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What is a SGWB? – Definition and related quantities
A random gravitational-wave signal produced by a large number of weak, independent and unresolved sources.

‘‘Textboook’’ 
definition [1]

Characterisable only
statistically

Not decomposable into
separate and individually

detectable sources

Depending on details
of the observation

2
[1] Romano, J.D., Cornish, N.J. Living Rev Relativ 20, 2 (2017)
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Sathyaprakash
B.S. et al., 2019

Cosmological SGWB
and sensitivities of the 

experiments

Astrophysical SGWB

Regimbau T., 2011

5

https://arxiv.org/pdf/1903.09260.pdf
https://iopscience.iop.org/article/10.1088/1674-4527/11/4/001/pdf


Pulsar Glitches

Simplified representation of a pulsar glitch in the time-pulsar frequency plan [2].

• Stochastic (spin-up) events that interrupt the smooth electromagnetic spin-down of a pulsar
• Glitch as GW source: burst during glitch phase; continuous waves during recovery phase
• Focus on stochastic gravitational-wave background (SGWB) from individually undetectable bursts 
• Vortex-avalanche paradigm: glitch from simultaneous, transitory unpinning and outward motion of 

quantized superfluid vortexes
• Search for isotropic SGWB and set upper limits on population glitch parameters of Galactic pulsars

[2] https://dcc.ligo.org/public/0002/G0900505
6

Fraction of seconds
to few seconds

Lattice with vortex avalanche [3] 6

[3] L. Warszawski, A. Melatos, MNRAS 423, 2058–2074 (2012)



SGWB from pulsar glitches: Ω𝑔𝑤 𝑓 model
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Observation
• For Galactic pulsars, adopting the pivot values, the SGWB results weaker compared to other astrophysical SGWBs. 

However, most of the parameters are poorly characterised up to day, and the background may be actually higher.
• Here, interest in constraining the average outward motion  Δ𝑟𝑎𝑣 ≡ Δ𝑟 𝑁𝑆 and the average glitch duration 𝜏 ≡ 𝜏 𝑁𝑆

Ω𝑔𝑤 𝑓 ≈
Θ

10−2 𝑠−1

2
Τ1 𝐷2

𝑁𝑆

1/ 6 𝑘𝑝𝑐 2
×

1.09 × 10−27
Τ1 𝜏5

𝑁𝑆

1/ 10−2 𝑠 5

Δ𝑟2 𝑁𝑆

10−2 𝑚 2

𝑓

25 𝐻𝑧

5/2

, 𝜔 ≪ Δ ǁ𝑟

2.74 × 10−17
𝜏 𝑁𝑆

10−2 𝑠 2

𝑓

25 𝐻𝑧

17/2

, 𝜔 ≫ Δ ǁ𝑟

𝐷: distance from the source; Θ: total glitch rate; 𝜔 = 2𝜋𝑓: vortex azimuthal speed/pulsar rotational speed/GW frequency;

Δ𝑟: radial vortex motion; 𝜏: glitch duration; Δ ǁ𝑟: radial vortex motion in stellar radius units; 𝜔 = 2𝜋 ሚ𝑓: frequency in 𝜏 units;
… 𝑁𝑆: ensemble average over the glitching pulsar population of interest

𝜔 ≪ Δ ǁ𝑟 (Δ ǁ𝑟 ≪ 1): Azimuthal vortex motion negligible compared to the radial one
𝜔 ≫ Δ ǁ𝑟 (𝜔 ≪ 1): Azimuthal vortex motion dominant contributor to the GW strain  



Search for SGWB

Answer to the question:
‘‘How to deal with the fact that SGWB is indistinguishable from unidentified instrumental noise in a single detector?’’

Cross-correlation statistic: basic ideas
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2 different detectors data

Non-zero, in general (see Kamiel Janssens’ talk), 
yet distinguishable from SGWB

Cross-correlated

Cross-correlation as estimator of 
the GW power spectral density
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𝑓
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𝛼

Estimator for 𝜴𝒓𝒆𝒇 ≡ 𝛀𝒈𝒘(𝒇𝒓𝒆𝒇 = 𝟐𝟓 𝑯𝒛)

Frequency power-law model
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Ω𝑟𝑒𝑓 f ≡
2

𝑇
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∗(𝑓)
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2
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Results: Search for isotropic SGWB from 
Galactic pulsar glitches

Results of the isotropic search for a SGWB from Galactic-NS glitches using data from the first three LIGO-
Virgo-KAGRA observing runs [3]. The first row is relative to the Δr ≫ 𝜔 , while the second two is relative to
the Δr ≪ 𝜔 . The four columns are the results from our search, in which Ω𝑔𝑤(𝑓) (first column), the cross-

correlation statistics (second column), and the upper limits on Ω𝑟𝑒𝑓 , using a uniform (third column) and

log-uniform (fourth column) prior, are reported. (Log-uniform priors: Ω𝑟𝑒𝑓𝜖 10−13 − 10−5 for 𝛼 = 5/2

and Ω𝑟𝑒𝑓𝜖 10−20 − 10−8 for 𝛼 = 17/2.)
12

[3] Phys. Rev. D 104, 022004 (2021) 

Ω𝑔𝑤(𝑓) መ𝐶𝑂1+𝑂2+𝑂3 Ω𝑟𝑒𝑓
95%, 𝑈𝑛𝑖𝑓𝑜𝑟𝑚

Ω𝑟𝑒𝑓
95%, 𝐿𝑜𝑔−𝑢𝑛𝑖𝑓𝑜𝑟𝑚

∝ 𝑓5/2 −1.6 ± 2.4 × 10−9 4.1 × 10−9 1.3 × 10−9

∝ 𝑓17/2 2.7 ± 1.9 × 10−16 6.2 × 10−16 3.9 × 10−16



Implications for Δ𝑟𝑎𝑣 and 𝜏𝑎𝑣: Δr ≫ 𝜔 case 
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(Left) Upper limits on Δrav as a function of Θ and 𝜏 ≡ 𝜏−5
𝑁𝑆

−1/5
. More stringent limits for lower 𝜏 and higher Θ. 

(Right) Lower limits on 𝜏𝑎𝑣 as a function of Δr ≡ Δ𝑟2 𝑁𝑆
1/2

and Θ. Lower bound increases with Θ and Δr. 



Implications for Δ𝑟𝑎𝑣 and 𝜏𝑎𝑣: Δr ≪ 𝜔 case 
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Upper limits on 𝜏𝑎𝑣 as a function of Θ.



Conclusions
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• Modelled SGWB from glitching pulsars population within the vortex avalanche paradigm, in the 
regimes Δr ≫ 𝜔 and Δr ≪ 𝜔 , with Ω𝑔𝑤 𝑓 ∝ 𝑓𝛼 with 𝛼 = 5/2 and 𝛼 = 17/2, respectively.

• Performed the search for isotropic SGWB for pulsar glitches within our Galaxy.

• No evidence for such a background, set upper limits on Ω𝑟𝑒𝑓, with f𝑟𝑒𝑓 = 25 𝐻𝑧.

• Converted the search results to constraints on the glitch population properties Δrav(Θ, 𝜏) and 
𝜏𝑎𝑣(Θ, Δ𝑟). These are the first results of this kind.

Possible extensions

• Consider anisotropies from Galactic-pulsar spatial distribution.

• Retain isotropy, but consider extragalactic pulsars: it could boost the SGWB, given Θ ∝ 𝐷3.

• Evaluate the impact of future detector networks on the search.



Thank you for your attention!
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BACKUP SLIDES
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Vortex-avalanche paradigm

Schematic illustration of NS inner structure [2] Lattice with vortex avalanche [3]

• Origin of the glitch from simultaneous, transitory unpinning and outward motion of 
quantized, superfluid vortexes

• Non-axisymmetric reorganization of the internal superfluid velocity field
• Time-varying current quadrupole moment, implying gravitational radiation emission

18

[2] https://dcc.ligo.org/public/0002/G0900505 [3] L. Warszawski, A. Melatos, MNRAS 423, 2058–2074 (2012)



Phys. Rev. D 104, 022004 (2021)
19

LVK O3 search for isotropic SGWB: results

https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.104.022004&v=4c36b91e


Constraining pulsar glitches population parameters

20

Ω𝑔𝑤 𝑓 = Ω𝑟𝑒𝑓𝑤 𝑓 , 𝑤 𝑓 =
Ω𝑔𝑤 𝑓

Ω𝑟𝑒𝑓

Ω𝑔𝑤 𝑓 = 𝑞𝑛 𝑁𝑆 𝜉𝑞 𝑤 𝑓 , 𝜉𝑞 ≡ 𝜉𝑞(𝜋 ) =
Ω𝑟𝑒𝑓

𝑞𝑛 𝑁𝑆

ො𝑞𝑎𝑣(𝑓𝑘) ≈
Ω𝑟𝑒𝑓 𝑓𝑘

𝜉𝑞

1/𝑛

General expression for 𝛀𝒈𝒘 𝒇

Assuming power law 
dependence on 𝒒𝒂𝒗 (𝒏 ≠ 𝟎)

Biased (narrow-band) 
estimator for 𝒒𝒂𝒗



Constraining pulsar glitches population 
parameters: likelihood and uncertainty
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From single vortex to glitch strain

22

Current-multipole expansion

Superfluid vortex azimuthal flow
l = 2, m = 1


