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I.

THE PRESENT

By June 2020, the global network of gravitational wave detectors, run by the LIGO, VIRGO, and KAGRA collaboration,
will have just finished their most recent 12 calendar months
of data collection at its best sensitivity ever. They will have
quintupled the number of detections observed since the last
two data collection periods [1]; each detection with typical
signal-to-noise ratios of 10 to 20. With that new collection, the
detectors cement the field of observational gravitational wave
astronomy, delivering on its decades-old promise with robust
detection of gravitational waves from the collisions of pairs
black holes e.g. [2, 3] and of neutron stars, e.g. [4].
At these signal-to-noise ratios, quantitative statements will
have been made about the properties of those new events, much
like the events found in the first two data collection periods: details about astrophysical progenitors (location, distance, mass,
etc.) [5, 6], and the resulting waveforms (polarizations, timeof-arrival compared against Relativity, etc.) [7–10]. With the
number of events approaching O(100), improved quantitative
statements can then been made about the population of events,
as in [11], and the surrounding cosmology, e.g. Hubble’s constant, as in [12, 13].
These exciting conclusions from gravitational wave astronomy would not be possible without an accurate and precise
model of the detector’s loop-suppressed output – fundamen-

tally, a digitized sum of photo-currents, derr , resulting from the
interferometric laser power output cast on to a few diodes
– and its response to the detectors’ differential arm length
displacement, ∆Lfree , caused by incident gravitational waves
[14, 28]. That model is then used to estimate a near-real-time
data stream that corresponds to the estimated strain on the
detector, h = ∆L f ree /L, where L is the average length of the
given detector’s arms [15, 17]. Figure 1 shows a simplified
diagram of how the model is used to generate h in the LIGO
detectors (VIRGO and KAGRA are similar). The creation of
this “calibration” model, and the corresponding estimates of
uncertainty and systematic error continues to be an exciting
challenge in precision engineering as the detectors evolve to
achieve better sensitivity.
An example of the network’s uncertainty and error during
the third observing period is shown in Figure 2. The methods used to create these estimates are described in detail in
[16–18]. In the most sensitive regions (20 . f . 500 Hz), the
uncertainty and error estimates of the detectors’ calibration are
dominated by three components. The first dominant component (frequency-independent): the uncertainty in the detectors’
absolute displacement reference system – a collection of auxiliary laser systems used to displace the detectors arms differentially via radiation pressure force. The laser power from these
so-called “photon calibrators” are captured by their own, NISTtraceable, photo-detector systems, and their output is digitized
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3
500-1000 will no more beneficial than SNR 100 events unless
the level of calibration accuracy and precision is improved.
Further, if collections of events are skewed by systematic error,
then any reports on measurements of cosmological parameters
may be skewed; see Figure 4 for example.

network accuracy and precision remains at the current stateof-the-art. At worst, rare-but-plausible events with SNRs of

Research about how to better marginalize individual event
estimates for progenitor astrophysical parameters over detectors’ calibration uncertainty is maturing. Research into the
impact of the network’s calibration accuracy and precision as
it evolves over time, on populations of events or cosmological
statements, is still in its infancy. The photon calibrator systems remain the most promising of references, and all future
detectors will remain outfitted with such a system. Projected
uncertainties on these systems are already at an incredible
0.5%-level, with a renewed interest in improving them even
further. As a supplement, continued development of a smattering of additional techniques also continues [28–30]. Yet, as
described above, the absolute reference is not the only uncertainty and systematic error to be tackled: we look forward to
the future challenges that await!
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