Probing dark universe with gravitational Landau danping
Part |l: Numerics and extension to the beam-plasma system
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» Phase velocity
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» Damping rate: dependence from M
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» Damping rate: dependence from «
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» Maximum damping: k& ~ 1

» The proper frequency is w?b = %

» The parameter = must be of order unity (maximum damping forz ~ 5)




7 » Background distribution
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» Velocities domain w; = g%
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» Integration with rectangles: step width 10—2
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» Polynomial of degree 200: expansion of € up to third orderin 6 =1 — v, > 0

» Selection of do solution of the cubic satisfying the ansatz

» The dispersion relation is obtained as &, (k; z, M) = k(1 —dg)

» We retain the frequency imaginary part exactly calculated through residue theorem




» [Dependence from redshift
k=k91+ 2)
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» Parameters selection

£© = 56103 Mpc! » Modes detectable on the CMB

M=25.10"28¢V > » [onstraints on graviton mass
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Figure 8.3. Damping coefficient w; (in 1076 Hz) vs redshift z.
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Figure 8.4. Phase velocity v, vs redshift z.




» Time-integrated effect
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» Radiation dominated era z > 3400
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» Radiation dominated era z < 3400
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Bump-on-tail distribution
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BEAM-PLASMA SYSTEM

» Medium in the absence of gravitational waves

3 °T(p1,p2,03) = f3 (p) + f5 (1,2, P3)

» Vlasov equation: only scalar perturbations
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» Solution in the Fourier-Laplace space
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» Dielectric function
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MONOCAROMATIC BEAM

» Beam distribution

£ (p1,p2,p3) = npd(p1)d(p2)d(ps — pB)

» Dielectric functions




» The condition of vanishing total dielectric function implies
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» Tenuous beam:n << 1
» Plasma solution: e© = 0
» Beam solution: w = kvp
» Degenerate points: € (ko, vpko) = 0
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NEAR THE DEGENERATE POINT

» Expansion of (%) up to third order in the proximity of the degenerate point
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» Asingle real solution + a couple of complex conjugates solutions

» We select the complex solution with positive imaginary part: dw™ (6k)
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NUMERIGAL ANALY SIS

» [rapezoidal beam
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» Beam contribution
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» The integration is exact
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» [rowth rate as a function of the wavenumber (|eft) or the phase velocity (right)
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» Dependence of the growth rate w.r.t. the beam temperature
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» Maximum growth rate vs. beam velocity
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» Dependence of the growth rate from the scalar mode mass
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