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Outline of talk

● Use case 1:

○ Motivation

○ Decision tree and flowchart

○ Need for parallelisation

● Use case 2:

○ Motivation

○ Dataset

○ Need for parallelisation
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Use case 1: High-energy + LSST

LSST discovered

Input from broker 1 + Cross-check with broker 2 (or 3 & 4) 

Trigger follow-up observations

Other (e.g. GW) discovered

Timestamp and localization

Pipeline analysis blockMW dataset

Motivation: Joint monitoring of the high-energy and LSST data streams for common triggers
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TRIGGER

H.E. Alert
(Via GCN)

Ra, Dec, T
0

LSST Alert
(Via Brokers)

If KN:

If ?:

Includes:
• Ra, Dec
• Time 
• Cross-match of 

catalogs and 
GCNs

• Source 
classification 
based on LC 

Search GCN
hist 𝚫 72 hr

Search GCN
 hist 𝚫 ? hr 

If GRB/SN:

Search GCN 
Hist 𝚫 12 hr 

Exclude:
• Solar 

System
• AGN
• Variable 

Stars 

Likelihood 
match

Likelihood 
match

Rerun HE and LSST analysis 
& improve SNR, if desired
(parallelisation required)

Generate data file with:
 time, wavelength, flux (upper limit) and error_flux

and move to parameter estimation 
(connection to use case 2)

Use case 1: Decision tree
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Thakur and Rodi
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~ 30 min per band on 80 cores

Initiation

Single frame reduction, photometric and 
astrometric calibration

Warp individual frames to existing sky map 
and co-add

Forced photometry on co-added image in all 
available bands (ugrizy)

Multiband catalog of sources from co-added 
image 

Use case 1: LSST Science Pipeline block (per frame)

Filtered source measurement in co-add / 
Difference imaging with template

~ 15 min on 80 cores

~ 15 min on 80 cores

Full package installation ~ 120 mins
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Use case 2: GW+EM modelling 

Neutron stars inspiral Merger

Optical (Swope)
Merger

GRB

C
oulter+2017

Abbott+2017
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Gravitational wave

Kilonova
~11 hrs after 
the merger

Metzger,Berger+2012
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Afterglow

X-rays
9 days after the merger

Optical
Visible when the kilonova 
started fading
~100 days after the merger

Radio
16 days after the merger
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Metzger,Berger+2012
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Use case 2: GW+EM modelling
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M
ooley et al, 2018

75 days 230 days

Centroid motion of the relativistic jet
Radio Observations taken with VLBI 

@ 75, 206, 230 days

movement of 
the order of 

mas

Afterglow light curve 
Observations in X-rays, optical 

and radio bands
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Use case 2: GW+EM modelling



AL Thakur on behalf of the IAPS group                                                                                                                                                                                                                                                                           29-05-2024                                    

1. GW and afterglow (GW+AG): 
a. ~30 hour on 90 x 6 cores

2. GW, afterglow and centroid motion (GW+AG+C):
a. 96 hour on 90 x 6 cores

3. GW, afterglow and kilonova
a. ~96 hour on 90x6 cores*

4. GW, afterglow, kilonova and centroid
a. ~400 hour on 90x6 cores*
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Use case 2: Analysis and need for parallelisation
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Use case 2: Next steps
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● Incorporate kilonova dataset
○ Photometry

● Models tabulated for fixed parameters:
○ Ejecta mass, velocity
○ Composition
○ Morphology

Troja+2017

➤ Use surrogate models
a. Trained on tabulated simulations
b. Incorporate into Bayesian fitting

➤ Incorporated in nmma python package
➤ Currently evaluating 

a. Retraining surrogate 
b. Changing kilonova models 

■ Wollaeger et al. (axisymmetric)
■ Bulla et al. (symmetric)

Thakur+20, Wollaeger+20
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Thanks for your attention!
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GW-only: H0 = 

- Far source 
- Binary orbit 
facing Earth 

- Close source
- Highly inclined

How to break this degeneracy?

With an independent dataset: 

Afterglow

Use case 2: Motivation
Gianfagna et al, MNRAS, 2024
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https://academic.oup.com/mnras/article/528/2/2600/7577612
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H0 = 

Use case 2: Applications
G

ianfagna et al, 2024, M
N

R
A

SSH0ES

Planck
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https://academic.oup.com/mnras/article/528/2/2600/7577612

