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MOTIVATION 

• LIGO binary BH coalescences – major breackthrough in 21 century 
astrophysics

• Poor localization  (even with GW detector network)

• Search for electromagnetic counterparts

• Possible GRB detection for GW 150914?

• Fundamental process for EM counterparts



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… 



Graviton to photon conversion in magnetic field

𝜔2 − 𝑘2 ℎ𝜆 𝒌 = 𝜅𝑘𝐴𝜆 𝒌 𝐵𝑇 , (1)
𝜔2 − 𝑘2 − 𝑚2 𝐴𝜆 𝒌 = 𝜅𝑘ℎ𝜆 𝒌 𝐵𝑇 , 2

𝐴𝜆 𝒌 -- EM ,  ℎ𝜆 𝒌 -- GW, 

𝑔𝜇𝜈 = 𝜂𝜇𝜈 +  ℎ𝜇𝜈 , ℎ𝑗 =  ℎ𝑗/𝜅 (3)

𝜅2 = 16𝜋𝐺 = 16𝜋/𝑚2
𝑃𝑙

𝐵𝑇 -- transversal magnetic field

-- effective photon mass with 
Heisenberg-Euler correction and plasma
frequency

- Schwinger field

- Plasma frequency



• Eigenvalues:

• Eigenvectors:

• Solution A1 means permanent creation of photons when GW passes 
through magnetized plasma (Dolgov, Ejili’12)

Creation of photons by gravitons in magnetic field

Creation of gravitons by photons
Purely imaginary  EM damping in plasma 



Conversion coefficient

• Eigenfunctions of system (1), (2) 

𝐴𝑗 =
𝜅𝐵𝜔

𝜔2 1 − 𝜖 − 𝛺𝑒
2 ℎ𝑗 ≈

𝜅𝐵𝜔𝑎𝑒

Ω𝑒
ℎ𝑗 (4)

ε-- dielectric permeability, 𝑎𝑒
2 =

𝑇𝑒

𝑒2𝑛𝑒
-- Debye radius

• Take imaginary part of ε to find the GW-to-EM conversion coefficient

𝐾 ≡
𝜌𝛾

𝜌𝐺𝑊
=

𝜅𝐵𝜔𝑎𝑒

𝛺𝑒

2
(5)



1) Non-relativistic plasma (Dolgov, Postnov ‘17)

𝑛𝑒 = 0.1 см−3 - ISM density, 𝑇𝑒 = 1𝑒𝑉

𝑎𝑒 ≈ 103𝑐𝑚, 𝛺𝑒 = 3 × 104 rad /s, 𝜔 = 2 × 103rad/s

𝐾 ≈ 10−46 𝜔

𝛺𝑒

2 𝑎𝑒

1𝑐𝑚

2 𝐵

1 𝐺

2
(6)

Maximum possible effect during BH-BH coalescence in ISM: 



2) Relativistic lepton plasma: the case of 
BH+NS coalescences

𝑅𝑙 =
𝑐

𝜔𝑁𝑆
− 𝑙𝑖𝑔ℎ𝑡 𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟

𝜔𝑁𝑆 – pulsar spin frequency

Relativistic plasma creation in pulsars 

2𝜔

𝛺𝑟𝑒𝑙
≪ 1



Dielectric permeability of collisional plasma

• 𝜖𝑇 − 1 = −
1

𝑘𝑎𝑒
2 −

1

𝑘𝑎𝑖
2 + 𝑖

𝜋

2

𝛺𝑒
2

𝜔𝑘𝑎𝑒
(9)

• 𝜖𝑇
𝑅 − 1 =

2𝜋𝑒2𝑛𝑒

𝜔 𝜔+𝑖𝜈
1 +

𝜔+𝑖𝜈 2

𝑘2 − 1 1 −
𝜔+𝑖𝜈

2𝑘
ln

𝜔+𝑖𝜈+𝑘

𝜔+𝑖𝜈−𝑘
(15)

• 𝐼𝑚 𝜖𝑇
𝑅 =

3

4

Ω𝑟𝑒𝑙
3

𝜔4 Ω𝑟𝑒𝑙 𝐴𝑟𝑔 1 −
2𝑖𝜔

𝛺𝑟𝑒𝑙
+ 2𝜔(1 −

1

2
ln

𝛺𝑟𝑒𝑙
2 +4𝜔2

𝛺𝑟𝑒𝑙
2 ) (16)

(If 
2𝜔

𝛺𝑟𝑒𝑙
≪ 1)



Insert imaginary part of dielectric permeability of relativistic 
plasma (16) into  Eq. (4): 

𝐴𝑗 ≈
𝜅𝐵𝜔

𝜔2 𝛺𝑟𝑒𝑙
𝜔

−𝛺𝑟𝑒𝑙
2

ℎ𝑗 =
𝜅𝐵𝜔

𝛺𝑟𝑒𝑙
2 𝜔

𝛺𝑟𝑒𝑙
−1

ℎ𝑗 ≈
𝜅𝐵𝜔

𝛺𝑟𝑒𝑙
2 ℎ𝑗 (

2𝜔

𝛺𝑟𝑒𝑙
≪ 1).



Relativistic vs non-relativistic plasma

𝜅𝐵𝜔

𝛺𝑟𝑒𝑙
2 =

𝜅𝐵𝜔

𝛺𝑟𝑒𝑙 𝛺𝑟𝑒𝑙
= 𝜅𝐵𝜔

𝑇𝑒

𝑛𝑒𝑒
2

1
2 𝑇𝑒

𝑛𝑒𝑒
2

1
2

= 𝜅𝐵𝜔
𝛾𝑚𝑒

𝑛𝑒𝑒
2

1
2 𝑇𝑒

𝑛𝑒𝑒
2

1
2

=
𝜅𝐵𝜔𝑎𝑒

𝛺𝑒

Transition to non-relativistic case: 𝛾 → 1

Kur=
𝜅𝐵𝜔

𝛺𝑟𝑒𝑙
2

2

Knr=
𝜅𝐵𝜔𝑎𝑒

𝛺𝑒

2



Conversion coefficient in relativistic plasma

𝐵 =
𝐵0𝑅0

3

𝑅𝑙
3 ≈ 1 𝐺

𝑃

1𝑠

−3 𝐵0

1012G
− magnetic field at the l. c. (wave-zone)

𝑛𝑒 𝑟𝑒𝑙 = 𝜆𝑛𝐺𝐽 , 𝜆 – plasma multiplicity, 

𝑛𝐺𝐽=(ΩB)/2πe – Goldreich-Julian  density

𝐾𝑟𝑒𝑙 =
𝜅𝐵𝜔

𝛺𝑟𝑒𝑙
2

2

≈ 10−35
𝜔

100 𝑟𝑎𝑑/𝑠

2
𝑃

1 𝑠

2
𝜆

105

−2
𝛾

105

2

(8)

Importantly, the  NS magnetic field cancels out! 



Relativistic vs non-relativistic case

• 𝑲 ≈ 𝟏𝟎−𝟒𝟔 𝝎

𝜴𝒆

𝟐 𝒂𝒆

𝒄𝒎

𝟐 𝑩

𝟏 𝑮

𝟐

• 𝑲𝒓𝒆𝒍 ≈ 𝟒𝟏𝟎−𝟑𝟒 𝒇𝑮𝑾

𝟏𝟎𝟎 𝑯𝒛

𝟐 𝑷

𝟏 𝒔

𝟐 𝝀

𝟏𝟎𝟓

−𝟐 𝜸

𝟏𝟎𝟓

𝟐



Astrophysical prospects

• NS+BH coalescences are awaited

• 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 1015 G 
(arXiv:1810.08618)



Conclusions

• 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?


