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Overview of the O4 alert process
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Two-tier system :
> Low-significance events : False Alarm Rate threshold of 2/day, no human vetting

> Significant events : FAR threshold of 1/5 months for CBC (1/4 years for Burst),
systematic human vetting

So far*, 1000+ low-significance alerts, and 62 significant (including 9 retracted)
* QOct 15, 18h
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Special case : Early-Warning alerts

» Goal : generate alerts before the merger for astronomers to follow
» Only BNS (= longer templates) are targeted
» All pipelines produce EW alerts

» An additional Early-Warning notice is sent — retraction if there is no
full-bandwith event
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Rapid-Response Team (RRT)

Global Time Zones

» In charge of vetting the significant events
» Three timezones : America, Europe, Asia

» For the Europe timezone:

> Half-a-week shifts with two shifters at any time
P 168 shift days so far, with 70 individual shifters

C —
UIC12 UTC10 UTCS UTC6 UTC4 UTC2 UTCO UTC+2 UTC+a UTCH6 UTCHB UTCH10 UTCH12

Three levels of shifters :
> Level-0 : Non-specialist, 24/7 shifters ; in charge of vetting new events
> Level-1 : Specialist, on-call shifters ; can be called by level-0 shifters for an expert opinion

» Level-2 : Level-0 + Level-1 + RRT coordinators ; participate in semi-regular calls and
called for vetting events with potential multimessenger counterpart
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Notices and circulars

GCN Circular 34124
SASTEEERTTTESERR T ER R LS LTI LRI TR T I L E AP E LA TR ET TR i T Subject  LIGO/Vi i andidate
TITLE: GCN/LVC NOTICE Tom thomae o vt
NOTICE_DATE: FIi 3@ Jun 23 12:58:41 UT The L1GO Scientific Collaboration, the Virgo Collaboration, and the
NOTICE_TYPE: LVC Preliminary KAGRA Collaboration report:
TRIGGER_NUM: 5230630am e ident)f}ed the compact binary merger candidate $230630an during
TRIGGER_DATE: 20125 TID; 181 DOY;  2023/@6/38 (yyyy/mm/dd) real-tine processing of data from LIGO anford Observatory (H1) and
TRIGGER_TIME: 46686.000000 SOD {12:58:06.000008) UT o n oy Ioe) crdidate uas tou by tha Ch 11) | NETh
SEQUENCE NN B [2], and GStLAL [3] analysis pipelines.

Pl - 5230630am i 't of interest by its false al: te,
GROUP_TYPE 1= Cec cxtinated by the online analysis, is 2.4e-08 Kz, or Sbout one in 1
SEARCH_TYPE: 1 = AllSky year, 3 months. The event's properties can be found at this URL
PIPELINE_TYPE: 4 = gstlal https://gracedb.ligo
FAR: 2.413e-08 [Hz] (one per 479.6 days) (one per 1.31 years) The classification of the GN signal, in order of descending
PROB_NS: @.0@ [range is 0.0-1.0] probability, is BBH (98%), Terrestrial (2%), NSBH (<1%), oI BNS (<1%).
PROB_REMNANT : ©.00 [range is 0.8-1.9] Assuning the candidate is astrophysical in origin, the probability
PROB_BNS: .00 [range is 0.8-1.0] that the lighter conpact object is consistent With a neutron star mass
PROB_NSEH .09 [range is 0.2-1.0] (15T the probsbiliey o mateer autatde” ;gsfi:afrismpagmnbjgu

- ; (HasRemnant) is <I%. [4] Both HasNS and HasRemnant consider
PROB_BBH: 0.98 [range is 0.@-1.0] {Upport of beveral newtron star equations of state. e probability
PROB_MassGap: 0.04 [range is 0.8-1.0) that sither of the binaty components 1ies between 3 and 5 sorar masses

! : . ' (HasMassgap) is 4%.

PROB_TERRES: .02 [range is @.8-1.9] Lable at this & " be retrieved from th
TRIGGER 10 axio Two sky naps aze available ot this tine and can be xetrieved fron the
MISC: 2x1898403 +“bayestar.multiorder. fits, 1, an initial localization genesated by
BAYESTAR [5], distributed via GCN notice about 32 seconds after the
SKYMAP_FITS_URL: https://gracedb.ligo.org/api/superevents/523@63@am/files/bayestar.multiorder. :and)d:;e;v:ﬁtmmer fits.2, an initial localization generated b
EVENTPAGE_URL: https://gracedb.ligo.org/superevents/5230630am/view/ BAVESTAR | (5], distributed via GCN notice about 5 inutes after the
COMMENT LVC Preliminary Trigger Alert. candidate event tine.
COMMENT! This event is an OpenAlert. me Exefe{xed slﬁ P atftzlszt)ue is uaﬁst;:%mun;oﬁex fits,2. For
COMMENT! LI60-Hanford Observatory contributed to this candidate event. S642 SZ;i “;;E;,,.ﬁ{zié over the. Mfg‘sky? the ;x;o; 2 iegion 1
COMMENT LIG0-Livingston Observatory contributed to this candidate event. 1‘;“‘:‘;:;sgj‘j:g:;sz}’"“e is 8710 +/- 2735 Wpc (a posteriori mean

For further infornation about analysis methodology and the contents of
this alert, refer to the LIGO/Virgo/KAGRA Public Alerts User Guide
https://emfollow.docs. 1igo.org, @
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Content of a public alert

50% area: 1,034 deg®
90% area: 3,102 deg”

Informations taken from the event with the highest
SNR (priority to CBC pipelines)

> False Alarm Rate v
» GPS time

» Sky localization

» Source classification

» EM-bright properties (conditioned on the

event bemg aStrOphySICal) Source classification
More details in the EM-follow guide NSBH EM-bright properties
Terrestrial 0% HasMassGap | 0%
HasNS
BBH |[4% HasRemnant | 0%
BNS | 0%
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https://emfollow.docs.ligo.org/userguide/content.html

Significant events f the beginning of O4

Events with FAR < 2/day:

> SPIIR: 604
Validated > PyCBC: 389 Retracted
21
200 > MBTA: 423 30 -
g7 > GstLAL: 792 g
K150 B 2 2
6125 s *
£ 100 10 s
g . 7 7 20 | = validated glo 1
£ EEm Retracted =
2.5 15
NLLLL .
27l spir §10 1l vea @
SN pyehe 2 pycbc [
& BTA } ] 5 2 st [ )
S ostal I L[] i °
50 0 0 : °

1 2 3 4
Number of CBC pipelines involved

Retracted events were only seen by one pipeline : pay attention to multi-pipeline info
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Comparison with O3 online localization
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Virgo is not yet part of the run
» Larger skymaps

» More single detector events
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Comparison with O3 online range

Run (median value)
== 03 (888 Mpc)
w04 (2826 Mpc)
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» The increased range of the detectors allows to probe further

» Distribution of distances is quite different : improved pipeline efficiency at

large distance?
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Source classification

50

» Current prediction from the
EM-followup guide :
> BNS : 3673 /year
> NSBH : 611 /year

» This assumed a full HLVK network,
with design sensitivity !

» 190 Mpc for LIGO — ~ 160 Mpc

» 100 Mpc for Virgo — aim to join
with at least 40 Mpc

» 10 Mpc for KAGRA — 1-3 Mpc (+1 NSBH during ER15)

during the first month 031 136
BNS NSBH BBH  Terrestrial

source
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Conclusion

04 is going well
» O3 event count (56 non-retracted) almost
reached in ~ 5 months

» Looking forward to the rest of the run with
an increased sensitivity and Virgo

- Binary neutron star inspiral range

3 75 T s @ ms B
‘Time [weeks] from 2023-05-24 15:00:00 UTC (1368975618.0)

Personnal feedback on the RRT : very positive experience

» Good opportunity to interact with the various groups
» A broader view on the O4 run

» Feeling the excitment from online alerts
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O4 alert latency
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Yellow circles :
Preliminary notices
Blue squares :
Initial notice

Red squares :
Retraction notice

Purple diamonds :
Update circular



	Introduction
	Rapid-response team
	O4 results
	Appendix

