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Energy release in a BH+BH coalescence:
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How much of this huge
energy could be converted
into EM radiation?



Graviton-to-photon conversion: a long story...
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Graviton to photon conversion in magnetic field

(w? = k*)hy (k) = kkA;(k)Br, (1)
(w? — k? —m?)A,(k) = kkh,(k)Br, (2)

A, () - EM , hy () -- GW,
Juv = Ny T ﬁuv: hj — iij/K )

k% = 16mG = 167 /m?p,

B -- transversal magnetic field

-Schwinger field -- effective photon mass with

: - Heisenberg-Euler correction and plasma
VRS WRE - Plasma frequency frequency




e Eigenvalues:

ky = w1+ (2, ky = +imy/ (1 — (2)(1 — n?),

* Eigenvectors:

Creation of photons by gravitons in magnetic field

Creation of gravitons by photons
Purely imaginary = EM damping in plasma

* Solution A; means permanent creation of photons when GW passes
through magnetized plasma (Dolgov, Ejili’12)



Conversion coefficient

e Eigenfunctions of system (1), (2)

4 KBw . kBwa, (4)
T w2(1l-e)-0n%2"7  q,
e-- dielectric permeability, az = eZT:l -- Debye radius

* Take imaginary part of € to find the GW-to-EM conversion coefficient
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1) Non-relativistic plasma (Dolgov, Postnov ‘17)

n, = 0.1 cMm~3 - ISM density, T, = 1leV
a, ~ 103cm, 2, = 3 x 10* rad /s, w = 2 x 103rad/s

k=107 (2) (22) (%) ©

Maximum possible effect during BH-BH coalescence in ISM:
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2) Relativistic lepton plasma: the case of
BH+NS coalescences
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Relativistic plasma creation in pulsars



Dielectric permeability of collisional plasma
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Insert imaginary part of dielectric permeability of relativistic
plasma (16) into Eq. (4):
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Relativistic vs non-relativistic plasma
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Conversion coefficient in relativistic plasma

_ BoR3 _ P\3( B\ e )
B = e 1G (15) (1012G) magnetic field at the l. c. (wave-zone)

Ne ret = ANgy , A — plasma multiplicity,

ng;=(QB)/2ne — Goldreich-Julian density
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Importantly, the NS magnetic field cancels out!



Relativistic vs non-relativistic case
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Astrophysical prospects

* NS+BH coalescences are awaited

e GW to EM conversion in the wave
zone of a pulsar+ BH coalescence
is rather small

* In the strong-field zone, the
conversion could be much higher:
jet launching during coalescences
is anticipated with the MRI field
enhancement up to 10> G
(arXiv:1810.08618)




Conclusions

e Graviton to photon conversion effect in a magnetized relativistic
plasma is studied

* General formula for the effect applicable to the wave zone in a
PSR+BH coalescence is obtained

* The effect can be amplified in the case of early jet launching (before
the NS is fully disrupted and accretion disc is formed)

» Low-density relativistic plasma density before the coalescence = EM
precursors to short GRBs?



