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Gravitational lensing 1n a nutshell

How much can we trust GR?

Why lensing of GWs?

Rich DM phenomenology
through EM Lensing
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Gravitational lensing 1n a nutshell

e Geometric optics (GO) A < Ripack

e Beyond geometric optics (bGO) A ~ Ryger

(Cusin, Lagos, 2019)
(Harte, 2019)
(Dalang, Cusin, Lagos, 2021)

o New interactions
o New insights on wave optics phenomena

o New framework to test modified theories of gravity
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General theory for gravitational radiation

Perturbations in scalar-tensor theory Evolution equation of scalar and tensor waves
9es = 9o + has, D,V =0,
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(Ezquiaga, Zumalacarregui, 2021) (Dalang, Fleury +, 2021) (Menadeo, Zumalacarregui, 2024)




General theory for gravitational radiation

Diagonalization process

Not a trivial operation!

Eigenvectors — propagating eigenstates
Eigenvalues — propagation speed
Jordan-Einstein frame mapping

Definition of “fully luminal” theory
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General theory for gravitational radiation

Short-wave expansion Amplitude decomposition
VI = 62’9‘7/6 Zn EnA(n)J, A(n)I — a(n)ef, eIeJ _ 5IJ
ki = VMOJ.
_9 K:Oéﬂk.]kJ —0
€ 1J7%alg =
el K (2KIV s+ Vak]) + Akl AC7 = 0.
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General theory for gravitational radiation: Brans-Dicke

Action Diagonalization
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General theory for gravitational radiation: Brans-Dicke

Action Diagonalization
1 O y - 1 5
5= 167 d'z (¢R B E 9" v“¢vV¢> hap = by — Eguyh — guuga
VFh, =0

Fully luminal theory



General theory for gravitational radiation: Brans-Dicke

Short-wave expansion

ﬁuv: (h(O)+ hfw) ) wT/é,

5 = (5¢<0> + b .. )ews/f,

ST _ S,
ko' =V,0%",

Null tetrad basis

ei = {k'ua m,u7 l'ua n,u},

Amplitude decomposition



General theory for gravitational radiation: Brans-Dicke

TT gauge Geometric optics amplitude
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General theory for gravitational radiation: Brans-Dicke

TT gauge Geometric optics amplitude
-1 _ -
e R =, R\ = alhmum, + &\,
l
el . k#ﬁ/(j/) — iv“ﬁfg,). L&R helicity polarizations

Beyond geometric optics amplitude

R =@, + @y T [ G T, + G, + & ngl)

L&R helicity polarizations novel components



General theory for gravitational radiation: Brans-Dicke

Geometric optics amplitude evolution

Scalar sector
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General theory for gravitational radiation: Brans-Dicke

Geometric optics amplitude evolution

Scalar sector QGravitational sector
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General theory for gravitational radiation: Brans-Dicke
Beyond geometric optics corrections
Scalar sector
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General theory for gravitational radiation: Brans-Dicke
Beyond geometric optics corrections

Gravitational sector
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Line element
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Line element e D
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The Point-like lens

Line element ® = | '

ds® = —(1+4 2¥)dt* + (1 — 2¥)dz?,

Zs ZO

Perturbative approach

k' = kM + SkH, /so

A — &l OAP 4 55048 | sanedr, U




The Point-like lens

Beyond geometric optics corrections

Scalar sector

1/ P20
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The Point-like lens
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The Point-like lens
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Different functional form w.t.r. to GR




The Point-like lens
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Direct impact on

L&R helicity polarizations




Outlooks

e First step towards the full GO framework
e Extension to more complex theories

o Not “fully luminal theories™
e Different scalar field configurations

e More complex lensing scenarios



Outlooks

Thank you!
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General theory for gravitational radiation: GR

Short-wave expansion
P = (B,SOV) +ehl)+. .. )ewT/ 3
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General theory for gravitational radiation: GR

Geometric optics amplitude evolution
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