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Alerts sent to EM partners
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» Search for time/space correlations with fast radio bursts detected by Parkes, UTMOST

and ASKAP between 2013 and 2017.

FRB ZDM Ta RA dec radio telescope
(UTC) ™) ™)
131104 0.59 18:04:11.20 101.04 -51.28 Parkes
140514 0.44 17:14:11.06 338.52 -12.31 Parkes
150215 0.55 20:41:41.71 27436 -4.90 Parkes
150418 0.49 04:29:00.66 109.15 -19.01 Parkes
150807 0.59 17:53:55.83 000 -55.27 Parkes
151206 1.385 06:17:52.78 290.36 -4.13 Parkes
151230 0.76 16:15:46.53 145.21 -3.45 Parkes
160102 2.13 08:28:39.37 339.71 -30.18 Parkes
160317 0.70 09:00:36.53 11845 -29.61 UTMOST
160410 0.18 08:33:39.08 130,35 6,08 UTMOST
| HO60E 0.37 03:53:01.09 114.17 -4, T8 UTMOST
170107 0.48 20:05:45.14 170.79 -5.02 ASKAP
ey —

Since 2017, analysis in re

G

al-time for SUPERB FRBs.

» No significant correlation
» Limits on the neutrino fluence assuming
different energy spectrum.

ANTARES U.L. on the neutrino fluence (at 90% C.L.)
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Albert et al., arXiv:1807.04045
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» Constraints on the TeV-PeV neutrino
energy released by FRBs

» Comparison with short GRB and
magnetar giant flares / soft gamma-ray
repeaters models

_ 4nD(z)*

Eyiso = F
V, 180 ]_+Z v

FRB: no distance measured [because no
optical follow-up]. Only upper-limit with DM.

Using Rrre = 1.7 103 /day = upper limits

on the quasi diffuse flux (normalised to
Eo =100 TeV), E20%0% < 0.9, 2.0, 0.7 104
GeV cm2 st grt for E1.0, E-20 and E-25

« A polarized fast radio burst at low Galactic latitude E. Petroff et al., MNRAS (2017) 469 (4): 4465-448

« The SUrvey for Pulsars and Extragalactic Radio Bursts Il: New FRB discoveries and their follow-up
S. Bhandari et al., MNRAS 475, 1427-1446 (2018)

« Search for high-energy neutrinos from the fast radio bursts with ANTARES A. Albert et al., submitted MNRAS.
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‘ﬁ‘ Time Correlation with lceCube events

» Search for track+cascade time correlations [0.1; 120 days] with lceCube HESE (x 20)
and high-energy vutracks (x 34) in the ANTARES field of view between 2010 and 2016.
= Test transient origin of IceCube events

» No significant correlation (largest excess: 89% p-value post-trial)
» Limits on the fluence w.r.t. flare duration
» Constraint on the spectral index of the neutrino spectrum (assuming ~sec. transient

emission)
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(GCN) Alerts

Alerts sent to EM partners

when interesting events
are

detected.

Alert sending
(TAToO)

N\

Online data routinely used to look
for neutrino counterparts to
transient events notified to

Online searches

ANTARES through SUPERB
broker and GCN socket.

/

Online reconstructions

| All-data- |
‘to-shore [« .l
S o

!

il

ering

%

of

Time and charge
amplitude of all the
PMT signals above 0.3
p.e. are sent to

computing farm. clust

| i iSe!ect physics events (rate

dataset dominated by hits
due to optical background =

Look for a combination of

a few Hz) among raw

vFast and robust online algorithm

reconstructs fracks in nearly real
time
= remaining sample sent to a more
accurate reconstruction algorithm.
Both use an idealized geometry of
the detector.

Performances:
A few neutrino candidates / day
Median resolution ~0.4°
Reconstruction within ~5 5

ers of hits within 2.2 ps.

X

All-data-to-shore transfer, tringgering, reconstrucion in ~5s.

B.Baret - VLVnT18 - 03/09/2018 Dubna, Russia



N Follow-up of IceCube Events

» Search in real-time for neutrino counterparts of IC HESE and EHE (> 1PeV) alerts sent
through AMON to the public community (GCN network)
= 14 alerts sent so far: 6 analyzed, +4 retracted by IC, 4 not visible at To as upgoing.

e

\ 8
I

10° 240° 270" 300° 330 \

No ANTARES event found in coincidence (ROI=2°, £500s; +1h)
= U.L. on the radiant neutrino fluence for E-2 and E-25 spectra:

~15 GeV/cm2in [2.8 TeV, 3.3 PeV] for E-2
~30 GeV/cmzin [0.4 TeV, 280 TeV] for E-25

« IC171015: GCN #22019 / Atel #10584 - 1C161103: GCN #20134 / Atel #9715
« 1C170922: GCN #21923 / Atel #10773 = 1C160814: GCN #19885 / Atel #9440
« IC170321: GCN #20926 / Atel #10189 - 1C160731: / Atel #9324
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Time dependent searches
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Fast neutrinos online reconstruction
Slection: HE, FAR, direction
Alerts sent to EM partners

* For TXS, see G. llluminati HE1
**B. Baret MM2




& Who's following Antares Alerts?

ROASE
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= ANTARES real time alerts:

* Doublet of neutrinos: ~0.04 events/yr

- Single neutrino with direction close to local galaxies: ~1 TeV, ~10 events/ yr

- Single HE neutrinos: ~5 TeV, 20 ev/ yr
- Single VHE neutrinos: ~30 TeV, ~3-4 ev/yr

Radio

MWA

Optical

TAROT
ZADKO
MASTER
GWAC

X-ray GeV y-rays TeV y-rays
Swift Fermi HESS
INTEGRAL HAWC

= Statistics of the sent neutrino alerts (07/2009-07/2018)

- 281 alerts sent to robotic telescopes [79 DIR + 202 HE]
- 15 sent to Swift
- 15 sent to Integral (4 followed)
- >20 to MWA (3 followed)

- 2 to HESS
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Alert VHE (Sept. 1, 2015)
(Nhit, Amp) = (127, 358), E ~ 50 TeV
RA=246.306°; dec=-27.468°

Sent after 10 s to MASTER, Swift-XRT
= Follow-up with Swift-XRT after 9h
= Follow-up with MASTER after 10h

T
T 0n] T
L [
g 15h |
= !
$5x10 — | 4
= | |
1
¢ " 30h o
g
_ 65h
2=10
5d
i i I T | L L L L i
5= 10¢ 10° 2x10° 5x10°

Time since MET=462785905.0 (s)

Globular
cluster M4 -

USNO-B1: 0626-0501169 Neutrino

Rmag = 12.6

= Emission of a GCN notice
(#18231) and an ATEL (#7987)
after ~24h to require more follow-
up to identify the X-ray flare
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Great interest from the community: 15 ATels + 6 GCNs + few non-reported

= Neutrino
lceCube: ATel 8097

= Optical
Pan-STARRS: ATel 7992, 8027
SALT: ATel 7993
NOT: ATel 7994, GCN 18236
WiFes: ATel 7996
CAHA: Atel 7998, GCN 18241
MASTER: ATel 8000, GCN18240
LSGT: ATel 8002
NIC: ATel 8006
ANU: GCN 18242
GCM: GCN 18239
VLT/X-Shooter: private

- X-ray
Integral: ATel 7995
MAXI: ATel 8003
Swift: ATel 8124, GCN 18231

= Radio
Jansky VLA: ATel 7999, 8034

= Gamma-ray
MAGIC: ATel 8203
Fermi/GBM: GCN 18352
HESS: private
HAWC: private

== USNO-B1.0 0626-0501169: young accreting G-K star, or a
binary system of chromospheric active stars (RS CVn)
undergoing a flaring episode that produced the X-ray emission.”

Albert et al., MNRAS in preparation
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Preliminary

Early follow-up: 3
Visible: 189 alerts analyzed 01/2010-07/2018 from -

TAROT, ROTSE, MASTER => 27 alerts with delay <1min 10"

X-ray: 16 alerts analyzed 06/2013-07/2018 => average U RO RO RO |
del ay ~5-6h g s 7' Time sinos BAT wigger (4]
=> no transient candidate associated to neutrinos

'i ‘| Preliminary = |
Adrfan-Martinez et al., JCAP 02(2016) 062 ; :5
Long-term follow-up: : :: : )
186 alerts with a “rather good” long-term follow-up (01/2010-07/2018) o Sy S 'i:
= No SN (and no interesting transient) associated with the neutrinos DS o S R
= Nexp(SN) = 0.3-0.4 for the full follow-up [SN rate=2.4 104 yr-'"Mpc-3] o
Adrian-Martinez et al., JCAP in preparation u
Radio follow-up: B

2 alerts followed over a year with M.\W.A. (2013-14)
= No interesting transient associated with the neutrinos
Croft et al, Astrophys. ]. 820 (2016) 24.
Other alerts followed in real-time with M\W.A. (2015-17)
= Analysis on-going

H.E.S.S. follow-up:
2 alerts followed with very small delay (2015-2017)
= ANT150901(+2.5d), ANT170130 (+32s): No VHE :
candidates associated with the neutrinos PSSR e e
Schiissler et al., arXiv: 1705.08258

H.E.5.S5. Preliminary ~

ANT150901

&
A S =t b |

B.Baret - VLVnT18 - 03/09/2018 Dubna, Russia



T T 1 | Eicliee] | A T e e
Astron I
JW 51

CHEOPS |
TESS

Solar Crhiter

Hitom:
FOLAR S

NI
Insight-HX

Approved Facilities

WFIRET/AFTA

PLATO

e

... -}
1T ——

ey

ASKAP/MWA
MEERKAT

N FAST
IRAM/NOEMA

SHA
ALMA

APLX I
VLT

H.EAA.
Advanced LIGU/ Virgo

leeCube PINGL

Einstein Telescope

hAENaT
L L

1 1
2016 207 2018 2019 20

1
M2l W22 2023 224 2025 2026 2027 28 2029
Yenr

B.Baret - VLVnT18 - 03/09/2018 Dubna, Russia



CHEOPS
TESS

Solar Orhiter

POLAT: I
NICET: i —
Insight HXALT
; MVE
Spectrum- X-(Gamma
K s

Fi
DAMPE
oy, VL

x|

Euclid

Approved Facilities

WFIRST JAFTA

PLATO

k!
11T I——

LOTAR

ASK AP ATWA
MEERKAT
IRAM/NOEMA

ALMA
APEX

-

VLT Q’

i

i

Einstein Lelescope

JMINCD

2016 2017 & 2019

2020 W21

B.Baret - VLVnT18 - 03/09/2018 Dubna, Russia

2020



KM3NeT multi-messenger program

¢ Follow-up of neutrino alerts
® Joint sub-threshold analysis

KM3NeT

TR

e Follow-up of EM/GW alerts
e Offline time/space correlation search with
catalogues (GRB, AGN, XRB, SN, FRB...)
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KM3NeT multi-messenger program

¢ Follow-up of neutrino alerts
® Joint sub-threshold analysis

e Follow-up of EM/GW alerts
e Offline time/space correlation search with
catalogues (GRB, AGN, XRB, SN, FRB...)

+
(NEW w.r.t Antares™!)

Alerts are public

Sent by mail
http://snews.bnl.gov

*M. Colomer HE3
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‘w‘ What else?

Nothing to add, multimessenger is the way...
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