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for GLASS we use the simulated data released in the
second round of the LISA Data Challenges (Challenge
LDC2a-v2) [13]. The simulated data contain Gaussian
detector noise; a simulated population of Milky Way
ultra compact binaries (UCBs); 35 galactic UCBs al-
ready discovered by electromagnetic observations, the so-
called “verification binaries” (VGBs); and a population
of merging massive black hole binaries (MBHBs).

The philosophy of GLASS is to incorporate indepen-
dently developed, stochastic sampling algorithms de-
signed to address di↵erent facets of the full LISA anal-
ysis. GLASS is then e↵ectively an overarching umbrella
that manages the interfaces, matches data formats, and
orchestrates how the di↵erent samplers will work together
to converge and adequately cover the target, high dimen-
sional, joint posterior distribution function.
GLASS uses a four-component model to fit the simu-

lated LDC2a-v2 data. The UCB, VGB, and MBHB mod-
els each employ analytic template waveforms to fit the
detectable sources, while the noise level, including the
unresolved astrophysical foreground from the galactic bi-
naries, is fit with a phenomenological model. The param-
eters of the four model components are optimized using
a blocked Metropolis Hastings (MH) algorithm. The test
data set spans one year of simulated LISA observations
however our analysis processes the data sequentially, an-
alyzing increasingly large strides of the “observed” time
series as we envision would be done during mission oper-
ations. Results from the analysis of the LDC2a-v2 data
are compared to the input populations to assess the per-
formance of the algorithm.

Figure 1 summarizes the LDC2a-v2 results by show-
ing the combined reconstructed model components rep-
resented as the amplitude spectral density of the time
delay interferometry (TDI) A channel [14]. The orig-
inal data are shown in gray in the background of the
figure. The purple lines are the posteriors of the re-
constructed UCB waveforms while orange are the recon-
structed VGBs. The magenta broadband curves are the
reconstructed massive black hole signals, and the light
blue curve is the noise model. Note that at low frequency
the credible 50 and 90% credible intervals are visible in
the black hole signals while otherwise the credible inter-
vals on the reconstructions are too narrow to be visible
in this plot. This figure represents the key result of this
study: We are demonstrating a prototype pipeline able to
simultaneously fit thousands of overlapping signals of dif-
ferent morphology and an a priori unknown noise level.

The remainder of this paper will provide a detailed de-
scription of the algorithm and a demonstration of the per-
formance. Section II describes the analysis architecture,
and how the di↵erent modules are integrated together
into a global fit pipeline. Section IIIA describes the
noise model and sampling algorithm, adapted from the
BayesLine algorithm used for LIGO-Virgo noise model-
ing [15]. Section III B summarizes updates to the galac-
tic binary sampler GBMCMC first described in Ref [16],

FIG. 1: Median reconstructed global fit model components
for the full 12 month LDC2a-v2 data, shown as the ASD in
the TDI A channel. Gray is the residual, purple are the UCB
detections, orange or the fits to the known binaries, magenta
are the MBHB mergers, and light blue is the noise model.

while Section III C specifies the configuration changes for
GBMCMC to perform targeted analysis of known binaries.
Section IIID describes how the MBHBMCMC massive black
hole sampler from Ref [17] was adapted for this work.
Section IV presents the evolving results from 1.5, 3, 6,
and 12 month analyses of the LDC2a-v2 data before we
conclude in Section V with a development road map to
improve GLASS’s capabilities in order to analyze increas-
ingly realistic LISA data.

II. THE GLASS ARCHITECTURE

The central engine of GLASS is a blocked Markov Chain
Monte Carlo sampler [18]. In the blocked sampling
scheme, a subset of the model parameters (a block) is
updated while holding all other parameters fixed. Di↵er-
ent blocks are updated independently in sequence, and
the process cycles until the sampler has converged. For
the LISA Global Fit problem, blocked MH samplers have
two advantages. First, they work well for high dimension
spaces when parameter correlations are confined to rela-
tively small and a priori identified sub spaces. Second,
they are naturally modular, turning the daunting task of
building an algorithm equal to the complexity of LISA
data into a well defined set of components that are de-
veloped independently and then integrated.
The blocked MH scheme in GLASS is hierarchical where

the top level blocks, which we will refer to as “modules,”
are the joint set of parameters for the di↵erent model
components i.e., blocks for the noise, VGB, UCB, and
MBHB parameter sets. The sampling within the VGB
and MBHB modules is further grouped into blocks by
individual sources, while the UCB module has one more
layer of hierarchy–where model parameters are grouped
by narrow-band frequency segments, and then by indi-
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