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My research interests so far:
astrophysics and cosmology with the SGWB from CBCs

‘heoretical models for SGWB Cross-correlations with EM Astrophysical and cosmological
iNntensity and anisotropies tracers of the LSS, shot noise parameters from the SGWB
and detection prospects
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My current activity here in Pisa

50% (I2JINIRGD

A tool to speed up the
ocalization of GV events and
SKYFAST the ranking of galaxy hosts,

enhancing the identification of
—M counterparts.

mpact of correlated
Noise on the detection

and characterisation of
the SGWB
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Speeding up GW event localization and galaxy host ranking with
bayesian non-parametrics

~ 3ec/min ~ a certain time”™
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o ovent Bayestar —ull parameter e
rigger approximate estimation results
skymap ‘
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Speeding up GW event localization and galaxy host ranking with
bayesian non-parametrics

~ 3ec/min ~ a certain time”™
-+
o ovent Bayestar —ull parameter e
rigger approximate estimation results
skymap ‘

SKYFAST

Dirichlet process gaussian mixture model
-IGARO, Rinaldi & Del Pozzo 2022
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Speeding up GW event localization and galaxy host ranking with
bayesian non-parametrics

~ Sec/min ~ 1/5 total PE time ~ a certain time*
GW event  Bayestar SKYFAST fime
. | ~ull parameter
trigger approximate .
estimation results
skymap

SKYFAST

Dirichlet process gaussian mixture model
-IGARO, Rinaldi & Del Pozzo 2022

.. until the iInformation
entropy saturates

pix) ~ ) Wi Nx|p0y)

k=1 ~0.010}
~0.012}

_ 0 1000 2000 3000 4000 5000 6000 7000

Giulia Capurri - Universita di Pisa and INFN Virgo Pisa Internal Workshop Pisa, 22-23 May 2024



SKYFAST outputs

Main output: ,\6‘$ We can use the analytical posteriors to obtain other
Analytical posteriors for {a, 0, Dy, 0, ] useful outputs:

e Skymaps and volume maps with the credible regions

e Ranked list of potential galaxy hosts from GLADE
catalog
S Ry
©
% /0'b —0.275r + 50% CR : 6.1 deg® I
@[ 90% CR : 20.5 deg”
ARNEE NN ~0.300F A ° o
/'}\o, = : 42 galaxies in 90% CR '
—0.325}
: ol ~ —0.350¢ {0.006
& & —0.375} S
- S¥
1 —0.400 | 10.004
s 2 Y .
% o _ _ — Sqmels Test on 0495k
)
,,)IP‘ ,,);? ,,,l.b ,,,:.\ /;.0 /Ql‘.b /019 /Q’?‘ 0;10 b{" bl° ’\°I’ QI?) &e? q,|-°‘ 0475k T I
a [rad] 6 [rad] D1 [Mpc] 6jn [rad] | 3.38 340 342 344 346  3.48

a |rad]

Giulia Capurri - Universita di Pisa and INFN Virgo Pisa Internal Workshop Pisa, 22-23 May 2024



Galaxy ranking with inclination angle information
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Galaxy ranking with inclination angle information
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Qualitative examples of GRB
afterglow light-curve
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Computed with afterglowpy, Ryan et al 2020

Pisa, 22-23 May 2024



Validation on a population of 100 mock BBH events

We obtain analytical posteriors
for {a, 0, D ,6’jn} N ~1/5 of the

duration of the Pk
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Where does Skyfast come into play?

e Bilby with standard MCMC samplers (Ashton& lalbot, 2027), ~102 CPUS

~ sec/min ~ a few hours ~ hours/days
GW event Bayestar SKYFAST Bilby time
trigger skymap MCMOC
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Where does Skyfast come into play?

e Bilby with standard MCMC sam
e Bilby with nested sampling ano

~ sec/min ~ 5-170 min

GW event Bayestar Bilby ROQ

trigger SKymap with simple
wavetorm
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dlers (Ashton& lalbot, 2021), ~102 CPUSs

ROQ (Morisaki et al., 2023), ~102 CPUs, used in O4

+ Tew mins

SKYFAST
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~ a few hours

Bilby ROQ with
comprehensive
waveform

~ hours/days

Silby time
MCMC
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Where does Skyfast come into play?

e Bilby with standard MCMC sam
e Bilby with nested sampling ano

dlers (Ashton& lalbot, 2021), ~102 CPUSs

ROQ (Morisaki et al., 2023), ~102 CPUs, used in O4

o JIM with normalising flow-enhanced MCMC sampler (Wong et al. 2025; Wouters et al., 2024), 1 GPU

~ Tew mins

~ 3ec/min l ~ 5-10 min

GW event Bayestar Bilby ROQ
trigger skymap with simple
wavetorm
SKYFAST

Giulia Capurri - Universita di Pisa and INFN

~ 20-30 min

JIM
comprehensive
waverorm
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~ a few hours

Bilby ROQ with
comprehensive
waveform

time
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Future perspective

Short-term:
¢ Release SKYFAST and present it to the community

e Refine the interface between SKYFAST and existing PE tools, so that it can be integrated in existing pipelines

Future applications of Skyfast:

e (Cross-correlation of GVWs with galaxy catalogs (e.g. Euclid)
e Cosmology applications, e.g. HO constraints

Giulia Capurri - Universita di Pisa and INFN Virgo Pisa Internal Workshop Pisa, 22-23 May 2024



Giulia Capurri - Universita di Pisa and INFN

Thank you!

GGet in touch:

Office 63, Building C
giulia.capurri@df.unipi.it
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