Paul de Jong
Nikhef/University-. sterdam
On behalf of the ANTARES collaboration

: e , 1
1= . 2 z =, /’;’/)%4’«4,




Ast ro p hys i ca I n e u t ri n o s radio/microwave infraredfoptical gamma-rays neutrinos cosmic-rays

: . .- \,""f:

. casmological max of star formation Opaque to photons
10" Transparent to neutrinos
— Ao and gravitational waves
Q 10° I nearest blezar
=
= 10'r
)
= 10°
% nearest galaxy
Q 10+
107
galactic center 1 Tev 1 Eev
10'1 1 1 | | | | | | 1 1 | | |
10 10¢  10¢ 100 10¢ 0% 10° 10 10@ 10" 10" 10" 10 10%
Energy [eV]
- D+ ][0 0 .
s / : T —>yy == Observable as TeV photons
p+y —A .
—> ¥ _ + +
n+ =4y,
L , ¢=== High energy
€ +Vut Ve neutrinos

Messengers of some of the most violent processes in the Universe



Neutrino telescopes
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ANTARES

40 km south of Toulon, 2475 m depth
12 lines, each with 25 storeys, each with 3 OM
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ANTARES stability (using 4°K decays)

Eur. Phys. J. C78 (2018) 669
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Loss of photon detection efficiency over the years

o

has affected physics results in only a limited way.

Year

(15% loss of efficiency for astrophysical all-sky E signal)



Diffuse Cosmic Neutrino Flux
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Diffuse cosmic neutrino flux

neutrino fluxes
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Diffuse cosmic neutrino flux Tracks only:
0,r(100 TeV) = (0.870%) x 107'% [GeV~ em = s~" sr']
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Galactic Diffuse Neutrino Flux

ANTARES and IceCube complement each other

in particular in the southern sky

Using KRA, model with cutoffs of

5 PeV or 50 PeV per nucleon.
(Gaggero et al, ApJL 815 (2015) L25,
PRD91 (2015) 083012, PRL119 (2017) 031101)

ANTARES + IceCube combination:
Flux < 0.9 CD(KRAV5°) @90%CL

Assuming KRA,” : no more than 8.5% of
observed diffuse cosmic neutrino flux
is from galactic origin.
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Searching for sources



ANTARES point source search

11 years of data, 3125 days Selection optimized for 50 discovery of E20 spectrum source
8754 tracks, 195 showers selected
Angular resolution >100 TeV: 0.4° for tracks, 3° for showers

Full sky search: most significant point pre-trial p-value 1.5 x 10, post-trial 23% blue: tracks
red: showers
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Catalog-based searches

Catalog of 112 possible galactic and extra-galactic sources.

Largest excess: HESSJ0632+057

Pre-trial p-value 0.15%, post-trial significance 1.4c0
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Post-trial significance 2.40
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Complementarity ANTARES - IceCube in southern sky

For IceCube neutrinos in southern sky are downgoing: large bg for lower energies.

ANTARES + IceCube combination helps, especially for softer spectrum.
(Original results: APJ 835(2017) 151 (IceCube), PRD96 (2017) 082001 (ANTARES))

PoS (ICRC2019) 919
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lagv:E (GeV)

Stacking analysis - tracks
o & P
Likelihood stacking using track-like events and catalogs of: T7do y
* Fermi 3LAC Blazars d
» Star forming galaxies - o@R ®
* Giant radio-galaxies Radio-galaxy 3C403 |
* Jet-obscured AGNs T f* |
PoS (ICRC2019) 840 TOT T T T
Equal weighting Flux weighting
Catalog TS p P | &5 | TS p P | ®5
Fermi 3LAC All Blazars | 6.15 0.19 [ 083 41 |021] 0.85 . | 2.0
Fermi 3LAC FSRQ 0.83 0.57 097 | 2.1 | ~0 ~ 1 1. 1.7
Fermi 3LAC BL Lacs 8.3 0.088 |064| 46 | 0.84 0.56 096 | 1.9
Radio-galaxies 34 48102010 33 | 51 | 691072 |0.13| 3.7
Star Forming Galaxies 0.030 0.37 093 19 | ~0 ~ 1 1. 1.6
Obscured AGN 1.01073 0.73 0.98 1.4 ~ () ~ 1 I. 1.3
IC HE Tracks 0.77 0.05 049 | 0.96 - - - -
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ANTARES analysis of HE IceCube events/sources

Sources identified by IceCube as promising are included in our catalog.
No excess observed by ANTARES, flux limits set, compatible with IceCube results.

Interesting individual events:

IC 191119A (HE track-like, gold alert, possible FERMI gamma ray source J1511+0550 reported recently):

No neutrino found by ANTARES in on-line analysis (track-like, +-1 hour window, 3° cone)
blue: tracks

PoS (ICRC2019) 920 red: showers

IC 170922A, EHE track N IZE \
found to correlate with blazar TXS0506+056 L1 LN
ANTARES time-integrated search: —_— - | /'— N -
. . o 8 61 {1 o
3rd most significant source, pg, = 1 event, S r) U » /‘ ¥
Pre-trial p-value 3.4% g | - f 3
4 A"\ , .~ ,"" ¥
ANTARES time-dependent search: 'fiié\ // o
no correlation with flaring periods ? B N P
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DECL J2000 [4]

ANTARES analysis of HE IceCube events

ANTARES largest excess in IlceCube catalog (EHE ID3) coincides with ANTARES most significant all-sky excess
and with Fermi source 3FG J2255.1+24311 (3LAC catalog blazar MG3 J225517+2409).

Blazar association: pre-trial significance 3.8c, post-trial significance 1.40.

w
S

n
@

24—

22+

20— e

PoS (ICRC2019) 840

RA J2000 [7]

Iog’ E (GeV)

Blazar
MG3 J225517+2409

IceCube EHE ID3

~

PoS (ICRC2019) 840

Flux [10® phem 2 1]

] I IFH 1l il III J ‘:H le

yflux |

1 1 1
54600 54800 55000 55200 55400 55600 55800 56000 56200
MJD

IIII|I\I\||II|||lI|||I||1|JI|‘|\|‘

IP II |

Time analysis: ANTARES events, IceCube EHE ID3

Assuming continuous neutrino production,
pre-trial significance 5.20
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Summary of source searches:
PoS (ICRC2019) 006

Analysis Source o [°] o [°] pre-trial (o)  post-trial (o)
full sky 3435 | +23.6 | 1.510°°(4.8) 0.23 (1.2)
candidate list HESSJ0632+057 08.24 | +5.81 1.51072 (2.4) 0.16 (1.4)
IceCube tracks EHE ID3 3435 | +23.6 | 1.510°°(4.8) 0.015 (2.4)
TXS0506+056 77.36 | +5.69 3.4 107%(2.1) 0.87 (0.16)
ANT-IceCube Southern sky 2132 | 408 | 1.3107°(4.3) 0.18 (1.3)
ANT-IceCube RXJ1713 258.25 | -39.75 | 4.0 10! (0.84)
stacking Radio-galaxies - - 4.8 103 (2.8) 0.10 (1.6)
stacking Radio-galaxies 3C403 208.06 | +2.5 231074 (3.7) 0.013* (2.5)
stacking 3LAC BL Lacs - - 8.8 1072 (1.7) 0.64 (0.5)
stacking 3LAC BL Lacs MG3J225517+2409 | 343.78 | +24.19 | 1.4 107* (3.8) 0.16" (1.4)
Time Analysis MG3J225517+42409 | 343.78 | +24.19 | 1.410*(3.7) 0.16* (1.4)
Time Analysis ANT-IceCube | MG3J225517+2409 | 343.78 | +24.19 | 221077 (5.2) -
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Multimessenger astronomy



Multimessenger network

neutrinos
IceCube, GVD,

GeV-TeV y-rays SNEWS UHECR

Fermi, HESS,

HAWC, CTA Quest LA

only spatial
ANTARES, coincidence
KM3NEI

S, /‘I'Receive alerts\
Radio/Optic /X-ray

TAROT, MASTER, Generate alerts Gravitational
Swift, INTEGRAL,

Waves
VIRGO, LIGO

MWA

Transient events and time correlations: reduction of background, more insight in physics of sources
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Nb alerts

Alerts generated by ANTARES (TAToO)

Neutrino telescopes observe a large part of the sky, 24/7
Alerts after HE neutrino can be generated within O(10) s

PoS (ICRC2019) 871
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40
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Alerts: HE neutrino (>5 TeV), VHE neutrino (>30 TeV),

delay (s)

directional (local galaxies catalog), doublet

Corrected R magnitude

311 alerts 2009-2019 to optical telescopes
6 to SWIFT, 4 to MWA, 2 to H.E.S.S.

No significant counterpart observed
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LIGO/VIRGO GW alerts followup

Since 02, LIGO/VIRGO alerts are followed up in on-line analysis: upgoing tracks only, +-500 s and +- 1 hour windows

Offline followup of 02 catalog (BBH) events:
Up-going AND down-going tracks, background from data PoS (ICRC2019) 872
Cuts such that 1 observed event would correspond to 3o significance

Upper limits on neutrino flux
assuming E-2 spectrum

ANTARES PRELIMINARY No event observed
3 . . GW170729
1 Upper limits on total 2
) . . GW170823
Isotropic neutrino w
1056_
: energy GW170729
— GW170823 *
o GW170818 *
9 “GW170809
? 105 ,GW170809 ' e
i : GW170729
] GW170608
Ao TORE _ .
109 { GW170608 X upgoing 10° i 10° S
Yr downgoaing E<dN/dE [GeV cm ]
Ot 1 O.'2 0.' 3 0.'4 0.5

redshift (z) 21



LIGO/VIRGO 03 GW alerts on-line followup

PoS (ICRC2019) 872

GW name Type Latency | Error box FAR Coverage GCN
As of November 2019: (min) (deg?) (yr (%) number
36 alerts S190405ar | Retracted

S190408an BBH 345 381 1/1.12e-10 / no analysis

S190412m BBH 60.9 156 1/1.8919 9 24105
End of June 2019: 14 alerts, S190421ar BBH 1247.5 1444 1/2.13 52 24156
12 followed up by ANTARES S190425z BNS 42.8 7461 1/69384 / no analysis
on-line S190426¢ NSBH 25.3 1131 1/1.63 45 24271

S190503bf BBH 36.2 448 1/19.37 98 24387
Tracks, +- 500 s and +- 1 hour S190510g | Terrestrial | 82.3 1166 1/3.59 55 24446
Overlap with 90% contour and S190512at BBH 51.8 252 1/16.67 83 24516
ANTARES visibility map S190513bm | BBH 27.4 691 1/84864 55 24539

S190517h BBH 35.8 939 1/13.35 83 24581
No candidates observed S190518bb | Retracted 6.5

S190519bj BBH 85.9 967 1/5.56 34 24602
Off-line analysis will follow S190521g BBH 6.3 765 1/8.34 56 24628
at end of O3 S190521r BBH 6.5 488 1/100.04 30 24634

S190524q | Retracted | 6.5

S190602aq BBH 6.6 1172 1/16.67 84 24719




Gamma Ray Bursts followup

GRBs observed by SWIFT or Fermi, alert via GCN 1000 [
Analyzed on-line by ANTARES if in field-of-view >
Window -250s<t;< 750 s

Within cone max[2°, Fermi error cone]

Up to June 2019: 226 SWIFT (blue), 536 Fermi (red) alerts followed. No neutrino assigned to GRB.

Interesting GRB events with earth-based TeV gamma ray observations:

GRB 180720B H.E.S.S. reported observation of VHE gamma rays in afterglow
no real-time followup was performed by ANTARES

GRB 190829A observed by H.E.S.S., on-line track reco found no neutrino in 3 degrees, +- 1 hour
offline all-flavor analysis in progress
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Gamma Ray Bursts followup

GRB 190114C TeV emission observed by MAGIC

All-flavor search by ANTARES
-350<t;,< 1250

10,1!_T_

Lumiosity (erg s~%)

A

Fermi-GBM: 1 keV - 10 MeV

104‘: E SwWiIM-XRT: 0.3 keV - 10 keV

MAGIC Estimated: 300 GeV - 10 TeV
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Summary and Conclusion
e 11 years of ANTARES prove the principle of an underwater neutrino telescope and its excellent
angular resolution, and the value of having one in the Northern Hemisphere.

e Diffuse cosmic flux seen: absence excluded at more than 90% CL.
Upper limits set on galactic contribution.

* Nosignificant point source seen in all-sky or catalog search.
However, most significant all-sky excess coincides with IceCube EHE ID3 and Fermi blazar.

* Active multimessenger program, both in generating alerts and responding to them.
ANTARES will remain operational at least until end of LIGO/VIRGO O3.



