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LIGO low-latency alerts

Why low-latency?

What does LIGO mean by “low-latency”?

What challenges are associated with low-latency?
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LIGO low-latency alerts

Why low-latency?

-Directed follow-up and multi-messenger astronomy 

What does LIGO mean by “low-latency”?

- O(sec-min) rather than O(days-weeks)

What challenges are associated with low-latency?

- non-stationary, non-Gaussian noise background (“glitches”)
- wide parameter space

LIGO-G1501424

https://dcc.ligo.org/G1501424
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What all-sky low-latency searches are running?

Compact Binary Coalescence (CBC)

“Everything else” (Bursts)

LIGO-G1501424
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What all-sky low-latency searches are running?

Compact Binary Coalescence (CBC)

gstlal (lowmass)

Multi-Band Transit Analysis (MBTA)

“Everything else” (Bursts)

Both perform decompositions of 
large template banks and 

matched-filter data
Templates → assumed morphology

LIGO-G1501424

https://dcc.ligo.org/G1501424
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What all-sky low-latency searches are running?

Compact Binary Coalescence (CBC)

gstlal (lowmass)

Multi-Band Transit Analysis (MBTA)

“Everything else” (Bursts)

Coherent WaveBurst (cWB)

Omicron+LALInferenceBurst (oLIB)

cWB maximizes a “contrained” likelihood
to reconstruct the waveform. 

Makes minimal assumptions about 
polarization (when possible).

oLIB performs incoherent coincidence with
sineGaussian template (Omicron) before 
Computing fully coherent Bayes Factors 

(LIB) using a single sineGaussian template.

LIGO-G1501424

https://dcc.ligo.org/G1501424
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How are candidates reported internally?

GraceDB

cWB

oLIB

gstlal

MBTA

iDQ@LHO

segs@LLO

iDQ@LLO

segs@LHO

SegDB

h(t)@LLO

h(t)@LHO

AUX@LLO

AUX@LHO

disk@LHO

disk@LLO
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What follow-up is conducted internally?

GraceDB

pipeline

SegDB

MOU 
partners
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pipeline
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External triggers
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Hardware injection
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What follow-up is conducted internally?

GraceDB

pipeline

lvalert

approval_processor

event_supervisor

humans

iDQ@LHO
iDQ@LLO

SegDB2GraceDB

SegDB

External triggers
(simpler AMON)

Hardware injection

Parameter
Estimation

alert_type=“update”
“glitch report”

MOU 
partners

LIGO-G1501424

https://dcc.ligo.org/G1501424
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What follow-up is conducted internally?

GraceDB

pipeline

lvalert

approval_processor

event_supervisor

humans

iDQ@LHO
iDQ@LLO

SegDB2GraceDB

SegDB

External triggers
(simpler AMON)

Hardware injection

Parameter
Estimation

decision about
DQV label

MOU 
partners

LIGO-G1501424
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What follow-up is conducted internally?

GraceDB
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What follow-up is conducted internally?
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What follow-up is conducted internally?

GraceDB

pipeline

lvalert

approval_processor

event_supervisor

humans

iDQ@LHO
iDQ@LLO

SegDB2GraceDB

SegDB

External triggers
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Hardware injection
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What follow-up is conducted internally?

GraceDB

pipeline

lvalert

approval_processor

event_supervisor

humans

iDQ@LHO
iDQ@LLO

SegDB2GraceDB

SegDB

External triggers
(simpler AMON)

Hardware injection

Parameter
Estimation

Localization (FITS)
& orbital parameters

MOU 
partners
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What follow-up is conducted internally?

GraceDB

pipeline

lvalert

approval_processor

event_supervisor

humans

iDQ@LHO
iDQ@LLO

SegDB2GraceDB

SegDB

External triggers
(simpler AMON)

Hardware injection

Parameter
Estimation

Labels, VOEvents

MOU 
partners
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What follow-up is conducted internally?

GraceDB

pipeline

lvalert

approval_processor

event_supervisor

humans

iDQ@LHO
iDQ@LLO

SegDB2GraceDB

SegDB

External triggers
(simpler AMON)

Hardware injection

Parameter
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Checks on 
automated processes

alert_type=“new”

MOU 
partners
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What follow-up is conducted internally?

GraceDB

pipeline
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approval_processor
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What follow-up is conducted internally?
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pipeline
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What follow-up is conducted internally?

GraceDB

pipeline

lvalert

approval_processor

event_supervisor

humans

iDQ@LHO
iDQ@LLO

SegDB2GraceDB

SegDB

External triggers
(simpler AMON)

Hardware injection

Parameter
Estimation

MOU 
partners

LVC private GCN

FAR < 1/month

ADVOK
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What follow-up is conducted internally?

GraceDB

lvalert

approval_processor

event_supervisor

humans

iDQ@LHO
iDQ@LLO

SegDB2GraceDB

SegDB

External triggers
(simpler AMON)

Hardware injection

MOU 
partners

Parameter
Estimation

visibility of follow-up 
results controlled by 

“lvem” tag

pipeline

LIGO-G1501424

https://dcc.ligo.org/G1501424
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What follow-up is conducted internally?
LIGO-G1501424

Basic information about the event

More detailed information 
(parameters reported by search)

Localizations (HEALPix FITS files)
Follow-up footprints and EM 
observations reported below 

Comments and analysis input by hand

Neighboring events 
(internal and external)

https://dcc.ligo.org/G1501424
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How are candidates circulated externally?

Private GCN notices
currently written by hand. 
contain at least one FITS file and brief description of event.
an “initial” alert rather than a “preliminary” alert.

What is in the MOU?
Privacy rules: 

who owns what data and with whom can it be shared?
Publication rules: 

possible counterparts embargoed until GW event published. 
LVC will provide “detailed information” prior to publication.

LIGO-G1501424

https://dcc.ligo.org/G1501424
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What follow-up is conducted internally?
LIGO-G1501424

Basic information about the event

More detailed information
parameters reported by search

Localizations (HEALPix FITS files)
Follow-up footprints and EM 
observations reported below 

Comments and analysis input by hand

Neighboring events 
(internal and external)

https://dcc.ligo.org/G1501424
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How is follow-up coordinated externally?
LIGO-G1501424

https://dcc.ligo.org/G1501424
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How is follow-up coordinated externally?

Electro-Magnetic 
Bulletin Board (EMBB) 

part of GraceDB accessible 
by MOU partners.

EMBB Event Log (EEL) 
Standardized format for 
reporting observation 
footprints to EMBB.

LIGO-G1501424

https://dcc.ligo.org/G1501424
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What to expect from LVC alerts

CBC alerts

Burst alerts

LIGO-G1501424

https://dcc.ligo.org/G1501424
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What to expect from LVC alerts

CBC alerts
Initial

- search's point estimates
- Bayestar localization

Updates
- LALInference posterior distributions 
- LALInference localization

Burst alerts

LIGO-G1501424

https://dcc.ligo.org/G1501424
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What to expect from LVC alerts

CBC alerts
Initial

- search's point estimates
- Bayestar localization

Updates
- LALInference posterior distributions 
- LALInference localization

Burst alerts
Initial

- search's point estimates
- cWB (or LIB PE) localization

Updates
- LIB PE localization
- BayesWave waveform reconstruction
- BayesWave localization

LIGO-G1501424

https://dcc.ligo.org/G1501424
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Public Data

LIGO Open Science Center (LOSC) provides instructions on how to access
and manipulate archival LIGO data. A variety of formats are provided as well 
data quality information.

S5 data : 2005 - 2007
S6 data : 2009 - 2010 

network SNR : 13.2

network SNR : 14.8

BNS F2Y OpenData : arXiv:1404.5623
A large-scale MDC study of detectability
of BNS signals in both Gaussian and 
re-colored noise. Provides estimates on 
the expected detection rate as well as
a large catalog of Bayestar and 
LALInference localizations.

 

Burst F2Y OpenData  arXiv:1409.2435
A large-scale MDC study of burst localizations
in Gaussian noise. Makes no predictions 
for detection rate. Provides a large catalog
of cWB and LIB localizations.

LIGO-G1501424

Technical documentation, tutorials, and instructions for registering for LV-EM services
https://gw-astronomy.org/wiki/LV_EM/TechInfo

https://losc.ligo.org/S5/
https://losc.ligo.org/S6/
http://www.ligo.org/scientists/first2years/
http://www.ligo.org/scientists/burst-first2years/
https://dcc.ligo.org/G1501424
https://gw-astronomy.org/wiki/LV_EM/TechInfo


 40



 41

What follow-up is conducted internally?

GraceDB

gstlal
or

MBTA

lvalert

approval_processor

event_supervisor

humans

iDQ@LHO
iDQ@LLO

SegDB2GraceDB

SegDB

External triggers
(simpler AMON)

Hardware injection

Bayestar

MOU 
partners

LALInference

LIGO-G1501424
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What follow-up is conducted internally?

GraceDB

cWB

lvalert

approval_processor

event_supervisor

humans

iDQ@LHO
iDQ@LLO

SegDB2GraceDB

SegDB

External triggers
(simpler AMON)

Hardware injection

cWB PE

MOU 
partners

LIB PE

BayesWave

LIGO-G1501424

https://dcc.ligo.org/G1501424
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What follow-up is conducted internally?

GraceDB

oLIB

lvalert

approval_processor

event_supervisor

humans

iDQ@LHO
iDQ@LLO

SegDB2GraceDB

SegDB

External triggers
(simpler AMON)

Hardware injection

MOU 
partners

LIB PE

LIGO-G1501424

https://dcc.ligo.org/G1501424
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Public Data

LIGO Open Science Center (LOSC) provides instructions on how to access
and manipulate archival LIGO data. A variety of formats are provided as well 
data quality information.

S5 data : 2005 - 2007
S6 data : 2009 - 2010 

BNS F2Y OpenData 
A large-scale MDC study of detectability
of BNS signals in both Gaussian and 
re-colored noise. Provides estimates on 
the expected detection rate as well as
a large catalog of Bayestar and 
LALInference localizations.

 

LIGO-G1501424

Technical documentation, tutorials, and instructions for registering for LV-EM services
https://gw-astronomy.org/wiki/LV_EM/TechInfo

https://losc.ligo.org/S5/
https://losc.ligo.org/S6/
http://www.ligo.org/scientists/first2years/
https://dcc.ligo.org/G1501424
https://gw-astronomy.org/wiki/LV_EM/TechInfo
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Public Data

LIGO Open Science Center (LOSC) provides instructions on how to access
and manipulate archival LIGO data. A variety of formats are provided as well 
data quality information.

S5 data : 2005 - 2007
S6 data : 2009 - 2010 

BNS F2Y OpenData : arXiv:1404.5623
A large-scale MDC study of detectability
of BNS signals in both Gaussian and 
re-colored noise. Provides estimates on 
the expected detection rate as well as
a large catalog of Bayestar and 
LALInference localizations.

 
Burst F2Y OpenData  arXiv:1409.2435

A large-scale MDC study of burst localizations
in Gaussian noise. Makes no predictions 
for detection rate. Provides a large catalog
of cWB and LIB localizations.

LIGO-G1501424

Technical documentation, tutorials, and instructions for registering for LV-EM services
https://gw-astronomy.org/wiki/LV_EM/TechInfo

https://losc.ligo.org/S5/
https://losc.ligo.org/S6/
http://www.ligo.org/scientists/first2years/
http://www.ligo.org/scientists/burst-first2years/
https://dcc.ligo.org/G1501424
https://gw-astronomy.org/wiki/LV_EM/TechInfo
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Lessons learned during O1

Latencies associated with pipelines and follow-up processes.

What needs to be monitored.

What can be automated.

Glitch background and how it affects searches.

LIGO-G1501424

https://dcc.ligo.org/G1501424
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Planned improvements for O2+

Update/improve approval_processor → send alerts without human verification?

Update/improve event_supervisor (mostly internal)

Improve DQ, it's “verbosity” and it's application to searches 
(reinstate streaming iDQ to CIT, GraceDB reports, etc)

Improve automated skymap comparison to reject glitches

Misc stuff, else? generic “improve pipelines”

LIGO-G1501424

https://dcc.ligo.org/G1501424
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references/pointers
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