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Absorption of GWs in scattering processes
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Direct detection: Probing dark matter
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2. Self-interacting dark matter
The flaws of the cold dark matter paradigm

« CDM fails to explain observational data on scales of 1-10 kpc. An interesting
possibility is that DM carries self-interactions:

« On the scale of ~1-10 kpc (v ~ 10 — 10° km/s), o/mpy ~ lem?/g

* On cluster scales ~ Mpc (v ~ 10° km/s), o/mpy ~ 0.1 cm?/g



Absorption of GWs in DM self-scattering

Ultra-light scalar field with quartic interaction
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Sources of absorption in DM self-scattering

Optical depth of a DM halo - — / P Duetabs(8) 5
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Sources of absorption in DM self-scattering
Optical depth with structure formation

Fnet abs(zm'ra M) ’ Dh(zvira M)
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Optical depth of a single halo: ~ Tn(zvir, M) =

How many halos will a graviton come across after its emission?

- Press-Schechter formalism: The halo mass function gives the dny,
differential number density of halos dM

« Differential number of halos:
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Sources of absorption in DM self-scattering
Optical depth with structure formation
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4. Results

Prospects for constraints on

107% /

10—16

self-interacting dark matter 102

10—36

Absorption in DM halos

e WefixT=T,(2),f=
f,(1+z) and number density,
we study the mass-self
coupling parameter space.

~ 10—46

— f,=10" Hz =
fo = 1072 Hz
| | | | |

+ For a GW emitted at z=30, and o ey Y
considering halos of Fig 2. Mass and coupling parameter space for
masses 105 My <M <10 Mg : an ultra-light scalar boson that self-interacts

| \2 with a quartic coupling. The red shaded region
—25
T}?alos = 3.3 - 10 3 ;9 sets T >1. Existing constraints are plotted for

m .
ul 70 comparison.



5. Conclusions

« The study of the absorption of GWs provides a new path to study the
characteristics of the medium in which GWs propagate — embodied in the
optical depth of the line of sight.

* We have developed simple expressions to compute the optical depth of the
line of sight, taking into account structure formation. These expressions are
generic for any scattering process.

« We have developed new prospective constraints for the mass-coupling
space and for the temperature of SIDM. The arising constraints are less
stringent than existing ones.

* These results and expressions are still preliminary. A more thorough
derivation and a less simplistic model could give more interesting results.
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Bremsstrahlung emission
and absorption of GWs



Feynman rules for gravitons

The interaction lagrangian with matter is represented by
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Feynman rules for gravitons

Graviton vertices
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Bremsstrahlung emission of gravitons
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Virtual emission of gravitons
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Cancellation of divergences

A similar process for the real gravitons yields:

: 0
For the virtual case we found: Lag=14p (

Taking both contributions into account, one finds




Absorption of GWs in scattering processes

Crossing symmetry implies that
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Absorption of GWs in scattering processes
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Plasma frequency IR cut-off

Net rate of absorption of a graviton in a non-relativistic 2-2 scattering:
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diverges for f— O

The expression holds if the absorption occurs in independent collisions
f>>f

where fp — N -V - 0p Isthe plasma frequency of collisions
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