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Time domain analysis:  little information in the frequency content; count 
particles, integrate charge etc.
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Time-frequency information



Time-frequency localization
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Multiresolution techniques



Gravitational-wave detector data
Continuous time series (1Hz, 128Hz … 16kHz)

Gravitational Wave channel: 
~20GB/day (per instrument)

Physical Environment 
Monitors (seismometers, 
accelerometers, 
magnetometers, microphones 
etc)

Internal Engineering Monitors 
(sensing, housekeeping, 
status etc)

Together with various 
intermediate data products 
>2TB/day (per instrument)



The Q transform
Project whitened data onto multiresolution basis of minimum 
uncertainty waveforms 

S. Chatterji, MIT thesis 2005





How can one claim a first detection 
in rare event searches?

Can one claim a first detection based on a single event?

Can one run an experiment with zero background?



The magnetic monopole paradigm



Cabrera’s “detection checklist”
from PRL 48, 20 (1982)

Instrumental
Calibration (detector response)
Line voltage fluctuations
RF interference
External magnetic field
Ferromagnetic contamination
Critical current of the loop
Mechanically induced offsets
Seismic disturbance
Energetic cosmic rays
Spontaneous and large external mechanical impulse
Spontaneous internal stress release mechanism

Physical interpretation
Flux consistent with one Dirac unit of magnetic charge
Local missing mass density: 0.05 M_solar/pc3 made up of monopole of mass 

1016GeV at 300km/sec would result in 1.5 events per year through his detector



Blind injection challenges in GW detection
Two blind injections in the 2007 run and one blind injection in 2009
Extremely valuable in honing the ability to understand what it means 

to vet a gravitational-wave transient event to a level to call it 
astrophysical.

Many lessons learned in terms of the importance to look at the data 
promptly and in establishing detection follow-up criteria

Equinox event

Equal mass, no spin, 
70+70 solar mass black
hole merger



Detection checklist





Were we capable to detect magnetic 
monopoles in MACRO?



A blind monopole signal injection



Sophia Kyriazopoulou
PhD Thesis



Sophia Kyriazopoulou
PhD Thesis



GW150914: A binary black hole merger

Time series 
from detectors 
bandpassed 
35-350Hz

Best fit 
waveforms/NR

LIGO and Virgo Collaborations Phys. Rev. Lett. 116, 061102 –11 February 2016

Time series 
minus best fit

Spectrogram
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«Lasciate ogni speranza, voi ch’entrate»



Signal-to-noise (SNR) when best template matches at coalescence time 

The second detection: GW151226

A Binary Black Hole system with 14+8 solar masses (false-alarm-rate <1/Myr)

Time (s) Time (s)

Time (s) Time (s)

LIGO and Virgo Collaborations, Phys. Rev. Lett. 116, 241103 (2016) (June 15, 2016)



The ultimate detection confidence

“… as of this writing (early 1984), it is not certain 
that nobody has ever seen one (monopole). 
What seems certain is that nobody has ever 
seen two.”

John Preskill, Ann. Rev. Nucl. Part. Sci., 34 (1984) 
461-530




