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In this talk:
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• What is  ?


• Relation with precessing binary black hole?


• Relation with helicity of final black hole?


• Real data from GWTC-3.

VGW

Flux imbalance 
between  hL, hR

Mirror asymmetry  
in the BBHs spins

Helicity 
of the final BH



Remnant black hole 


BH acquires a kick (recoil) 
and possesses a spin 

Helicity:  h = ⟨K̂, ̂af⟩

Inspiral 


Two BHs still far apart


 : Orbital angular momentum

 : Spins of the BHs
L
S1,2

Life of a binary black holes
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Merger & Ringdown 


Highly non-linear 
dynamics




The gravitational Stokes V parameter 

• The GW from binary black holes can be decomposed into 
the harmonics:


 


• Then we define   using these harmonics modes:
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ℓ
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Left-handed GWRight-handed GW

Reference: PRD 104, 065012 (2021)

Measuring the imbalance in circularly polarised waves

→ It measures the flux difference between the two circularly polarised GW

https://doi.org/10.1103/PhysRevD.104.065012


Connecting   with spins configurationVGW
Precessing binary black holes

• Aligned-spin BBHs have their spins parallel 
to the orbital angular momentum.


• Due to this mirror symmetric configuration, 
they necessarily have  .


• Precessing binaries, however, are  
not mirror symmetric 

• We found that they indeed have   .

VGW = 0

VGW ≠ 0
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 Px Rθ
Parity- xRotation

Reference: PRD 108, 044052 (2023)

https://doi.org/10.1103/PhysRevD.108.044052


Surprising linear relation
Helicity and   !?!?VGW

• Compute   using BBH numerical  
simulations from two catalogues: SXS & RIT. 


• We find that it follows a linear relationship with 
the helicity of final black hole


• It is surprising because they are manifestly 
different quantities!!


• They share a common feature though:  
    Both of them are chiral quantities

VGW
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SXS catalog: 2018 binaries

VGW = (0.775 ± 0.003) (K h/103) + (0.000 ± 0.002)

95% Confidence Interval
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RIT catalog: 1880 binaries

VGW = (0 .780± 0.003) (K h/ 103) + ( ! 0.001± 0.002)

95% ConÞdence Interval
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The off-plane kick component

• Furthermore, the total angular momentum 
is roughly aligned with the final spin.


• The same linear relationship is found 
between   and   (off-plane kick)VGW KJ
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→ How well can we recover the off-plane kick directly reflect the accuracy 
    of   that we can measureVGW

500,000 BBHs



Quick summary
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Flux imbalance 
between  hL, hR

Mirror asymmetry  
in the BBHs spins

Helicity 
of the final BH

 VGW
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SXS catalog: 2018 binaries

VGW = (0.775 ± 0.003) (K h/103) + (0.000 ± 0.002)
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Measurement from GWTC-3
Our Universe still preserves parity symmetry

• Analysed 47 events from the latest 
GW catalogue


• Only one event — GW200129, 
known to be highly precessing, 
shows large deviation from zero


• On average,   is still zero. 
!  No evidence that our Universe 
prefers a particular handedness 
(yet).

VGW
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Reference: arXiv:2402.09861 (will be published in PRL)

https://arxiv.org/pdf/2402.09861
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Conclusion
• We devise a quantity   as a measure of 

parity asymmetry in a binary black hole 
system.


• It has a intricate relationship with precessing 
binaries and the helicity of the final black 
hole.

VGW
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Flux imbalance 
between  hL, hR

Mirror asymmetry  
in the BBHs spins

Helicity 
of the final BH VGW
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• The latest GW catalogue does not 
show evidence of parity asymmetry 
on the large scale of the Universe.


“Gravitational analogue of the Wu’s experiment”


