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A B S T R A C T 

As the Univ erse e xpands, the redshift of distant sources changes with time. Here, we discuss gravitational lensing phenomena 
that are consequence of the redshift drift between lensed source, gravitational lens, and observer. When the source is located very 

close to the drifting caustics, a pair of images could occur (or disappear) because of the cosmological expansion. Furthermore, 
lensing systems act as signal converters of the redshift drift. The angular position, magnification, distortion, and time delay of 
already existing multiple images change. We estimate the expected frequency of these phenomena and the prospects to observe 
them in the era of deep and large surv e ys. The drift detection in image separation could be within reach of next-generation 

surv e ys with μarcsec angular resolution. 
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 I N T RO D U C T I O N  

he redshift drift is the time variation of the cosmological redshift
f distant sources due to the expansion of the Universe. This subtle
hysical effect was predicted by Sandage (Sandage 1962 ) and in a
omogeneous cosmological model, it is described by the equation 

d z 

d t 0 
= H 0 (1 + z) − H ( z) , (1) 

here t 0 is the time at the observer, H 0 is the value of the Hubble–
e ̂ ımatre constant today, and H ( z) is the value of the Hubble–
e ̂ ımatre constant at the redshift z of the source. 
The spectral shift is of the order of 10 −10 o v er a decade, but

he observational confirmation appears to be within reach of next-
eneration high-resolution spectrographs to be installed on the
xtremely Large Telescope and other 30-m class telescopes, see,
.g. Pasquini et al. ( 2005 ). These experiments will target bright high-
edshift quasars and aim at measuring the redshift variations in the
omplex systems of absorption lines due to neutral hydrogen along
he line of sight (Loeb 1998 ). 

The successful observation of the redshift drift would be of
aramount importance as it would represent the first direct evidence
f the expansion of the Universe and a direct measurement of the
xpansion rate. 

Here, we present a no v el approach to observe the redshift drift
y taking advantage of gravitational lensing. Strong gravitational
enses (as massive galaxies or galaxy clusters) produce magnified and
istorted multiple images of background sources, sometimes visible
s giant bright arcs (i.e. gravitational arcs). The observed properties
f the lensed images at high magnifications μ (i.e. μ larger than a
 E-mail: gio vanni.co vone@unina.it 

t  

e  

Pub
ew tens) depend critically on the caustics structure and the angular
eparation of the source to the caustics. This implies that even tiny
ariations of the source position with respect to the caustics could
roduce observable effects. Redshift drift makes distances change
nd hence impacts the magnification pattern. 

The order of magnitude of any effect related to the redshift drift
s determined by the quantity δt 0 H 0 , where δt 0 is the time span
f the experiment carried out by the observer. For δt 0 ∼ 10 yr ,
hich is the expected duration of a typical observational campaign,

t 0 H 0 ∼ 7 × 10 −10 . This makes measurements of cosmic drift very
hallenging. 

Loeb ( 1998 ) suggested measuring the frequency or redshift shift
nduced by the Hubble flow between multiple images of lensed
ources. Piattella & Giani ( 2017 ) proposed measuring the positional
hift of multiple images of lensed sources, or the change in time
elay between them, o v er a certain period. 
These ideas were initially regarded as impractical given the typical

pectroscopic sensitivity, but some lensing systems might make the
easurements feasible. Zitrin & Eichler ( 2018 ) considered strongly

ensed fast radio bursts (FRBs) to observe cosmological evolution
n real-time. The duration of an FRB is very short ( ∼10 −3 s), and
he change in time delay between a pair of multiple images could
e a measurable effect. Strongly lensed repeating FRBs were also
onsidered as probes of dark energy evolution (Liu et al. 2019 ). 

Wucknitz, Spitler & Pen ( 2021 ) further discussed time delay
hanges o v er time as a consequence of the variations of the redshift
f both the gravitational lens and the background lensed source and
he possibility of observing them on a feasible time-scale. They
rgued that coherent time-delay measurements of gravitationally
ensed FRBs can be measured to levels of accuracy that are better than
he burst duration. This would allow us to disentangle cosmological
ffects from the proper motion and to eliminate the unknown mass
© 2022 The Author(s) 
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Figure 1. Configuration of a simple gravitational lensing system, consisting 
of an axially symmetric gravitational lens L and a source S at cosmological 
distances from the observer O . 
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istributions of the lensing galaxies as the main source of potential 
ystematic errors. 

In this paper, we revisit some of these ideas considering more 
exible lens models, propose some novel observable, and discuss 

he prospects of observing them in future wide-area surv e ys. 
We adopt a flat � CDM cosmological model, with the following 

alues of the cosmological parameters: �M 

= 0.3, �� 

= 0.7, and 
 0 = 70 km s −1 Mpc −1 . Ho we ver, the results presented here do not

epend critically on this choice. 

 A  SIMPLE  M O D E L  

et us consider an axially symmetric gravitational lens, located at 
edshift z l , magnifying a background source at redshift z s , as shown
n Fig. 1 . We adopt the formalism introduced by Schneider, Ehlers &
alco ( 1992 ). The vector angles β and θ indicate the unlensed source
nd the image position, respectively, on their own planes. Angles are 
easured from the axis connecting the observer and the centre of the

ravitational lens. 
The quantities D l , D s , and D ls are the angular diameter distances of

he gravitational lens, the source, and between the lens and the source, 
espectively. In a given cosmological model, the angular-diameter 
istances are known function of the redshift and the cosmological 
arameters. 
To our kno wledge, ho w cosmic drift impacts lensing phenomena 

s still a relativ ely no v el topic. As a first step, we consider the setting
f a thought experiment. We neglect the proper motions of the 
bserver, the gravitational lens, and the background sources. That 
s, we consider them to be comoving objects, at rest in their local
eference frame, see for instance Harrison ( 2000 ). 

We focus on the effects of redshift drift, and we assume that the lens
tructure does not change with time. Lensing phenomena are mostly 
etermined by the mass density within the scale radius of galaxies 
nd clusters, which remains approximately constant during the slow 

ccretion stage, which follows an early fast accretion phase and 
re decoupled from the cosmic expansion (Diemer & Joyce 2019 ). 
or our main analysis, we neglect mergers or accretion processes 

n the outskirts, as well as orbits and internal motion of internal
omponents. 

The expansion of the Universe causes a change in the global 
eometry of the lensing system, as the angular-diameter distances 
ary as a consequences of the redshift change. It is important to
ote that in an isotropic universe, the source position angle β does 
ot change in time: indeed, it coincides with the comoving angular
oordinate used in the Robertson-Walker metric. 

The configuration in Fig. 1 represents the lensing geometry at 
he observer cosmic time t 0 . In the following, we consider the
onfiguration of the same system at a later cosmic time t 0 + δt 0 ,
hen the distances are changed because of a variation in the scale

actors, as a consequence of the cosmic expansion. We remind that
he variation of the angular diameter distance D A due to drift can be
ritten as (Zitrin & Eichler 2018 ; Wucknitz et al. 2021 ) 

d ln D A ( z) 

d t 0 
= 

H ( z) 

1 + z 
. (2) 

rom equations ( 1 , 2 ), it follows that 

d 

d t 0 

D ls 

D s 
= 0 , (3) 

nd 

d 

d t 0 
[ (1 + z) D A ] = H 0 . (4) 

ollowing Zitrin & Eichler ( 2018 ) and Wucknitz et al. ( 2021 ), we
o not normalize the present-day scale factor a 0 to unity, because
n real-time cosmology we need to consider that a 0 changes with
ime. As noted in Zitrin & Eichler ( 2018 ), this may explain some
isagreement with previously published results. 
The so-called lensing equation is straightforwardly derived from 

he configuration in Fig. 1 : 

= θ − α( θ ) . (5) 

his equation defines a two-dimensional (2D) mapping between the 
mage plane and the source plane. Caustics and critical lines (in
he source and image planes, respectively) are the places where the
acobian of the map vanishes, see for instance Schneider et al. ( 1992 ).
he variation of the lensing geometry causes a variation in the shape
f caustics and critical lines and then could manifest via several
bserv ational ef fects. Here we only consider smooth mass models,
.e. we do not consider the effect of the expanding caustics on the

icroimages produced by the not-smooth distribution within the 
ravitational lenses. 
In particular, we focus on the following observational features: (a) 

he appearance (or disappearance) of new images for any source 
hich gets included (or ousted) by the caustics as the enclosed

rea gets larger (or smaller); (b) the variation in time of the image
eparation; (c) the change in the time delay between the images; and,
nally, (d) the effect on shear measurements in the weak lensing
egime. 

.1 Occurrence of new images 

 new pair of images forms when the background source mo v es
nward a caustic. As the universe expands and the redshifts of the
ource and gravitational lens change, the cosmological distances 
nvolved in the geometry of the lensing system change as well. As a
onsequence, the caustics and the critical lines are slightly modified. 
or an axially symmetric gravitational lens, we expect an isotropic 
ariation of the critical lines as the Einstein radius is a function of z l 
nd z s . 

Here, we assume that the gravitationally bound lens is detached 
rom the cosmic expansion and its matter distribution does not change
n time if we neglect mergers or accretion processes. Hence, the
ky area covered by the caustics on the source plane changes as a
onsequence of the cosmological expansion only. 
MNRAS 513, 5198–5203 (2022) 
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Figure 2. Number δN SL of newly occurred images due to cosmic drift in 
a surv e y with 10 5 self-similar lenses at z l = 0.3 as a function of the power 
slope index γ PL over a span of 10 (cyan) or 100 (orange) years. 

w  

a
 

g  

2  

2  

c  

a  

1  

s  

t  

a  

i  

a  

s  

d
 

i  

M  

e  

m
 

t  

n  

s  

o  

j  

l
 

o  

t

2

C  

d  

u  

q  

(
 

i  

c

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/513/4/5198/6582998 by IN
AF Trieste (O

sservatorio Astronom
ico di Trieste) user on 05 Septem

ber 2022
The area enclosed by the critical line is 

 c = π θ2 
t . (6) 

his can be interpreted as the cross-section for a strong lensing event.
The average surface mass density within the Einstein ring equals

he critical surface density, 

< � > θt = � cr ≡ c 2 

4 πG 

D s 

D l D ls 
. (7) 

ue to expansion, 

d ln � cr 

d t 0 
= − H ( z l ) 

1 + z l 
. (8) 

Considering that θ t = R t / D l , and 

d R t 

d t 0 
= 

d R t 

d < � > θt 

d < � > θt 

d t 0 
, (9) 

he time variation of the angular size of the critical line can be written
s 

d θt 

d t 0 
= −

(
d θt 

d < � > θt 

+ θt 

)
H ( z l ) 

1 + z l 
. (10) 

The drift of the cross-section can be written as 

d ln A c 

d t 0 
= 2 

d ln θt 

d t 0 
. (11) 

Let us consider the axially symmetric lens to be a power-law
ensity (PL) profile, 

PL = ρs 

( r s 

r 

)γPL 
. (12) 

or a slope γ PL = 2, the PL lens reduces to a singular isothermal
phere (SIS). 

The critical line of a PL lens lies at 

t = 

[ 

4 π

[( γPL − 1) / 2] √ 

π
[ γPL / 2] 

(
V s 

c 

)2 
D ls 

D s 

] 1 / ( γPL −1) (
r s 

D l 

) γPL −2 
γPL −1 

, (13) 

here V s is the circular velocity at radius r s . For an SIS, γ PL = 2, 

t = 

4 πσ 2 
v 

c 2 

D ls 

D s 
, (14) 

here σ v ( = V s ) is velocity dispersion of the galaxy or galaxy cluster
cting as lens. 

The variation of the area inside the critical curve after an observa-
ion time δt 0 is 

δA c 

A c 
= 

d ln A c 

d t 
δt 0 = −2 

2 − γPL 

1 − γPL 

H ( z l ) 

1 + z l 
. (15) 

Lenses are approximately isothermal ( γ PL ∼ 2) in the regions
here multiple images form, and we do not expect significant

hanges of the cross-section with time. Ho we ver, the slope of the
ensity profile could be shallower in the very inner regions ( γ PL �
), as described by the cuspy dark halo models predicted by numerical
imulations (Navarro, Frenk & White 1997 ). For 1 < γ PL < 2, we
xpect that high magnification lensing regions get larger in time. 

In this scenario, δA c > 0 ( < 0), and sources behind the lens enter
exit) the caustics for shallow (steep) profiles, 1 < γ PL < 2 ( γ PL 

 2), generating the occurrence (disappearance) of pairs of bright
mages located close to the critical lines. 

The number δN SL of ne w e vents (i.e. appearance of new pairs of
mages) due to the change in strong lensing cross-section is 

N SL = N SL 
δA c 

A 

, (16) 
NRAS 513, 5198–5203 (2022) 

c 
here N SL is the number of lenses already present in the surv e y
rea. 

Multiply lensed images are routinely observed behind massive
alaxies or galaxy clusters, (e.g. Covone et al. 2006 ; Diego et al.
015 ). F or a ne xt-generation, Euclid-like surv e y (Laureijs et al.
011 ), we expect N SL ∼ 10 5 strong gravitational lenses. Let us
onsider a population of self-similar lenses. Dark matter haloes
re well modelled as Navarro–Frenk–White profiles (Navarro et al.
997 ), with an inner, shallo w, po wer slope of γ PL ∼ 1, and an outer,
teep slope of γ PL ∼ 3. Considering a uniform slope of γ PL ∼ 1.5 in
he strong lensing region, for a self-similar population of 10 5 lenses
t z l ∼ 0.3, the probability that a new strong lens appears due to drift
n a 10- yr observation span is a tiny ∼0.01 per cent. The presence of
 massive central galaxy or baryonic processes can make the inner
lope steeper, which would make the lensing cross-section for lensing
rift smaller, see Fig. 2 . 
A similar appearance of images might occur even more frequently

f taking the granular composition of the lens (such as stars,
ACHOs, or dark matter substructures) into account (Meneghetti

t al. 2020 ), which turns the smooth caustic into a network of
icrocaustics. This could increase the cross-section. 
In the fortunate event of the formation of a new lensing system by

he cosmic drift, we might wait some time to actually see the pair of
ewly formed images because of the time delay between them. The
econd image takes more time to reach the observer than the first
ne. Ho we ver, the delay is expected to be small since the source has
ust entered the caustic and the new images form near the critical
ines. 

Finally, we did not consider here the effects due to the finite size
f the source. Indeed, larger sources will require a finite time to cross
he slowly expanding caustics. 

.2 Image drift 

osmic parallax is the analogue of redshift drift, but in the transverse
irection. It was initially proposed as a probe for anisotropic
niverses, where the angular separation between distant sources (e.g.
uasars) changes in time due to background anisotropic expansion
Quercellini et al. 2012 ). 

In an isotropic e xpanding univ erse, transv erse motion is generated
n lensing systems. The image separation changes in time due to
osmic expansion. 
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Angular separations �θ are of the order of two times the Einstein
ing, i.e. ∼3 arcsec for massive galaxies ( σ v ∼ 300 km s −1 ), or
30 arcsec for clusters of galaxies ( σ v ∼ 1000 km s −1 ). 
The temporal variation of �θ can be written as 

d �θ

d t 0 
∼ 2 

d θt 

d t 0 
. (17) 

or a PL profile, 

d ln θt 

d t 0 
= −

(
γPL − 2 

γPL − 1 

)
H ( z l ) 

1 + z l 
, (18) 

In ∼10 yr, the image separation for a single source behind a lens
t z l = 0.3 with γ PL ∼ 1.5 and σv ∼ 300 (1000) km s −1 decreases by 
�θ ∼ 0.004 (0.04) μas. Considering that planned surv e ys are going 
o find ∼10 5 strong lenses, an astrometric accuracy of ∼1–10 μas 
s required to detect the image drift from a sample of self-similar
enses. 

Such tiny variations could be within reach of future missions. 
perating experiments are already very successful. In its second data 

elease, Gaia has detected nearly 30 000 bright quasars ( G < 18 mag),
ith an astrometric accuracy of ∼100 μas (Gaia Collaboration et al. 
018 ). 
Very Long Baseline Interferometry (VLBI) astronomy can achieve 

strometric accuracy of the order ∼100 μas at low radio frequency 
n a single observation. The RadioAstron Space VLBI mission 
roduced images of the quasar BL Lac to an angular resolution 
f ∼20 μas (G ́omez et al. 2016 ). The 10 μas goal of astrometry at
1.6 GHz using VLBI with the Square Kilometer Array (SKA) is

xpected to be met within this decade (Rioja et al. 2017 ). 

.3 Time delay drift 

ue to gravitational lensing, multiple images take different times to 
each the observ er. F or a detailed discussion of the change o v er time
f the time delay for general lensing models, we refer to Zitrin &
ichler ( 2018 ), Wucknitz et al. ( 2021 ). Here, we briefly discuss the
rift in the context of future surveys. 
The time delay between the two images by an SIS can be written

s (Oguri et al. 2002 ) 

 �t = 8 π
σ 2 

v 

c 2 
(1 + z l ) D l β . (19) 

ue to cosmic expansion, the time delay changes. The time variation 
s 

d ln �t 

d t 0 
= H 0 . (20) 

here is no apparent dependence on the source redshift in equa- 
ion ( 20 ), but the condition β < θ t , where θ t depends on redshifts,
as still to be fulfilled in order to have a multiple-image system. 

The relative variation in the time delay o v er a time span δt 0 is 

δ�t 

�t 
= H 0 δt 0 . (21) 

ue to cosmic expansion, the variation is of order of ∼10 −9 in 10 yr.
ime delays in excess of 1 yr have already been recorded, which

mplies a time-delay drift of ∼0.02 s in 10 yr. 
Time-delays have been measured with a per cent level of accuracy 

Treu & Marshall 2016 ). Even considering the monitoring of ∼10 5 

ensing systems, as reachable in future wide surv e ys, present-day 
ccuracy has to be improved by ∼4–5 orders of magnitude in order
o detect the effect of the redshift drift on the time delay in the sample.
It has been shown that the change in time delay o v er time between
airs of multiply imaged events of lensed, repeating FRBs offers 
 more convenient observable for real-time cosmology (Zitrin & 

ichler 2018 ; Wucknitz et al. 2021 ). 

.4 The drifted shear 

he distortion of the background source due to lensing can be
uantified in terms of the tangential shear. For a PL, 

+ 

= 

γPL − 1 

2 

(
θt 

θ

)γPL −1 

. (22) 

onsidering equation ( 18 ), the drift of the shear can be written as 

d ln γ+ 

d t 0 
= (2 − γPL ) 

H ( z l ) 

1 + z l 
. (23) 

t a given angular position, θ , the measured shear is constant in time
or an isothermal profile ( γ PL = 2). The lens profile is expected to
e steeper than isothermal ( γ PL � 3) in the outer regions where the
hear is usually detected o v er large samples of background galaxies.
or such lenses, the shear is expected to get smaller with time. The
elative shear variation in a 10 yr span is of the order of δγ + 

/ γ + 

∼
10 9 . 
The shear measurement is very challenging. Massive gravitational 

enses (as galaxy clusters) generate a tangential shear of γ + 

∼ 10 −3 at
he intermediate radii where the signal can be measured (Applegate 
t al. 2014 ; Umetsu et al. 2014 ; Sereno et al. 2018 ). 

Detection of time variations seems beyond the reach of next- 
eneration surv e ys. The shear accurac y of a surv e y can be approxi-
ated as 

γ ∼ σe √ 

N bkg 
, (24) 

here σ e ( ∼4) is the dispersion in intrinsic ellipticity of background
ources and N bkg is the number of galaxies with measured shear. A
e xt-generation, wide surv e y can scan half of the sky and detect ∼30
alaxies per squared arcminute. This implies an exquisite accuracy 
f σγ ∼ 10 −5 , still not enough to detect the effect of the cosmological
rift on the shear. 

 COMPETI NG  EFFECTS  

he case of comoving observer, lens, and sources, and lens with static
ass distribution is ideal. Transverse proper motion, mass accretion, 

nd growth of density perturbations can modify a lens system o v er
ime (Zitrin & Eichler 2018 ; Wucknitz et al. 2021 ). 

Competing effects should be disentangled to observe cosmic 
xpansion. Let us briefly consider the size of some effects. For a
etailed discussion, we refer to Zitrin & Eichler ( 2018 ) and Wucknitz
t al. ( 2021 ). 

A source can enter or exit the caustics of a stationary lens due to
ts peculiar motion, 

δA c 

A c 
= 

2 v β δt 0 

θt 
, (25) 

here v β is the transverse angular velocity of the source. To observe
 new strong lensing event in a next-generation campaign in a 10 yr
pan, all sources should coherently mo v e with a transverse velocity
f ∼ 10 4 km s −1 . The transverse motion effect can be larger than the
ariation due to the radial drift but there are ways to disentangle the
wo phenomena (Zitrin & Eichler 2018 ), e.g. by considering the the
ifferent pairs of time delays in quadruple systems (Wucknitz et al.
MNRAS 513, 5198–5203 (2022) 
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021 ). The impact of transverse motion on strongly lensed system,
ven though not in the context of cosmological effects, was also
iscussed in Dai & Lu ( 2017 ). 
Transverse motion would also play a rele v ant role for microimages

roduced by the granular distribution of the gravitational lens. 
The mass distribution of a lens can change o v er time due to mass

ccretion from the environment, mergers with nearby haloes, or
aryonic processes in the inner regions. The formation of a halo
an be seen as a two-stage process (Diemer & Joyce 2019 ). In the
arly fast-accretion regime, the halo grows rapidly and its profile
aintains a roughly universal shape. In a second phase, the growth

lo ws do wn, accretion only af fects the outer regions, and the scale
adius of the halo approaches a constant value. As a result, the inner
egions of the halo remain more or less static in physical coordinates.
f mass is accreted in the inner regions, the cross-section for lensing
hanges (for the SIS) as 

δA c 

A c 
= 

2 δm cyl,t 

m cyl,t 
, (26) 

here m cyl,t is the projected mass within the Einstein radius. To
bserve a new strong lensing event in a next-generation campaign
n a 10 yr span, sources should coherently change their mass by a
ubstantial ∼5 × 10 −4 per cent. 

The discussed effects are quite small, but they could be larger
han the drift ef fect. Ho we v er, the y could be differentiated due to
heir random nature. Sources are not expected to move in the same
irection out of the Hubble flow. For lenses with a self-similar
tructure, the cosmic expansion coherently modifies the caustics
hereas peculiar motions could either reduce or enlarge them. The
ass in the inner region could both increase by mergers or accretion

r decrease due to baryonic processes such as feedback by the active
alactic nucleus that could push the gas in the outer regions. 

 C O N C L U S I O N S  

n recent years, real-time cosmology has been proposed as a viable,
hough challenging, no v el research domain (Quercellini et al. 2012 ).
mpro v ed astrometric and spectroscopic techniques could make
easible the measurement of the temporal change of radial and
ransverse position of sources in the sky over relatively short time
ntervals 

New lensed images could pop in the sky due to redshift drift. This
s a peculiar signature of the cosmological expansion. Differently
rom lensing of transient events such as supernovae (Kelly et al.
015 ), newly formed images due to drift would not disappear. 
New lensing images are due to the caustic area being made larger

y the drift. The larger caustic can co v er a previously not strongly
ensed source, which can then be multiply imaged. This phenomenon
ould be characterized by a non-negligible transition time in which
he source would be crossing the caustic and thus (if small enough)
xtremely magnified. This is of particular interest given the recent
etections of highly magnified stars in strong lensing events (Kelly
t al. 2015 ; Kaurov et al. 2019 ; Welch et al. 2022 ). 

The caustic shape could also change for internal motions of the
ens constituents, as can happen in minor or major mergers, or a
ource in proper motion could enter the caustic. These events could
enerate multiple images too and could be difficult to distinguish
rom lensing drift. Ho we ver, signatures by cosmic drift or internal and
roper motions differ in one major facet. Whereas the cosmic drift
cts coherently and in the same direction on the full lens population,
eculiar motions act randomly. Cosmic drift could be difficult to
NRAS 513, 5198–5203 (2022) 
istinguish from peculiar motions on a case-by-case basis, but its
ignature could be reco v ered in a statistical lensing sample. 

The lensing system acts as a converter. The cosmic expansion
odifies the geometry of the system. The redshift drift of the lens

nd the source are transformed into a variation of angular separation
r time intervals of the images. This could open new avenues to
etection. 
Our proof-of-concept study shows that there are unique lensing

henomena associated with cosmic drift. We considered comoving
bservers, lenses, and sources with static, smooth mass distributions
nd no proper motions. Systematics and noise in a non-idealized
etting can complicate the analysis and the detection. 

The probability to observe lensing drift events is very tiny.
o we ver, the change in time of FRBs has been already emerging

s a feasible observational target (Zitrin & Eichler 2018 ; Wucknitz
t al. 2021 ). As noted by Zitrin & Eichler ( 2018 ), the duration of the
urst is a smaller fraction of the time delay between multiple images
f a source gravitationally lensed by a galaxy than the human lifetime
s to the age of the universe. Thus, repeating, strongly lensed FRBs
ay offer a target for observing cosmological evolution in real-time.
Here, we discussed some no v el lensing phenomena. Many newly

redicted lensing features have a historic tradition to appear un-
easible from the experimental point of view when first discussed.
lbert Einstein himself doubted the possibility to directly observe

he deviation of light by nearby stars other than the Sun (Einstein
936 ), which is now detected (Sahu et al. 2017 ). Observations have
ro v ed pessimists wrong a number of times. Next-generation surveys
ith μarcsec angular resolution will show whether this might be the

ase for the lensing drift phenomena. 
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