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ØSGWB: superposition of many 
unresolved sources.

ØCosmological: inflation, phase
transitions, cosmic strings…

ØAstrophysical: compact binaries, 
core-collapse supernovae, 
magnetars.

Ø Statistical descriptions;
Ø“Vanilla”: Gaussian-stationary, 

unpolarized, isotropic. 
ØBeyond vanilla: anisotropy, non-

Gaussianity, circular 
polarization...

qFrequency ranges;
qGround (LIGO/Virgo/KAGRA): ~20 Hz - kHz.

qSpace (LISA): ~10!" − 10!# Hz.

qPTAs: ~10!$ − 10!% Hz.

q3G(CE/ET): ~1-5 Hz to several kHz

An overview of potential GWB signals 
across the frequency spectrum 
[Galaxies 2022, 10(1), 34]

[Phys. Rev. D 104, 022004]



Ø Our focus,
ü robust pipeline for circularly polarized SGWB ⟶ simulations / LIGO O1-O3 .
ü include Doppler-induced anisotropies in I and V.
ü parameter estimation (PE) on the GW energy density parameter and 

polarization parameter.
ü Forecasting for 3G (CE&ET) detectors.

ØWhy circular polarization?
ØParity-violating processes in the early-Universe are expected to induce 
circular polarization in the SGWB ⟶ a feature predicted by certain 
inflationary models.

Ødetecting such polarization, along with characterizing dipole 
anisotropies, would provide a great opportunity to enrich the scope of 
GW astronomy.



§ Power-law spectrum for SGWB,

§ Cross-correlation?! 
§ Combining two (or more) detectors suppresses 
uncorrelated noise, 

  while preserving any common SGWB signal.

§ Overlap reduction functions (ORFs),
§ ORFs encode geometry, separation, and polarization 
response of a detector pair:

Physical Review D, 103(6), 063528



Under a boost velocity,  
GW frequencies transform as,           

Ø tilt parameters of the 
isotropic background,

𝑛! 𝑓 =
𝑑 lnΩ"#(𝑓)

𝑑 ln 𝑓
,
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Ø Modified GW energy density spectrum acquires a kinematic modulation of its monopole and a 
dipole term (“kinematic dipole”) proportional to 𝐷 𝑓 :

(where 𝛽 = 𝑣/𝑐 = 𝜐 𝑤𝑖𝑡ℎ 𝑐 = 1), 



Boost-dipole coefficients;
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Ø correlation model (with monopole + dipole, I and V 
channels) for a pair of detectors i and j,

𝐼 ≥ 𝑉  

SIGNAL 
TEMPLATE:

[Physical Review D, 106(8), 082005]

Π(𝑓) =
𝑉
𝐼



(5-100 Hz)



Ω!"# 	= 5×10$%%(at 25 Hz)

injected signal:

ü 𝛽	 = −3 (𝛼 = 0)

ü Π	 = 	1 (R-pol)

(5-100 Hz)

Simulated CE forecast

CE1–CE2 forecast for a 
5-day run.
Posteriors recover 
injected the Ω%&'and Π.



LIGO O1-O3 (20-1726 Hz)

Simulated CE forecast

Ω!"# 	= 5×10$%%(at 25 Hz)

injected signal:

ü 𝛽	 = −3 (𝛼 = 0)

ü Π	 = 	1 (R-pol)

(5-100 Hz)

Posteriors for constant Π with 𝛼 = 0.
UL @95% CL ➛ ΩH = 2.4×10&I, ΩJ
= 5.2×10&%%, Π = 0.89 (𝑐𝑛𝑠𝑡. )

Kinematic expectation 

𝑟!~
"!
""

≈ 5×10#$ 

CE1–CE2 forecast for a 
5-day run.
Posteriors recover 
injected the Ω%&'and Π.



§ Circularly polarized SGWB is a probe of parity-violating early-Universe physics.

§ What we did? 
§ Built PE on Ω& , Ω'and Π & incorporate Doppler-induced dipole anisotropies. 
§ No detection in O1-O3 data/set UL .  
§ Circularly-polarized SGWB remains unconstrained by O1–O3, but our limits approach the 

kinematic dipole regime ➛ provides a meaningful benchmark for future searches.

§ Simulations indicate 3G (CE) with realistic observing time can constrain or detect 
circular polarization.

• Next! 
• analysis strategies has to be improved to enhance sensitivity to the kinematic dipole 

anisotropies.
• frequency-dependent circular-polarization fraction  Π → Π(𝑓).
• Multi baseline combination + longer observing time 



Questions, comments, or suggestions are welcome…
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