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Operations

* Running the detector(s) and taking meaningful data
— The primary goal of experimental Collaborations like ours

* Long timescales
— Years, if not decades

* Adapt to a continuously moving landscape
— Scientific, political, financial, societal

* Two main goals, not fully aligned
= Observe as much as possible, not to miss anything “exceptional”
= Upgrade to observe “better” after a potentially long downtime
— Find some balance

* We do not simply acquire data: we also analyze them
— Proprietary period for the Collaboration(s)
= Open data policy: datasets and analysis products become public then

* We rely a lot on hardware and software, but there are humans in the loop at all stages
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Speaking about humans...

e Pictures taken in the different LVK control rooms at the end of the O4 run
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Operations 1n the LVK structure

e Each Collaboration has its own Operations division with the same working groups
= Calibration
= Computing & Software
= DetChar
= Low latency
= Open data
= Run planning
— Run coordinator

* Internally, that division interacts with its detector(s)
= [n particular with the commissioning team
— Site advocate
* And with the data analysis realm (more LVK-integrated) as well

* The L, V and K Operations divisions interact as well
= Weekly chairs meeting
= Weekly open call
= Mailing lists, GitLab, Mattermost, etc.
— So do the working groups
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Operations in IGWN

* A single unified division

* Some changes at the working group level

LVK OBS
LVK Operations S IGWN Operations Division WG
e Run Planning e »e  Observatory Network Operations Committee
. Calibration S "“=-.-\: - Calibration WG
° Detchar — 28 : > ® Detector Characterization (DetChar) WG
° Low Latency — — ™~ —> e Low-latency Alerts WG
o Open Data - - e -\: ° Open Data WG
@ Computing and Softwaré~_ e  Gravitational Wave Transient Data Products (GWTD) WG

THGWN Digital Infrastructure Division

L

Rapid Alerts Infrastructure
Collaboration Support

Identity and Access Management (IAM)
Information Security

Infrastructure Change Control Board
Scientific Computing Infrastructure
Software Infrastructure

Strategy and Sustainability Committee

— Still subject to changes + transition period: not relevant for this talk

= Provided for completeness
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Of runs and upgrades

e Advanced™ detectors timeline
» From GWTC-5.0 introduction
— O4c 1s missing (2025/01/28 — 2025/11/18): to be included in GWTC-6.0

01 02 Od4a 0O4b
b — wmems— s GWTC-5
! ‘ i samnm] GWTC-4
GEO 600
0.7 Mpc
KAGRA I
80 Mpc 80 Mpc 110 Mpc 160 Mpc 160 Mpc
LHO T
70 Mpc 100 Mpc 140 Mpc 160 M_pc 170 Mpc
LLO e 5
30 Mpc 57 Mpc 53 Mpc
Virgo . i '
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

(*) 2nd generation. The history of ground-based GW detectors extends much backward g
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Of runs and upgrades

* Advanced detectors timeline
= From the public LVK observing run plans, updated every (other) month

— Includes future steps — to the best of our knowledge / subject to changes

Updated 01 02 03 04 IR1 05
2026-05-27
80 100 100-140 150-170 160-180 225-295
L | GO Nf_pc Mpc Mpc Mpc Mpc Mpc
30 40-60 50-60 50-60
. Mpec Mpc Mpc Mpc
Virgo = Bl 7
0.7 1.3 5-7 7-15
KAG RA Mpc Mpc Mpc Mpc
f T 1 T T | T I I I | I I | | |
G2002127-v36
2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

— Both plots show alternating data taking (colored) and upgrade (white) periods
= With BNS range typical values as figures of merit for the detector sensitivities .
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Of runs and upgrades

* Note the run nomenclature
= O(bserving Run) 1 — O4: OK so far, isn’t it?
+ With internal divisions: O3 = O3a + O3b
04 =04a + 04b + O4c
¢ Keep in mind these numbers do not match the GWTC releases
— Example: the addition of O4b data corresponds to the GWTC-5.0 issue...
= Next in line: I(intermediate)Run|
+ Instead of the more logical O5
— IR1 is meant to be short (~6 months) and
so far O5 has meant a run with sensitivities much better than O4’s
= What may come next?
¢ Currently OS5 on the public timeline
+ But the possibility on an I(ntermediate again)R2 is not completely ruled out
¢ Or OS5 could be renamed [(GWN)R2
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Of runs and upgrades

* How often does the LVK network observe? Broadly speaking
= Ol: 4 months
= 02: 9 months
= 03: 11 months (ended by covid-19 global lockdowns)

= O4: teo-many-menths 25 months
— 49 / 123 months =~ 40% of the wall-clock time

ignoring duty cycle (< 100%)
— To be discussed more in following slides

* Detectors have improved, are improving and have some potential to improve more
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VxT

* The number of detections is proportional to the volume of Universe observed,
integrated over the time of observation
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Now versus wall-clock time

* https://dcc.ligo.org/LIGO-G2302098/public
= Periods between runs (colored bands) skipped
= Black: GWTC-published events (currently O1 — O4b)
Grey: Public alerts (currently O4c)

01 (3) + 02 (8) + O3a (44) + 03b (35) + Oda (139) + 04b (161) = 390, Od4c* = 68, Total = 458
*Q4c entries are preliminary candidates found online.
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— Convinced that upgrades make a difference?
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[With the difference that
CERN dO e S the S ame they produce their own events
= They don’t risk to miss
detections when they are down]

e LHC operation and the High-Luminosity LHC upgrade project
arXiv:2505.03535 [physics.acc-ph] LECE Targe Hadrom Collider

TeV: unit of the proton beams collision energy
(instantaneous) Lumi(nosity) <> BNS range
fb': integrated luminosity <> VxT

HL: High Luminosity

LS: Long Shutdown

LHC HL-LHC

[ Ls1 (EYETS| 2 | 13.6 Tev Ls3
13 TeV
Diodes Consolidation
splice consolidation cryolimit LiU Iinstallation A
7 TeV 8 TeV button collimators interaction inner triplet 5 LG
A s —— pilot beam rad:anon limit installation

R2E project regions Civil Eng. P1-P5
ENERETIED mmﬁ 2023 mm mmmmlm@
MS

ATLAS-C /’—’4
upgrade phase 1 s 5107.5
experiment Pg P ATLAS -CMS AEEL
beam pipes 2 ol L 2 I HL upgrade
gl L x nominal Lum ALICE - LHCh i x nominal Lumi
upgrade : TN oW
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-

-1 integrated ALY

EXd 190 b ummosty R
HL-LHC TECHNICAL EQUIPMENT:
o

DESIGN STUDY L .' | PROTOTYPES CONSTRUCTION INSTALLATION & COMM. PHYSICS

HL-LHC CIVIL ENGINEERING:

DEFINITION EXCAVATION BUILDINGS CORES

— 3 Decades | Collision energy: x2 | Dataset: x100 12
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[LVK network of detectors

* A worldwide network of ground-based GW interferometric detectors
= Each detector responsible
of its own data taking R
— Global coordination é{’ b
= Joint data analyses & publications :

* GEO600 [Germany |
= Astrowatch, R&D

e LIGO Hanford (H1) [WA, USA]
LIGO Livingston (L1) [LA, USA]
» LIGO India: planned

Operational y
Planned {

* Virgo [Italy]

* KAGRA [Japan] ® -
= Underground and cryogenic

* Gravitational Wave Open Science Center
(GWOSC):
https://www.ew-openscience.org
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L.VK dataflow

* From: A guide to LIGO-Virgo detector noise and extraction of transient gravitational-wave signals

= B. P. Abbott et al., 2020 Class. Quantum Grav. 37 055002

* Detector Characterization & Data Quality

SEARCHES
. Callbl‘atlon Template Make Triggers
Matching (with False Alarm Rates,
. ] Signal to Noise Ratio)
* Event validation T 1
* Auxiliary & environmental sensors l;““e“l"‘_g ] Identified Signals
* Different latencies L A J | cestimation
. Olllille Whitening
. A 4
™ Ofﬂll’le Interferometers Detector »> Iﬁ"l:
—— E} Chararacterization ” Event
™ On_demand _— guamy Validation l
p———————— A
A Bayesian
L Mal’ly Analysis
monitoring levels N\
n DetGCtOI‘ Aux;l(iary 8 . /’ /
= Network Eafionmeils "
Instrument Performance

= Analyses

14
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* Catalog-oriented
» From the GWTC
“methods” article

L.VK dataflow

— ety !
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Online Parameter Estimation (Section 5)

@ 3
Transient Scarches (Section 3)] [ GRACEDB (Section 7) )
'l I . o 2
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4 j Public Alerts/
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> Offlinc } '
- 4
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Low latency alerts

e Real-time processing of LVK data
» Dedicated data analysis pipelines searching for transient GW events

— Alerts made public to astronomers, etc.
= NASA’s General Coordinates Network
* https://gcen.nasa.gov
= Scalable Cyberinfrastructure to support Multi-Messenger Astrophysu:s
+ https://scimma.org

Start streaming GCM Notices Past & GCN Circular

* Latency of good-quality information is the main challenge for the public a
= The lower, the better

Raw Calibration GW  Online GraceDB GW Validation checks
IFOs —> strain —— Triggers —— didat - /" Analyses
data Reconstruction h(t) Pipelines Information ¢andidates Vetting studies
enrichment
DetChar
timescales Online Near real-time Offline
]
Corresponding Seconds Minutes Hours Days
latencies Weeks

Months
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Low latency alerts

 Latency is the main challenge for the public alert
= The lower, the better

* An alert must be informative for the astronomy community

* Automated alerts found (quickly) not to originate from the cosmos are retracted

Time relative to gravitational-wave merger

Detection [

Classification [l Ela;:,‘{ gveanrtning <« 0O4b HOVCIty
Sky Localization [l

Classification [I] [ Alert Sent .
Sky Localization [ Chll‘p mass

Cluster additional events [
Re-annotate [

Detection 1] .
Automated Vetting [I] | st Preliminary + Binned source]_ Odc novelty

2nd Preliminary
Alert Sent

Parameter Estimation
Human Vetting

Initial Alert or

Classification | QR ction Sent

Parameter Estimation Update
Classification ||Alert Sent
—3lIJ S Drs 36 s 3 milnute 1 hrour 1 cjay 1 Wleek
* Central database: GraceDB
= Gravitational wave candidate event DataBase [O4a] [O4b]
— Public portal: https://gracedb.ligo.org/superevents/public/O4 [O4c] 17
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Public alerts in O4

* Two types of public alerts based on false alarm rate (FAR)
= Significant alerts

+ Compact binary mergers: FAR < 1/month Source classification
* Bursts: FAR < 1/year | mEmme S 3
¢ Passing automated and 2
human-vetted data quality checks 2
= Low significance alerts S
+ FAR up to 2/day /,/ BBH %‘
* Only automated data quality checks am, - y §
y S
e m, < | Mg: Sub-Solar Mass candidate //B'NS HEBH ?E
* Public alert sequence | . &
1Mg 3 Mg my =

= Preliminary alerts: notices
+ First fully automated with a latency < 30 s (typically ~20 s)
¢ Updates as needed, final one < 5 minutes after online search completed
= Significant triggers: Rapid Response Team (see later) involved
+ Initial circular to confirm or retract the alert
¢ Update circulars as needed — in particular improved parameter estimation 18
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