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LAYOUT
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‣ Goal and scheme


‣ Messengers and waveform models


‣ Data and analysis:


‣ Gravitational waves


‣ Low-energy neutrinos


‣ Multimessenger analysis


‣ Results:


‣ 1-detector neutrino


‣ Sub-network of neutrino detectors


‣ Global-network of multimessengers


‣ Conclusions
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GOAL AND SCHEME
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SN1987A. Credit: ESO OH, et.al. arXiv:2107.02050

https://arxiv.org/abs/2107.02050
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MESSENGERS AND WAVEFORM MODELS: GRAVITATIONAL WAVES
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‣ Neutrino-radiation hydrodynamics (Rad) versus rapid rotation + magnetic field (Dim & Sch)

OH, et.al. arXiv:2107.02050

https://arxiv.org/abs/2107.02050


O.Halim, et.al. 2021. MG Meeting 05-10 July 2021: Joint Analysis Method on Gravitational Waves and Low-Energy Neutrinos to Detect Core-Collapse Supernovae

SN1987A model

OH, PhD thesis, Gran Sasso Science Institute (2020)


MESSENGERS AND WAVEFORM MODELS: LOW-ENERGY NEUTRINOS
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s11.2 is our model

L. Hudepohl, Ph.D. thesis, Technische Universitat Munchen 
(2014). OH, et.al. arXiv:2107.02050

https://arxiv.org/abs/2107.02050
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DATA AND ANALYSIS: GRAVITATIONAL WAVES
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‣ cWB pipeline: burst unmodelled search, no need to have any templates


‣ Finding coherent excess energy among detectors (Virgo, LIGO Hanford, LIGO Livingston)


‣ Maximum likelihood to identify GW candidates and their parameters (time, freq, amplitude, etc)


‣ First GW event (GW150914) online detection by cWB.


‣ Time-frequency analysis: time series data to time-frequency map.


‣ Using fast Wilson-Daubechies time-frequency transform combined with the Meyer wavelet (WDM)
gwburst.gitlab.io

Left: LL; Right: LH Necula, V, et.al. 2012. 10.1088

Fr
eq

Time

http://gwburst.gitlab.io
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DATA AND ANALYSIS: LOW-ENERGY NEUTRINOS (STANDARD METHOD)
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‣ Standard parameter: the number of events in a bin, multiplicity ≡ mi

Poisson PDF:

background

Injections
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DATA AND ANALYSIS: LOW-ENERGY NEUTRINOS (OUR METHOD)
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‣ Standard parameter: the number of events in a bin, multiplicity 


‣ A new parameter: behaviour of events (how close or well separated) 
in a bin, 


‣  is the duration

≡ mi

ξi ≡ mi /Δti

Δti

SuperK

Detailed formula: OH, PhD thesis, Gran Sasso Science Institute (2020)

background

Injections
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DATA AND ANALYSIS: MULTIMESSENGER
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‣ Single-detector neutrino threshold: 1/100 year in FAR


‣ Coincidence analysis threshold:  in FAP5σ (5.7 × 10−7)

OH, et.al. arXiv:2107.02050

https://arxiv.org/abs/2107.02050
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RESULTS: 1-DETECTOR NEUTRINO
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‣ SN1987A-signal model @60kpc injections, KamLAND detector model, 1/100yr 
FAR threshold

OH, et.al. arXiv:2107.02050

https://arxiv.org/abs/2107.02050
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RESULTS: SUB-NETWORK OF NEUTRINO DETECTORS
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‣ Hüdepohl-signal model [5, 15, 20, 50, 60]-kpc injections, KamLAND+LVD 
detector model, -FAP threshold5σ

OH, et.al. arXiv:2107.02050

https://arxiv.org/abs/2107.02050
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RESULTS: GLOBAL-NETWORK OF MULTIMESSENGERS
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‣ SN1987A-signal model @60kpc injections, KamLAND and LVD detector model, -FAP threshold


‣ Dimmelmeier2-GW model @60kpc injections, [LIGO-H, LIGO-L, Virgo] detectors

5σ

GLOBAL EFFICIENCY OF 2-PARAM METHOD:
33.4% × 100.0 % = 33.4 %

GLOBAL EFFICIENCY OF 1-PARAM METHOD:
33.4% × 99.0 % = 33.1 %

Kam + HLV

Kam + LVD + HLV

The recovered injections (784/2346) 
from cWB have FAR too low to be 

considered even as sub-thresholds

OH, et.al. arXiv:2107.02050

https://arxiv.org/abs/2107.02050
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RESULTS: GLOBAL-NETWORK OF MULTIMESSENGERS
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‣ Hüdepohl-signal model @60kpc injections, KamLAND and LVD detector model, -FAP threshold


‣ Dimmelmeier2-GW model @60kpc injections, [LIGO-H, LIGO-L, Virgo] detectors

5σ

GLOBAL EFFICIENCY OF 2-PARAM METHOD:
33.4% × 97.5 % = 32.6 %

GLOBAL EFFICIENCY OF 1-PARAM METHOD:
33.4% × 90.6 % = 30.3 %

OH, et.al. arXiv:2107.02050

https://arxiv.org/abs/2107.02050
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‣ Multimessenger analysis strategy has been done by combining gravitational 
wave and low-energy neutrino data


‣ Gravitational wave analysis uses cWB pipeline in order to produce low-
significant triggers


‣ The 2-parameter refined analysis on low-energy neutrino data has been 
introduced and it has been proven to increase neutrino candidates’ 
significance


‣ Multimessenger analysis will increase sub-threshold GW triggers’ significance

CONCLUSIONS
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THANK YOU

Odysse Halim

odysse.halim@ts.infn.it
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BACKUP SLIDES
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GLOBAL-NETWORK OF MULTIMESSENGERS FROM OTHER GW-MODELS
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‣ Hüdepohl-signal model @60kpc injections, KamLAND and LVD detector model, -FAP threshold


‣ other-GW model @60kpc injections, [LIGO-H, LIGO-L, Virgo] detectors

5σ

Dim1

Dim3

Sch1

Sch2

Sch3

OH, et.al. arXiv:2107.02050

https://arxiv.org/abs/2107.02050
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RESULTS: 1-DETECTOR NEUTRINO
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‣ Super-K @250-kpc, SN1987A model

OH, et.al. arXiv:2107.02050

https://arxiv.org/abs/2107.02050

