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Quick intro on continuous waves (CWs)

Fast rotating, non-axisymmetric neutron 
stars can emit CWs, that are weak and 
persistent signals (duration >> years) 

Emission mechanism

Frequency is nearly constant, while its 

amplitude is

Signal characteristics



Frequency-Hough search
All-sky search for CWs emitted by isolated sources

Frequency: [10, 2048] Hz
Spin-down: [-10, +2] nHz/s
Latitude: [-90, +90] deg
Longitude: [0, 360) deg

Parameter space

P. Astone et al., Method for all-sky searches of continuous gravitational wave signals using the frequency-Hough transform, 2014

Pros: few physical 
assumptions

Cons: computationally 
demanding



Frequency-Hough search

Input files: Band-Sampled Data (BSD)

Band extraction, peakmap creation

Doppler correction: 

Hough transform: map between 
time/frequency plane and source 
frequency/spin-down plane

Hardware injectionO.J. Piccinni et al., A new data analysis framework for the search of
continuous gravitational wave signals, 2018



Selection of candidates
For each sky direction, the most significant candidates in each 0.05 Hz 
sub-band are selected, basing on Critical Ratio (CR)  

Coincidences between 
detectors based on a 
dimensionless distance 
dFH < 3

Ranking procedure on coincident candidates, where we select the 8 
most significant candidates per 0.01 Hz

Follow-up on remaining candidates to validate or reject them



O4a results - Search sensitivity

https://arxiv.org/pdf/2603.14168

Contact: lorenzo.silvestri@uniroma1.it
thanks :)

mailto:lorenzo.silvestri@uniroma1.it


Backup



Gravitational Waves (GWs)

Continuous GWs (CWs): 
Persistent and quasi-monochromatic 
signals emitted by fast-rotating and 
non-axisymmetric neutron stars

Perturbative solutions of Einstein equations,

Earth-based interferometers
(LIGO, Virgo, KAGRA)

GWs detectors

https://gwosc.org/



# of physical
assumptions

computing cost

directed

narrowband

targeted

all-sky

Several types of CWs searches

See Francesco’s talk

K. Wette, Searches for continuous gravitational waves from neutron stars: A twenty-year retrospective, 2023



O4a results
Search completed in the [10-1024] Hz band with data from LIGO detectors 
Hanford and Livingston

Coincident candidates after the ranking procedure: 3 x 10⁶ 
Followed-up the 6 x 10⁵ candidates crossing a fixed CR threshold

Sensitivity estimation
Theoretical relation between h0,MIN and CR threshold:

Leads to conservative upper limits estimation, validated through a 
large set of software injections in 40 1-Hz frequency bands



Parameter space split for job submissions
The parameter space is properly split to have jobs with the same expected 
runtime of 1 day, resulting to a total of O(10⁶) jobs. 
Submissions are managed through a PostgreSQL to keep track of the 
status of the search:



Peaks selection

n: number count for each pixel in the Hough map
N: number of FFTs
p0: probability of having a local maxima above a threshold θ

Peakmap: Select a coherence time (TFFT) and perform interlaced-by-half 
FFTs, total of N = 2 x Tobs/TFFT. 
From this collection of peaks select only those above a threshold θ.

Hough map: after the Hough transform,
select peaks above a Critical Ratio (CR)
threshold,



TFFT Choice






