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Content of the talk:

) Lensing of GWs ( Geometric Optics, Wave Optics, Estimates, Applications )

WKB Approximation

Palatini f(R) gravity

Eikonal analysis in Palatini f(R)

@ Conclusion
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The intervening matter in the line of sight between the source and observer will
lens the gravitational wave signal.

Consequences:
o Magnification/de-magnification of signal amplitude ( Frequency dependent
modulation)
@ Bias in estimated parameters (Chirp mass, )

@ GW beat patterns

Multiple Signals
GW Faraday rotation

Lensing Estimates:

o Einstein Telescope( 10* to 10°) detections per year of which 50 -100
lensed events per year

o Estimates for aLIGO Global network- 1 in 1500 events would be lensed
o Estimates for DECIGO : 5- 50 lensed events out of 10* — 10° detections
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Interference
GW Beat Pattern

Beat Frequenc
e h = hi(t) + hao(t + At)

96 11/3
wo= G ()" an

@ Accurate Hy measurements

3 —1
_c> r—1 . .
M(142)= 5z Ot | 7 +in] o Estimation of lens mass
le-19 1le-20
6
15 = ml =30Ms, m2= 20 Mg
.
10
2 05
c £ 0o
0 e
@ A s
-2 -10
4 15
-2.0
-6 T T T T T T T
-8 -6 —4 -2 0 -200 -175 -150 -125 -100 -75 =50 =25
Time(s) Time{s)

Gravitational wave interference via gravitational lensing: Measurements of luminosity distance, lens mass, and

cosmological parameters. Phys. Rev. D 2020, 101, 064011. doi:black10.1103/PhysRevD.101.064011.
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WKB Approximation

Eikonal ansatz
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w — oo defines the geometric optics limit.
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Geometric Optics limit
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@ Poplatization tensor is parallel propagated along the null vector k*

@ Number of gravitons in a ray bundle is conserved V ,N* =0
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Beyond Geometric Optics —>A~b>>R;
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Gravitational waves are not transverse in the
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Palatini f(R) gravity

Action:
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Sarmah, L., Kalita, S. & Wojnar, A. Stability criterion for white dwarfs in Palatini Physical Review D. 105
(2022,1), https://doi.org/10.1103252F physrevd.105.024028
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GWs Palatini f(R) gravity

Scalar Tensor Representation
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Geometric optics limit in Palatini

Leading order:

Null geodesics enjoy conformal invariance
K"V k, =0

Next to leading order:

1
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Dalang, C., Cusin, G. & Lagos, M. Polarization distortions of lensed gravitational waves. Physical Review D. 105

(2022,1), https://doi.org/10.1103 252Fphysrevd.105.024005
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Evolution of GW amplitude

Optical Scalars:
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f’ scalars.
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Conclusion:

@ Evolution of GW amplitude is theory dependent
@ Lensing induce errors in the estimated parameters

@ Modified gravity affects the evolution of gravitational wave amplitude and
also the polarizations in higher order corrections.

@ The gravitational potential of structures in the line of sight depends on
the theory of gravity and hence GW lensing

@ Vector and scalar polarizations arise in beyond geometric optics along with
the effects of Palatini f(R).
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