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My personal journey stared two decades ago

Image credit: LIGO Laboratory
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Surprise in LIGO Document Control Center -
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On Switching Fields..



Why GW physics?
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A VERSATILE FIELD



Thanks to D.Shoemaker, S.Larson, and LSC

Advanced LIGO
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Courtesy of LIGO and LSC and Kai Stats



Collaboration!



Collaboration!
Pushing the limits in measuring the smallest ever possible displacement

Data Analysis Challenges

Opening a new window to the Universe

International factor! Diversity

Travel

Long telecons

Human nature, unfair competitions, harassment

Email load

FUN, FUN, FUN

Wonderful students
Excitement of the Public including the Young Generation! 



How Can I Serve?



Ruth’s mother, Maria in 1892,
Inherited the business from her husband, 
John Henry

Ruth Belville outside the gates of 
the Greenwich Observatory 1908
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Bartos et al, CQG 2010
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Multimessenger Astronomy
Immediately!



LIGO Magazine: https://www.ligo.org/magazine/LIGO-magazine-issue13.pdf
The Early Years: The Multi-Messenger Effort in LIGO

https://www.ligo.org/magazine/LIGO-magazine-issue13.pdf#page=26


Basic Glossary: Multimessenger Approaches
“Multi-messenger astrophysics”: connecting different kinds of observations of the same 
astrophysical event or system

“Follow-Up” strategy:

“ExtTrig” strategy:

Flow of trigger 

information

GW
Data

Telescopes, Satellites 
or other external entities

Flow of trigger 

information

Telescopes, Satellites 
or other external entities

GW
Search

GW detector

GRB detector

HEN detector

++

“Low-latency  joint search” strategy:
Low
Latency
Algorithm for 
Multimessenger
Astrophysics



Slide Courtesy of Imre Bartos



Multimessenger searches for 
GWs with LIGO: HENs

High-energy neutrino – GW 
multimessenger studies since 2006

Astrophysics, Theory development, Method and Team building:  GWHEN <= LIGO, Virgo, Icecube, ANTARES
Y. Aso, Z. Marka, C. Finley, J. Dwyer, K. Kotake, S. Marka, “Search method for coincident events from LIGO and IceCube detectors” Class. 
Quantum Gravity, 25, 114039, 2008

Baret et al., "Bounding the time delay between high-energy neutrinos and gravitational-wave transients from gamma-ray bursts", 
Astroparticle Physics,  35, 

Ando et al., "Colloquium: Multimessenger astronomy with gravitational waves and high-energy neutrinos", Rev. Mod. Phys. 85, 1401-
1420, 2013

Bartos et al., "Observational Constraints on Multimessenger Sources of Gravitational Waves and High-Energy Neutrinos", Physical 
Review Letters,  107, 251101,  2011  

Baret et al., "Multimessenger Science Reach and Analysis Method for Common Sources of Gravitational Waves and High-energy 
Neutrinos", Physical Review D,  85, 103004,  2012

Aartsen et al., “Multimessenger search for sources of gravitational waves and high-energy neutrinos: Initial results for LIGO-Virgo and 
IceCube”, Physical Review D, 90,  102002,   2014  (Initial LIGO/Virgo era search)

Observational Result from O1/O2
High-energy Neutrino follow-up search of Gravitational Wave Event GW150914 with ANTARES and IceCube, Antares Collaboration, 
IceCube Collaboration, LIGO Scientific Collaboration, Virgo Collaboration, arXiv:1602.05411, 2016

Search for high-energy neutrinos from gravitational wave event GW151226 and candidate LVT151012 with ANTARES and IceCube, Albert 
et al., Physical Review D,  96, 022005,  2017  

Search for High-energy Neutrinos from Binary Neutron Star Merger GW170817 with ANTARES, IceCube, and the Pierre Auger Observatory, 
Albert et al., The Astrophysical Journal,  850, L35,  2017 

Search for Multi-messenger Sources of Gravitational Waves and High-energy Neutrinos with Advanced LIGO during its first Observing Run, 
ANTARES and IceCube, ANTARES, IceCube,LIGO, Virgo Collaborations, Astrophys.J. 870, 134, 2019

Aartsen M. G., et al.; IceCube Search for Neutrinos Coincident with Compact Binary Mergers from LIGO-Virgo's First Gravitational-Wave 
Transient Catalog; arXiv e-prints, arXiv:2004.02910, 2020

“Search method for coincident events from LIGO and IceCube detectors” Class. Quantum Gravity, 25, 114039, 2008



O2 Low-latency Analysis Pipeline

● Working low-latency GW+HEN analysis during O2
● Interface with IceCube, LIGO via GraceDB
● results via GCN Circulars (Can add Notices)



Countryman et al. arXiv:1901.05486v1

Low-Latency Algorithm for Multi-messenger Astrophysics (LLAMA) 
with Gravitational-Wave and High-Energy Neutrino Candidates 

Fastest and most mature Low-Latency method with long history, standard in O2



Low-Latency Algorithm for Multi-messenger Astrophysics (LLAMA)
EXTENDABLE     The multimessenger analysis method/tool used with other messengers.



Bartos, Veske, et al. Bayesian Multi-
Messenger Search Method for Common 
Sources of Gravitational Waves and High-
Energy Neutrinos
arXiv:1810.11467v2

incorporation of astrophysical priors and 
detector characteristics following
a Bayesian approach

• Is it a real event?
• A chance coincidence of 

two background events? 
• A chance coincidence of 

an astrophysical signal 
and a background event?
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Will the Universe be 
kind to us?



Focus on the Next Generation!













LIFEWORK



Characterization of X-Ray Radiation Damage in Si/SiO2
Structures Using Second-Harmonic Generation



Characterization of Carrier Injection and 
Recombination Processes at Si/SiO2 Interfaces Using 
Intense, Tunable, Ultra-Fast Laser Pump-Probe 
Techniques



Thesis Defense
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SUPPORT STRUCTURE IS 
PART OF OUR STRENGTH

AND GIVES OUR PURPOSE


