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Point-source samples: angular resolution

ANTARES ANTARES IceCube IceCube

tracks showers through-going tracks cascades
CCy, NCv,+CCuv, v, CCy, NCv,+CCuv, v,
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https://iopscience.iop.org/article/10.3847/1538-4357/ab4ae2
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.051103

Point-source samples: selection criteria

ANTARES ANTARES IceCube
tracks showers through-going tracks
CCy, NCv, + CCyv,v, CCy,

Earth used as a filter: only up-going events All-sky events

Uniform selection in direction and energy North: high-quality tracks

South: stricter cuts + minimum energy
— no Southern events below ~10 TeV

Air shower

} p-dominated

t vony

Atmosphere
(exaggerated)

Nort h-' B ' Air shower

Astrophysical source

IceCube
cascades
NCv, + CCyv,v,

All-sky events
Interaction vertex inside
the detector
Thickness of the veto region
depending on the energy




Point-source samples: effective area

ANTARES
tracks

Iog (E [GeV])

ANTARES IceCube IceCube
showers through-going tracks cascades
NCv,+CCuv, v, CCy, NCv,+CCuv, v,
, —90 < 5 < 45 .......................................................... -5° < 6 <30° North IceC%lbe
_45°< § < 0° 30° < § <00° orth through-going tra.l_elf_sr_
'0 <'6 <45° | 103- e
-90° < 0 <-307

ot

ceCube

! cascades
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https://pos.sissa.it/301/976/pdf

Search method: unbinned likelihood

Nsamples Névents i le _ nj .-
L(ns, ©) = l_[ l_[ — Si](®)+(1_ . )Blj

J
j=1 i=1 -N% N / |

events
Signal PDFs Background PDFs

g s g

ANTARES,

KM3NeT Sional: o¢ E~Y y either fixed
w - (V =2y = 25)
\ or free




Search method: unbinned likelihood

Nsamples Névents I @ @ -
L(ns, ©) = 1_[ 1_[ 5{+ 1—— B}
‘ﬁ_' ]

N’ N’

1 " “events events

=1 i

free parameters

n.: number of detected signal events ] Likelihood maximization best estimation
> n ,
O: set of model parameters J . of ng, ©

test statistic

* Hy:the data consist solely of background R
* Hs:the data contain also astrophysical 7o — L(7,0)
neutrino events (ng) coming from a source B OgL(nS =0)

with some given features ()

~ signal spectral index, source
extension, source coordinates ...




Search method: three main approaches

All-sky search Source list search Stacking search /
Population search

«  ANTARES tracks O IC HE tracks © Fermi 3LAC Blazars * Radio Galaxies A Star Forming Galaxies = Dust Obscured AGN

D006 1z dE a0 A6 2 s a6 * Search for an excess from several sources
, , ) ) » Stacking: all the sources in the catalog

Sky divided into a grid with a finer spacing than * Investigated directions: location of analysed together — one TS per catalog

the typical event reconstruction uncertainty selected Y-ray sources *  Population: TS given by the sum of the

TS evaluated in each bin of the grid TS evaluated for each source individual TS

Cluster with largest TS — all-sky hotspot

Afivantage: redu'ced trial factor * Advantage: sensitive to individually weak
Advantage: unbiased by EM observations (no  * Disadvantage: biased (the sources that produce a significant

prior assumptions regarding directions in the sky) brightest v sources may differ cumulative signal
Disadvantage: large trial factor from the brightest y-ray sources)  Disadvantage: biased e




ANTARES | I -year: all-flavour search

ANTARES ANTARES IceCube IceCube
tracks showers through-going tracks cascades
CCy, NCv,+CCuv, v, CCy, NCv,+CCyv, v,

* Combines two samples: ANTARES tracks and showers
* || years
* Includes:
o All-sky search
o Source-catalog searches:
» Astrophysical sources
» lceCube tracks

[E) PoS(ICRC2019)920 e



https://pos.sissa.it/358/920/

ANTARES | |-year:all-sky searc
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ANTARES | I-year: source-catalog search

®, x E~2 : :
Search |:astrophysical objects

] 112 Gallactic and extra-galactic sources
I T R R selected from the TeVCat catalog on
I T e the basis of flux and visibility criteria

—
<
[oe]

(Galactic: SNRs, PWNs, Pulsars, ...
extra-galactic: BLLac, FSRQs, Quasars, ...

E2 dd/dE, [GeV cm? s7]

_ -------------- ANTARES 9 years Sensitivity
— = ANTARES 11 years Sensitivity
' ° ANTARES 11 years Limits (astrophyS|caI candldates)
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ANTARES | I -year: source-catalog search

P, X E” 2 . .
; ; ; Search |:astrophysical objects
LT NSNS SRS ML S S R - HES! +
o [PKSTA40:389 H55530632 057-- Bect cources
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ANTARES | I-year: source-catalog search

E2 dd/dE, [GeV cm? s7]
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T " ANTARES 11 years Sensitivity (IceCube tracks) |

v ANTARES 11 years Limits (IceCube tracks)
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Search 2:lceCube tracks

75 lceCube neutrino candidates
classified as tracks:

20 HESE

34 Through-going muons

21 Muon alerts

|E\. LX-'% T

[ &1 | G .
X v
HESE Through-going muons

Sample Sample
Equatorial coordinates (a, §) fitted within
2 x estimated angular error of the IceCube tracks °




ANTARES | I-year: source-catalog search

—2
by < E Search 2: lceCube tracks
NS N NN N R S Y\ .............. Best tracks
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2nd HESE 3 |.4° 130.1° -29.9° 6.6 4.4

E2 d®/dE, [GeV cm? s7T]

3rd HESE 71 1.2° 81.2° -189° 44 3.7

n ANTARES 11 years Sensitivity (IceCube tracks)

v ANTARES 11 years Limits (IceCube tracks)
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ANTARES | I-year: source-catalog search
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error

Search 2: lceCube tracks

A/\ #
o ng -

pre-

trial

Through- I.1° 343.7° 23.6° 4.9 4.8
going
muons

2nd HESE 3 |.4° 130.1° -29.9° 6.6 4.4

3rd HESE 71 |.2° 81.2° -189° 44 3.7

4.80 — 2.40 (post-trial)

Best-fit coordinates coincident with the all-sky

hotspot, 0.2° from the original IceCube
neutrino direction (RA = 343.55° 6 = 23.78°)




ANTARES | I-year: stacking search

ANTARES ANTARES IceCube IceCube
tracks showers through-going tracks cascades
CCy, NCv,+CCuv, v, CCy, NCv,+CCyv, v,

* One sample: ANTARES tracks

* || years

* Includes:
o Stacking-searches over 5 catalogs
o Search for dominant sources

‘ PoS(ICRC2019)840

Paper in preparation



https://pos.sissa.it/358/840/pdf

ANTARES. | I-year: stacking search

Two types of source
weights in likelihood
implemented:

Flux weight:w < @, v 5
* Equal weight:w =1

-60°

-75°

Five catalogs:
ANTARES tracks () IC HE tracks ® Fermi 3LAC Blazars +« Radio Galaxies

ANTARES 4 Y Y 4 % | ¥ | ¥

data set: 55 lceCube HE tracks 1255 Blazars 53 Radio Galaxies 54 Star Forming |0 Dust Obscured AGNs
8754 tracks  (through-going and HESE)  detected in the 1-100  selected in soft y-ray Galaxies observed selected in X-rays

3 in y by Fermi-LAT
GeVrange by Fermi-LAT o 0 i ecal. MaRAS 2016] Yoy [Maggi et al. PhysRevD 2016]

[Ackermann et al. Ap) 2015] [Ackermann et al. Ap) 2012] @

A Star Forming Galaxies m Dust Obscured AGN

[IceCube collaboration, ICRC 2017]
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ANTARES | I-year: stacking search
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_ ANTARES PR

45°

B MO

Two types of source
weights in likelihood

implemented:
* Flux weight:w < @, y ¢
* Equal weight:w =1

-60°

Results:
Equal weighting Flux weighting
Catalogue TS | p | P | L%, TS | p | P | ®5%, 1 90% U.L given in
Fermi 3LAC All Blazars 6.15 0.19 0.83 1.1 0.21 0.85 1. 2.0 | equivalent E—2
Best catalog Fermi 3LAC FSRQ 0.83 0.57 0.97 2.1 ~0 ~1 1. 1.7 | diffuse flux
, Fermi 3LAC BL Lacs 8.3 0.088 0.64 16 0.84 0.56 0.96 1.9 | (1077 GeViem™ s s

2.80 pre-trial m) radio galaxies 3.4 4810 ° 0.10 3.3 5.1 6.910° 0.13 3.7
l.60 post-trial Star Forming Galaxies 0.030 0.37 0.93 1.9 ~ 0 ~1 1. 1.6
Obscured AGN 1.010°° 0.73 0.98 14 ~0 ~1 1. 1.3

IC HE Tracks 0.77 0.05 0.49 0.96 - - . - a




ANTARES | I-year: stacking search

Promising associations between IceCube neutrinos and radio galaxies
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ANTARES | |-year: stacking search

Search for
dominant sources:

ANTARES PRELIMINARY
*~ Fermi 3LAC

- Radiogalaxies

102

Individual p-values

10

0 0.5 1 15 2 25 3 3.5 4 45
-log m(p-value)




ANTARES | |-year: stacking search

Source: Astrophys.J. 622 (2005) 149-159
Search for Radio galaxy ’ 3C403
dominant sources: 3C403 X-shape FRII
= ANTARES PRELIMINARY ———— radio galaxy
L o rermi
N | 6 =2.5°
L - Radiogalaxies
~260 Mpc
102 =
- Individual p-values oS .
- Two ANTARES tracks within 0.5°
10 '
1 : 3403
0 0.5 1 1.5 2 25 I (; I
-log 10(p-value)

zzzzz

Right Ascension

p-value: 2.3 x 10— 3.70
chance probability (N, ;s = 56) = 1.3% — 2.50




ANTARES | I-year: stacking search

BLLac MG3 J225517+2409 B - DR

Search for
(Fermi source 3FGL J2255.1+2411) - { 1£*w+
0 N {

dominant sources:

ANTARES PRELIMINARY i W
f
I + " Source:

Log vi(v) (erg ecm™®s7")

~~ Fermi 3LAC
- Radiogalaxies “14 I Mon.Not.Roy.Astron.Soc. 497 (2020) |, 865-878
102 b o
1 " ! n 1 N 1 n 1 L 1 L 1 n 1 n 1 " 1 "
. . - 8 10 12 14 16 18 20 22 24 26
Individual p-values . o Log Frequency (i)

Same Optical (BL Lac) and SED (ISP) ... FiveANTARfE,S\tracks within 1°
class as TXS 0506+056

10

0 0.5 1 1.5 2 25 3 35

-log m(p—value)

22222222222222222222222

p-value: 1.4 x 10* — 3.80
chance probability (N, = 1255) = 15% — |.40




ANTARES and IceCube vs from MG3 J225517+2409!

IceCube Preliminary

PoS(ICRC2017) 1005

BLLac MG3 J225517+2409
(Fermi source 3FGL J2255.1+2411)

o muon track with ID=3
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.
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ANTARES and IceCube vs from MG3 J225517+2409!

Dedicated time analysis for

MG3 J225517+2409

MG3 J225517+2409/3FGL J2255.1+241 | y-ray time evolution
| .
—T— y-ray flux

|
| ll T T ||%  lceCube track + blazar:
5 H#' ol Lt Precuse = 5.3 % 107 1.90
=S 1 T‘* ] 1 +T 4

++ * ANTARES + IceCube:

bcoms = PANT Picecube (1 — 1IN PANT Picecube )

55000 / 55500 56000 56500 57000 57500 =83 x 103 — 2.60

|
[o+]

Space-time correlation
probabilities:

e 5 ANTARES tracks + blazar:
PANT = 20 X |0'2 — 2.30'

_1]

ANTARES track #1
ANTARES track #2
ANTARES track #3

|
f

. lceCube track
ANTARES track #4 and #5

[ph cm~2s

—+—

—~—
T

!
b ———————————————— ————-————-5

Time [M)D]

~5 months flare a




lceCube [0-year: point-source with tracks

ANTARES

tracks
CC v,

ANTARES IceCube IceCube
showers through-going tracks cascades
NCv,+CCuv, v, CCy, NCv,+CCyv, v,

* One sample: IceCube through-going tracks

* |0 years
* Includes:

o All-sky search

o Source-catalog search
o Population study

‘ Phys. Rev. Lett. 124,051 103



https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.051103

lceCube 10-year: point-source with tracks

p-value: 3.5 x 107 — 5.00 (pre-trial)
All-sky search (@,8) = (40.9°,-0.3°) 9:9x 107 — 1.30 (post-trial)

North/South ) 75 fig = 61.5

Vs =34

-0.30°

Declination

p-value: 4.3 x 10° — 4.40 (pre-trial) 15
75% (post-trial)

1.5
, Eq!! tlo'nal 00
7/
42.87 40.87° 38.87°
Right Ascension

Active Galaxy
NGC 1068 (aka M77)
0.35° from the hotspot

Preliminary g »

declination

-~ : LB

* 3* éator il
B B0 1 1 7S O 1 2 3 4 5 6 Offset consistent with
[— @ 8) = (350.2°,-56.5°) _ 1081o(plocal) IceCube angular resolution

—lo local A~
gll](p ) ns — I 7.8

A ®




lceCube [0-year: point-source with tracks

: l Source-list search:

] I
1 ==+ ANTARES E~2 Sensit. === 90% Sensit. £~ : :
-7 1 1 - -
1077 § ——- ANTARES B Sensit . Dice. Pot. B3 | 10 Galactic and extra-galactic sources
. :/\ === 90% Sensit. £
7 1078 ; FEEE . RN ——— 55 Disc. Pot. B2 - selected from TeVCat selected from Fermi-LAT 4FGL as
NG y ~"~\' ‘ - g and gammacCat as - 5% BL Lacs and FSRQs with
l - o v 90% Upper Limits £ . hioh
g 10-9 . —— - sources with ighest
_ \{' v 90% Upper Limits £ predicted energy flux >
|> X L 50% of lceCube Fermi—LAT flux (>1 GeV)
& 10~10 T }'\—1 sensitivity (8source) lceCube sensitivity (8source)
‘1_' v \ M
$2 Wy Y . . - UNID and AGNs
i = v - - x - 8 starbust galaxies
‘% W -—— v
19 N\\ v / I .
— S aVy \ AR i -
10 R e J" &, ';J—,‘ﬁ Galactic extra-galactic
v
; T North 10 87
1071 -
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lceCube [0-year: point-source with tracks

Best sources

] I | |
: - = -2 1 - . 1 -3
T=al ANTARES E~“ Sensit. | 90% Sensit. E Bl Ranking s
] - ANTARES E73 Sensit.  mmm— 50 Disc. Pot. E3 pre-
: trial
— == 90% Sensit. £2 =
50 Disc. Pot. F-2 - NGC 1068 SBG 40.67° -0.0I° 50.4
s -2 2nd TXS BLL 77.35° 5.70° 12.3 2.1 3.6
v 90% Upper L?m?ts E_3 | 05064056
v 90% Upper Limits E 3rd  PKS BLL 21676° 2380° 415 39 3.0
E__' 068 _ %‘686 J1542+6129 1424+240
/
' PKS 1424+240 4th GBé6 BLL  235.75° 61.50° 29.7 3.0 29
e _j 1'/-’ J1542+6129
VY oYYy v v
w x 32
_/
v v L
VyV v X
mrreE R S
—1.0 —0.5 0.0 0.5 1.0
sin(d)




lceCube |0-year: point-source with tracks
Starbust galaxy NGC 1068

Best sources

Most luminous

Seyfer't 1 Galaxy Ist NGC 1068 SBG 40.67° -0.01° 504 3.2 4.1

detected by FermI_LAT 2nd TXS BLL 77.35 5.70 12.3 2.1 3.6
0506+056
3rd PKS BLL 216.76° 23.80° 41.5 3.9 3.0
. 1424+240
4.4 Mpc distance - -
4th GBé6 BLL 235.75 61.50 29.7 3.0 2.9
J1542+6129
Credits: NASA, ESA & A. van der Hoeve
ANTARES follow-up g
M 4 Y

4.10 — 2.90 (pOSt't”aI) L ‘ Cluster consistent with o MA

o , oo w g g

0.35" from the IceCube : . background . z//&

h h £ 030 g » c 1068 "9 =

northern hotspot | 90% CL upper limiton 3 B\ @ "5 B3

- * the neutrino flux — ° X" s B2 - "2 %

. | Ealfona| 00 normalization for E-2: ; =

42.87° 40.87° 38.570 87 X |0'9 GeV"cm'zs" ] .
Right Ascension 44 42 40 38 36
b — - - ) RA J2000[°]




lceCube [0-year: point-source with tracks

Population study:

A binomial test is used to search for a significant excess
of small p-values obtained in the source-catalog search
compared to the uniform background expectation:

(1:.,)1?2(1 —pi)"

Number of sources with
p-value smaller than p,
Northern Source List

N
Pbkg — ZPbinom(i|pk’N
i=k

Number of sources
in the catalog

41 /‘} 40 — .PBinomial(klpka n= 97)
=4

---------- Under-fluctuations border

significance o

0 25 50 75 100
k,source index sorted by pyrg

Best sources

Ranking Source

I'st NGC 1068 SBG 40.67° -0.01° 50.4 3.2 4.1

2nd TXS BLL 77.35° 5.70° 12.3 2.1 3.6
0506+056

3rd PKS BLL 216.76° 23.80° 41.5 3.9 3.0
1424+240

4th GBé6 BLL  235.75° 61.50° 29.7 3.0 2.9

J1542+6129
5th <2

k = 4 most significant sources
46 pre-trial
— 3.30 post-trial (2.30 without TXS 0506+056)




lceCube 7-year: point-source with cascades

ANTARES ANTARES IceCube IceCube
tracks showers through-going tracks cascades
CCy, NCv,+CCuv, v, CCy, NCv,+CCyv, v,

* One sample: IceCube cascades
* 7/ years
* Includes:

o All-sky search

o Source-catalog search
o Stacking searches
o Search at Sagittarius A*

‘ Astrophys.|. 886 (2019) 12 @



https://iopscience.iop.org/article/10.3847/1538-4357/ab4ae2

lceCube 7/-year: point-source with cascades

Per-flavor sensitivity

dN/dE o E-2 = dN/dE x E-3 o dN/dE o< E~2 - exp(—E/Eeuw)
10—10 . _ - d Im 10—10 - Im - - -
] mmmm 7yr Cascades = 7yr Tracks N | T ] asss ANTARES 2017 (Ecye = 100 TeV)
= ] 2yr Cascades  ==== ANTARES 2017 = ; g { ' 7yr Cascades (Ecus = 100 TeV)
o 1 | ‘ | > | E {0-10 ] — 7vr Cascades (Ecue =1PeV)
g = 10~ 11 5 : — 3 Tyr Cascades (No cutoff)
o -1 ] T T
SQUSE 3 3
= ] = =
= ] % 2,
- ] _ by
] — — —_ —11 _|
= % 10 R
T 10-124 = ~
% ] = 8
4 —
: X 5
10 E N- 10—12
-1.0 2 1.0 = —1.0




lceCube 7- -year: point-source with cascades

H.E.S.S. (2016) RX J1713.7-3946, E > 2 TeV

All-sky search | S0

p-value sky-map

Source-list search: best sources

d Ranking Type
pre-
. trial

RXJ1713.7- SNR 258.25° -39.75° 10.8 2.5

Dec (j2000)

+75°
+60° 3946
30° 2 6" (P"e't”a') 2nd 55433 HMXB/mgso  287.96°  498° 309 3.I 2.3
+ 28% (post-trial)
1150 3rd  GX 3394 HMXB/mgso  255.70°  -4879° 59 2. 2.1
24h Oh
~15°
_30° Source-list upper limits:
dN/dE x E~2 = dN/dE x E~3 = dAN/dE o< E72 - exp(—E/Ecut)
—75° 710710 4 _ Ef;ijie‘;‘;“;i,ffﬂff S S ?5 e —————————— ---------- ----------- ?g 1 ---------- —————————— pommeeeeees
N"’ ] e Sensitivity = ' : ! > ! : !
o PR ' g £
> 9 g
0 6 2 S =
— 10810(1’) 5 U ; 1071 4 T 1071 TR
S 2
All-sky hotspot R 5 5
A~ <) 1 o - i
(@,8) = (271.23°,7.78°) P N S S Sl | e L U B
-1.0 —0.5 0.0 0.5 1.0 &® -1.0 —0.5 0.0 0.5 1.0 X —-1.0 —0.5 0.0 0.5 1.0

p-value: 1.8 x 10 — 2.90 (pre-trial) o) ) )
69% (post-trial) 9




ANTARES-lIceCube: combined search

ANTARES ANTARES IceCube IceCube
tracks showers through-going tracks cascades
CCy, NCv,+CCuv, v, CCy, NCv,+CCyv, v,

Differential discovery flux § = —60°
« Combines three samples: ANTARES tracks and S I

showers and IceCube through-going tracks

 ANTARES 9-years + lceCube 7-years
* Includes:

o Southern-sky search

o Galactic-centre region search

o Source-catalog search
o Sagittarius A* and RX J1713.7-3946

m 1)

- =

S S
v

E? d®/dE (GeV cm ™% s~
=
o

[
e
&

1 — ANTARES tracks and showers 1
; — IceCube through-going tracks ;

10°

102

‘ Astrophys.|. 892 (2020). 92

10°

10* 10° 10° 107 108 10°

E [GeV]



https://iopscience.iop.org/article/10.3847/1538-4357/ab7afb

ANTARES-lIceCube: combined search

Southern-sky search

Highest excess
(@,6) = (213.2°,-40.8°)
fig = 5.7
p-value: 1.3 x 10° — 4.20 (pre-trial)
0.18— 0.90 (post-trial)

S A A AT T
RN A R )
., :‘" iy

$eT e,

\
3 - -
-

Search at the Galactic

Center region

Result: p-value map

_IIII|IIII|IIII|IIII]IIIIlIIIIlIIIIlI[II

el b b v b b b b v b e by

: : 0
25 20 15 10 5 0 -5 -10 -15 —20 -25 -log (p-value)

1]

=)
®

1

0

-Iogw(p-value)

60
A o/ — 16
> £90% CL 0,200
£ SoF =0,=0.5
C M M -0, =1.0°
3 L upper limits  [7%200
—_ - N S
%30: / \ \'\
heo] C
‘tlj 20: /.\\\ \'
- — g
C \\\
101 “\\*\\.\\.\\\:
C T
—0.77 -0.6 -0.5 -0.4 -0.3 -0.2
sind

Highest excess
p-value: 2.2 x 10*— 3.50 (pre-trial)

0.03— 1.90 (post-tr
source extension: 2°

ial)




ANTARES-lIceCube: combined search

— —2 [ ceCube 7 years °
o _CIDVOCE - wmesorns || SoUrce-list search:
§ P :z:g:;;::::gi;mf 57 southern-sky Galactic and extra-galactic
T sources already investigated by ANTARES
”g; : ' and lceCube individually
g [
Uioe i :
S Galactic: SNRs, PWN:s, Pulsars, ...
| i | | .
B 08 08 04 2 ans  extra-galactic: BLLac, FSRQs, Quasars, ...
— i S s [ IceCube 7 years :
o e ANTARES 9 years
e Lo N lceCube+ANTARES
(@)
2 10
>
[0
S,
LIJ>
o
2
©
g




ANTARES-IceCube: combined search

LD, X E=2 [~

IceCube 7 years

Q'I"’ 107 YT ANTARES 9 years
g ::H:ESSJ 1023-575:: IceCube+ANTARES ,
> ° lceCube+ANTARES Limits |
[0} | _3Q¢
S, — PKS1440-389
-
L
°
=
©
Al >
Lo
; ; ; ;
- -0.8 ~0.6 ~0.4 0.2 0
sind
T 00000000 00% M stseteses S8 B IceCube 7 years :
G . B S O S oAt i IR ANTARES 9 years
' IceCube+ANTARES
e
mo ] IceCube+ANTARES Limits
~ 107 ; i :
% ‘
S 1440-389
>
-Lg .
=10°
=
©
10
wr
107 ; ; ; ;

Best sources

Westerlund 2
region 120

Y H.E:S.S.

s 100 3
2-57"30 -

2 \

= &

S |

® \

£ -58°0 e

g

. HESS]1023-57

-58°30'
Astron.Astrophys. 467 (2007) 1075-1080

10"30™ 10"25™ 10"20™
Right ascension (J2000)

HESS)1023-575
42% post-trial

TeV Y-ray source
coincident with the young

stellar cluster Westerlund 2

HESS)1023-575 UNID 155.83° -57.76° 6.4 3.5 2.41
PKS1440-389 BLL 220.99° -39.14° 3.0 24 2.39
HESS)1458-608 PWN 224.54° -60.88° 3.7 3.6 1.8




Summary

* No neutrino steady point-like source discovered in a decade of
ANTARES and lceCube data

* Interesting sources:
o Starbust galaxy NGC 1068

o Best source in IceCube source-list (4.16 — 2.96 post-trial)
o 0.35° distance from lceCube northern hotspot

o BlLLacs TXS 0506+056, PKS 1424+240,GB6 J1542+6129

o Over 2.90 significance each in lceCube source-list
o Together with NGC 1068, incompatible with background at 3.30

o Radio galaxy 3C403
o Most significant Radio galaxy in ANTARES stacking-list (3.70 — 2.50 post-trial)

o BlLLac MG3 J225517+2409
o Most significant BLLac in ANTARES stacking-list (3.80 — 1.40 post-trial)
o 0.7° distance fromm ANTARES all-sky hotspot
o |.1° distance from lceCube through-going track #3
o 2.6c0 time-space association with ANTARES and lceCube neutrinos




Next decade

KM3NeT-ARCA

| km?3 instrumented volume

< 0.1° angular resolution for tracks °

< 2° angular resolution for showers

1, 4,

¢

{25°-0.5° angular resolution for tracks -
5° ; ° an%es@%icn for cascades @

Baikal-GVD
v & | km3 instrumented volume A

1o-7 KM3NeT KM3NeT/ARCA, 6 y
; ........... IceCube, 7'y
i —— ANTARES, 9y

[y
3
oo
T II\IIH

E? ®gq [GeV s™em™2]
9

" 5 '.m.,.‘."
® }\-—/_' :
Te —10 L | P | |
P 1077 0.5 0 0.5 1
sin(d)
15 years lceCube + 15 years Gen2
,—\\ = Sensitivity
- ~. ===: (without surface veto)
\,_, 710 el
Nln ] \\\ \ oo \'\m'\t//
IceCube-Gen2 i SO\ e
|0x larger than IceCube 9 1072 vl \\ SN, 7
< 0.3° angular resolution for tracks E ST
< 5° angular resolution for cascades 8 1o-13
w 1 Veto coverage
full partial Earth blocks muons
-1.0 -0.5 0.0 0.5 1.0
= ICECUBE Declination (sind)
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lceCube 7/-year: point-source with cascades

Stacking search
Three Galactic SNRs catalogs stacked:
o SNRs + molecular clouds — 1.20

o SNRs + PWNs — p-value = |
o| SNRs only — |.40 |— best catalog

dN/dE x E72 - exp(—E/Ecy)

Search at Sagittarius A* 3
— : T 160.0 ‘]‘; o Ecut = 50 TeV
+00.4 s . . 3 —— FEcut = 100 TeV
«s O lested as point-like and Z 5 — Few = S00TeV
— 5 =, 3 mmmm No cutoff
§+00' -_ - 23.0 extended sou rce .Euc == m No cutoff, ANTARES 2017 N
£ oo S s o Gaussian extension o, €[0%5°] s T LeT
o | | . . T /
§ wo2g — » 0 36% significance & [~m======"
LI ] .. %)
048 s 0o Upper limits | D> =
i HESS, Nature 531,476(2016)- o~ 0 ! ! ! !
e Mien | | ST | 4 &3 0 1 2 3 4 5

: -1.
00.4 00.2 00.0 359.8 359.6 359.4

Galactic Longitude (deg.) extension o [o]




ANTARES-lIceCube: combined search

Dedicated searches

o028 o o

| Saglttarlus A*

.....
8=-30° ’ \
N BX JJ -7-,1'-'3.-2: 946
5=-;;:,\ s NN ;J:’ '_-,-/ .
e
RX J1713.7-3946

Sagittarius A*

Point-like and extended source
(o, = 0.5% 1.0° 2.0°) hypotheses
tested

— 1.60 significance

* Gaussian extension of 0.6° for the emission profile
(according to observations by HESS)
* Two spectrum models derived from observations in y:

—

Vissani et al.;
E,

RX J1713.7-3946 results

o (B )7 B \qey—lem—2s—1
az, = 089 x 107 (t7) e (-gormey) eV~ lem™2s

Kappes et al.:

an _ [ B \L72 ~ £,
E, = 1.55%10 (riv)  eo(~{mom

d

Spectrum

Vissani

Kappes

p-value q)EO%C'L/q:O

0.40
0.41

107”7
';' C —— 50 Dlscovery Flux
o | —— 90% C.L. Sensitivity
£ | —— 90% C.L. Limits —
3 _—
g /
eo 1 0—8
U ——
0 0.5 1 1.5 o2
oy[]
Sagittarius A* results
Source ng % p-value
extension

0.5° 0.6 2.0 0.26
1.0° - - -
2.0° 0.3 3.8 0.40

upper limits expressed as ratio
with the assumed source flux




ANTARES-IceCube: comblned search
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Highest excess ,
@,8) = (213.2°,-40.8°)
iy = 5.7 1
p-value: [.3 x 10~ — 4.20 (pre-trial) P N
~~IzxazzT - 0

0.18— 0.90 (post-trial) 5 = -80° -log_(p-value)

Source pre-trial post-trial
extension p-value p-value

D
)
O
Q

0.5° 10.5 3.9 -22.5° 18.5° 3.4 x 10° 0.31

1.0° 1.6 3.8 -21.9° 18.4° 8.9 x 10 0.44
2.0° 20.3 3.0 -40.1° 274.1° 22 x 104 0.47




ANTARES-lIceCube: combined search

Search at the Galactic i
Center region Result: p-value map i 90% CIT . jgzzgzg:, ,,
S — | —20¢ 4 = [ upper limits sos10
Ga'lactié; 15;— g> wof + 0y =2.0%
Ce“n\ter\\____ ___________________________________ 10— e ”g ol — \
s AT s T
a og_ i ._t‘.\:\\ks\-
-5 o \‘\\‘\\\:
-10 E_ 07 -0.6 -0.5 -0.4 -0.3 -0.2
-15 E— sind
_202; 2I0 115110 (]) —I5 -10 15 —20I —‘25 -Iogm(g-value) ngheSt excess
119 p-value: 2.2 x 10*— 3.50 (pre-trial)
0.03— 1.90 (post-trial)
Source ng Y 6 a pre-trial post-trial
extension p-value p-value
0.0° 6.8 2.8 -42.3° 273.0° 7.3 x 104 0.40
0.5° 8.4 2.8 -42.0° 273.1° 52x 104 0.19
1.0° 12.1 2.9 -41.8° 274.1° 6.9 x 104 0.15




Limits on point-like sources of ultra-high-energy
neutrinos: the Pierre Auger Observatory

— Auger 2018 mmmmms Auger DGH 75° <0 <90° =mmm== |ceCube 2017
== mmm= Auger Earth-Skimming — sm==== Auger DGL 60° <6 < 75° e e e ANTARES 2017
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