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Overview

Antoine Kouchner !, Stavros Katsanevas?

Université Paris Cité, 2European Gravitational Observatory

For more than a decade now, multi -messenger
astrophysics has established itself as a distinct
discipline. To provide new insights and

understand the properties and processes of the
most energetic events in the Universe, it
leverages the potential of the combined analysis
of multiple and complementary information

sources: electromagnetic waves (or photons)
from radio waves to gamma-rays, neutrinos,
gravitational waves and high -energy cosmic
rays.

Two major and historical events are at the
foundation of this new paradigm: the

supernova SN1987A and the binary neutron
star merger GW170817. The former was
observed through electromagnetic waves and
neutrinos, while the latter in gravitational

waves and a wide range of electromagnetic
counterparts. Both events yielded a long list of
scientific discoveries and implications that
directly arise from the concomitant observation

of different cosmic signals from a single source.

Thanks to the new generation of more sensitive
detectors and observatories planned for the
coming decade, other multi-messenger
observations are expected to take place that will
further expand the scope of this new
astronomy.

Information access and dissemination between
experiments are at the core of this science. As a
consequence, interoperable
cyberinfrastructures and proper
communication networks will play a central
role in the rapid identification of candidate
events in the very large volume of data, and

developments from a data analysis perspective
of the spacebased and ground-based
infrastructures, identify and discuss technical
issues and foster new interactions and
community building around the multi -
messenger data analysis science and tod. The
workshop, organized under the auspices of
APPEC, is the first of a potential series if
deemed useful by the community.
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events.

The aim of this workshop is to provide an
overview of the existing and future
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Observatories and Detectors

INTEGRAL

Carlo Ferrigno %, for the INTEGRAL multi -messenger collaboratior?, open access papet

Session Classification : Observatories & alert systems: Xrays, Gamma rays

Université de Geneve, %https://www.astro.unige.ch/cdci/integral -multimessenger-collaboration

Shttps://doi.org/10.1016/j.newar.2020.101595

INTEGRAL as an efficient full -sky monitor

Launched in 2002, it carries 4 co-aligned
instruments: 3keV ¢ 8 MeV plus aV-band small
optical monitor.

Thanks mainly to the anti -coincidence Shield of
the spectrometer (SPIACS) it delivers
uninterrupted, unocculted, omni-directional
response for 85% of the 2.7days orbit.
Combining the off-axis response of all
detectors, it is possibleto enhance sensitivity.
Within the 30x30 degrees field ofview of the
pointed instruments, it has higher sensitivity.

The SPFACS has large effective area, and
sensitivity on the most of the sky, but no
localisation. It has a stable background, which
is, however, a high and affected by short (~0.1s)
spikesinduced by cosmic-ray hits. INTEGRAL is
not triggering on board, but it downloads data
in real time to ground. Since the start of
mission, data stream of SPFACSand IBIS are
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scannedfor gamma-ray bursts alertsdistributed
(IBAS system). SPIACS: 200 GRBs per year:
localisation by triangulation in InterPlanetary
Network (IPN). 6-10 GRBs/year detected and
localised(3') by IBIS.

Interplanetary network (IPN)

IPN uses spacecraft in both Earthrorbit and
elsewhere in the solar system to establish the
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locations of gamma- ray bursts and magnetar
flares through triangulation. GRB 200415A was
localised in the nearby Sculptor galaxy at 3.5
Mpc and classified as a giant magnetar flare
with L=1046 erg/s.

Kevin Hurley (1942-2021) pioneered the whole
multi - mission localizations with IPN also, and
worked on improving various gamma -ray
instruments for multi - instrument use. Among
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other merits, he pushed to have the 50 ms
counter on SPFACS to be used for
triangulation.

Architecture of our transient analysis

Experts can develop test, and integrate the
scientific workflows in a reproducible and
standardized way. We developed a fully
automated triggered analysis to react to
neutrino, gravitational waves, and (when
possible) FRB. We distribute standard results in
Data Papers/Publications. Use these as base for
further robust knowledge (to be reported in
papers.)

The INTEGRAL Multi -Messenger team and
on-line computing interface

- Since 2011 we scanned offline for known
events in near real time,

- Since 2018 we scanned for known events in
real time (within 20s).

WE developed a fastresponding infrastructure
with built -in intelligence: in 2017-2019.

This is a shared effort among the instrument
teams that provide round the clock scientists on
shift.

The results are ready in one click: it performs a
fully automatized data analysis and compiles
circulars from a template. It reacts to GW,
neutrino, or any other alerts that we will

implement (LSST, SKA, ...).

\ INTEGRAL historical GRBs

MM implementation (2019)

Fraction of events treated slower than T
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T (reaction time in minutes after alert GCN)

1 1 1 {

Upper limits on BH -BH mergers

61 upper limits with fluence from 1.3e -07 and
5.3e07 erg/cm2. 11 times INTEGRAL was
inactive at the time of the event (15%). 2 pointed
follow -up. Our results on LIGO/Virgo O1 02,

and O3 are consistent with the expectation that
no matter in invol ved in the merging on black -
holes and, therefore, not electromagnetic
emission is possible.

GW 150914: the first of many upper limits on
BH-BH mergers

GW150914 was due to the merging of two 30
solar masses Black Holes, localised within 620
deg2 at 90% d. Fermi-GBM reported a
marginal excess 0.4s after the merging (0.22%
FAP). INTEGRAL set upper limits on EM
emission to be <106 the GW energy for a
limiting fluence of 10 -7 erg/cm2. Only a corner
of parameter space allows the GBM excess to be
compatible with INTEGRAL data.

Binary neutron star mergers

On 17 August 2017, INTEGRAL and Fermi-
GBM detected a short faint gamma-ray burst
following the merging of two neutron star. It
was an off-axis GRB and constrained alternative
theories of gravity as well as Lorentz
invariance. On 25 April 2019, gravitational
waves were detected from the merging of two
objects, whose total mass exceeded 3.3 Suns.
The only, speculative, counterpart was reported
by INTEGRAL.

10° Counts / s

ICECUBE and ANTARES
serendipitous observation s

neutrino

52 upper limits with fluence from 1.8e -07 and
5.2e07 erg/cm2. 5 times INTEGRAL was
reported to be inactive at the time of the event
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(8%). 2 pointed follow-up without notable
source behaviors. INTEGRAL provided
spectral contraints on the blazar TXS 0506656
candidate source of a high-energy neutrino
detected by IceCube in 2017.

A magnetar flare produced a galactic Fast
Radio Burst

On 28 April 2020, INTEGRAL detected a hard
X-ray magnetar flare that was in the field of the
IBIS detector ; a lowlatency automatic alert was
sent 5.5 s after the event. We were the first to
associate the FRB and the Xay flare in the
morning of 29 April. CHIME and STARE2
radiotelescopes detected a double peaked fast
radio burst. Direction and timing show that
both X-rays and radio waves come from the
magnetar SGR 1935+21. It is the first time that a
Galactic Fast Radio Burst is observed.

INTEGRAL IBIS 20-200 keV
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A rare phenomenon

The ratio of radio to X flux is from 2e -5 of the
detection to 1e-11 of several upper limits. It is
necessary to continue exploring the parameter
space with the new wealth of FRB detectors to
understand when and why emission is
panchromatic.

Conclusions

INTEGRAL detected the first GRB coincident
with a neutron star merger using SPI- ACS on
17 August 2017. Owing to the coincident
detection with Fermi -GBM and LIGO/Virgo,

and the subsequent kilonova, the era of multi-
messenger astronomy was opened. Upper
limits on the hard X -ray emission of 85% of
gravitational waves and neutrino events were

consistently produced over the first three
LIGO-Virgo observing runs and current

IceCube operations..

A Magnetar flare was detected in temporal and
spatial coincidence with a Fast Radio Burst
confirming the hypothesis of magnetars being
at the origin of (at least some) FRBs. INTEGRAL
will ope rate at least until March 2023 and it
might cover part of O4 from LIGO/Virgo.
Further extension of INTEGRAL is asked to
ESA.

Open access to the full review paper on Multi -
Messenger astronomy with INTEGRAL is at:
https://doi.org/10.1016/j.newar.2020.101595


https://indico.in2p3.fr/event/25290/contributions/

Low-latency alerts & Data analysis for Muttiessenger Astrophysics Workshop
https://indico.in2p3.fr/event/25290/contributions/

Fermi-LAT

Sara Busont, S. Garrappa, on behalf of the Fermi-LAT collaboration 2, ERC projec®

Session Classification: Observatories & alert systems: X-rays, Gamma rays

1University of Wiirzburg, 2https://glast.sites.stanford.edu/, 3https://cordis.europa.eu/project/id/949555
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neutrinos and cosmic rays is similar trial chance coincidence correlation. Lepto-

. hadranic models can adequately explain the

Diffuse energy fluxes of sub-31 5w ww UE a U O WdedyRidis (IC170922A) (IceCube, Fermi
neutrinos, and UHECRs are all comparable, MAGIC+ Science 361, 146 2018) ’ ’

while particle energy spans over ten orders of
magnitude.
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Garrappa, SB+ 2019 ApJ
Murase & Waxam 2016
Observations challenge theoretical
The Persistent Gammaray Sky: > 6600 sources interpretation

(E > 100 MeV), dominated by AGN of the blazar
class. The Variable Gammaray Sky: Flare
Advocates daily monitoring; FAVA  weekly
monitoring. Lightcurve repository enables to
track variability of some 4FGL-DR2 blazars:
https://fermi.gsfc.nasa.gov/ssc/data/access/lat/
LightCurveRepository/

Substantially different electromagnetic
behavior during time periods of putative
neutrino  emissions.  Models  producing
neutrinos and rays require leptonic
dominated -ray production! Multiple neutrino
emission regions in blazar jets? Multiple
neutrino physical processes in blazar jets?(e.g.
Cosmic neutrinos may originate in blazars - a Garrappa, SB et al. 2019, Rodrigues+ 2019, Halzen+ 2019,
first compelling neutrino candidate Petropoulou + 2020, Kun+ 2020)

IC 17092A & TXS 0506+056 : Intriguing high-
energy Neutrino/Blazar Association. High -
energy neutrino event with >183TeV. Flaring ¢

([an)

—;
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High -energy neutrinos from individual blazar
flares

Fluence of most individual blazar flares is too
small to yield a substantial probability for the
detection of one or more neutrinos with
IceCube. Absolute neutrino expectation for
short-term blazar flares is negligible.

Possible contribution from individu al flaring
sources to the IceCube neutrino diffuse flux is
modest, still possible for long -term flares.
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Fermi-LAT all -sky survey: Full sky coverage*
every ~3hrs. Pointsource analysis in 100 MeV-
1TeV band. 4FGL-DR2 catalog containing 5064
sources (10 years of observations). Followup of
all alerts in the IceCube realtime stream 2.0 (as
of Jan 12, 2022): Total of 56 realtime alerts: 22
Gold, 34 Bronze

* Newer observation strategy in place due to solar panel
issue leads to exposure gaps up to a ~week

Gold Alerts

BN Bronze Alerts

Garrappa, SB et al. ICRC 2021 (arXiv:2112.11586

Follow -up observations with Fermi -LAT --
Analysis strategy

Systematic analysis of LAT sky regions around
the neutrino direction. Investigate 3 timescales
during a pre -defined follow -up (TO = neutrino
detection time): One-day before TO: Detect fast,
bright transients coincident with the neutrino.
One-month before TO: Detect recent transients,
sources in bright state (with time lags consistent
with the most credited models). Full -mission
data: Detect weak gammaray sources hot (yet)
included in LAT catalogs and positionally
consistent with neutrino localization.

When a transient is detected in the oneday or
one-month timescales, dedicated lightcurve
analyses are performed up to oneyear
timescale before TO. In the case of a non
detection at the bestfit position of the neutrino,

95% CL upper limits are reported,
corresponding to the detection of a power-law
source (index 2.0). Findings released via GCN

$61 6w* Ui Oi VOwew2! Hw! YI YOow. b &Erdassigw v N

Follow -up observations with Fermi -LAT

Follow -up observations with Fermi -LAT ¢
Results

Neutrino 90% containment regions from 0.57
deg2 up to 385 deg2. Median extension from full
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sample: 10.2 deg?. 5.5 deg? for Gold alerts, 12.2
deg? for Bronze alerts. 22 events (45%) have no
coincident sources in 4FGL-DR2. 8 events have
a single 4FGL-DR2 candidate.

With a 4FGL-DR2 source density of ~0.12 deg?
(~0.07 deg2 for 4LAC sources) we still expect a
non-negligible rate of random chance
coincidences (Based on folow up alerts up to
Sep 13, 2021).

IceCube Alerts confidence region
74 ' Alert type
»old

64 . Bronze

5 { | PRELIMINARY

Counts
~N w s

00 05 10 15 20 25
Log,o(Area [deg?))

Garrappa, SB et al. ICRC 2021 (arXiv:2112.11586)

Catalog coincidences

169 Alert type
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» 104
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]
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4FGL-DR2 sources in error region

Selection of well-reconstructed alerts: 90%
containment smaller than observed median
(10.2 deg?). 23 alerts left in the sample (12 Gold,
11 Bronze) Only 7 with at least one 4FGL source
coincident.

4FGL Name Class' E.JFlux[ergem*s '] Redshift Event Type Sig.
J1504.4+1029 FSRQ (1.9 + 0.02)x10°1" 1.84 IC190730A  Gold 0.67
J0946.240104  BL Lac (255 £ 0.55)x107"2 0.577 ICI190819A Bronze 0.29
J1003.4+0205 BCU (1.64 + 0.39)x10712 2.075 ICI90819A Bronze 0.29
J0658.6+0636 BCU (3.7+0.73)x107"2 - IC201114A  Gold 0.56
J0206.4-1151  FSRQ (1.22 + 0.06)x10°"! 1.663 IC201130A  Gold 0.15
J1342.740505  BL Lac (298 + 0.49)x10° "2 0.13663  IC210210A  Gold 0.65
J1747.6+40324 unid. (7.03 £ 0.92)x10712 - IC210510A Bronze 0.28
IClassification in 4FGL-DR2

Garrappa, SB et al. ICRC 2021 (arXiv:2112.11586)

Follow -up observations with Fermi -LAT --
Remarkable coincidences with a single
candidate counterpart

IceCube-190730A and PKS 1502+106: Gold alert
with 67% signalness, well-reconstructed. PKS
1502+106, FSRQ at redshift of z = 1.84. 15th
brightest blazar in the 4LAC catalog. Detected
in low gamma-ray state at neutrino arrival.
Neutrino production suggested by several
works (Rodrigues+2021, Britzen+ 2021, Plavin+
2021, Oikonomou+ 2021)

PKS 1502+106
1700

. ] =1 IC-190730A 90% containment

1600

o PKS 15024106

200

Franckowiak et al. 2020, ApJ 893, 2, 162

IceCube-201114A and NVSS J065844+063711:
Gold alert with 56% signalness, well
reconstructed. Known high -energy emitter
(3FHL catalog), detection up to 155 GeV. Not
significantly detected in LAT data at short
timescales. Rich multi-wavelength campaign
right after neutrino detection. (Preliminary
results in de Menezes, SB et al. (ICRC 2021), de
Menezes et al in prep.

-—- IC201114A 90% - 140

9° 4FGL J0654.3+0923
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Follow -up observations with Fermi -LAT ¢
Results

Patterns in the Behavior of -ray-Candidate
Neutrino Blazars. Neutrino -emitting blazar
candidates are statistically compatible with
hypotheses of both a linear correlation and no
correlation between neutrino and gamma -ray
energy flux.
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Garrappa, SB et al. ICRC 2021 (arXiv:2112.11586)

Adapted from Franckowiak, .. SB et al 2020

For any high-energy neutrino event, there will
always remain a large probability of being
associated with the population of faint and/or
remote sources, which are not individually
resolved.

Forthcoming Decade

KM3Ne T-ARCA

1 km3 volume

< 0.1° angular resolution for tracks

< 2° angular resolution for showers
Baikal-GVD

1 km3 volume

0.25%0.5° angular resolution for tracks
3.5%5.5° angular resolution for cascades
IceCube-Gen2

10x larger than IceCube

< 0.3° angular resolution for tracks

< 5° angular resolution for cascades
P-ONE

New R&D

Summary

Fermi-LAT keeps playing a key role in the
identification of neutrino counterparts. Fermi -
LAT is continuously improving its follow -up
strategies towards a faster and more detailed
reporting of observations. Prompt triggers to
multi -wavelength facilities on interesting target
candidates. LAT team is also involved in active
proposals for multi -wavelength follow -up
observations.

cross-detectors analysis. Long-term strategy for
the release of these data to the broader

community  (similarly to e.g. g -ray,
gravitational waves..). Independent
confirmation of constraints / detections

Extension of the sensitivity to higher -neutrino

Bright g-UEA WEOEAEUUWEUT wOOOaenddies ualsa) Rpehig wngw | pigmising

DEI EI UT »

It has to be kept in mind that a small fraction of
O1T 1 w0 O U E Ouaf éniskidn ¥fl alEhlazars
is associated with the brightest individual

detection techniques, e.g. radio-neutrino
detectors such asARIANNA, GRAND, RNO, ..

Enhanced cooperation e.g. GNN:
https://www.globalneutrinonetwork

objects. OnlyDA Y 0 wO i wU I-rhyemiSsierm E U wwm

has been resolved into point sources so far by

Fermi-LAT.

10
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SWIFT

Phil Evanst

Session Classification: Observatories & alert systems: X-rays, Gamma rays

1University of Leicester

Two key Swift MMA discoveries to date

0.3-10 keV
T

Count Rate
e
o
&

L L L L h
0 2x107 4x107 6x107 8x107
Barycentric time since TDB=2454882.88735

UV discovery of GW 170817 and Xray
discovery of IceCube 170922A.
Evans+ 2017

2017 Aug 18.15 A | 2017 Aug 240 B | 2017 Aug181s

Future MMA/LL options

LIGO/Virgo/KAGRA 04
IceCube
KM3NeT

I U0 wb Uz UwGHddserigds that is Giving U D

interesting new time -domain science:
HAWC

CTA

FRB (e.g. CHIME)

VRO/LSST

Some cautionary notes

1

STl of JUB00. 14045 - souwrw

1

eRosita-surveys- will-be- a-significant- benefit-in-
this-area

New Swift innovations | operations

GUANO | Gamma-ray Urgent Archiver for
Novel Opportunities (Tohuvavohu et al. 2020,
ApJ, 900, 1). If notified quickly enough, BAT
event data can be saved and then sarched
offline with greater sensitivity. 35 GRBs so far,
arcminute localisation. Automated ToO
uploads. ToO submission APl (By Jamie
Kennea: https://www.swift.psu.edu/too_api/)
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3IpOPOI
tool.

New Swift innovations ¢ analysis

For Swift-team / collaboration projects,
automated XRT analysis exists.

GW trigger S200115j (*GW 200115')
Ploase see the usage policy befors using these data.

O doai Shew constraints and BAT?

Trigger Date: 2020-01-15 4 04:23:09,752 UY
Trigger type: Compact Binary Coslescance Raw GW map | Covolos win ZHPZ
Distance: 340 & 79 Mpc
PTOBC g tm et strnestar 1
Probessaymt 1
False slarm rate: 209511 2 = /15643 y
GraceDB: GraceD8
XAT detalls
First sbesrvation: To + 1181 min
Finios pranned:
Fields observed:
TergetiD range:

LVC Prob observed
LVC Prob to cbserve

XRT sources:
Candidate sftarglows: 0
Possible aftorglows: 9
Sniouty atecgloses 5 Querv LIGO skyrzan
Known X-ray sources:  $3

There are 0 sources. SHow.
B¢ ugoer st
st of possitve hast galaxies

Gadaxy sarch

All X-ray sources

Sexmgesinal + Fiter by poston Rediun: 30 |* [G6) (G

| Cat FOIfY  Near  Near Search
. Poskion Sl Fag? (-.a)\ (5) source? (o)* Galaxy? IMASS | S1MBAD | Joune

b 7 SN « Will be
x| Shamn s L 1 |aml ¥ 34 % ¥ fes  [XILSI3K| priontised in
| = Thwtid] follow up

Netes

For any observation: XRT on-demand analysis
(https://www.swift.ac.uk/user_objects (Evans
et al. 2009).

Select products

To reduce the load cn our 5

Light curve: B Spectru

ect oréy the independent or
on?J) Image” Sour
(Build products) (_Reset form )

Object details Light curve details
Copied settings from job 42350 Binning Method [Time v
*Name: Mkna21 ) (Fing)

*Bin length (s):
*Target ID: 00030352

WT: i pC: 100

Time zero: (1244676618006

*Hardness ratio bin length (s):

Same as main curvel
WT: 20 Jpc: 200
Global options

Min fractional exposure [0
E-mail address: paed@ieicester.ac.uk
Remember me

Email me when complete? [ Minimum sigma: B
Detats of cbject 1o be processed
Y roi

oid? [Yes v

Allow upper limits? (Yes v

id method: |Single pass v

attempts: fi0

Counts: fi5 SNR: 24
Search radius (arcmin): fi

Super-soft source? [ Enargy and

Show advanced pile-up controls?

*Use 25XPS source lists: [Yes v Data not in 25XPS
(if available)

Now available through an API
(https://www.swift.ac.uk/user_objects/API )

Swift APl tools available via: pip install
swifttools

UJOX UDODUEODOOLU EOEw’una-me-mum

First we need o create an XRIPraducthequest object, ond set some glabal parameters. By defaull, the objec i< crasted i ‘slent
mode: it does not produce any output twm ‘an eror s afsed). For Inbroctive U5e uch a3 I this Sutoral, the output can be helpful,
50 we will create it with silent=False.

The RA/Dec must be in decimel degrees, 12000.0. 5o

In [1]: from swifttools.xrt_prods import XRTProdu cmeques
S T g M ORI B HOASEE| AT =
In [3]: mfeq.setGlabsiPars getTar - mamon GRB 2B016A", RA=335.6985, Dece-7.5173,
Conthethe siaple’, useSKPS<Fyice, Ton SoTRISA 052, posErr=1)

nx now lets add the products. For the light curve we will request counts binning, with the same settings as the XAT GRB Bght curve
For the spectrum we need to specify that we have no redshift, and beyond this we will accept the defoults. Likewise for
The poxiions, we will Bccept the dafaU paramebers, except thak wé wank ta usé all Svanable data for the sstrometrc positons:

In [41: myeq.sddLightCurve (binMeth="counts’, pcCounts=20, wiCounts=38, dynamic=
Successtully created a Light curve

In [5]: myReq.addSpectrun(hasRedshift=False)
Successfully created a spectru

In I8t »m.-q sadstandardeos ()
dard position

In [71 addEni
el \y ‘created S=E position

In [8]: nyReq.addAstronPos (useAlLObs=1rue)
Successfully created a astrometric position

Forthcoming tool: LSXPS

Several XRT point source catalogues exist
(SwiftFT, 1SwXRT, 1SXPS, 2SXPS). All
retrospective; good for mining and reference,
bad for time-domain response. Swift observes
~75 fields/day = 7.5 sq degrees; lots of scope for
EDUEOYI Uawbi whpl wEOEOGaUI
updated in ~real time*. Searches for transients
with each data delivery. Can often use itself as
the best reference catalogue.Data are analysed
on receipt, typically 1 -4 hours after observation.
Transients will be reported ASAP, catalogue is
not updated for 28 days (TBD).

Final thought s

Swift remains a powerful, rapid -response,
multi -wavelength facility optimally suited for
the MMA/TDA era. Coordination between
different facilities and rapid dissemination of
information is important. Some means of
collating and coordinating results would be
very helpful. The Swift team are producing new
innovations and tools to make it as easy as
possible to use Swift for this science. This is an
exciting and fruitful field with a bright and
immediate future!

Some cautionary notes

1) Arewe goingto Ul 1 wUT OT Uwli EVwWE OO:
I BRxT EOEUDPOOUY wwHOUWERE OL@k cuw i

should follow -up be? 2) Can we find the needle
DPOWEO wx OU0woOi wdOI 1 EOI Uy
Notable lessons

Keep an open mind about appearance. Multiple
observations and timescales to probe
Challenging wit h large position uncertainties!
Rapid information exchange between facilities
is key. GCN / ATEL / TNS?

12
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XMM -Newton

Natalie Webb 1, Erwan Quintin t, Hugo Tranin ¢, for the XMM -Newton Survey Science Cente® and
the XMM2ATHENA project 3

Session: Observatories & alert systems: X-rays, Gamma rays

1Institut de Recherche en Astrophysique et Planétologie, 2http://xmmssc.irap.omp.eu/,
Shttps://cordis.europa.eu/project/id/101004168

X-ray transients The XMM -Newton Survey Science Centre was
selected by ESA to ensure that the sientific
community can exploit XMM -Newton data.
Responsibilities: Development of science
analysis system (SAS). Pipeline processing of all

Investigation o f4330 point-like, good signal to
noise sources with multiple pointings in 2XMM
(Lin, Webb & Baret 2012)

Transient X-ray sources are ‘gravitational wave XMM -Newton observations. Follow -
i Yi O4ay kusts, cataclysmic variables, tidal up/identification of XMM  -Newton
disruption events, supernovae, X-ray binary serendipitous sky - the XID Programme.
OUUEUUUUOUOWOET &1 UOEUUGS Compilation of the Serendipitous Source
Catalogue.
4 Stor :ASy‘n T A BHB L v w B
m | ¥Orvr m | ¥Sy1 m | ¥Bstr ™
Otrmprst Ormsy2 OrmoPs ¥
{ gvest EaUN #Psr " *
| @FISt | @Bl ®INS N A
} 1 +QsSO * MCR @
b'tC_’; NEEﬂAC.N A ~9 *Cv .‘ = . 1
R ' . o :j § N :} Ko, K A
[ oy *lf x* [ =
] " ™ *
£t =/ x *:* 3 “f ox n
| o B *
¥ e 5 ="
o O = - Y = | | R
197" a7 107 0 10 20 107°% 7 107 T 1R 97 o 20 10=1"
Foo (erg s™' cm™) Percentoge (%) F,.. (erg s™' cm™2) Percentage (%) F... (erg s™' cm™) Percentoge (%)
(a) Stars (b) AGN (¢) Compact objects
XMM -Newton Survey Science Centre (SC)
4XMM -DR11 (36%) sources with spectra and lightcurves.

112084 extended sources. Cross correlation
with 222 catalogues. Covers 1239 sq. deg of sky.

336 columns of information including:

- Identifiers/coordinates

- Observation date/time and observing mode
- Exposure /background info

- Extent

- Counts/fluxes/rates

- Hardness ratios (HR)

- Maximum likelihood

- Quality flags

- Variability

3 February 20004 17 December 2020 Released:
18th August 2021. 895415 detections, 602543
unigue sources - detected up to 80 times. 319292
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Fluxg—< 0.2-12.0 keV > Low mass tidal disruption events

) Band 9 = 243445

' 5 A TR M e e un, .... NW, et al. Nature
: af i Astronomy (2018)
; : T~

R R [ TP ' :
‘di i keV E ;0;20 52‘0_4‘5 E Band 5 E
a : PCY dkev 1 45-120keV
: d a o
I Energy o T e o
Modelling with optxagnf.
4XMM -DR11s gjgzxig" S')"Z),fow <12x 1(89 &42?7 =

1475 stacks

- 8292 observations

- 335 812 sources

- ~20% new sources with respect to 4XMM
DR11

- Long term variability

SUSS-5.0

10th December 2020

- 10628observations

- 8863922 detections, 5965434 sources, 1120754
with multiple entries

- 114 columns

71x 10'M_(Chen & Shen 2018)

Extreme tidal disruption event

2006 2008 2010 2012 2014 2016 2018 2020

52-58

Lx (erg s™1)
109

10%

= 2000 3000
Days - 2005-07-23

4000

cio

Lin, ... NW, et al.
Nature Astronom'
2017), Lin, Gode
sl ebb et al. (2022

!
Energy (keV) 3XMM J150052.0+01545%

6105104

EFe (keV cm™2571)
10

A very bright ULX (HLX -1)

HLX-1 associated with ESO 243-49
at 95 Mpc (Farrell, NW et al. 2009,
Nature; Wiersema, Farrell, NW et
al. 2010)

Lo =12 X 102 erg s (Godet,

Barret, NW et al. 2009)

1t
Tt
bt tﬁ H1

Adagpted from Webb et al. (201

Meditiod |
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A second neutron star ULX in NGC 7793

S v ek i
Do (W)

Quintin, Webb et al. {2021)

A new pulsating (0.397 s, 3.4 o) ULX in NGC 7793 (two confimed
in galaxy)

Two other ULXs also highly transient — may also contain neutron
stars

Transient Alerts

Plan to provide transient alerts to community,
when Pl is in agreement. Developed task to be
inserted into pipeline. >30 yrs of XMM -Newton,
Swift, Chandra, ROSAT etc data + upper limits.
Also exploits the OM data. Test on two months
of DR10 data to determine alert rate. Chosen
(example) variability of factor 3 (data bars 90%).
Consider sources rising, falling, generally
variable + short term variability.

Number of alerts per day

10 4

2_‘ | |‘|
0 III II " ‘ I

58490 58500 58510 58520 58530 58540

4XMM time resolution poor. Faint burst

drowned out by background in lo ng
observation. Require new way to find short

bursts. Pastor Marazuela, Webb et al (2020)
devised new methodology to search for

sudden bursts and searched whole field of view

in short time windows. 5751 pn full frame obs.

searched, 2536 rapidly varying sources

discovered. 4 new extra-galactic type | X-ray
bursts discovered, only 2 previously known.
Recent improvements include using MOS data
(confirm bursts) and other observing modes to
search all 15000 observations in DR11.

Key :
'—— Source
- Background

............................................

Fraction of

+exposure < Time
to search

XMM2ATHENA*
1st April 2021t 31st March 2024

Classified X-ray sources (Tranin et al. 2021).
Improved upper limit server. Identification +
classification of OM  sources. Multi-
wavelength/messenger counterparts to ~ X-ray
sources. Improved source detection in the
stacked catalogue. Photometric redshifts. Fits to
spectra, including sources with just 5 flux
bands. Physically motivated (type/z) spectral
fits for best spectra. (Very) short term and long-
term variability (+alerts). New outreach
material. A single 5XMM catalogue with a Il the
above information (

http://xmm -ssc.irap.omp.eu/xmmz2athena/)

* This project has received funding from the European
Union's Horizon 2020 research and innovation programme
under grant agreement n°101004168

Future & Catalogue Access

New incremental version planned for 2022

(DR12). Alerts to the community of variable

sources in nearly real time. Other
XMM2ATHENA products coming.

Catalogue access: XMMSSC webpages
:http://xmmssc.irap.omp.eu. But also at : XSA at
ESA's XMM-Newton SOoC :
http://xmm.esac.esa.int/xsa/

XCAT-DB at http://xcatdb.unistra.fr/Axmmdr1l
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The IRAP catalogue server XSA : http://xmm-
catalog.irap.omp.eu/

Browse at HEASARC NASA GSFC:
http://heasarc.gsfc.nasa.gov/db
perl/W3Browse/w3browse.pl. ESA sky:
http://sky.esa.int/ And complimentary
optical/UV catalogue using OM data (8.9
million detections, 6 million sources, 6 bands
down to 23-25 mag.)

HLX-1¢ a failed tidal disruption event

Orbital evolution of a companion, polytrope

O4dhBkOw” &kvt WEOEwWPDOPUPEOwW x1 UPExUPUwWUI xEUEUDOOW

from the IMBH (relative to the tidal radius) of
2.3 (red), 2.4 (magenta), 2.5 (blue), 2.7 (black),
M wé wl ¥ §hd M4sUBH/104 M

during the vyear for coordinated multi -
wavelength observations (a la EVN). This
would imply applying with a single excellent

proposal to a Time Allocation Committee
(TAC) able to assess the proposal for all
facilities. Applicants therefore only need to put
together a competent team and an excellent
scientific case. Assessment and scheduling
would be simplified. What is the best strategy?
MoUs?  Consortium? Horizon Europe
infrastructure?

10'F ,
Qrbitalleziad (yrAl.5SM4-05) 10'F \ ;——v—*mv'*}
10F ., A - 1
101 TSy [ F 0 EEES
E e B S
10k oy i el o S e

sund vuond ool ool vomd ol e

Low -latency alerts and data anal ysis for MMA
insight

- Each observatory should provide
standardised, high quality, virtual observatory
compliant, data products allowing the multi -
wavelength/messenger identification of a
source even if you are not an expert in the
observing domains searched. All observatories
should be properly credited for the data
products provided.

- Coordinating follow -up observations can be
very complicated. Avoiding duplicating effort
is important. Multiple multi -wavelength
facilities could decide to reserve dedicated time

150
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SVOM

Cyril Lachaud 1, on behalf of the SVOM collaboration

Session Classification: Observatories & alert systems: X-rays, Gamma rays

1Université Paris Cité, https://www.svom.eu/
SVOM Observation Programs

The Core Program (GRB). The first objective of
the SVOM mission.

~5060 ECLAIRSs alerts/yr (loc. < 13 arcmin). ~90
GRM only alerts (loc. < 510 deg).

~3040 GRBs/yr with prompt emission over 3
decades + Xray and V/NIR afterglow + redshift.

General Program (GP). SVOM will be an open
observatory : observations will be awarded by
a TAC (a SVOM col needs to be part of your
proposal). 10% of the time can be spent on low
Galactic latitude sources during the nominal
mission (up to 50% during the extended
mission).

Target of Opportunity (ToO) program : alerts
sent from the ground to the satellite. Initially 1
ToO per day focussed on time domain
astrophysics including multi -messengers. ToO
program devoted time increases during
extended mission.

Nominal mission Extended mission
1 ToO per day, 10% of GP oulside B1 law 5 ToOs per day, 50% of GP outside B1 law

TOO
15% | GRB GRB
25% TOO 25%
» 40%

GP
60%

vy

Core program (GRB) downgoing telemetry
links

VHF: Alert products (ECLAIRs, GRM then
MXT, VT). 65% of the alerts received within 30s
at the French Science Center.

Beidou: Beidou Navigation Satellite System
(BDS). For VHF redundancy and only for high
priority alert products. Fast but still under
review (recent addition to the SVOM satellite).

First alert notices will be sent automatically
within minutes after on -board GRB detection.

X-Band stations: All data are downloaded
thanks to X-band stations located in Sanya
(Hainan - China). Time between 2 passages
strongly depends on the orbit (max=12h).

Circulars with updated analysis will follow the
data reception.

Up-going telecommands links (GP & ToO)

GP & ToO-NOM: S-band stations: Standard S
band stations are located in Sanya, Kashi,
Qingdao (China). GP Work Plan is uploaded

one week in advance. ToOO-NOM are uploaded

with a typical 48h delay after decision.

ToO-EX & ToO-MM: To reduce the latency for
fast ToO (ToO-EX and ToO-MM for exceptional
and multi -messenger alerts), Kourou (French
Guyana) and Hartebeeshoek (South Africa) can
be used as well. We have a delay < 12h between
alert and start of observations.

Beidou: Beidou system will be used to reduce
the latency with respect to S-band stations for
ToO-EX and ToO-MM. Delays still under
review. The typical delay between alerts and
observations will be ~5 hours at start but will be
drastically reduced later.

GP & ToO downgoing links
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GP &ToO-NOM: X-band stations: Data
downloaded through standard X -band stations
in China.

ToO-EX: ToO-EX will use KUX and HBX in
addition to the Chinese X-band stations.

ToO-MM: VHF (Beidou): MXT Position packet
and photon packets will be sent to the ground
through VHF for immediate analysis. Beidou
could be used for MXT position packet but it is
not confirmed yet.

LATENCY SUMMARY £

Core Program (GRB)

[ thand (fewhaurs) g

Genersl Program (GP)

Notices

43 GP Work Plan uploaded
selection p S K-banu i
ong weegr in aavance

SVOM Data policy

Core Program (GRB): Reaitime VHF scientific

products (under the supervision of the Burst

Advocates) will be public as soon as they are
available => similar to Swift or Fermi-GBM. All

the scientific products are public six months

after the data production.

General Program (GP): Semester Call for
proposal (in association with a SVOM Co-l), it
can include ToO. All the SVOM data will be
distributed to the Responsible Co-l. One year of
proprietary period before all the scientific
products become public.

ToO Program (still under discussion): ToOs
triggered by the SVOM CO-Is => we will make
publicly available as soon as posside any
scientific product that is relevant to perform
follow -up observations. The number of
products to be publicly released will be

addressed case by case. ToOs triggered by non
SVOM CO-Is => all the scientific products will
be public as soon as they areavailable.

SVOM ToO Infrastructure

The future = a large increase of the alert flow
asking for transient candidate follow -up
observations Our first thought was to deal with
the alert flow this way:

neutrinos
>1alert/week

gamma & x-ray
alerts
>1alert/day

GW alerts

>1alert/day I~

.

SVOM

Alert channels / Alert processing / Alert filtering
SVOM ToO manager

optical /IR alerts: > 10° alert/day radio alerts: several alcrt/dz;y

SVOM ToO Infrastructure and FINK

We plan to use the FINK broker developed for

the Vera Rubin Observatory / LSST which has
the capacity to deal with a large volume of
alerts to perform the filtering. Thanks to FINK

we will trigger our own ground telescopes to

enrich promising candidates with data and

decide to eventually trigger a ToO for the

satellite. SVOM will have also its own channel
in FINK so that subscribers can receive our
alerts this way (allowing the usage of the FINK
filtering mechanisms).

Conclusion

SVOM will be launched mid -2023 and will be
an important actor both for alerts and follow -up
in space and ground. The recent addition of the
Beidou System to the satellite will shorten
delays up and down. Still under evaluation by
the System team.
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POLAR -2

Merlin Kole 1, on behalf of the POLAR-2 Collaboration?
Session Classification: Observatories & alert systems: Xrays, Gamma rays

tUniversité de Geneéve, 2https://www.unige.ch/dpnc/polar -2
POLAR-2

POLAR- is a dedicated gamma-ray polarimeter
which is confirmed for launch towards the
China Space Station (CSS) in late 2024 or early
2025. It is the follow-up mission of POLAR (N.
Produit et al. arXiv:1709.07191), which took
data from late 2016 until early 2017. POLAR
reported a total of 55 GRB observationsduring
this period through GCNs and performed
detailed polarization measurements of the GRB
prompt emission for 14 GRBs. Its successor
POLAR-2 is designed to be approximately one
order of magnitude more sensitive than
POLAR, thereby allowing it to perfor m
meaningful polarization measurements of
GRBs with fluences exceeding 1 erg/cm? as
indicated in figure 1. The large sensitive area
required to perform such polarization
measurements, in combination with the
computing facilities aboard the CSS, makes
POLAR-2 also an ideal instrument to provide
transient

alerts. The

large effective

area will allow 161

it to perform
spectral  and
polarization 12
measurements
for all GRBs
with a fluence
exceeding 107
erg/cmz2 within
its field of 4
view.

POLAR

Rate (GRB's/year)

In both
POLAR-2 and
its predecesso
POLAR,
polarization
measurements polarization degree.

a0 60
True PD of GRB (%)

of gamma-rays are performed using a plastic
scintillator array. When photons Compton
scatter, the azimuthal scattering angle depends
on their initial polarization vector. Based on
this, the polarization of an incoming flux can be
measured by selecting photons which Compton
scatter in one scintillator bar and subsequently
get photo-absorped in a second scintillator. It is
however, important to note that only about 10%
of all incoming photons interact like this in the
detector while others are either directly photo -
absorbed, or undergo multiple Comtpon
scattering interactions in the detector. While not
useful for polarization, such photons can be
used to perform spectral and localization
studies of the transient event and are therefore
not discarded from the data. Additionally, in
order to compensate for the typically low

efficiency for polarization measurements
polarimeters have a large geometrical area. For
POLAR the geometrical area was

approximately 550 cm2 (the area depends on

POLAR-2
99%, 20 99%.-
o . 60 io
30
0 “da

&

Rate (GRB's/year)
1

20

100 80

40 60
True PD of GRB (%)

rFigure 1: The rate at which POLAR (left) and POLAR(right) are able to detect the
polarization of GRBs (with various levels of significance) as a function of the true GRB
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the incoming angle of the GRB with respect to
the instrument). For POLAR-2 this is 4 times
larger, leading to a total geometrical area of
approximately 2200 cm2.

Figure2: The design of the POLAR
instrument (left) containing 10@etector
modules, a single detector module is st
in the middle with the frorend electronic
shown on the right.

Apart from an increase in the geometrical area
technological improvements on the instrument

design further increase POLAR-l z Uw Ul OUDU

The main improvement regards the use of
Silicon Photomulitpliers (SiPMs) instead of
Photomultipliers  Tubes  (PMTs)  which,

combined with improvements on the

scintillator shape allow for a significant increase

in the effective area at energies below 100 keV
The detector design of POLAR-2 is shown in
figure 2 while its effective area (for all triggered

events) can be seen for three different incoming
angles in figure 3.

POLAR-2 is optimized for transient
measurements with a field of view of half the
sky. This field of view is not occulted by the
Earth during any time thanks to the position of
POLAR-2 on the CSS. The FoV of half the sky is
combined with an operational efficiency only
limited by passages through the South Atlantic
Anomaly during which the background rate
will be too high to allow for meaningful data
taking.

Total Effetive Area POLAR-2

2000

)
-
I
o
o

1000

Effective Area (cm?

ur
o
o

0 100 200 300 400 500 600 700 800
Energy (keV)

Figure 3: The simulated total effective area o
POLAR-2 for 3 different incoming angles.

Localization studies

POLAR-2, like its predecessor POLAR, is
sensitive to the incoming direction of the

transient event. This is due to the highly
segmented detector design which allows to use
gtt;eYdsptxj%dence in the detector response of the
individual detector channels on the incoming

direction. For POLAR this method, whi ch is
similar to that employed by Fermi -GBM, was
tested. It was found that for GRBs with a
fluence of ~ 105 erg/cmz2 the location on the sky
can be measured with accuracy of several
degrees (Y.H. Wang et al. NIM.A 988, 2021).
The method used for this initi al localization

UOUEawOEET wlUUwdw WwBE O lwg OIOGIOO

where the response for all detector channels is
known for 3 different typical GRB energy
spectra. The more complex method, employed
by BALROG (J.M. Burgess et al
arXiv:1610.07385v1), which perfoms the
spectral and localization fit in parallel to reduce
systematic errors on the location, is currently
being tested on POLAR data as well. For
POLAR-2 the sensitivity to localization is still
under study, however, due to the significant
increase in effective area and the larger number
of detector segments it is expected to be better
than that of POLAR.
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Figure4: A typical result from the BALROG
localization method applied to Fer@BM data.
The method is currently beireyaluated for use
on POLAR-2 data after verification on the
POLAR data.

Processing and Messages to Ground

All the data from POLAR -2 will be stored and
downloaded to ground. The downloads will
occur approximately twice a day and allow for
a total of approximately 50 GBs/day. This data
will cover all data taking allowing for careful
background studies throughout the mission
and to analyze GRBs reported by other
missions.

In order, however, to respond quickly to
transient events of interest the instrument will
also contain an online trigger algorithm capable
of detecting transients with a fluence > 107
erg/lcm2 . The data from approximately 100
seconds before the online trigger and
approximately 10 seconds after will be
automatically analyzed using the GPU based
computing system on the CSS. The analysis will
output a preliminary assessment of the type of
GRB, the energy spectra and a basic location on
the sky.

The details on the analysis tools to be used are
still being evaluated. Although the BALROG
method would be ideal for providing an
accurate location and spectrum, its adaptability
to a GPU based system needs to be understood.
The more basic alternative solution of the look-
up table based method is a fall-back solution,
while machine learning methods mo re suitable
for GPUs are also being evaluated.

The goal is to provide the first basic analysis
result within 1 minute of the online trigger.
They can subsequently be sent to ground in
almost real time using the Beidou satellite
system within 560 bit packets. The advantage
of this system is that the data can be send
directly to a receiver on ground, without the
need for passing through ground stations. A
simple automatic ground based analysis is
subsequently performed on the incoming alert
message before a GCN is send to the
community. The goal of current studies is to be
able to send the GCN within 2 minutes of the
online trigger.

Schedule and outlook

The POLAR-2 instrument is currently in the
final stages of design and the first prototype
(consisting of 9 detector modules) has
undergone the first scientific evaluation tests as
well as calibration tests. The prototype is
foreseen to be fully tested by the middle of 2022
followed by the development of the flight
model. The flight model will be delivered to
Chinain late 2023 and will be launched towards
the CSS in late 2024 or early 2025. The
instrument will subsequently start a calibration
campaign of approximately 1 month followed
by at least 2 years of scientific data taking.
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Scientific goals of ATHENA

Athena is the last but one large class mission of
the European Space Agency which is expected
to fly in 2034. It is designed to investigate two
main questions: how does baryonic matter
assemble into large-scale structures? How is the
matter distributed? Ho w are formed the large-
scale structures that we see today?
Furthermore, supermassive black holes are
hosted at the center of each of those galaxies but
the way they grow and interact with their
environment is not precisely understood yet.
Thus, this leads to the second question that
Athena is going to address: how do black holes
grow down to the epoch of the reionization and
how these black holes shape the Universe?

But Athena will be primarily an observatory:
2/3rd of the observing time during nominal
operations will be open to the international
community through a standard peer -review
call for proposal. It will cover all the topics of
astrophysics and in particular for what
concerns multi-messenger astrophysics, one of
the most important capabilities of A thena will
be its fast response since Athena will be able to
reach random position in the field of regard
within 4 hours, which will allow for fast
responses to study multi-messenger transient
sources.

Mission profile

In order to achieve these goals Athena includes
a unique combination of a scientific payload
with a single 12-m focal length telescope and
two instruments located at the focal plane of the
system: i) a CCD-like wide field imager with a
field of view of 40 arcmin and ii) a X -ray integral
field spectrometer (X-IFU) which is a
microcalorimeter instrument designed to
achieve an impressive energy resolution of 2.5
eV at 5 keV. Athena is by far the largest effective

area Xray telescope which exceeds by at least
one order of magnitude the performanc es of the
current generation of X-ray observatories (see
Figure 1). And in particular the effective area of
the X-IFU spectrometer will exceed around 1
keV by a factor of fifty the effective area of any
existing similar instruments or instruments that
will flow in the next few years.

On-Axis Effective Area Comparison
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Figure5.a.: Effective Area of Athena/WFI compared with

current generation instruments.
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Figure6.b.: Effective area of AthenalRU compared with
current generationnstruments.

Multi -messenger synergies
The multi-messenger synergies where Athena
will play a major role are diverse and in the
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following, we only provide with some
examples. The interested reader can refer to the
multi -messenger Athena synergy white paper?
for a more exhaustive discussion.

For what concerns the follow-up of
gravitational -wave events from stellar-mass
compact objects, Athena will be able to perform
a much wider and accurate census of Xray
counterparts, in particular for neutron star -
neutron star mergers. Figure 2 shows the
predicted X-ray lightcurves of events similar to
GW170817 at 41 Mpc for different viewing
angles. One can see that for any inclination,
Athena will be able to detect the source over a
long timescale. But it will also be able to
constrain the jet geometry and orientation by
following the X -ray lightcurve, probe the

Ul OEUDOOWET UpI 1 Ow N1 Uz Uw OrubdriclimilaichOwnieh@émonsteat® that a w

inclination, determine the rate of chocked jets
with more isotropic electromagnetic emission
and possibly break the degeneracy on the

nature of the remnant.
10710
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Figure 2: Predicted Xay lightcurve of gravitationalvave
events similar to GW170817 at 41 Mpc with different
viewing angles. The Athena sensitivity is shown by the
gray dashed line. From Troja et al., 20MNRAS, 498,
5643.

Another particularly exciting possibility is the
synergy with LISA, the future gravitational
wave space interferometer that the European
Space Agency will launch in the thirties and
which will detect supermassive black hole
mergers.

Studying those mergers with both LISA and

1 https://arxiv.org/abs/2110.15677

Athena is particularly appealing because it
would provide a unique opportunity to probe
the behavior of matter in such mergers, study
the speed of gravity, provide an independent
measurement of the Hubble constant and a
unique opportunity to probe the physics of
Active Galactic Nuclei (AGN) in particular the
onset of jets and the formation of a corona
surrounding the black hole.

More precisely, Athena might detect
supermassive black holes at a redshift up to 2,
an horizon at which LISA should detect about 3
events per year. But when searching for the
electromagnetic counterpart, the challenge is
how to distinguish those mergers from isolated
AGNs or other X -ray transients. To answer this
question, one needs to rely on theory and

SMBH mergers should emit in soft X-rays due
to the presence of different accretion flows (see
Figure 3) around the two black holes. This X-ray
emission might show clear modulation
correlated with the gravitational wave
periodicity as we can see in Figure 4. This could
be a good signature to search for when looking
for X-ray counterpart of LISA events but there
are still a lot of unknowns like the X -ray
obscuration. The key element to achieve such
multi -messenger observations is the
localization capability of LISA which should
ideally be of the same order as the Athena field
of view to avoid tilling a very large region of the
sky.

Current studies show that this could be possible
a few hours prior to the coalescence for a few
very high signal -to-noise ratio events detected
by LISA but specific joint observing strategies
are still to be improved.
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Figure 3: Numerical simulation of accretion flows around
a supermassive binary blabkle merger. The simulahs
shows the presence of a circumbinary disc as well as mini
disks surrounding the two bladtoles. These structures
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Figure 4: Simulated Xay lightcurve of a supermassive
binary blackhole merger. From Tang, Y. et al., 2018,
MNRAS 476
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Concerning the origin of the cosmic rays and
their acceleration, Athena will work in close
synergy with neutrino telescopes as well as
with CTA.

Neutrinos are the signature of accelerated
baryons and combined observations in X-rays,
gamma-rays and neutrinos will allow to
disentangle leptonic and hadronic populations
and then constrain the origin of the cosmic rays.
This is true at the extragalactic scale where we
can investigate whether AGNs and in particular
blazars are significant neutrino emitters. This is
a hot topic since the detection by IceCube of a
neutrino coincident with a gamma -ray flare of
the blazar TXS 0506+056 in 2017. And in this
context, soft X-ray observations have been
shown to be really decisive to constrain
hadronic or leptohadronic models (see Figure 5)
and Athena will play an important role here as
well.
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Figure 5: Spectral Energy Distribution of the blazar TXS
0506+056 fitted with a leptohadronic model, showing the
ir‘ﬂﬂ%rﬁﬁl@ o 5okl W@ Qda@atuto constrain the proton
luminosity. The red curves shows the expected neutrino
spectral energy distribution, compatible with the detection
of IC190922A. From Keivani et al., 2018 ApJ 864.

The synergies between neutrino telescqes,
CTA and Athena also apply at the galactic scale
with the study of supernova remnants that will
be one of the main topics addressed with the X-
IFU spectrometer. In particular combining
multi -messenger data will enable to constrain
cosmic ray acceleratbn in these sources and %
ray data are particularly useful here in order to
estimate both the matter density on which
cosmic rays interact and the magnetic field
intensity.

24


https://indico.in2p3.fr/event/25290/contributions/

Low-latency alerts & Data analysis for Muttiessenger Astrophysics Workshop
https://indico.in2p3.fr/event/25290/contributions/

AGILE

Andrea Bulgarelli 1, on behalf of the AGILE team?
Session Classification: Observatories & alert systems: Xrays, Gamma rays

1INAF OAS Bologna, https://agile.ssdc.asi.it/
The AGILE satellite

AGILE unique combination of two co -aligned
X-ray and[ -ray imaging detectors. Excellent for
multimessenger counterpart search. Two non-

AC (80 keV - 200 keV).

Launch: April 23, 2007. Fully operational,
nominal status, and active in:
- gamma-ray astrophysics;
- terrestrial atmosph. & magnetosph.
physics;
- solar physics;
- search of GRB, GW counterparts,
neutrinos, Fast Radio Bursts and other
transients.

AGILE Mission Configuration

Other  capabilities  for
counterpart search:
1. GRID (E>30 MeV) very large field of
view (2.5 sr)
2. Sensitivity ~ (1-2) 108 erg /cm2s in 100
sec.
3. - Spinning observation mode: rotation
~ 0.8%sec, 200 passes/day with 780%
of the sky coverage (solar panel

multimessenger

Figure: 100 s interval sequence of (E > 50 MeV)
maps in Galactic coordinates showing the

AGILE-GRID passes with the best sensitivity

(in erg cmf s\t) over the GW170104 obtained
during the period (- 1000 s, + 1000 s) with
respect to event time.

From Ground Station to AGILE Science Team

The AGILE data flow and pipelines are
distributed between the data center at
ASI/SSDC and INAF/OAS in Bologna Y
redundancy/availability.

First scientific results through the Real Time
Analysis (RTA) developed by INAF/OAS
Bologna are within ~ 25 min from the data

constraints) ¥ ? EOOOUU~ w i U AW e fS! Malindi ground station Y

coverage every ~ 7 min.

software optimization/parallel processing.
AGILE Team organization

The monitoring of the gamma -ray sky is one of
the main activities of the AGILE Team. Two
roles:
- Flare advocates: GRID data, daily basis.
- Burst advocates: shifts 24/7 to check
results on external trigger, but also the
check results on AGILE data.

The AGILE Real -Time Analysis workflow
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1. The system at INAF/OAS Bologna, with the
LV2 data received from SSDC.

2. Alerts are received from the GCN network.

3. GW: two independent wakeup systems call
the AGILE Team if a new alert from
LIGO/Virgo collaboration is received.

4. PIPELINES ON REAL-TIME AGILE DATA:
a) AGILE-MCAL pipeline searches GRB and
TGFs. In the presence of a GRB identified by
MCAL pipeline, an automated GCN notice is
submitted to the GCN network. b) AGILE -RM
analyses SuperAGILE, MCAL, GRID and AC
ratemeters. ¢) AGILE-GRID analysis to search
flares at daily basis above 100 MeV: SPOT6 at
INAF/OAS Bologna and Quick -Look Scientific
pipeline at ASI/SSDC with two different
methods of analysis.

5. PIPELINES ON EXTERNAL SCIENCE
ALERTS: if new alerts are received, the science
alert pipeline performs automated scientific
analysis of GRID, MCAL and ratemeter data:
the pipeline alerts the AGILE Team (SMS, email
and call) preparing two template s for the GCN
Circulars that the Burst Advocate can use to
send an answer to the external science alert.

6. Control Room: to monitor both AGILE
technical information (data archive, data flow
etc.) and scientific results produced by the
pipelines.
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Figure: the general workflow of the AGILE
RealTime Analysis pipeline

Ratemeters pipeline
The AGILE RM (ratemeters) pipeline analyses

SuperAGILE, MCAL, GRID and AC ratemeters
and performs a detrending of the data.

Figure: The AGILE RM (ratemeters) pipeline
analyses SuperAGILE, MCAL, GRID and AC
ratemeters and performs a detrending of the
data.

MCAL pipeline - GRB detection

The AGILE MCAL automated pipeline sends

notice to the GCN network when a GRB is
detected. Since this implementation (2019)
more than 60 automatic notices have been sent.
https://gcn.gsfc.nasa.gov/adle_mcal.html

2019-01-14 20:57:03
Contact 060838 Trigger 2
Bin 0.032 5 - T0D 474584223.479072 - Int. Time 1.824 - 5/N 162.14c
L 1ems', Bams', " ]

Logic time scales: ['-", '",
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bRy
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F_igure: aﬁGRIB detectéd bythe AGILE
MCAL automated pipeline.

MCAL pipeline - TGF detection

The AGILE MCAL automated pipeline detect
Terrestrial Gamma-Ray Flashes (TGF). From
June 2020 about 500 TGF has been detected.
Due to its equatorial orbit it is possible to detect
multiple TGFs from the same storm.

Science Alert Pipeline
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Science alert are received from GCN network Many important discoveries. Two examples

and CHIME and the AGILE data is 1) The first detection of a gamma-ray flare from
automatically analysed. Automated analysis Crab Nebula in Sept 2010 was performed by
are performed for triggers from LIGO/VIRGO, these pipelines. AGILE Team was immediately
Fermi, Swift, Icecube, Integral, FRB. alerted and after few hours the ATEL #2855 was

issued. After few hours, the Fermi/LAT
confirmed the result (Science, Tavani et al. 2011
Y Bruno Rossi Prize 2012).

DO i A A

Figure: an example of a report generated
automatically with the result from GRID and
ratemeters in coincidence with an external yvel syoborebavebively —
trigger. %DT UUT o wNt z w U Oavinbdol -dayO BT T Ow E |
integration time) of the 2010 September Crab
Ol EUOEwi OEUIl wEUwWUI 1 OwEawUI 1 t
AGILEScience App &1 ( #w2EDI OETl w Ol U0w2aul0l O ws
time is given in MJD.

The Team has developed an App to monitor the

results of the AGILE satellite and perform 2) AGILE strongly affected by limited ground
GRID analysis: AGILEScience for iOs and operations at ASI Malindi due to the COVID -19
Android. The last available gamma-ray sky pandemic: from March to June 2020 down to 3
maps is available for outreach purposes. pass/day (over ~14 pass/day)Y new automatic
22ED]I OETl w OOw U1 1 wUOEE? w I retérietdrd Giialy<sd bipaling O b biirst
AGILE team to perform analysis on GRID data identification. Two results: 2.1) AGIL E become
with the AGILEScience App. also a solar flare monitor; 2.2) FRB science: very

important discovery on April 28, 2020 (ATEL
#13686) published in Nature Astr., Tavani et al.
2021 (2021NatAs...5..401T), it shows for the first
time that a magnetar (SGR 1935+2154) can
produce X-ray bursts in coincidence with FRB-
like radio bursts.

Figure: From left to right: (i) the Flare Advocate
EEQWET | BN WIUQad w (| wadywEEC™

AGILE Sa (18,66 ko)

flare is found it is possible to perform a manual
scientific analysis to confirm the result. To
perform the scientific analysis, (ii) the Flare

EYOEEUTl wi Ol UwHPOwOT 1T w25
section, (iii) where is possible to create a new
analysis or select an existing one, (iv) some R
parameters of the analysis must be inserted (e.g. _
integration time, position in the sky), and (v) = i
the App shows the final result, analysed with e
the Maximum Likelihood Estimator, and the
sky maps.

Figure: AGILE ratemeters coincidence with the
radio burst reported by CHIME/FRB at TO =
202004-28 14:34:33 UTC.
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CNN evaluation with real data

We developed a Convolutional Neural
Network (CNN) to d etect GRBs from the
AGILE/GRID counts maps to overcome the
limits of the L& Ma methods:

- We tested the CNN using the Fermi-
LAT, Fermi-GBM, and Swift-BAT GRB
catalogues.

- These maps are analyzed with both the
CNN and the standard Li&Ma
methods.

- The CNN detected 21 GRBs with a
sigma > 3 from the list of GRBs obtained
with Fermi and Swift catalogues. The
Li&Ma on the same list and with the
same parameters detected only two
sources.

- This CNN is implemented into the
AGILE GRID real-time analysis
pipeline that reacts to external science
alerts.

Table 2. List of GRBs detected with CNN
and Li&Ma methods.

CNN LifMa

GRB  T.. N.. sigma T,., N,, sigma
1007248 | 200 '
110530A | 200
120711A | 200
121202A 1200
130427A | 200
1305184 1200
130828A | 200
131 108A | 200
141012A 1200
141028A 200
160325A 200
160804A 1200
1609124 1200
1701158 | 200
170127C | 200
170522A 1200
1707108 200
180418A 200
1807208 | 200
19032418 | 200
190530A (200 6 4.5

DB QT B B

200 11 4.4
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—
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200 13 1.7

= ]

In progress: deep learning methods on
ratemeters.
Parmiggiani, N., Italian National Prize for Artificial

Intelligence and Big Data research, WMF and IFAB

2021. Media INAF

Conclusions

The monitoring of the gamma -ray sky with a
rapid and efficient alert system led to the
publication of 231 ATels and 114 GCNs
circulars: AGILE follow -up of all GW events
resulted in 96 GW-AGILE type GCNs.
From May 2019 automatic GCN notices on
MCAL: more than 60 notices have been sent to
the GCN network about GRBs without human
intervention.
Many lessons learned after 15 years of
operation on team experience, mission
configuration, software optimization, team
organisation that are available to the overall
community: some part of the system will be
reused for the development of the CTA/Science
Alert Generation System (see Monica Seglar
UUOaOzUwWUEOOAS
AGILE team is producing new tools available at
https://agile.ssdc.asi.itt and Agilepy (see
https://agilepy.readthedocs.io/en/latest/ ) to
make easier as possible the use of AGILE data,
that is publicly available.
Coordination  is  mandatory. Enhance
cooperation with the community, e.g. on sub -
threshold events.

THE AGILE SKY SCANNING GOES ON!
*https://indico.in2p3.fr/event/25290/contributions/104614/
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Imaging Atmospheric Cherenkov
Telescopes (IACTs) are gamma-ray
detectorsthat usethe $ E U Gimgsphere to
indirectly measure the properties of
photons coming from the Universe. They
work by imaging the Cherenkov light
produced by the particle cascadedriggered
in the interaction of TeV photons with the
nuclei in the atmosphere. The major limit of
the detection technique is that photons are
not the only particles that can produce
cascadesrosmic rays with similar energies
also trigger cascadeand their Cherenkov
light isimaged by thetelescopes.The shape
of the Cherenkov images is fortunately
different, and it is possible to effectively
perform a background subtraction and
identify gamma-ray candidates. From
these, it is possible to reconstruct incoming
direction, arrival time, and energy of the
photons, and thus do TeV astronomy by
producing sky-maps, spectra, and light -
curves.

IACTs work in the energy band ~100GeV -
100TeV, with threshold energy dependent
on the zenith angle of the observations.
Energy resolution is about 10% at 1 TeV;
and angular resolution is about 0.05°at 1
TeV. The field of view of running
instruments are 3°to 5°.

There are currently three major IACT
arrays: H.E.S.S.(in Namibia), MAGIC (on
the Canary Island of La Palma), and
VERITAS (in Souther Arizona). Nearby the
MAGIC telescopesare installed the FACT
telescope,and LST-1, the first telescope of
the future CTA-North array.

ANE TV 7 5

IACT have some observational constraints that
are important for multi -walength and multi -
messengercampaigns:

1) standard observations can be performed
under dark conditions only. This constraint
significantly limit the duty cycle of the
observations, and a large effort has been done
to extend observing capabilities under
moonlight. SeeMAGIC Collaboration 2017,
VERITAS Collaboration 2017 & 2015
H.E.S.S. also implemented a moonlight
program in the last years. The FACT camerais
unique in this sense, being able to regularly
observein moonlit nights.
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Visibility plot of Mrk 421 from MAGIC site
(tevcat.uchicago.edu)

2) the observing capabilities of IACTs depend
on the zenith angle of the observations. This has
an impact on the capabilites to follow up
astronomical transients. The main effect is an
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increaseof the energy threshold with increasing
zenith angle.

L1 ) [t o = me
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3) the Universe is opaque to TeV photons: they
pair-produce on low-energy (infrared and
optical) photons that are abundant in the
Universe, and constitute the Extragalactic
Background Light. This effect results in an
absorption in the TeV band. The absorption is
energy dependent, so the spectra of

extragalactic sources appear softer ps Ul EET C:1°

that they intrinsically are. The most distant
published detection is from the gravitationally
lensed blazar S3 0218+35(z=0.95). The most
distant preliminary detections (announced via

U 0 U O O Grélégtamdior GCN notices) are
GRB201216C(z=1.1),and the blazar PKS0346
27(z=0.99)

IACTs in the multi -messengernews

The recent years have seen a fast
development in multi -messenger
astronomy, and |IACTs contributed
significantly to two major observing
campaigns:

1) In September2017,the IceCube neutrino
detector observed a high energy neutrino
(IC170922A, with an estimated energy of
290TeV), coincident at the 3h level in space
and time with a gamma-ray flare from the
blazar TXS 0506+056. This is the most
significant association today of a high-
energy neutrino with an astrophysical
source.

Formy-LAT Counts/Pixgl

e i, e 4 R g et

IceCube, Fermi, MAGIC et al. 2018

2) In August 2017 IACTs took part in the
multi -messenger campaign that led to the
identification of the electromagnetic
counterpart to the gravitational wave event
GW170817 In particular, the H.E.S.Stelescopes
were the fastest telescopes on target besides
survey instruments. No TeV counterpart of of
the event was observed, but upper limits on the
flux could be placed.
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3) Although it is not a multi -messenger
type of events yet, it is important to
mention that in the recent years IACTs
have observed gamma-ray bursts (GRBs)in
the TeV band, after more than a decade of
upper limits. Today 4 GRBs have been
observed by IACTs. This type of events
show well the capabilities of current
instrument to fast reaction to external
triggers.

Fig. 1: Multi-wavelength light curve of GRB 180720B.

)
R

- M * s
i %Em r i
I S - & e
] S Fr——
% o =5 Bne Site T, fzger 1"
5 e,
@ . 5.
& WM G =1004/-005 g
agpr=1.07 +/~-0.09 - -
A b —
0 t + + +
25
g —+ +
sg 20F
&8 + —+ o+ #
B
15 .

10° 10t 10% 0
Time since T, trigger (s}

Fig. I: Multi-wavelength light curves of GRB 190114C.
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Receiving alerts : neutrinos

Concerning neutrino alerts from the
IceCube detector, IACTs have two main
channels:

1) Alerts on high-energy single events that
are  publicly shared on GCN or
UOUODOOOI Uz U Telegram.

2) Gamma-ray Follow Up (GFU) program.
In this casethe IceCube collaboration is
looking at excessesof events at pre-
defined positions in the sky, coincident
with known gamma-ray sources.

In both caseslACTs can perform automatic
repointing during data-taking if the location is
visible in the sky (see previous section).
Otherwise observations are scheduled on best
effort.
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IceCube Preliminary
Equstonial crerdingtes

IACTs+IceCube ICRC 2021

Receiving alerts : GW

Gravitational waves alerts are unique due
to the larger uncertainty regions, that
usually exceedthe field of views of IACTSs.
In this casethe optimal strategy is to map
the uncertainty region to test for all
possible localizations. The IACT
community has developed automatic tools
to optimize this mapping. For further
details seenext talk by Dr. Seglar-Arroyo.

Ashkar+ 2021
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Receiving alerts : GRBs

The detection of GRBsin the TeV band hasbeen
one of the main scientific drivers of IACT
science.A lot of efforts have beendeveloped in
maximizing the slew speed to be on target as
fast as possible. For alerts that are visible
during data-taking, IACTs can be on target,
taking data, in lessthan aminute. Updates from
GRB follow -ups program by all IACT
collaborations have beenregularly presentedin
the last decades.The first detections had to wait
until 2019 and show that, interestingly, TeV
emission can be observed deep in the afterglow
phase.
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Receiving alerts : LST

The future of IACTs is CTA, the Cherenkov
Telescope Array, that will significantly boost
the sensitivity in the TeV band. The first CTA
telescope,LST (Large-Size Telescope)is already
taking data on the future CTA-North site. At the
last ICRC the first results from LST
observations have been presented, including
follow up observations on GRBs and IceCube
neutrinos. Although these results in upper
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limits, it shows the capabilities of the new eventsthis delay canbereduced, and the fastest
telescope. ATel from IACTs happened about 4 hours after
the detection of the GRB190114C.
Ty Ty 7 Swmrtdme Fenith  Delay Trigger VYHE
| [UTC] [5] [UTC] [deg.] [51
GRBI0O1216C | 23:07:31 480 1.1  20:57:03 4an T9200 Swifr Y
GRBZIO21TA | 23:25:42 42 - 23:40:22 a4 RRO Swift N
CRB2ZIDS1IE | 11:26:30 [ - 03:37:54 45 S8200 | Fermi-GBM N
| IC 2102104 11:53:55 - - 05:41:54 25 64134 leeCube N

CTA-LST Collaboration ICRC 2021

Sending alerts

All IACTs have running real-time analysis
tools, that give the observers significance maps
in real time, and thus the capability to send
alerts to the world. The usual approach is to
perform next-day analyses for interested
signals picked up by the real time analyses.

U0UOOOTeegragmd and/or GCN are
commonly sent the day after the observations.
For bright and out-of-doubts signals, the
reaction time can be faster. The fastestreaction
time has been for the GRB 190114C,for which
the corresponding ATel has been sent about 4
hours after the event.

An exception to this typical reaction times is
represented by a  memorandum of
understanding among IACTs, which gives
them the possibility to directly communicate
about flares from a pre-defined list of known
TeV blazars and pre-defined thresholds. In this
case communication happens almost in real
time via email exchangeamong shift crews.

Conclusions

All running IACTs have very active transients
programs with specific focus on multi-
messenger follow -ups. TeV data from IACTs
have been included in the major multi -
messengercampaigns in the last years.

On the receiving part, IACTs canreactdown to
sub-minute time-scalesif the alert is received
and visible during data taking.

On the sending part, they rely on real time
analysis tools that need validation by humans.
Alerts are typically sent the day after the
observations, oncereal time analyseshave been
validated by offline analyses. For very bright
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1 + #w o1 OUDUI OUo uJOEUEE)OuH # w x

T EOERazwxUOEEEPOPUAWEDUUUD
skymap and galaxy catalogs (e.g. GLADE)

1Centre national de la recherche scientifique ; https://www.cta -observatory.org/
Observe Transients in VHE with IACTs

1 The gamma-ray interacts in the
atmosphere and produces a shower of
particles

1 Cherenkov radiation for charged particles
at v>c

1 The Imaging Atmospheric Cherenkov
Telescopes (IACTs) faces challenges in
transient follow -up
0 Low duty cycle: darkness conditions,
0 Some transients, as in GW localization,

may have large uncertainty regions 10-
1000 deg?

0 Need of fast alert systems are key br
rapid and strategic response

Ashkar, H., SA, M., et al., (2020T.he HESS
Rapid Follow -up Observations in IACTs Gravitational Wave Rapid Followp Program.

JCAP2021, 2021.03: 045

H.E.S.S. observations of GW170817

. } g H.E.S.S. was the first ground-based instrument
e I on target

SITR Jwk 8t wi GUUUWET 01 DwoI UTT U
Jwk wOBOUUT UwET UT UwUT T wxUEODE
s skymap (LV reconstruction)
P _ Jw!'l 1 OUT wOi 1 wEPUEOYI Ua wdi wOi
SeglarAroyo M., Schiissler, F. Moriond VHEPU 2017, ~ SSS17a

P0S 167174. / Ashkar, H., SA, M., et al., (2020)he Juwt wOEUI UYEUB BOWICUOOwWhA 6k Nw

HESS Gravitational Wave Rapid Follewp Program. Jwkt wiwoOl wUl | w&6 WwEOYI Ul Ewapl |

JCAP2021, 2021.03: 045 B kEI T c wUEEDUUK

) o 1 No TeV emission was detected
These algorithms, developed at the beginning

of 02, used by H.E.S.S. during the second half
of 02 and O3 => total of 6 follow-up campaigns,
see Abdalla, H., et al., ApJ 923.1 (2021): 109.

Probability Selection Algorithms

1 2D Algorithms: using 2D localizat ion
uncertainty region of GW skymap
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First telescope installed of full CTA array: LST

93[;;:’"”?%1%7 telescope being installed(CTA-North site).

"°" Suited for short time -scale transients follow -up
and high-redshift sources:
1 Large effective area: Low energy-threshold
¢ 1 Fast repositioning (~20 s for 180°)
LST-1 telescope currently in its commissioning
phase on La Palma, Canary Islands. The First
ATel #14783 on a variable, extragalactt object:
BL Lacertae in July 202
Real Time Analysis under commissioning

0 1 2 3 4 5 6 7x10°2

prob. per deg?

Observation scheduler in LST

GW170817 90% LST-1 transient handler:
i e Mpc 1 External communication with
brokers/facilities providing real -time alerts
o it coirbaton (currently receiving GCNS)
galaxies ancinap 1 Internal communication with Telescope
ey Zfézm::ina Control Unit, Scheduler and Real Time
without galaxies Analysis
1 Automation of the full follow -up procedure
ongoing (currently shifter in the loop)
1 Reception, parsing, visibility checks < 1s
Strategies to cover large localization
uncertainty region events u nder
commissioning
1 GW follow -up strategy based on Ashkar,
H., SAM et al., (2020), JCAP2021, 2021.03:
045;
1 A similar follow -up strategy implemented
for GRBs detected by FermiGBM.

c
S
=
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83

I
%
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right ascension

O o EX@mple: GRB 200303A GBM aler(Rrov=20 and

Abdalla, H, et al., The Astrophysical Journal Letters, GW190915 235702 (Rvé | 6 A
850(2),L22

Next generation IACTs: the Cherenkov
Telescope Array and Large-Sized Telescope

CTA-O Low latency response: assured by the

Science Alert Generation (SAG) system in

charge of the real time CTA data analyses

Goals:

1 Data reconstruction, data quality
monitoring, science monitoring and real -
time alert issuing: ~20s latency

1 Flexible capability, including observations
with sub -arrays
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Carosi, A., SA, M. et al., First followp of transient

events with the CTA Larg8ized Telescope prototype,
36th International Cosmic Ray Conference (ICRC2021),

PoS838, 2021

GW follow -ups with CTA: Prospects in joint
BNS-GRB detections

Goals:

1 Assessthe detectability of short GRBs from
BNS mergers with CTA

1 Study of the optimal exposure of CTA
observations to detect the BNS counterpart.

End-to-end simulation of joint BNS -GRB

detections: from simulation of BNS-GRB,

follow -up and analysis.

1 The observations scheduling algorithms
have an extra parameter to compute: The
exposure is obtained from the time needed
to detect the source at 5 sigma significance
level for the instrument response functions.

to+Texp
f F(t)dt > F;_(Texp),

0]

Patricelli, B., SA M et al.Searching for verhigh-
energy electromagnetic counterparts to gravitatienal
wave events with CTA, 36th ICRC2021, PoS998, 2021

Prospects in joint GRB -GW rates with CTA
Simulation inputs:
1 Realistic BNS systems uniformly

distributed in the local universe

10°% Ihm

= Simulated GRB emission (30 GeV-10 TeV)
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1 From GRB 190114C: power law spectra
with photon index | DN & |

91 Lightcurve: PL+decay index from X -ray
afterglows of sGRBs

9 Structured Gaussian jet for off-axis

lightcurves

First results for the detection expectations by
CTA if the source was well localized (no latency
added by the tiling)

1 On-axis GRBs (view< huy ¢ K 0

&0 D 305, D 94 %detections with "¥exp A wmiy. w
0D 10min D 92 %detections with "¥xp ~ hours

o 00 &
" »
™ o
k [
n 0
3m 3 on
o
10m & 10m
m p "
“© 3
]
n d "
308 s
o8 ™
& P8 F & £ ST PP
to

Percentage of GRDS Gelscied

& P& Foff ¥ TEFIP PP

(¢) CTA North, 220°, (Oyje < 10°) (a) CTA South, 220°, (fyjen < 10°)
1 On-axis + Off-axis GRBs (view<K k ¢ £ 0
&0 D 30s: D52 %detections with "exp A w iy w
00 D 10min: D54 %detections with "™¥xp ~ hours
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9  First proof of the connection BNS-sGRB
with GW170817-GRB170817A.

91 Current generation IACTs and LST will
perform follow -up observations during O4
(starting ~Dec. 2022)

1 Low-latency multi -messenger strategies in
place in CTA/LST

1 Transient handler: Observation scheduling
algorithms to tackle large localization
uncertainty regions (GW/GRBS)

1 The SAG system: latencies of ~20
detect+issue candidates

1 Real Time Analysis & Transient Handle r
under commissioning at LST-1

9 Further studies for strategy optimization
0 Optimize the exposure time in future

observations;

0 Sub-array strategy: maximize coverage
in low -latency response but decreasing
sensitivity

o Exploit CTA -North CTA -South
complementarity
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KM3NeT

Damien Dornic 1, for the KM3NeT collaboration 2

Session Classification: Observatories & alert systems: Gamma rays, Neutrinos, Cosmic rays

1ICentre national de la recherche scientifique, 2 https://www.km3net.org/about -km3net/collaboration/

KM3NeT

KM3NEeT is the neutrino research infrastructure
in the deep Mediterranean Sea.

Main characteristics: - Extended energy range: 1
GeV i 10 PeV (+ 1040 MeV)

- Full sky coverage with the best sensitivity for
the

galactic sources

- High duty cycle (> 95%)

- All -flavor neutrino detection

- Good angular resolutions

Last news of KM3NeT

ORCA: 1 GeV- few TeV (~10% deployed)
10 strings in operation (~1.5 years of ORCA6
data)
Already better performances at low -energy
than ANTARES
and IceCube
First results on oscillation promising
Continuous construction: +13 in 2022 (20%)

ARCA: 100 GeV- few PeV (~3.5% deployed)
8 strings in operation (6 months of ARCA6 data)
Almost  similar performances than
ANTARES
Continuous construction:; +25 in 2022 (15%)

Astrophysical neutrino fluxes

non-anthropogenic

104 neutrino fluxes

T i (v + 7 per flavour) SN 1987A

Cosmic

02 :
10 neutrinos

atmosphere

A ¥
104 )

10-¢

E2py+¢[GeVem ™2 s

1078

1010 o

107 1 10° 10° 107 1072 1078 107
neutrino energy F [eV]

All -flavor neutrino detection

For ARCA:
- Gal. sources: 0.2° at 10 TeV
Extra-gal. sources: 0.1° at 100 TeV
VHE: 0.06° at 10 PeV
Energy resolution 0.2 in Log10(E)
For ORCA:
- T7°at10GeV, 2°at 100 GeV, <1%at 1 TeV
- Energy resolution ~20-30%
- Very large statistics
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For ARCA:
- Vertex: 6-8m (long), 0.5m (perp)
- Direction: ~1.5° for E > 50 TeV
- Energy: 5%
For ORCA:
- Direction: 7° at 10 GeV, 34° at >50 GeV
- Energy: ~2030%
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KM3NEeT interfaces with the external
world

External trigger reception A
Connection to different brokers (GCN,
3-20w %OEUI z UwFikegfingOE E
module to select the triggers (visibility,
nature, FAR, delay) ; GCN chain ready

and in operation.

External World ; KM3NeT Classified

I N
i MM Online
External Filter [5o1 :
Alert - (Nature, [—| Dispatcher Analysis
Receiver visibility, |
FAR) { /
CN Alert receiver 1 MM DB
st 3w
Online OO i
website x-match

KM3NeT alert sending A Alert
distribution performed by Comet using
only VO event (XML file) ; Alert
management module validates
automatically the content of the VO
event using kmeta data; After
commissioning, we will start an open
public alert program ; A test version is
in operation.

KMaNeT | External World

Classified
on kmeta Ext_connactonsini

Neutrino +— Alert
Alert MM | ——— | Management —— COMET H -

Selection | | Dispatcher | {3 (VO Event) | o | DTOKer : Sn
H SVOM
Alert sender I

Others

DS toois '
Aladin + Online |, | mmDB
x-match website

KM3NeT neutrino alerts >mid 2022

Alert neutrino selection A Neutrino
alerts: burst of LE neutrinos, single
VHE, single + specific direction, auto-
correlation ; Move from a pure neutrino
selection (a la IC and ANTARES) to a
mix neutrino -astro selection. Of course,
for the peculiar events, neutrino alerts
can be £nt whatever its astro content to
be not biased; Definition of the astro
content: direction crossmatches with
astro catalogues (BZCAT, 3HSP, 4FGL,

1%" 60 AwEOEWEEEDPOT wOi il wOb

matches with Fermi-LAT real-time
analysis, connection with
+2237v93%wWEUOOI UUG
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Now : Future parallel analyses are in operation: Reat
PR p— Time Analysis, Quasi.-OnIine Analysis
Classifier | 1 Classifier alerts and Triggered analysis ; Connected to
l ! SNEWS and send regularly alerts with
Neetocton | Moenton a FAR of 1/8 days [provide only the
I | time of the neutrino signal] ; Start to
Neutrino lr Neutrino let upgrade the system to be able to
T answer to SNEWS 2.0 requirements of
GoNnotice | GCN notice the 3 alert tiers. We are now able to
Astro data i provide the time of the alert, the
Catalogs, LC, | — | GCN circular ' GCN circular . . .
alerts 5 significance at any time on request and

the neutrino light curve (1 -10 ms time
bin depending of the strength of the

Alert content A Rate: X2 per month ; signal) and the estimation of the time of
Working on the detailed content of the the neutrino signal ; The triggered
VO Event alert message and on the analysis allow to provide the
automatisation to obtain all the significance for a MeV neutrino signal
guantity. at any time.

Onlin e shifter organization

VO content: Goal: build an online analysis group
*1D that will take care of the real-time
* Detector (ARCA/ORCA) follow -up of the

* Type of alert triggers KM3NeT internal alerts and EM/MM
* Multiplicity (i.e. number o f events in external triggers.

given time and space windows)

* Flavor PID Duties:

* Energy - Monitor the health of the online
* IsRealAlert processes (reco, classifiers, SN

* Time processes), the network and the high -
*RA, DEC, Longitude, Latitude level neutrino performances.

* Error box 50%, 90% (TBC) - Monitor the outgoing broker

* Reconstruction quality - Organize follow -up for our alerts

* Probability of neutrino (anti -muons) } Monitor  the EM/MM trigger
* Probability of astrophysical neutrino

receptions and the online analyses
- Report the results

C Website with all required tools

C

* Ranking
* Astro contents

CCSN neutrino alerts

| D
SNEWS2.0 handler - SMEWS2.0
Alart

significance Mlert i
SupemovaTrigger "5 SupernovaAlert - o»  SNEWS handler “5 SNEWS

KM3NeT CCSN neutrino analyses A
Very complex software organisation: 3
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Name Source Parameters Inputs Results

GABZ100C2A  GRE 1071488, 20210002T040507, 122.278.-32.388, 0.12, Swift Links_GCH Link_ron_anat / Link_res_ana2
GABZ10901A  GRE 842120822, 202100017 140407, 160230 +2.398, 5.20, Formi Links GEH Link Link res_ana
IG210831A  Neutring 13581_36044887, 20213106TOGOE57, 58,788 434676, 0.38, loaCube  Links GON.

sMzioTe2A  CCSM 210702 040507, 20210702TOK80T, | SNEWS ink_res_ana3
szoToh aw 52009760, 20770701T107507, skymap_GW, e Links_GCN Link_ros_sn? / Link ros_sns2

MM_DB GCNALRT vo Event/ Online analysis
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Summary

KM3NeT has just arrived at the same or better
effective area compared to ANTARES (11 yrs)
in less than 1 yr of operation. The construction
rate will increase (~1520% of the detector next
year).

KM3NeT is implementing a real -time analysis
platform as automatized as possible that
includes online correlation analyses with
external triggers and the neutrino alert sending.
We plan to start the online activity in Spring
2022 (first alerts for Summer).

Simultaneous MWL/MM follow -up is the key to
resolve the neutrino sources (too few statistic in
the neutrino side).
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IceCube and IceCube-Gen 2
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Event Signatures

High-energy neutrinos can be detected by
measuring Cherenkov light emitted by
secondary charged particles produced in the
neutrino -nucleon interaction. IceCube is a
cubic-kilometer sized detector located in the
clear ice at the geographic South Pole equipped
with a grid of 5160 digital optical modules. [1]
event signatures. Tracks are produced in
charged-current interactions of  muon -
neutrinos while the other is the result of
neutral-current interactions and charged-
current interactions of electron or tau neutrinos.
Track events have good angular resolution,
while shower events have good energy
resolution.

Fig. 1 Event displays for a shower (top) and
track event (bottom), from [2].

IceCube Target of Opportunity Program

To identify electromagnetic counterparts to
high-energy neutrinos and to increase the
sensitivity to transient and variable sources,
IceCube has set up a realtime program to act as
an input into the target of opportunity (ToO)
program of other instruments. Interesting
neutrino alerts that are likely astrophysic al in
origin are made public in realtime. [3]

Neutrino Source Candidates (selection)
Potential source candidates targeted by the ToO
program include gamma -ray bursts (GRBSs) [4],
supernovae with choked jets [5], interacting
supernovae [6], active galactic nuclei (AGN) [7]
and tidal disruption events (TDE) [8].

Realtime -Searches

Several neutrino alert streams are active:
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1. MeV neutrino bursts (Galactic Supernovae)
as part of the Supernova early warning
system (SNEWS) [9]

2. Cluster of O(1-10 TeV) neutrinos [10]

a. All-sky

b. Pre-defined source list of
promising TeV gamma-ray
candidate sources

3. High-energy O(100 TeV) track events with
I DT T w?UDT OEOCOI UU~ wet

4. High-energy O(100 TeV) cascade events

5. Neutrino and high -energy gamma-ray
(HAWC) coincidences [11]

In addition a fast response analysis was
developed to quickly analyze IceCube data
triggered by external observations. [12]

High -energy Track Alerts

High -energy track alerts are sent to the public
since April 2016 with a median latency of 33
seconds. An initial GCN is broadcasted through
AMON without any humans in the loop [3]. The
directional information reported in the first
GCN is based on afast online reconstruction. In
a second step a more timeconsuming
likelihood scan is applied which typically takes
a few hours. To convert the likelihood
landscape to a 90% confidence contour re
simulations of similar events (including
systematic uncertainties) are used. The updated
reconstruction is issued in a follow -up machine-
readable notice and a circular.

A selection of interesting source candidates
identified by ToO programs using high -energy
alerts include the gamma-ray blazar TXS
0506+056 [13], the radiebright blazar PKS
1502+106 [1416] and two tidal disruption
events, AT2019dsg [17] and AT2019fdr [18].

Gravitational Waves and Neutrinos

IceCube performs searches for neutrinos from
gravitational wave events in a time window of

L Tt sec around the gravitational wave event.
So far no significant neutrino counterpart was
found [19]. Neutrinos could help to ¢ onstrain
the direction of a source candidate and teach us
about the gravitational wave source
environment.

Prospects for IceCube-Gen2

IceCube-Gen2 is a planned neutrino
observatory at the South Pole with a sensitivity
improvment by a factor of 5 compared to the
current IceCube detector [20]. This will allow
more significant associations with bright
neutrino sources (for example the neutrino flare
from the blazar TXS 0506+056 would have been
detected at 5 sigma level) and at the same time
access to dimmersources.

Ageo, IceCube—Gen2 — =" """

Muon Aeg [km?]
B

-1.0 -0.5 0.0 0.5 1.0
c()Sezemth

Muon energy at detector border
— 10 TeV - 1 PeV
100 TeVv =— 10 PeV

Wiedian [degrees]

-1.0 -0.5 0.0 0.5 1.0
Cosezenith

Fig. 2 shows the muon effective area (top) and
median angular uncertainty (bottom) for the
planned IceCube-Gen2 detector (from [20]).
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Fig. 3 shows the observable volume for a
generic 100s burst with equivalent isotropic
emission of p 1t erg in neutrinos described by a
power law, QGrQ'@ 'O (from [20]).

Conclusion

The IceCube Observatory has various realtime
searches implemented, which already enabled
the identification of first interesting candidates.
The difficulty in the search fo r electromagnetic
counterparts is that many candidate neutrino
source classes exist, each with a different
signature. The future of multi -messenger
astronomy with neutrinos is bright with new
neutrino detectors and electromagnetic follow -
up instruments on the horizon.
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Cosmic ray detection

Calorimetric energy measurement with FD :
Energy loss dE/dX
SwHWES YET7 AET

C SD energy calibration via S1000
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array
- Electronics upgrade: 40Y 120 MHz sampling,

more precise GPS, higher dynamic range, ...

- Add small PMT in WCD to increase dynamic

range

- 5 yrs runtime: Distinguish 0% A 10% protons
at highest energies with 5h

- Electromagnetic (EM) A muonic (%)
component Y Enhace mass composition
measurement

SSD installed w/ PMT (163 stations)
SSD installed w/o PMT (1268 stations)
no SSD installed (236 stations)
Electronics upgraded (134 stations)

Multi -messenger activities

- GW follow -up searches with neutrinos and
photons

- Photon real-time stream to AMON

- Deeper Wider Faster

- ANITA follow -up searches for upgoing air
shower events

- UHECR-neutrino correlation searches (Auger,
IceCube, TA)

- Neutrons from the Galaxy

Neutrino detection with the Auger SD

; JCAP 11
/| (2019) 004

|77 2| | R . { I
107 T0™ 107 101F LY 107 0™ 107

1
5

860

500 1000 1500 2000 2500

3000
time [ns]

No neutrino candidates identified so far
Y Limits on

- Diffuse flux

- Point source flux
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- Astrophysical and cosmological models
- Flux from followed -up sources

GW170817- ApJL 850, L35
Excellent visibility of the merger

- Fast LIGO/Virgo + Fermi GCN circular
- Our follow -up routines were not

EUUOOEUDPA]Il EOWOEBUEOW? U

6 Now: Immediate search initiation

IeeCube up

TeeCiibe dowt-gomg

Ol e GW (90% CL)
+ NGC 4993
X neutrino candidate (IceCube)

Sarth-skimming)

[ Auger FoV (down-going)

I
2
2
2

5 10
hours since GW event

GW170817 neutrino limits - ApJL 850, L35

No related neutrinos detected by ANTARES,
IceCube, and Auger

Auger sensitivity high for £500 s but reduced
for 14 days

6 Good vs. periodic visibility

0 Lesson: Lucky strikes happen, improved
preparation (faster follow up) might pay off in
the future

GW 170817 Neutrino limits (fluence per flavor: v, +7y)
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Automatic GW follow -up routine

Data acquisition computer in Malarglie

o 3 newtring
Update of SD events oo oncinuctions and

every 1 min analyses

I
Listener for GCN alerts

= Saves GW event Info in *.fits format
(header + probability skymap)

= sub-routine keeps Inoking for neutring events in
@lh CLregion for proper follow-up period (in the
analysis resulls produced cvery 15 minules)

= Communicales lindings immediately —

Maching

reagalle LIGO/VIRGO Collaboratlon

event info (LVC) Open Public Alerts (OPAs)
(N format)

B

In case of interesting G\W event
(BNS, mass gap, NSBH):
send GCN notice after 24 h

|| manual human vetting
|
Automatic mails to Auger collaborators
involved with neutrino analyses

Real-time stream of photon -like events to

AMON

Side remark: Auger is already sending SD
shower data with certain directional, energy,
and quality cuts to AMON. Work in progress.
Goal: Stream photon-like candidate events from
Auger data to AMON via fast estimator(s)

6 MVA for fast and
discrimination utilizing:

- Signal risetimes

- Shower front curvatur e

- Station multiplicity

- Zenith angle

Deeper Wider Faster

reliable photon

Multi -instrument (> 30) project
6 Radio through ultra -high energies
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incl. non-photons (Auger)

~ 10 groups observe simultaneously

6 Deep+wide-field fast (sampling and
analysis) multi -wavelength + multimessenger
probing of same field

Auger:
- Full-SD events in DWF field of view shared,
no significant coincidences found so far

- Future plan: include smaller sub-arrays of
Auger for lower energy events

XRT, UVOT
REM, Zadko
MLO, ATCA,
others

Pierre Auger Observatory Open Data

Check-it out on opendata.auger.org
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The common Gravitational Wave detectors
distributed cyber infrastructure supporting
low -latency alerts

IGWN

International Gravitational Waves observatory
Network (IGWN):

- A coordination effort aimed at jointly
discussing the computing policy,
management, and architecture issues of
LIGO, Virgo, and KAGRA.

- igwn.org will host common Virgo/LSC
services, and KAGRA is joining

- Migration planning for common
services (GitLab, Wiki, etc.) ongoing

- The effort comprises all computing
domains (online, offline, LL), with
different levels of engagement.

Plans for migration from legacy tools to
common, mainstream tools are being
implemented.

- Data management and transfer
(CVMFS/StashCache, Rucio and Kafka)

- Software management (GitLab, CMake
,Conda, CVMFS)

- The tools (and the general architecture)
are chosen to beconsistent with many
large-scale computing projects such as
WLCG

The Data Flow Schema

uGo Candidate events  Computing

1 Infrastructure (ﬂm
10 1 \

@YVIRGD

Data Flow: The 03 case

. The signal arrives

. Data composed into frames

. Calibration of the data

. Veto, DQ flags production

. h(t) transfer

. Low-latency matched-filter pipelines

. Upload to GraceDB

. Data written into on -line storage

. Low-latency data quality

10. Low-latency sky localization

11. GCN Circular sent out

12. Data written into Cascina Mass Storage
13. Data transfer toward aLIGO and CCs

© 00 ~NOO O~ WNPR

What is needed

GW data analysis (including low -latency) is
performed as a joint IGWN effort.

The geographical separation of the detectors
and the short timescale involved (current/O3
e2e latency from signal detection to alert
generation in the order of 25 sec) imply the
creation of a common distributed cyber
infrastructure which must guarantee:

- Adequate storage and computing
resources for detector characterization,
low-latency searches and alerts
generation.

- Low-latency data distribution among
the different observatories and
computing clusters for low -latency
searches

- An ubiquitous and uniform running
environment
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Storage and Computing Resources

Low-latency storage and computing mainly
provided by observatory computing centers:

- Low-latency alert infrastru cture runs
on dedicated resources with high
priority to burst out into pool.

- Search pipelines run on dedicated or
highly -prioritised resources in an
HTCondor -managed resource pool.

- Fast, direct access to small data files /
shared memory.

- GraceDB production instance currently
deployed in High Availability (HA) on
AWS.

- Alternative HA deployment via
Kubernetes is being tested on INFN
CNAF Cloud.

High Availabitlity (HA) deployment

We are developing an High Availability
deployment based on Kubernetes (defacto
standard for cloud orchestration) for the alert
generation components (GraceDB,
GWCelery,LVAlert) on CNAF Cloud.
- To exploit support from CCs staff and
achieve cloud provider independence
- Resources and support for both high-
availability deployment using K8S and
on-demand HTCondor cluster (at least
partially) funded by EGI -ACE project
from the INFRAEOSC-07 EU call
- Including also GWCelery in the K8S
deployment, to have a fully portable

setup.
- Performance and stress tests in
progress.
Also, a preliminary step to provide

infrastructure to run low -latency searches off
site.

S Deployment plan within EGI-ACE

- SERVICES: requira high-availability deployment

COMPUTING: requires sizable amount of resources

Astronomy ‘ GWCelery

Cluster

+ High availability
" the INDIGO

Low -latency data distribution: Kafka

Kafka is a modern high throughput stream
processing software, with
- built in redundancy
- Can survive if stream stops or Kafka
broker goes down
- Replication so no data loss from
downed
- and highly scalable and reconfigurable
- Can easily add additional observatories
data (KAGRA being added)

H1 from CIT Cm vs Kafka based transfer

— Ccmme
Kaflka moving ave 10m

Latency [s]
o

Running Environment: IGWN Conda

Sustainable  software  development and
distribution A CVMFS + Conda

Conda environments are hosted in CVMFS file
system available at all IGWN sites and CC

- IGWN Conda Distribution provides
pre-built, automatically -distributed
environments of approved software.

- available via CVMFS on any machine
(no authentication required) can be
replicated on any workstation.

- OS-independent

- Leverage on
software build.

CMake/Meson  for
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- Provide a very effective solution for
unmaintainable number of custom
software builds.

- On large part of IGWN sites (including
Cascina) the IGWN environment can be
activated manually or by default at user
login.

Software deployment into IGWN Conda
Distribution

Software deployment is controlled via change
control board (SCCB). Software must be
approved by SCCB and the relevant scientific
review committee before being used for
production analysis.

Request opened

Maj
 revieucrequirea

Areview statement is needed

J

The review team

L

e T
This change needs tested )
approves this change

L J

. -
. -
. -

Change is tested and reviewed
the SCCB now votes

=
./’
e

L]

SCCB approves,
passes to Run Coordinator for
deployment approval

' pd |

The change request has The change can now be

been rejected deployed in production

e
The change has been deployed,
waiting for feedback

Request closed

Preparing for O4: The O3 End -to-End Data
Replay

Scope, a truly end-to-end one:

- Provide a reasonable representation of
low -latency detector data in O4 (to be

OOUI EwUT EQwHOUT Ui 1 UOOI Ul

grow with sensitivity, bu t only with the

OUBET UwoOi w201 ET OPEEO~? WET E
- $R1 UEDUIT wUT 1T wUT EUET wxbxli C

finding GWSs as well as the mitigation

of generating event candidates from
terrestrial noise; for this, a stretch of
data that generated a variety of Bursts,
BNS, NSBH and BBH events as well as
retractions is desired

- $R1 VUEDPUI w U1l w EEOPEUEUDO

ability to provide calibrated h(t) in low
latency

- Exercise low-latency detchar services
and their ability to detect and/or
mitigate non -stationary/non -Gaussian
noise in h(t) using h(t) and/or auxiliary
channel information.

- $R1TUEDPUIl w UT 1T w EOI UOw DPOI

capability in providing timely alerts
and evaluate its full latency.

- This end-to-end setup will constitute
the main testbed for O4 on rapid alerts
generation and in particular for the
standardization of the low latency data
distribution using Kafka.

E2E Stage 2 @ EGO + CNAF+ Louvain

ervers:

Hrec, Om_parameters_hoft, ..

FdIO Server for data replay

Online VM s

3 used to test 04 targeted

e or for Kubemetas

Conclusions

IGWN means a coordinated and common
infrastructure between the collaborations
Making a large technological step on many
tools
- To provide interoperability between
Virgo, LIGO and KAGRA and enable
effective convergence towards IGWN
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- To reduce maintenance effort on
proprietary/legacy solutions
- Tests ongoing satisfactory, working on
deployment strategy
- Migration to modern software
management tools well underway
Plans for O4
-  Most of the planned architecture
should be ready for O4. In case of
problem we can fall back on O3 proven
solutions
Designing a common robust and scalable long-
term architecture.
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Discussion of the timeline of the 80 Alerts of O3
Expectation for O4

The LVK (igwn) alert system

New functionality with respect to O3

The planned main Open Public Alert (OPA)
timeline

GW200115_042309 (NSBH)

5200115)-1-Preliminary [GW200115_042309)

HL
u
i

HILL VI KaMw
LVK Network

Coherence of G360370 [In 8 = +8.6]]
5 3 10 +

ansient Caralog
wirth vVl bl e re <k e

O3 Public Alert Time -line

Seven of O3a open OPAs are discussed in
GWTC2 but not confirmed GW, namely:
3 2 N Y k $090716Gywu S190901ap, S190910d
S190910h, S190923y, S190930t.

Three of O3b open OPAs are not confirmed GW

and one retracted OPA is GW:

Jw2hNhl YKET ow( UwPUWEOEUUDI PI

as a low- SNR (4< 10) singledetector candidate

classified as an O3 marginal IMBH

Jw2hNhl vt T ow( UwbUWEDPWEUUUIT E w
was found in low latency by GstLAL in both

LIGO Hanford and LIGO Livingston, with low

network SNR and a modest FAR of 1.1/yr

Jw2!l YYI vt Oow( OwbPUwWEBPUEUUUI Ew
was found in low latency by GstLAL as a low -

SNR singledetector candidate in LIGO ford

with a modest FAR of 0.56/yr

Some GW event in catalog do not have a
corresponding OPA

Seven of O3a open OPAs are discussed in
GWTC2 but not confirmed GW, namely:

3 2 uNY k 30307180 S190901ap, S190910d,
S190910h, S190923y, S190930t.

Three of O3b open OPAs are not confirmed GW

and one retracted OPA is GW:

Jw2hNhl YKET ow( UOwbPUWEOGEUUDI b
as a low-SNR (@< 10) singledetector candidate

Jw2hNhI | k@6 wte¢dUbutbtEis) now | UUE E
classified as an O3 marginal IMBH

Jw2hNhl vt T ow( UwbUwWEPUEUUUI E w
was found in low latency by GstLAL in both

LIGO Hanford and LIGO Livingston, with low

network SNR and a modest FAR of 1.1/yr

52


https://indico.in2p3.fr/event/25290/contributions/
https://gracedb.ligo.org/superevents/S190718y/view/
https://gracedb.ligo.org/superevents/S190718y/view/

Low-latency alerts & Data analysis for Muttiessenger Astrophysics Workshop
https://indico.in2p3.fr/event/25290/contributions/

Jw2!l YYI hut Uo wig tbeutBicat&ldy UtE U U USincE Kagra not reaching the sensibility of that simulation

was found in low latency by GstLAL as a low -
SNR single-detector candidate in LIGO ford
with a modest FAR of 0.56/yr

12 marginal event
JwNwpDUT OUUWEQwW. /
Jwt wbbDUT WEOW. /

1. S200105ae RETRACT (GW200105_162426
[GWTC-3-marginal])

2. S191225aq (191225_215715
[03_IMBH_marginal])

3.5200114f (200114_020818
[O3_IMBH_marginal]
82 events (3 of them has been reclassified)
Jwtt W whPUT OUUWEOQwW. / w
JwKt Hhhwbp D OT wEOw. /

80 OPA during O3

Jwlt wlil OUEEUODO

the number for O4 will be the same of O3 not having the
Advantage of a proper 4-detector improvement.

Area (deg”) Area (deg?) Area (deg?)
90% c.r. 90% c.r. 90% c.r.

03 HLV 270133 33072 280733

04 HLVK 3373 5078 41#]

O3a low-latency”A median 90% c.r area for BBH
detected in O3a = 600 deg? (BAYESTAR)

Larger with reported respected to the O3
predictions, but:

- simulation more conservative SNR threshold
(SNRnet=12) vs online (SNRnet of about 8.54
sky area scale inversely with SNR"2

- released single interferometer candidate
(while simulation requires a dete ction of SNR >

Jwhwll OUEEODOOWPUwWOOP w, EUTMEHER o instruments)

3 w K énfurhed confident GW

JwKw" 6006i pUOI EWEVUWOEUI POE

OOuAj grga ~ 300 deg?

JUNWOOUWPOWESE WEEUEOOT UwE AEFTRGRYNNg juectiop studies to give

04 Expectations

LIGO, VIRGO, AND KAGRA OBSERVING
RUN PLANS as of 15 November 2021 update;
next update by 15 March 2022

Jw2UEUVUUwWOIi wbDdcdmids 20fraidydaiuO b E

sensitivity:
- LIGO: 160-190 Mpc
- Virgo: 80-115 Mpc
- Kagra: 1 Mpc with a plan to improve to
3-25 Mpc during O4

more accurate number before the start of O4

Rgnz= 110- 3840 LN BRI O 1, OF Asfrophysical rafe

Rene= 13 - 1900 Regy=16 - 130 | | Ryspy= 7.4 - 320
Gped yrt Gped yri Gped yrt

Ohservation  Network Expected Expected
Run BNS Detections BBH Detections

BACK OF THE ENVELOPFE COUNTS [EXTREMELY ROUGH)

SCENARIOS for online triggers (SNR=>8)

- OPTIMISTIC {highest L sensitivity) 8 BNS in O4
- PESSIMISTIC (lowest L sensitivity) 4 BNS in 04

~1 BNS Early Warning in 04

Jw+DT Ow. t wUi OUPUPYPUAwaNhKkwW, xEw' EOIl OUEWEOE w

~133 Mpc Livingston => (160/115)**3 ~ 2.7 in
Volume
Jws5DUT Ow. + DEUMPO &b-ib Wolitded

Alert Infrastructure

We operate multiple on-line detection pipelines

Jwel WEOWI BxT EQwE W EEUOU uphuyRdads diakias QUERE (o 1tdta

events: We should reasonably expect
(arXiv:2111.03606 [grqc] reported 79 GW
events) to have: ~ 240 OPA , ~ 240 GW events.
That is almost 1 detection per day.

Localization : O3 Sky-Area

Abbott et al. 2020, LRR

database (GraceDB) if they have a false alarm
rate (far) of less than 1/hours.

An events database (GraceDB)

The GWcelery system that:
Jw((OTT UO0w&" -
events (E-events)

Jw TTUITEUI in-tn@ Defetd EntoO U

super-events (Sevents).
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Jw&i Ol UEUT wi BUT UOEOWEOI UU

woi

the S-events meed publication criteria.
- far < 1/(2 months) for CBC events
- far < 1/(years) for Burst events
- combined spatial-temporal far with
external events.

far < 1/h

W “  Pipeline 1 .———-—..._..._,

LK e

ez rustra f

Eee——— = Pipeline n @———————fn

-
=D«

RAVEN (and LLAMA) pipeline

LLAMA: online search pipeline combining
LIGO/Virgo GW triggers with High Energy
Neutrino (HEN) triggers from IceCube. Looks
to temporally -coincident sub-threshold
IceCube neutrinos.

RAVEN: Rapid On-Source VOEvent
Coincidence Monitor (RAVEN). It s earches
coincidences between GW events with alerts for

gamma-ray bursts (GRBs) and galactic
supernova alerts from the  SNEWS
collaboration.

- Notice Type Considered:

FERMI_GBM_ALERT,
FERMI_GBM_FIN_POS,
FERMI_GBM_FLT_POS,,
FERMI_GBM_GND_POS,
FERMI_GBM_SUBTHRE%H,,
SWIFT_BAT_GRB_ALERT,
SWIFT_BAT_GRB_LC.

- It combines GW+GRB localizations to
assist in identifying a counterpart
kilonova transient.

- It attributes new significance by
computing additional combined
Spatio-temporal significance (far) for
sub-threshold GW candidates,
allowing the distribution of additional
alerts.

50% area: 1378 deg*
90% area: 7461 deg®

50% area: 187 deg*
90% area: 693 deg*

60°

Search Pipeline(s) | Untargeted Targeted ‘
CBC-GRB  Fermi-GBM | [1,+5  [-1, +10]
Swift-BAT | [-1,+5]  [-10, +20]
INTEGRAL [-1, +5] N/A
AGILE [1, +5] N/A
Burst-GRB AllGRB | [-60, +600]  N/A
Burst-Neutrino SNEWS [-10, +10] N/A

Early Warning Demonstration

PEYI wERyanWadee b al., 2021 ApJL 910
L21 (https:// arxiv.org/abs/2102.04555)

Test based on results of an early warning
matched- filtering pipeline by considering six
different discrete frequency cutoffs: 29, 32, 38,
49, 56, and 1024 Hz to analyze signal recovery
at (approximately) 58, 44, 28, 14, 10, and 0 s
before the merger.

We recovered 5 injectionswith latency to notice
7.15,-35.2 5,-2.9 5,-51.3 s5,-27s. To this latency,
one should add the latency (from the arrival of
the GW) needed to transfer the signal to the
pipeline (< 10s).

Early warning will be available during O4!
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Planed PUBLIC ALER T time -line (GCN)

BNS/NSBH early warning pipeline (This stage
may not apply and we should expect that an
early-warning event is followed by a general
all-sky search (need to fix the timing).

- (1st) EarlyWarning alert  (fully
automatic) with no localization
information.

- (2nd) Earlywarning alert  (fully
automatic) as soon as sensible
localization information is available.

After Detection search is completed by All the
pipelines (Including RAVEN) or as soon as
sensible information is collected. (Within 1
minute s).

- Preliminary alert

information needed)
Fully automatic DET char checks with required
latency check that allows for these results to be
used as part of a retraction or confirmation that
occurs within 10 minutes.

- Initial (Fully  automatic) al ert,
automatic Initial circular sent.

- Retraction (Fully automatic) alert,
automatic Retraction circular sent.

RRT meeting and a rapid PE evaluation
typically within 4 hours for BNS events or 1 day
for vanilla BBH. DQR that have a time scale of
1 hour (see)

- (1st) Update alert (human confirmation
and evaluation). Update circular sent.

(localization

- Retraction alert (In case the event
should be vetted). Retraction circular
sent.

Any time significant new information is
collected upon RRT (after PE group, and follow
advocate suggestion) approval. In a caseby-
case basisTargeting for BNS candidates.

- (2nd) Update notice and circular sent (~
1 day). Update circular sent.

- (3rd) Update notice and circular sent (~
2 days). Update circular sent.

- (4rd) Update notice and circular sent (~
1 week). Update circular sent.

Latency study (from signal to alert)

We are running extensive tests (already started
- up to engineering runs) from data acquisitions

(synthetic) to alert generation, and we are
monitoring latency."

We have the signd ready to be analyzed online
in less than 11 seconds from the arrival of the
(GW) signal at the detectors.

That makes pre-merger alerts possible (with
negative latency) and to have the first
preliminary alerts in less than a minute.

The study will also allow us to test the
effectiveness of the online pipeline to detect and
assess the properties of the signal.

v atews 5108 o <13 S3008

:]m;cel.u—- GWCelery |- Alers

Less than11s

Down to less than 30 s

F 3
v
F

Conclusions

We will provide open public alerts (OPA) also
for:
- pre-merger (negative time) early
warning alerts.
- alerts based on a coincident external
public trigger.
We plan to provide alerts not only in the
GCN/TACH infrastructure
Alerts for sub-threshold trigger will be
provided on MOA -based agreement.
You should expect one OPA per day.
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Einstein Telescope

Patrice Verdier !

Session Classification: Detectors, probes & alert systems: Neutrinos, Gravitational waves

1Centre national de la recherche scientifique; http://www.et -gw.eu/

The Einstein Telescope project

Einstein Telescope is the project aiming to
realize the European 3rd generation ground-
based GW observatory:

- A huge improvement in sensitivity
compared to nominal sensitivity of 2G
interferometers, especially at low
frequencies (few Hz ¢+ 10Hz)

- High reliability and
observation capability

improved

10°
Frequency (Hz)
ET science programme

ASTROPHYSICS

Black hole properties: origin (stellar vs.
primordial) evolution, demography

Neutron star properties : interior structure,
equation of statedemography

Multi -band and + messenger astronomy: joint
GW/EM observations (GRB, kilonova,...);
multiband GW detection (LISA) ; neutrinos
Detection of new astrophysical sources: core
collapse supernovae; isolated neutron stars;
stochastic background of astrophysical origin

FUNDAMENTAL
COSMOLOGY
The nature of compact objects: near-horizon
physics, tests of nohair theorem ; exotic
compact objects

PHYSICS AND

Tests of General Relativity : post-Newtonian
expansion, strong field regime

Dark matter : primordial BHs ; axions, dark
matter accreting on compact objects

Dark energy and modifications of gravity on

cosmological scales: dark energy equation of
state, modified GW propagation

Stochestic backgrounds of cosmological origin
inflation, phase transitions, cosmic strings

ET sensitivity

BINARY NEUTRON-STAR MERGERS

= population
- ET
At

Number of signals
=
(=3
%

107

0 1 2
Redshift of detected signals

BINARY BLACK-HOLE MERGERS

BN population
- ET
- At

104

-
=)
W

Number of signals
-
i=3
R

=
b

4 6
Redshift of detected signals

- 105106 BBH detections per year

- 105 BNS detections per year among which
~10061000 with EM counterparts

- High SNR events

- Overlapping events

~1detection every 30s
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SNR

10 —10*

z
T
d(Gpe)

0.1

- BNS detection with EM counterparts and
localization precision < 20 deg2 : 0(100) per year
- Overlap with many BBH signals

- Potentially, very long signals

- ET will be able to provide alerts few hours
before the merger

Identify early the inspiral and provide alert
before the merger phase

- And with ~600 BNS-EM detection, we can
reach Planck resolution on HO measurement

ET data

- Despite the large increase in the expected
number of events (105106 events/year)
compare to 2G

interferometers, ET raw data will represent
only few tens of PB per year. ET data will
however need

to be distributed to a much larger number of
users.

- Data processing in ET is the highest challenge,
especially parameter estimation of CBC (ET
CPU will represent ~10% of ATLAS in the HL-
LHC era) : plenty of margin for improvements
with R&D !

ET will use a distributed computing
infrastructure largely based on existing
infrastructures:  network and  national
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