work. We calculate the magnitude
of light deflection angle with the characteristic length scale
(because of Noether symmetry in f(R) theories) appearing
in the effective f(R) rotational velocity profile of a typical
galaxy with the model parameter § ~ O (10~®) constrained
in previous work. For instance, we work with the two nearby
controversial galaxies NGC 5533 and NGC 4138 and explore
their galactic features by analysing the lensing angle profiles
in f(R) background. We also contrast the magnitudes of
S (R) lensing angle profiles and the relevant parameters of
such galaxies with the generalised pseudo-isothermal galaxy
halo model and find consistency.

1 Introduction

The conventional approach to explain the observed cosmo-
logical consequences at different redshifts has been proposed
by assuming the presence of some hidden sectors called
dark matter (= 27%) and the dark energy (= 68%) [1] in
the Einstein’s general relativity (GR). It is found that at the
scale of solar system, GR produces the precise astrophysi-
cal results without requiring any clustered and pressureless
non-standard matter [2-4]. Also, the gravitational deflection

#e-mail: vipinastrophysics @ gmail.com

b e-mail: balkrishnalko @ gmail.com

¢ e-mails: sunilmmv @yahoo.com; murli.manohar.verma@cern.ch (cor-
responding author)

Published online: 02 February 2021

1,2,¢

angle of light due to the Sun provided us with the first unique
observational test of GR. However, beyond the scale of the
Solar System, especially in the large galactic regions, it does
not succeed much without such dark sector [5—7]. Among the
observations at galactic scales, the rotational velocity profile
(inner and outer rotation curves) of a typical galaxy after
Ho and HI observations [8,9] and the lensing angles due to
individual galaxies and cluster of galaxies collectively [10—
12] are the most profound ones. Both of these astrophysical
observations predict the presence of pressureless clustered
dark matter at low cosmological redshifts. Actually, from
the dynamical point of view, there are three basic types of
cosmological dark matter (DM) content [13]: (i) local DM
in the disk of galaxies (ii) DM in the halos or coronae of
galaxies and system of galaxies, and (iii) non-clustered DM.
There have been significant theoretical efforts to explain the
effects of such clustered DM beyond the standard Einstein’s
gravity theory [14—18] at the galactic scales. Since till date,
the particulate form of dark matter is still unrevealed through
various particle physics experimental investigations [19,20].
Thus, to deal with the unexplained hidden dark sector along
with the normal standard matter fields, a modification in the
Einstein’s gravity theory is preferred and hence we have a
different set of field equations and different cosmological
interpretation.

The most general and the simplest modification in the stan-
dard Einstein’s gravity theory is introduced by replacing the
Einstein—Hilbert gravity Lagrangian density by a functional
form of the Ricci scalar curvature (R) [16-18,21-25]. Such
a modification, in general, invokes some additional terms
(extra scalar degree of freedom attached with the Ricci scalar
curvature) other than the usual terms in the Einstein’s equa-
tions. These extra terms can explain the several cosmological
issues subject to the extent of modification. For instance, the
work on power-law f (R) modification has been initially car-
ried out by authors [26—29] which appears successful not only
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for the study of the early inflation, but also for the late-time
evolution of the universe discussed in this paper.

It is to be noted that any modification in the Einstein—
Hilbert gravity action integral will lead to a different order
gravity theory. The order of any gravity theory is deter-
mined via the specific Lagrangian density. Because the
d’ Alembertian operator introduces two more derivative terms
into the modified Einstein’s field equations and also if the
function i.e., f(R) is differentiable at least up to the second
order, we have a fourth order gravity theory. One of the most
important consequences of the power-law f (R) modification
is the emergence of new characteristic length scale due to
Noether symmetry [30-33]. It offers the possibility to obtain
the viable rotation curves without dark matter and the extent
of modification required for this has been also discussed by
several researchers [34—37]. In metric formalism, the gravity
theory of order 2N possesses N characteristic length scale
[38]. For instance, Einstein’s GR is a second-order metric
theory of gravity, and so it has one characteristic length scale
i.e., Schwarzschild length scale. f(R) formulation is built
on a fourth-order theory and it must have two characteristic
length scales, of which one is the Schwarzschild length scale
and the other is the f (R) characteristic length scale appearing
generally because of the extent of power-law modification in
the curvature term.

There are several ways to study the vast field of modified
Einstein gravity theory in an alternate manner. Some of them
are: MOdified Newtonian Dynamics (MOND), Brans—Dicke
(B-D) theory, Kaluza-Klein (K-K) theory, Braneworld mod-
els, f(R) theory, f(T) theory, f (R, T) theory, Scalar Tensor
Vector Gravity (STVG) theory, mimetic gravity theory etc.
Such theories have a potential to explain the cosmological
dark sector problems successfully instead of following the
traditional approach. Also, such theories have gained impor-
tance due to their general scope in explaining the physics
of the universe from the very early epochs up to the present
accelerated phase without facing serious cosmological prob-
lems viz., fine tuning problem and coincidence problem as
faced by standard Lambda Cold Dark Matter (ACDM) model
[39—42]. For instance, one can handle the fine tuning prob-
lem by working with vacuum f(R) field equations. More
recently, f(R) gravity has drawn attention in discussion of
galaxy formation [43] and the explanation of dark matter
like effects at different redshifts [44]. The particle picture of
scalaron as a dark matter candidate has also been explored
[45].

In the present paper, we consider the modified gravity
Lagrangian density of the type, f(R) o« R'*%; where § > 0.
Due to the inheritance of the scalar degrees of freedom in
the f(R) gravity theory, the galactic rotation velocity profile
as well as the lensing angle profile of a typical galaxy must
get altered from those in GR. Such alteration can explain
the observed galactic rotational velocity profiles without

@ Springer

demanding the existence of dark matter in contrast to GR the-
ory [34-37]. The extent of deviation § for such f(R) model
can be constrained at the galactic scales via tracing of typical
spiral galaxy outer rotation curves after HI observations to be
0(10~°) [46] which is consistent with the results explored
in [47].

Therefore, we investigate the influence of the scalaron
background effect on the profile of lensing angle. We may
express the deflection angle under the weak field limit in
f(R) gravity theory as @ = 422’1(1 + y), where £ is the
two dimensional impact parameter and y is the contribution
due to the modification of the spacetime [49,50]. Further, as
the power-law potential has been investigated for the galac-
tic rotation velocity and lensing phenomena [34,35,49], we
argue that their calculations in f (R) background obtained for
the same potential and value of § [46] would yield some sig-
nificant information about the galactic dynamics. Although
the rotation velocity profiles of different galaxies are proved
to be the successful tool for the determination of mass dis-
tribution, we focus on the observations of rotation curve
behaviour beyond the optical disk size for a few galaxies in
the modified gravity background and calculate the magnitude
of deflection angles by using the f(R) characteristic length
scale obtained through the study of outer rotation curves. We
model the extent of galactic dark matter halo as a scalaron
cloud. Thus, we regard such f(R) characteristic length in
determining the halo size of scalaron cloud in the power-law
f(R) gravity theory instead of dark matter halo.

We discuss the galactic dynamics for nearby galaxy in
f(R) cosmological background via calculating the formula
of light deflection angle according to [49]. In [51], the anal-
ysis of lensing angle profile according to the generalised
pseudo-isothermal dark matter galaxy halo model is done for
different nearby galaxies without any interpretation about the
extent of halo size. We study the two controversial galaxies
i.e., NGC 5533 and NGC 4138 via the observations of rota-
tional velocity profile beyond the optical disk size and lens-
ing angle profile in f(R) background. A comparison of their
lensing angle profile with the generalised pseudo-isothermal
dark matter halo model and interpret their magnitude and
also discuss some important implications.

In Sect. 2, we discuss the basics of f(R) dynamical field
equations in vacuum and write the effective potential due
to a massive spherically symmetric source in f(R) back-
ground following our previous work [46]. In Sect. 3, We
explore the galactic dynamics via the f(R) rotational veloc-
ity profiles for the nearby galaxies (under controversy due to
their declining rotation curve) NGC 5533 and NGC 4138 and
obtain their respective galactic length scale free parameter rg
with § &~ 0 (10~°). The formula of net light deflection angle
in f(R) background is obtained for the effective point like
potential in Sect. 4 and explore further the lensing angle pro-
files for the said galaxies with their observed outer rotation
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curve profiles to obtain their lensing angle magnitude in f (R)
background. In Sect. 5, the magnitude of the light deflection
angle for the same galaxies is explored with the generalised
pseudo-isothermal dark matter galaxy model which is com-
pared with the results of the net light deflection angle in f (R)
background and also its important implications are discussed.
We conclude and discuss the results in Sect. 6. Throughout
the paper, we follow the signature of the spacetime metric as
(—,+,+,+) and indices u (or v) = (0,1,2,3).

2 f(R) dynamical equations and effective potential

In order to study the modified effect of gravity under the
Friedmann—-Lemaitre—Robertson—Walker (FLRW) spatially
flat background metric,

ds? = —di® + a*()[dr* + r*(d6?* + sin® 0d¢?)), (1)

where a(t) is the cosmological time dependent scale factor
and (r,0,¢ ) are the usual spherical coordinates, it is necessary
that the function of Ricci scalar curvature in the Einstein—
Hilbert action integral is dynamical ie., f(R) # R. Here,
we work with f(R) =
least at the galactic scales for the explanation of dark matter
problem.

The four dimensional spacetime Einstein—Hilbert action
of gravity in the modified theory is written in the absence of
matter Lagrangian density in units of c=f=1 as,

] , @

where g is the determinant of the metric tensor g,, and
8w Gy is the Einstein’s gravitational constant with Newto-
nian gravitational constant G y.

Now, to study the dynamics of such f(R) gravity theory,
we vary the action (2) w.r.t the metric tensor, which gives the
dynamical field equations,

f(R)g/w
2

S~ type model with § << 1 at

I P
A_z/d’” g[SnG

F(R)R,, — — VuVyF(R) + g,0F(R) =0,

3

where F'(R) is the first derivative of f(R) w.r.t R, V,, is the
covariant derivative associated with the Levi-Civita connec-
tion of the metric and [J = V, V#.

We can express the modified field equations in a for-
mal way i.e., in tensor form and in the absence of energy—
momentum tensor of standard matter as

87‘[GN

_ 1)
w = F(R)[ vl )

where

© 1 1 R
Tp,u = 877Gy g;wf(R) g,qu(R)
+V, VyF(R) — 8WDF(R)]1 ®)

is the energy—momentum tensor of the spacetime curvature
and G, (= Ry — %g,w), is the Einstein tensor.

In our previous work [46], we have obtained the modified
effective potential in the weak field limit generated by the
point-like source of mass M in the f(R) background and
explored the flat rotational velocity curves beyond the opti-
cal disk in the galaxy dark matter halo region. Solving the
vacuum field equations in the weak field limit for the discus-
sion of nearby galaxies with the generalized spacetime metric
(Schwarzschild-like) gives the modified effective potential
for our model as,

GyM  Hy? 2445 R
Verp ~ — [

YT — (= Do Tiv ] R
(©)

The appearance of the first term in above Eq. (6) is due to
the Newtonian potential of the gravitating source and the
second term is due to the contribution of dynamical f(R)
cosmological background with rg as the f(R) characteristic
length scale parameter at the galactic scales according to
[30-33,38], whichis a fundamental feature of the power law
f(R) gravity and constant y = 2 H 5. The Newtonian profile
can be approximated as we go back to GR since the relevant
parameters vanish in the source free limit.

As discussed earlier [34,35,49], the unique effective
potential of modified gravity model can be used for the expla-
nation of the flatness of rotation curves as well as for the study
of the light deflection angle. Here, we attempt to explore the
light deflection angle from the flatness rotation velocity pro-
files of typical galaxies.

r 2r2

3 Rotational velocity profiles in f (R) theory

We have traced the test mass beyond the visible disk region
for the nearby galaxy via the effective f (R) rotational veloc-
ity profile in our earlier work [46]. It is given as

24268
1 ) ro\20H3)
~ - Ho? r? 1—(—) -
vET +(2> Or[ r
2(2 )1+25
x[1+<rr°) ‘”} . %

Here, in our investigation we include the new local value
of Hy [48] with a 2.4% determination, Hy = 73.02 & 1.79
km s~! Mpc— Gy = 43 x 107 kpc km? s™2 M ',
x (= 12H2) 5 L and r is the f(R) galactic length scale free
parameter for a gravitating system (galaxies) which offers

@ Springer



109 Page 4 of 7 Eur. Phys. J. C (2021) 81:109
w0 o b 300 F 1
g L . 250 1
250 T [ ] ]
) -0 @ °
------ 200 |- .
200 =4 )
E i ] € 150 TT--___ @
¥ 150 ° v T T e
3 3 @ ® ]
100 - N 100 ]
50 - . 50 |- q
of . of .
Il Il Il Il Il Il Il Il Il Il Il Il Il Il Il
20 30 40 50 60 70 80 6 8 10 12 14 16 18 20
r(Kpcs) r(Kpcs)

Fig. 1 Theoretical galactic f(R) rotation curve external to the typical
visible end of galaxy NGC 5533. The black dots represent the observed
data points due to HI [52-54]. The curve shows the behaviour of test
mass beyond the optical radius for § &~ 0 (10~%) with the galactic length
scale free parameter rp = 10260 ~ 446.6 kpc

the possibility to fit the rotation curves in f(R) background
[34-37].

We set the constraint on § &~ O (10~°) for the explanation
of dark matter like effects through the rotation curve profile of
the test mass beyond the optical disk size of the galaxy [46].
The value of rq is obtained for the typical nearby galaxies,
NGC 5533 and NGC 4138 (addressed as controversial galax-
ies in literatures because of their declining rotation curve
profile after HI observations) via tracing their approximate
flat rotation curve outside the optical disk size as because the
flatness paradox is mainly associated with such region.

The sample (first four columns) is presented in Table 1.

Figures 1 and 2 show the behaviour of the effective f(R)
rotational velocity curves beyond the optical size of galaxy.
The fifth column ro in Table 1 is obtained for them with
§ ~ 0(107% via tracing the observed rotational veloc-
ity plots beyond the visible boundaries for dark matter like
explanation. From these figures, it is clear that the effec-
tive f(R) rotational velocity becomes approximately con-
stant beyond the outer visible region. Such profile is also
observed through HI observations. We explore the implica-
tion of f(R) characteristic length scale parameter ro for the
galaxy halo. Therefore, we study the lensing angle profiles
for them in f(R) background with the same respective f(R)
characteristic length scale as discussed next.

4 Magnitude of light deflection angle in f(R)
background

Modifying the geometric theory of gravity affects the under-
lined potential due to a spherically symmetric source of mass
M and hence, it will also affect the profile of lensing angle.
According to [49,55], the formal expression for the lensing

@ Springer

Fig. 2 Galactic rotation curve obtained for § =~ O( 107%) with the rg =
102259 a2 177.828 kpc external to the visible end of galaxy NGC 4138.
The black dots represent the observed data points due to HI [52-54]

angle in the modified gravity background remains the same
as in GR, but with an effective potential.

The deflection in the path of a photon propagating along z
direction in f(R) background having a spherical symmetric
gravitating source of mass M with an effective potential Vs
given by Eq. (6) is given as,

2 [T
ANer = —2/ Vi Verr dz. 8
" J-

By making use of 7> = x? 4+ y> + 72 = £% + 72 with
V= % and £ as a two dimensional impact parameter, we
obtain through some algebraic calculations

2428

. AGyM _H? I
UNet = —2C—§ﬁ52 (5)

2
n\' VI T+ ) ()™
: (E) 2 TR <E> O
146

The first term of (9) is the standard GR, while the second
term is the contribution due to f(R) # R. Also, for § = 0,
we obtain the GR Lagrangian density so that its result can be
recovered because the extra scaling parameter must vanish
for reasons mentioned in the Introduction. Since a small value
of the f(R) model parameter ¢ is preferred at the galactic
scales for dark matter explanation, we take § ~ 0(10’6)
and use (9) to obtain the magnitude of light deflection angle
for the two galaxies.

The values of f(R) galactic length scale free parameter
ro for different galaxies is interpreted in Table 1 via tracing
the test mass beyond the outer visible region of galaxies by
using Eq. (7). Further, we use it in Eq. (9) for discussing
the plots of the net light deflection angle w.r.t the scaled
impact parameter i.e., f—o in f(R) background and to obtain
its magnitude. Figures 3 and 4 represent the behaviour of
light deflection angle in f(R) background. It decreases in
the f(R) background geometry or scalaron halo region. The
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Table 1 Specifications of galaxies: Galaxies for which the f(R) galactic length scale parameter, i.e., ro is obtained via plotting the viable outer
rotation velocity profiles by using Eq. (7). The observed data is culled from [52-54].

Galaxy Optical radius at isophotal level (kpc) Myn (X IOIOM@) Vasymp (Km/s) ro (kpec)
NGC 5533 22.5 87.7 230 102650
NGC 4138 06.6 08.4 150 102250
5.x1076 1 5 Generalized pseudo-isothermal dark matter model
and lensing profile
4.x1078 1
3 %1051 ] This galaxy model is proposed according to the demand of
<w observations of the HI profile in the outer region of typical
2.x1076 | ] galaxy. Fitting of the rotational velocity profiles in that region
] is usually done by assuming the spherical dark matter halo
1.x1072 ¢ ] concentric with the baryonic matter of the galaxy. Such model
of ] has the following density profile of matter distribution as a
0.0 0.2 04 06 08 function of distance explored in a generalized way in [51] as

Fig. 3 f(R) deflection angle profile obtained for § ~ 0(107%) with
the ro = 10290 kpc for the galaxy NGC 5533. The deflection angle
increases with mass concentration and decreases in the dynamical f(R)
background geometry. The value of closest approach is approximately
22 kpc

1.5x1070

1.x1078 ¢
<y

5.x107 |

| v

Fig. 4 f(R) deflection angle profile obtained for § ~ 10~® with the
ro = 10221 kpc for the galaxy NGC 4138. The deflection angle
increases with mass concentration and decreases in the dynamical f(R)
background geometry. The value of closest approach is approximately
6 kpc

values of closest approach resembles approximately with the
optical radius of the respective galaxies measured out to the
isophotal level. For the insightful interpretation of the magni-
tudes of f(R) lensing angle plots, we compare them with the
lensing angle profiles obtained according to the generalized
pseudo-isothermal model in the next section.

p(r) = ppe” 7, (10)

where pg is the halo core density and the core radius is r,
for the isolated system whose metric element is

ds® = —e*Ddt* + D dr? + r2de* + r?sin® 0d¢>. (11)

Since, we work in dynamical modified f(R) cosmologi-
cal background, therefore, to model the galaxy halo for the
flatness behaviour of the rotational velocity profiles beyond
the optical disk, we rely on their lensing angle profile in
f(R) background as it independently probes the mass con-
centration (baryonic and non-baryonic) without relying on
its dynamical state or nature. We then compare f (R) lensing
profile with the generalised pseudo-isothermal dark matter
model for the galaxy. The usual lensing angle profile accord-
ing to equation (10) in the weak field limit, is given as, [51,56]

2
& = 161Gy po (”’“’)
;

a

1 _(m
X |:——e Gou + ﬁ (i’o_m> Erf( a >], (12)
2 4 Ta Yout

where r, is the radius of the closest approach to the centre of
the galaxy, r,,; is the outer radius which is the last observed
data point for the study of rotation curve or upto which the
rotation curve is traced approximately flat and pp= 10~ 1% kg
m—3 [51,56,57]. With the above specifications, the plot of
light deflection angle profile for the density profile given by
Eq. (10) w.r.t r% according to Eq. (12) is shown in Fig. 5 for
NGC 5533 and NGC 4138.

Thus, on comparing the lensing magnitudes of plots (Figs.
3, 4 with Fig. 5) for the said galaxies, we interpret that the
magnitudes are in approximate agreement but with a shift in
the peak value (in case of Figs. 3, 4) because we consider the
halo of scalaron cloud and do not consider any dark matter

@ Springer



109 Page 6 of 7

Eur. Phys. J. C (2021) 81:109

4.x1070F
3.x1078F
<y NGC 5533
2.x107 |
1.x1076
NGC 4138
0 L 1 1 1 1
0.0 0.2 0.4 0.6 0.8
Ia
lout

Fig. 5 Light deflection angle curve for NGC 5533 and NGC 4138
plotted with generalised pseudo-isothermal dark matter density profile.
The deflection angle increases up to the core radius and decreases in
the halo of dark matter background [51]

halo profile as compared to the position of peak in Fig. 5. It
is possible that such scalaron density against the background
of the high energy density regions in the galactic environ-
ment becomes high because of the chameleon mechanism
and thus the Compton wavelength of the scalaron profile
becomes much smaller. Hence, such features of the scalaron
might explain the anomaly observed in the profile of lens-
ing angle plots. Therefore, the baryonic distribution among
the two galaxies decreases beyond their closest approach in
f(R) background without any dark matter. Hence, we have
a declining nature of deflection angle in the halo region with
the distance which is clear from the Figs. 3 and 4.

6 Summary and discussions

The gravitational lensing profile is generally used for the
mass measurement of astrophysical objects and in this work,
we utilized it to test the predictions of modified gravity theory.
Thus, we introduce a formalism to study the effects of clus-

tered dark matter problemin f(R) = RZ type model at the

R}
galactic scales via obtaining the depender(lt lensing angle pro-
files of typical nearby galaxies on the f(R) rotational veloc-
ity profiles. We use the common point like effective potential
in f(R) background, motivated by the work of Capozziello
et al. [34,35,49], in order to study the light deflection angle
and explore it for two nearby controversial galaxies in f(R)
background. The magnitude of light deflection is obtained
via exploring the f(R) characteristic length scale (which
appeared for power-law f(R) modification due to Noether’s
symmetry) from the effective f(R) rotational velocity for
the two galaxies with 8 ~ 107 at galactic scales [46]. The
profile of effective f(R) rotational velocity for the galaxies
is discussed in Figs. 1 and 2, whereas in Figs. 3 and 4, the
profile of net light deflection angle is explored. We compare
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our obtained results of the net f(R) light deflection angle
with the generalized pseudo-isothermal dark matter model
for a galaxy and it is interpreted to provide a nice agreement.
It may also be interpreted from the plots of light deflection
angle in f(R) background that the said galaxies have such
closest approach whose value is approximately matched with
the isophotal optical radius and beyond that the baryonic
distribution decreases in f (R) background and explains the
results without any dark matter. Hence, we have a declining
profile of deflection angle beyond the closest approach in the
scalaron cloud region (or f(R) background region). Thus,
we can regard such scalaron cloud region to mimic as dark
matter halo.

Our result of f(R) light deflection angle with § =~
0(107°) is in close agreement with the result obtained with
the generalised pseudo-isothermal model. The magnitude of
effective f(R) lensing angle is ano ~ 4.2 X 107° and
dner ~ 1.5 x 107° for NGC 5533 and NGC 4138, respec-
tively, with the corresponding approximate closest approach
at about 22 kpc and 6 kpc in f(R) background. Thus, we
diagnose our f(R) model parameter 6 with lensing angle
profile at galactic scales. Also, the shift in the peaks may
be attributed to the scalaron over-densities which rises in the
high energy density regions of galactic surroundings because
of the chameleon mechanism and thus the Compton wave-
length of the scalaron profile becomes much smaller. Such
interesting features may possibly explain the offset of peak
profiles observed in the Bullet cluster (1E0657-56), Abell
520 system etc. Furthermore, as an important implication of
our analysis of galactic dynamics in f (R) background, it may
be possible to think about the extent of such scalaron halo
cloud to mimic as dark matter halo in f (R) background. In
[45] Katsuragawa et al., have investigated the particle pic-
ture of scalaron as a dark matter candidate. The emergence
of f(R) characteristic length scale may predict the extent
of scalaron halo surrounding the galaxy since the trace of
light deflection angles follows the same f(R) characteris-
tic lengths as obtained for velocity curves and the deflec-
tion magnitudes agree closely with the generalised pseudo-
isothermal model. For the two galaxies (NGC 5533 and NGC
4138), we have the value of such approximate f(R) charac-
teristic length as 446.600 kpc and 177.828 kpc which might
represent their halo size. As the halo size also evolves, it indi-
cates the unstable nature of dark matter halo. So, the f(R)
gravity theory can be used for such study and we plan to
study such implications in our future work.

Thus, from our analysis, it is reasonable to expect that we
can explain some of the galactic dynamics effects probably
attributed to the presence of large amount of dark matter,
although further work must be carried out to improve on
the point source for galaxies, before strict conclusion can be
drawn.
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Hence, with the single effective point like potential and
with § &~ 0(107°), we have explored the combined obser-
vations of galaxies i.e., their light deflection angle through
the rotational velocity profiles in the f(R) background. We
hope that, such combined study might shed new light on the
distribution of clustered dark matter halo (or scalaron cloud
in f(R) background) surrounding the galaxy.
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