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Group structure and members

Chair: Marek Szczepanczyk

Members: Adam Zadrozny, Carissa Cirelli, Claudio Casentini, Erik 

Katsavounidis, Filipe da Silva, Jade Powell, Jasmine Gill, Jess 

McIver, Kai Staats, Kellie Ault, Marco Cavaglia, Michele Zanolin, 

Oscar Valdez, Pablo Cerda-Duran, Sarah Gossan, Satzhan

Sitmukhambetov, Scott Coughlin, Sergio Gaudio, Soma Mukherjee, 

Sophia Schwalbe, Teerth Gill, Vincent Roma, Wenhui Wang

Group web page: 

https://wiki.ligo.org/Bursts/SupernovaWorkingGroup

Regular weekly telecons

https://wiki.ligo.org/Bursts/SupernovaWorkingGroup


Outline

1.CCSN explosion mechanism

2.What do we learn?

3.CCSN rates and example waveforms

4.Working group projects

5.Methods of searches

6.Models and available waveforms

7.Pipelines 

8.Future notes: 3G detectors



M. Szczepanczyk, APS Meeting, Washington DC 2017

In a nutshell …



Explosion Mechanisms
 Direct hydrodynamic mechanism

 Neutrino driven wind mechanism ~1D 

low mass progenitors

 2D convection neutrino driven 

(Spherical Accretion Shock Instability 

SASI – shock instability)

 Neutrino driven jet/wind mechanism –

Rapidly rotating accretion induced 

collapse of white dwarfs

 MHD/Rapid rotation – Hypernovae?

 Acoustic power/core oscillation 

mechanism

 3D convection – neutrino driven 

mechanism

Burrows, Dolence, et. al. 
file:///C:/Users/zbj903/Documents/SupernovaMechanisms.pdf

https://www.bing.com/images/search?view=detailV2&ccid=Mz8pZSCN&id=52AE4A81CD9EB98279EE9B1
4590DF850E30CE908&thid=OIP.Mz8pZSCN3t1b6fnsjin5FwDIEs&q=sasi+supernova&simid=6079998712938
52260&selectedIndex=10&qpvt=sasi+supernova&ajaxhist=0



What do we learn from CCSN  

K. Gill, MIT, 2017



CCSN Rates and example waveform

M. Szczepanczyk, CCSN Workshop Pasadena, 2017

K. Gill, MIT, 2017



Detector Sensitivity Evolution

M. Szczepanczyk, CCSN Workshop Pasadena, 2017



Current projects

• SN Detector characterization

• Single detector case

https://wiki.ligo.org/Bursts/SupernovaWorkingGroup

https://wiki.ligo.org/Bursts/SupernovaWorkingGroup


Detection and Parameter Estimation 

M. Szczepanczyk, NRmGW Workshop, Valencia2017



K. Gill et. al., CCSN Workshop Pasadena, 2017

Also, 

 Single IFO
 Matched Filtering



K. Gill et. al., CCSN Workshop Pasadena, 2017



M. Szczepanczyk, NRmGW Workshop, Valencia2017

Burst Searches: Excess Power Method 
(Coherent Wave Burst: Klimenko et. al. 2005) 



Methodology for assessing statistical significance of GW trigger 
associated with SN: Bayes Wave

K. Gill et. al., CCSN Workshop Pasadena, 2017



K. Gill et. al., CCSN Workshop Pasadena, 2017



K. Gill et. al., CCSN Workshop Pasadena, 2017



K. Gill et. al., CCSN Workshop Pasadena, 2017



Waveforms Used

K. Gill et. al., CCSN Workshop Pasadena, 2017



K. Gill et. al., CCSN Workshop Pasadena, 2017



K. Gill et. al., CCSN Workshop Pasadena, 2017



K. Gill et. al., 
CCSN Workshop 
Pasadena, 2017



K. Gill, S. Gossan, CCSN Workshop, Pasadena, 2017



Inferring Core-Collapse Supernova Physics with Gravitational Waves
Authors: J. Logue, C. D. Ott, I. S. Heng, P. Kalmus, J. Scargill
arXiv:1202.3256 [gr-qc]

Inferring the core-collapse supernova explosion mechanism with 
gravitational waves
Authors: Jade Powell, Sarah E. Gossan, Joshua Logue, Ik Siong Heng
Phys. Rev. D 94, 123012 (2016)

https://arxiv.org/find/gr-qc/1/au:+Logue_J/0/1/0/all/0/1
https://arxiv.org/find/gr-qc/1/au:+Scargill_J/0/1/0/all/0/1
https://arxiv.org/abs/1202.3256
https://arxiv.org/find/astro-ph/1/au:+Powell_J/0/1/0/all/0/1
https://arxiv.org/find/astro-ph/1/au:+Gossan_S/0/1/0/all/0/1
https://arxiv.org/find/astro-ph/1/au:+Logue_J/0/1/0/all/0/1
https://arxiv.org/find/astro-ph/1/au:+Heng_I/0/1/0/all/0/1


S. Gossan, CCSN Workshop, Pasadena, 2017



S. Gossan, CCSN Workshop, Pasadena, 2017
Figure credits: Jade Powell, Vincent Romo



K. Gill et. al., CCSN Workshop Pasadena, 2017



Slide: O. Valdez



Results from: Mukherjee, Valdez et. Al. 2017



Triggered Burst Searches

M. Szczepanczyk, CCSN Workshop Pasadena, 2017





https://na01.safelinks.protection.outlook.com/?url=https:%2F%2Femvogil-
3.mit.edu%2F~kats%2Fsn2017%2Ftalk_SN_Ligo_workshop_3172017_f.pdf&data=02%7C01%7Csoma.muk
herjee%40utrgv.edu%7C3ba8468459754d665ac708d4c8284668%7C990436a687df491c91249afa91f88827
%7C0%7C1%7C636353522806147279&sdata=Qm0vVZQlTz6SUBDBGjjD24q1CYaGSHzMWkEvU0W1%2BEk
%3D&reserved=0



https://na01.safelinks.protection.outlook.com/?url=https:%2F%2Femvogil-
3.mit.edu%2F~kats%2Fsn2017%2Ftalk_SN_Ligo_workshop_3172017_f.pdf&data=02%7C01%7Csoma.muk
herjee%40utrgv.edu%7C3ba8468459754d665ac708d4c8284668%7C990436a687df491c91249afa91f88827
%7C0%7C1%7C636353522806147279&sdata=Qm0vVZQlTz6SUBDBGjjD24q1CYaGSHzMWkEvU0W1%2BEk
%3D&reserved=0





Credit: M. Szczepanczyk



Additional Material



Core Collapse Supernova Mechanism

M. Szczepanczyk, CCSN Workshop Pasadena, 2017






