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Can gravitational waves be damped by matter?

TT gauge (lapse, shift are trivial)
goo = —1, gio =0, gi;j(z,t) = a*(t) [6:5 + hij(x,t)]
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Can gravitational waves be damped by matter?
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Induced metric on the hypersurfaces orthogonal to the fluid flow:
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Can gravitational waves be damped by matter?
}.L@'j —+ ?)th — Z—;hij — 167TGN7T7;]'

Induced metric on the hypersurfaces orthogonal to the fluid flow:

“shear viscosity”
Y AHY — g;u/ 4 ouMyY
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T = =27 (% APV qu” + APV ut| — %A‘“”Vauo‘)



What is shear viscosity?

/
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In presence of a velocity gradient, e.g. 88u; #~ 0

Momentum transfer in x direction b/c microscopic motion of fluid particles...
Fast moving layers transfer momentum to slow moving layers.

(friction normal to fluid flow -> resistance against shear)

inviscous fluid needs zero mean free path -> ideal fluid



Imperfect fluid in hydrodynamical limit

Ti; = —1nhi; (Hawking 1966)
. .. Amf
hydro limit: - <1
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Imperfect fluid in hydrodynamical limit
Tij = _nhij (Hawking 1966)

hydro limit: ))\\L; < 1

ﬁ@'j —+ ?)th — Z—;hij — —167TGN?7 hz]
dissipation rate ~ GN77

Use to bound 77 from observations, learn about DM self interactions?



Imperfect fluid in hydrodynamical limit
Tij = _nhij (Hawking 1966)

hydro limit: ))\\L; < 1
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dissipationrate ~ G' N1

But what if there are too few collisions for hydrodynamic limit to be valid?



Outline and summary

T’ = —2n (% APV qu? + APV ut] — %A“’”Vauo‘)
A more detailed analysis that interpolates between kinetic and hydro regimes:
* Interactions produce N, but also serve to erase anisotropies
* Two distinct regimes — collisional damping, and Landau damping

* Independent of details of the collisions, efficient only when w ~ H



Outline and summary

T’ = —2n (% APV qu? + APV ut] — %A“’”Vauo‘)

A more detailed analysis that interpolates between kinetic and hydro regimes:

Damping for astrophysical sources (even in dense environments) inefficient

Primordial GW’s can be damped (Misner 1967, Weinberg 2004) — we
interpret the former in terms of Landau damping

(Generalize Weinberg'’s calculation to include collisions, derive 7 from
microphysics, outline future directions — ultra light DM?)



GW’s at low redshift

(e.g. to begin with, neglect expansion and work on a Minkowski background)
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Collisional Boltzmann equation:
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GW’s at low redshift

(e.g. neglect expansion and work on a Minkowski background)

Y =7

Collisional Boltzmann equation:
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GW’s at low redshift

(e.g. neglect expansion and work on a Minkowski background)

Ty = J, ol f = g% [, 22 g

? = gYpipj +m? O = hV B = —5hij P
Tij = 0155 — %gw Pzpa {5‘]0 ¢ afo}

distribution function in presence of wave (not necessary to assume thermall!)
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GW’s at low redshift

(e.g. neglect expansion and work on a Minkowski background)

fh :fo—l—&%

Collision time approximation (spin 2):
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GW’s at low redshift

(e.g. neglect expansion and work on a Minkowski background)
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GW’s at low redshift

(e.g. neglect expansion and work on a Minkowski background)

Damping governed by the imaginary part of the response:
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GW’s at low redshift

(e.g. neglect expansion and work on a Minkowski background)

Maximal collisional damping when w7 ~ 1
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collisional damping only efficient for waves of frequencies

wn~ H



GW’s at low redshift

(e.g. neglect expansion and work on a Minkowski background)

In a dense environment, collisional damping limited by
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along line of sight, need:
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GW’s at low redshift

(e.g. neglect expansion and work on a Minkowski background)

Consider a GW propagating from the core of a DM halo:

[R 10-27 ( M ) 1
dr Tmax ™ W 2 F
0 (R./kpe)” \ Mg / (v/Hz)

M ~ 10"%2Ms, R. ~ 100 kpe
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... feeble for all astrophysical sources




GW’s at low redshift

(e.g. neglect expansion and work on a Minkowski background)

Collisionless limit:
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Including cosmological expansion unveils another limit — Landau damping




GW'’s at cosmological redshifts
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GW'’s at cosmological redshifts
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( := cosf
Expansion induces a spread in frequencies ~ { around q...
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characteristic absorption time ~ wQ/H3 ; negligible for
astrophysical, but not primordial sources



GW'’s at cosmological redshifts
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Expansion induces a spread in frequencies ~ { around q...
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Ultra light DM processing of stochastic backgrounds during matter dom?



