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SUMMARY

Monday 6t

e New nonlinear solutions of the old wave equation

e Accelerating self-modulated nonlinear waves in magnetized plasmas

Tuesday 7t
e Can we surf a gravitational wave?
e Amplification of electromagnetic plasma waves due to gravitational wave

e Amplification of electromagnetic plasma waves due to cosmological gravitational waves

Wednesday 8th

e Interacting quantum and classical waves: Resonant and non-resonant energy transfer to electrons immersed in an intense
electromagnetic wave.

e Statistical model for relativistic quantum fluids interacting with an intense electromagnetic wave.




CAN WE SURF A GRAVITATIONAL WAVE!?

YES,WE CAN. BUT ONLY A SPECIAL KIND
OF GRAVITATIONAL WAVE

Asenjo & Mahajan, Phys. Rev.D 101,063010 (2020)




PRELIMINAR: LANDAU DAMPING
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Resonance mechanism between longitudinal EM waves and
particles, it prevents instabilities.
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Only it occurs if the wave and the particles move with similar
velocities.

The EM wave can transfer energy to the slower particles,
accelerating them.The wave damps.




{Can exist a similar effect for gravitational waves!?
We need:

* Massive particles must interact with gravitational waves
moving slower than the speed of light.

* Phase velocity of the wave must be similar to velocity of the
massive particles.

* Thus, gravitational waves must be dispersive

* If this occurs, we get resonance effects!



PHYSICAL REVIEW D 101, 063010 (2020) *  We model massive particles with the Klein-Gordon equation

* The massive particle is in a dispersive gravitational
Resonant interaction between dispersive gravitational wave background
waves and scalar massive particles
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WKB SOLUTION
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Let us now assume a slowly varying spacetime, such that:

* the derivatives of W are small compared to m/we.
e consider a regime in which wsremains essentially constant such that m > we
* and m/wsis larger than any possible spacetime variation of the gravitational wave
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CAN OCCUR SOMETHING SIMILAR TO EM WAVES?

AMPLIFICATION OF ELECTROMAGNETIC
PLASMA WAVES DUE TO GRAVITATIONAL
WAVE

Mahajan & Asenjo, Phys. Rev. E 107,035205 (2023)




¢Can exist a similar effect for EM waves induced by gravitational waves?

We need:

* Plasma interacting with gravitational waves moving slower than the speed of light.
* Gravitational waves must be dispersive

* Phase velocity of the waves must be similar

* Again, we get resonance effects!

PHYSICAL REVIEW E 107, 035205 (2023)

Parametric amplification of electromagnetic plasma waves in resonance
with a dispersive background gravitational wave

Swadesh M. Mahajan'-" and Felipe A. Asenjo®*7
Unstitute for Fusion Studies, The University of Texas at Austin, Austin, Texas 78712, USA
2Facultad de Ingenieria vy Ciencias, Universidad Adolfo Ibdiiez, Santiago 7941169, Chile



EM PLASMA WAVE

EQUATION IN CURVED SPACETIME
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CHOOSING A PROFILE h(y)=h,cos y
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CAN OCCUR SOMETHING SIMILAR TO EM WAVES IN
COSMOLOGY?

AMPLIFICATION OF ELECTROMAGNETIC
PLASMA WAVES DUE TO COSMOLOGICAL
GRAVITATIONAL WAVES

Asenjo & Mahajan, in preparation (2024)




EM PLASMA WAVE EQUATION IN COSMOLOGY
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CONCLUSIONS

Background “waves” can interact in a nonlinear fashion with particles and
waves.

They can be in resonance when the pase velocities are similar.

In these cases, the background gives energy to EM waves, it occurs
amplification.
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