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SDSS J1631+1854 (Brownlstein et al. 2012)
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SDSS J1631+1854 (Brownlstein et al. 2012)
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M+GW spectrum

Gamma rays, X-rays and ultraviolet
light blocked by the upper atmosphere
(best observed from space).

Energy Increasing

"W

Visible light
observable
from Earth,
with some
atmospheric
distortion.

Most of the
infrared spectrum
absorbed by
atmospheric
gases (best
observed

from space).

Radio waves observable
from Earth.

Wikipedia

Long-wavelength
radio waves
blocked.

Wavelength Increasing
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Wave optics effect

M;z; =400Mp,y=0.1

—— No lensing
—— Massless lensing
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Probe graviton mass

Do gravitational waves propagate at the speed of light?
What if the graviton has mass?

M;; =400My,y=0.1

—— No lensing Geng+2025in Prﬁp.n

—— Massless lensing
44 — Graviton mass: 1.0e-12 eV
—— Graviton mass: 1.0e-13 eV
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Lensed massive GW

y=0.01,m,=10"13 eV y=0.01,my=10"13 eV

M, =400M Geng+2025 in Prep Geng+2025 in Prep. — Mi=400Mo

Mz =4000Mq —— M;;=4000Mq

Mz =40000M¢ — M;;=40000M,
---- massless, Mj; =400Mg
---- massless, M;; =4000M¢
---- massless, M;;=40000M
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Lensed massive GW

Mz =400Mg

Mz =4000Mq

Mz =40000M¢
massless, Mz = 40(
massless, M;; = 40(

y=0.01,my;=10"22 eV

Geng+2025 in Prep.

Mz =4000Mq

M;; =40000M¢
M;; =400000M¢
M,z =4000000M¢

— M;z;=400Mg
—— M;z;=4000M;
— M;;=40000M;
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Take-home message



Take-home message

No lensing

Massless lensing

Graviton mass: 1.0e-12 eV
Graviton mass: 1.0e-13 eV

* Massive lensing:
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Take-home message

* Massive lensing:

* Why lensing?




Take-home message

* Massive lensing:

[ J
° Whyl ?
y enSlng * y=0.01,m;=10"22 eV
—— M;;=4000Ms
—— M;;=40000M,
—— My, =400000M,

* How to detect lower mass graviton? Js oo
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