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ANTARES Scientific Program

Credit: IceCube/NASA

e Astronomy & astrophysics (main goal by design):

(p+p/y—X+n° —>@

o  Neutrino astronomy: prove the existence of a J N N +.
cosmic neutrino flux and neutrino sources. : Xt o

=+,
o  Multi-messenger astronomy: connects different P — © <&
cosmic messengers having a common origin. :
o  High-energy cosmic rays origin. Study of the
sources (particle acceleration and propagation).
e Dark matter & Particle physics: s
o  Dark Matter origin. g
o Beyond Standard Model theories: magnetic
monopoles, nuclearites.
P Cosmic accelerators can produce different messengers: ,
° Neutrino oscillations & interactions. gamma rays, neutrinos, and gravitational waves.
L . Common origin: accelerators produce both y and v
° No.t only physics: Environmental research (Earth & Sea through hadronic processes, py and pp interactions.
Science).
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Neutrino Telescopes: Detection Principle

° Primary neutrino interacts with the matter near the detector.

e  Asecondary lepton is produced inducing Cherenkov light collected by an array of PMTs embedded in optical transparent media, water or ice.

hadronic

. . hadronic
° Submerged to filter out the cosmic ray secondary backgrounds (mostly muons). L shower Wy, shower v,
e  “Gold” channel are upward-reconstructed events, to reject anything but neutrinos. a) b) Aty
haC:rortlrigmagnetic hadroni
R0 adronic
e  Cosmic neutrinos are still sub-dominant compared to atmospheric neutrinos. vy oM shower v
R 10° .
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https://link.springer.com/article/10.1140/epjc/s10052-009-1230-9
https://opus4.kobv.de/opus4-fau/files/296/DoktorarbeitBettinaHartmann.pdf
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e ANTARES was an underwater neutrino telescope (2006 - 2022). St o M.m
e Located at 2500 m depth, 40 km off the Toulon coast in France (42°48'N) Mehca " Florence
[good visibility of the Southern sky, inner Galaxy]. S vadfie)
e 3D array of 885 PMTs (10-inch) dlstrlbuted in 12 lines of 25 storeys with an Rorto _ 2 Barceiong
instrumented volume of ~0.01 km?®. oy IF1
e  Sensitive to energies from hundreds of GeV to PeV. £
Se\(/)ille $|gi\e:l
e  Angular resolution (median) < 0.4° for E > 10 TeV (tracks). KPP -
g - 885 PMTs ,LZ;;VM/VANTARES
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https://antares.in2p3.fr/
https://www.google.com/maps/d/viewer?mid=1jS40dxh0l8JVG2FrYDxU4NKoJLQ&usp=sharing

The ANTARES Collaboration

e The ANTARES collaboration includes about 150 engineers, technicians, and physicists from institutes mainly in Europe.

e  The collaboration was established in 1997 when the detector proposal was published. It is still presently active, even though the
detector was decommissioned in 2022.

e  The final results by the collaboration are being produced, some will be presented today.

e The ANTARES legacy: papers with the whole dataset are already being published. Hoping to have all publications ready by 2024.

TOWARDS A LARGE SCALE
HIGH ENERGY COSMIC NEUTRINO
UNDERSEA DETECTOR

'PROPOSAL — May 1997 I

https://arxiv.org/abs/astro-ph/9707136
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https://arxiv.org/abs/2211.07551
https://arxiv.org/abs/astro-ph/9707136

Results
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Prog.Part.Nucl.Phys. 67 (2012) 651-704

Cosmic Diffuse Emission

High-energy cosmic neutrinos were confirmed by the IceCube collaboration in 2013.
ANTARES has observed a mild 1.8 ¢ excess with data from 2007-2018 (3330 days).
50 events (27 tracks & 23 showers) observed while 36.1 + 8.7 (19.9 tracks & 16.2

showers) expected from background.

The last ~4 years of data will be added soon with analysis improvements (e.g. new

shower selection, improved energy estimation).
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https://doi.org/10.1016/j.jheap.2022.08.001
https://doi.org/10.1016/j.ppnp.2011.12.001
https://pos.sissa.it/358/891/

Galactic Diffuse Emission

e A Galactic component contributing to the cosmic neutrino diffuse flux was announced this
year by ANTARES (~2 o) and IceCube (~4.5 o).

e  ANTARES ON/OFF analysis at E>1 TeV detects 21 (13) track (shower) events while
11.7 £ 0.6 (11.2 £ 0.9) track (shower) events are expected, 2.2 (0.2) o excess.

e  ANTARES template analysis using the most recent KRAy models shows a 1.5-1.8 ¢ excess.

-~ lIceCube / KRAS —— ANTARES / KRAT"
IceCube / KRAS® ANTARES / KRAT2X Phys.Lett.B 841 (2023) 137951 &
—— IceCube / m® model = ANTARES / Galactic Ridge PoS ICRC 2023 (1 084)
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https://doi.org/10.1016/j.physletb.2023.137951
https://pos.sissa.it/444/1084/

Search for Neutrino Sources

° Several types of searches performed: time-dependent, time-integrated, all-sky search, candidate
list search, catalog-stacked, etc.

° In an all-sky time-integrated search the most significant spot, (RA, dec) = (200.5, 17.7)°, has a
pre(post)-trial significance of 4.0(1.2) o, with no evident association (closest source is 1° away).

. A list of 163 candidate sources was tested to reduce the trial factor. No significant excess
observed but some sources show interesting upper fluctuations.

° Best candidates are MG3 J225517+2409 and 3C403 with 3.4(1.7) o pre(post)-trial significance.

ANTARES PS search pyaues map

PoS ICRC 2023 (1128)
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https://pos.sissa.it/444/1128/

DEC J2000 [deg]

Time-dependent Source Searches PoS ICRC 2023 (1480)

e  Search for neutrinos using the temporal information from external observatories (triggered). Source n_signal | pre-trial sign (o)
e Tested potential neutrino flares by IceCube [ApJL 920 L45 (2021)] with ANTARES data. NGC 598 0.86 2.2
e  Out of 36 sources, 4 have fitted signal (~2 o upper-fluctuations). TXS 0506+056 0.86 2.2
e TXS 0506 has 1 event compatible with the “orphan” neutrino flare (2014-2015). PKS 1502+106 1.31 21
Overall significance comparable to time-integrated search, with 3 times less signal.
_ _ B3 0609+413 0.40 1.7
° Searches based on EM observatories ongoing.
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https://iopscience.iop.org/article/10.3847/2041-8213/ac2c7b
https://pos.sissa.it/444/1480/

Catalog-based Searches

° Different catalogs tested with 11 yr ANTARES data. Radio Galaxies the most significant with a pre(post)-trial 2.8 (1.6) o excess ApJ 911 48 (2021).

° New analysis: updated radio-bright (VLBI) blazars catalog +2 yr data. Counting analysis and likelihood analysis consistent showing a 2.2 o excess.

e  Additional search for neutrino flares (untriggered) show 18 sources (out of 2744 tested) PoS ICRC 2023 (1567)
with pre-trial significance >3 o pre-trial. Background probability 1.4% (2.5 o). = o PRELIMINARY i7" ANTARES

° Both time-integrated and time-dependent analyses hint that some blazars might emit neutrinos. & ¢ =

= : : owers
g2 2 : :

° Interesting case of J0242+1101, showing temporal coincidence with gamma and radio flares & | | iy |‘ | Ilhl‘ 1“ l i 1
and also coincident with a high-energy IceCube track. Chance coincidence probability 0.5% 12 = S—
(caveat: coincidence found a posteriori, assumptions made in this estimation). L *\l 1ok
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https://iopscience.iop.org/article/10.3847/1538-4357/abe53c
https://pos.sissa.it/444/1567/
https://iopscience.iop.org/article/10.3847/1538-4357/abe53c

ApJ 892 92 (2020)
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e  Multi-messenger searches with HAWC through AMON [ApJ 944 166 (2023)]. %o “{.
° Correlations of neutrinos (ANTARES & IceCube) with UHE Cosmic Rays (Auger & Telescope Array’ ti.:u P10
e  Search for neutrinos from transients (offline): GWs [JCAP04(2023)004], GRBs [JCAP03(2021)092]. sind
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https://iopscience.iop.org/article/10.3847/1538-4357/ab7afb
https://iopscience.iop.org/article/10.3847/2041-8213/aaeecf
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.082002
https://iopscience.iop.org/article/10.3847/1538-4357/aaf21d
https://iopscience.iop.org/article/10.3847/1538-4357/acafdd
https://iopscience.iop.org/article/10.3847/1538-4357/ac6def
https://iopscience.iop.org/article/10.1088/1475-7516/2023/04/004
https://iopscience.iop.org/article/10.1088/1475-7516/2021/03/092
https://arxiv.org/abs/2211.07551
https://iopscience.iop.org/article/10.3847/1538-4357/ab7afb
https://iopscience.iop.org/article/10.1088/1475-7516/2023/04/004
https://iopscience.iop.org/article/10.3847/1538-4357/acafdd
https://arxiv.org/abs/2211.07551

(ov) /cm? st

Full list of publications (>100):
https://antares.in2p3.fr/publications/

Other Analyses & Publications

° Dark Matter searches: JCAP06(2022)028 (from Gal. Cen.), PoS ICRC 2023 (1406) (from Sun), Phys Dark Universe 16, 41 (2017) (from Earth).

) Exotics: Limits on the nuclearite flux [JCAP01(2023)012], search for magnetic monopoles [JHEAp 34 (2022)]

e  Cosmic-Ray Physics: Measurement of the atmospheric v, and v  energy spectra with the ANTARES [Phys.Lett.B 816 (2021) 136228], Shadow
of the Moon [Eur.Phys.J.C 78 (2018) 12, 1006] and Sun [Phys. Ij-éev. D 102, 122007 (2020)], solar atmospheric neutrinos [JCAP06(2022)018].

° Neutrino physics: Neutrino oscillations [JHEP 06 (2019) 113], Non-standard Interactions [JHEP 07 (2022) 048] [tomorrow by A. Lazo (link)].

° Several technical papers and not only Physics! Multi-disciplinary facility, e.g. “Sperm whale long-range echolocation sounds revealed by
ANTARES, a deep-sea neutrino telescope” [Sci Rep . 2017 Apr 12;7:45517].

JHEAp 34 (2022)

JHEP 06 (2019) 113
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https://iopscience.iop.org/article/10.1088/1475-7516/2022/06/028
https://pos.sissa.it/444/1406
https://www.sciencedirect.com/science/article/pii/S2212686417300225
https://iopscience.iop.org/article/10.1088/1475-7516/2023/01/012
https://www.sciencedirect.com/science/article/pii/S2214404822000118
https://linkinghub.elsevier.com/retrieve/pii/S0370269321001684
https://link.springer.com/article/10.1140/epjc/s10052-018-6451-3
https://doi.org/10.1103/PhysRevD.102.122007
https://iopscience.iop.org/article/10.1088/1475-7516/2022/06/018
https://link.springer.com/article/10.1007/JHEP06(2019)113
https://link.springer.com/article/10.1007/JHEP07(2022)048
https://indico.cern.ch/event/1199289/contributions/5447132/
https://www.nature.com/articles/srep45517
https://link.springer.com/article/10.1007/JHEP06(2019)113
https://antares.in2p3.fr/publications/
https://pos.sissa.it/444/1375/
https://www.sciencedirect.com/science/article/pii/S2214404822000118

What did we learn?

e Feasibility & reliability of operating a neutrino telescope underwater (ANTARES operated for +15 years!)

e ANTARES was relatively small, although relevant results were produced including hints compatible with the
IceCube discoveries (cosmic & Galactic diffuse flux, TXS 0506).

e We need more neutrino telescopes: complete sky coverage, trial factor reduction, cross-checks.

e Cooperation with other observatories, multi-messenger astronomy, is key.
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What is next?

e ANTARES legacy papers are being produced, expected to be published by 2024.

e The next generation neutrino telescope KM3NeT is already taking data with a partial configuration whose size
already exceeds that of ANTARES. Overview tomorrow by R. Gozzini [link].

e KM3NeT has an improved design, with two detectors (ARCA & ORCA) sensitive from MeV to PeV energies.

e Expected to become fully operational by 2028, KM3NeT will be a discovery instrument.

30 - Aug - 2023 F. Salesa Greus
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Diffuse flux
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MG3 J225517+2409

https://www.astronomerstelegram.org/?read=13202

Spectroscopic lower limit to the redshift (z>0.863) of the
BL Lac object 4FGL J2255.1+2411, a possible neutrino
source

on 19 Oct 2019; 0
Credential Certification: Simona Paiano (simona.paiano@inaf.it)

Subjects: Optical, Gamma Ray, Neutrinos, Blazar
W Tweet

The most significant possible neutrino source found by the ANTARES collaboration is the
BL Lac object MG3J225517+2409 associated to the gamma-ray source
4FGLJ2255.1+2411, and also associated with an IceCube high-energy track (Antares
collaboration, 2019ICRC,36,840A). A SDSS spectrum obtained in 2013 is dominated by a
non thermal continuum with no significant features. The redshift is therefore unknown. In
October 2019, we obtained optical spectroscopy of the object (g = 17.5, r = 17.1) in the
4100-7700 Ang band at the 10.4m GTC+OSIRIS. The spectrum has a S/N ~ 500 and
shows the continuum typlcal of a BL Lac objects and it is available in the database
ZBLLAC h a ve naf.itzbllac/. We found an absorption doublet identified as
Mgll 2800 mtervenmg system (the two features are at 5209.8 Ang, EW = 0.37 Ang and at
5223.1 Ang, EW = 0.25 Ang). We searched for possible intrinsic emission lines (e.g. Mgl
2800 and CIV 1540 ) of the source . No lines are found with an upper limit of EW > 0.1
Ang. We conclude that the source is at z >= 0.8633. At this redshift limit, the absolute
magnitude M(UV) < -26.5, and the gamma-ray luminosity L(100MeV-100GeV)> 4x10"46
erg s-1. From our high quality spectrum, we estimated an emission line luminosity upper
limit of 1.5x10"41 erg s-1. These values are close to the ones reported for the neutrino
source TX0506+056.
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https://iopscience.iop.org/article/10.3847/1538-4357/abe53c
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Search for Neutrino Sources

° Several types of searches performed: time-dependent, time-integrated, all-sky search, candidate list search, catalog-stacked, etc.

° In the all-sky search we divided the sky in a grid with 0.11° spacing between pixel centres (HEALPix, Nside=512).

e  The most significant spot, (RA, dec) = (200.5, 17.7)°, has a pre(post)-trial significance of 4.0 (1.2) o, with no evident association as the

nearest source (J1318+1807) is 1° away.
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Puaive map around ANTARES HotSpot
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E2x d®, / dE [GeVcm~2s71]

Candidate Sources Search

e To reduce the search trials of the all-sky search, a list of 163 candidate sources was tested.
e No significant excess observed but some sources show interesting upper fluctuations.

e Best candidates are MG3 J225517+2409 and 3C403 (radio-blazars) with 3.4(1.7) o

pre(post)-trial significance.
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Source

MG3 J225517+2409
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Time dependent (triggered) search
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flg =131, 0pe = 2.1
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Time dependent (triggered) search

PKS 1502+106 ANTARES PRELIMINARY
5 = - o~
~N - ~N o~
44 s 1
» IceCube fitted flare Ce iR =
* ANTARES box param. 4 :
3 { = ANTARES Track Evt. -
2 4
1 T T ~ g r T
55200 55400 55600 55800 56000 56200
Time [M)D]
B3 0609+413 ANTARES PRELIMINAR
2 o — ~ N < 0 (Ce] ~ 220
- — — - — — - —
o o o o O o o o
o o~ ~ o~ '3 o~ o~ o~
pIed I il IceCube fitted flare ” -~ L 200
= ANTARES box param. | . L @
—— ANTARES Track Evt. u =
3] ANTARES Shower i : 150 §
o 2
£
2]
2 F 100
1 T Y — T T 50
55500 56000 56500 57000 57500
Time [M)D]

F. Salesa Greus

23




Radio-blazar flares

30 - Aug - 2023

Source

Results

Name 0 a Gaussian-shaped time profile box-shaped time profile
To | o1 |hAs| 7 |pvalue| To | 07 |As| 7 |p-value
[deg] | [deg] || [MID] | [days] [MID] | [days]

JO112-6634 |-66.6 | 18.1 || 58215 | 304 |4.5(2.7| 0.0026 || 58154 | 305 |3.8|2.7|0.0097
J1355-6326 | -63.4 | 208.9 || 56524 | 1041 | 7.9 | 2.8 | 0.00018 || 56091 | 905 [6.0]2.9]| 0.0048
J0359-6154 |-61.9| 59.7 || 56316 | 78 |5.4(3.5]| 0.0022 || 56321 | 112 |5.7|3.5| 0.0013
J0522-6107 |-61.1| 80.6 || 56221 | 42 |4.6(3.4| 0.0034 || 56232 | 59 |49]|3.4|0.0023
J1220-5604 |-56.1 | 185.1 | 58406 | 18 |2.8(2.6|0.00029 || 58413 | 22 |0.4]2.2|0.0032
J1825-5230 |-52.5(276.3 | 57265 | 600 |5.4(2.7| 0.0031 |[ 57188 | 959 |5.5|2.7| 0.0027
J0641-3554 |-35.9(100.3 || 58084 | 16 |2.9(3.0| 0.0021 || 58081 | 19 |3.0|3.0|0.0018
J1418-3509 |-35.2214.7 | 58120 | 11 |3.3(2.9] 0.0018 || 58121 | 14 |29]|2.8|0.0021
J1500-2358 |-24.0 [ 225.2|| 55846 | 4 |3.7(2.3]| 0.0016 |[ 55847 | 6 |3.7|2.2]|0.0015
J0521-1737 | -17.6 | 80.3 || 57332 1 20|19 0.0011 || 57333 2.0| 1.9 0.0023
J2345-1555 |-15.9356.3 || 57653 | 460 |3.2(2.6| 0.0011 || 57784 | 404 |2.4|2.7|0.0030
J1537-1259 |-13.0(234.3 | 58201 | 46 |2.6(2.0| 0.0019 || 58201 | 55 |2.7|2.0|0.0016
J0933-0819 | -8.3 | 143.3| 57411 | 533 |3.1(2.0| 0.0014 |[ 57128 | 697 |2.9|2.0|0.0017
JO73240150 | 1.8 | 113.1|[ 55794 | 82 |5.0|3.5| 0.0010 || 55854 61 |[2.7(3.4] 0.033
J0242+1101 | 11.0 | 40.6 || 56676 | 311 |5.4]2.2| 0.0060 || 56586 | 451 |6.6(2.6|0.0021
J1826+1831 | 18.5 | 276.6 || 57672 | 151 [2.9]2.5]| 0.0015 || 57636 | 178 |3.0|2.5| 0.0010
J1606+2717 | 27.3 | 241.7 || 58793 1 1.0 | 1.0 | 0.00076 || 58793 1 1.0| 1.0| 0.0017
J1800+3848 | 38.8 | 270.1|[ 56590 | 3 1.7]12.4] 0.0024 [| 56590 | 3 1.9]2.6| 0.0021
F. Salesa Greus + VEGA @ 24




Name 6[°] ] fig p-value ®Q"C-L- | Name 51°]  al’] Agg pvalue @p%C-L-

PKS1454-354 -35.67 22436 1.46 0.12 0.73 J1230+1223 1239 187.71 048 0.173 0.98

PKS0625-35 -3549  96.78 - - 0.40  [JO750+1231 1252 117.72 091 0.151 1.02

TXS1714-336 -33.70 259.40 - - 0.40 |PKS 1413+135 13.35 214.03 - - 0.61

SwiftJ 1656.3-3302 -33.04 254.07 - - 0.53  [J0530+1331 13.53 8274 - - 0.75

PKS0548-322 -3227  87.67 - - 040 |WslI 14.14  290.75 - - 0.61

- H2356-309 -30.63 359.78 - - 0.40 | VER J0648+152 1527 1022 - - 0.62

T PKS2155-304 -30.22 329.72 - - 0.40  [12253+1608 16.15 34349 - - 0.62

a r eted so u rces I Ist HESSJ1741-302 -30.20 265.25 1.2 0.095 0.77 PKS 0235+164 16.17  39.66 - - 0.62

PKS1622-297 -29.90 246.50 - - 0.48 PKS 0735+178 17.71 114.53 - - 0.62

J1924-2914 -29.24 291.21 - - 0.63 LHAASO J1929+1745 17.75 292.25 - - 0.79

Galactic Centre -29.01 26643 2.01 0.024 1.16  [JO854+2006 20.11  133.70 - - 0.75

J2258-2758 -27.97 34452 - - 0.48 RGB J2243+203 20.5 34098 0.82 0.109 1.16

J1625-2527 <2546 24645 - - 0.50 |VERJ0521+211 21.21 8040 - - 0.90

NGC 253 -25.29 11.8 - - 0.50 4C+21.35 21.38  186.23 - - 0.64

Terzan5 -24.90 266.95 - - 0.69 |Crab 2201 83.63 - - 0.65

1ES1101-232 -23.49 16591 - - 0.51 1C 443 225 94.21 - - 0.65

J0457-2324 -23.24 27043 - - 0.51 S20109+22 2274 18.02 - - 0.65

w28 -23.34 27043 - - 0.58 B1422+231 2293 216.76 - - 0.65

J1833-210A -21.06 278.42 - - 0.52 3HWC 119404237 23.77 295.05 - - 0.65

J0836-2016 -20.28 129.16 - - 0.52 PKS 1424+240 238 21.76 - - 0.65

J1911-2006 -20.12 287.79 - - 0.52 MG3 J225517+2409 24.19 343.82 4.39 0.00034 229

eHWCI1809-193 -19.34 272.46 - - 0.53 3HWC 119504242 2426 297.69 - - 0.66

J0609-1542 -20.12 287.79 123 0.015 1.39 MS1221.8+2452 24.614 186.1 - - 0.65

SNR GO015.4+00.1 -15.47 274.52 - - 0.55 PKS 1441+25 25.03 22099 - - 0.83

j2158-1501 -15.02 32953 - - 0.52 1ES0647+250 25.05 102.69 - - 0.65

LS5039 -14.83 276.56 - - 0.52  [S31227+25 253 187.56 - - 0.66

LHAASOJ1825-1326 -13.45 276.45 - - 0.70 W Comae 28.23 185.38 - - 0.69

‘ 5 . 2 4 y 2 2 2 s =

N o1 o] e 0 e 1 al) e agres SOSDO I M 0 e L0 |UOnsenen B35 BeR C D on

LMCNNI32D 695 812 - - 037 |RGBJOIS2+017 179 2817 - - 057 10541506 5T SiUsE = = 033 |ToNGES S 04s

LHA 120-N-157B -69.16 8443 - - 0.37 1 J1229+0203 205 1875 - - 0.60 1ES0347-121 1199 5735 - - 0.53 |ILHAASOJ1219+2915 2925 18498 -  — 0.69

PSRBIZSD-03 0384 19ad0  ~ - U7 | HESS J15)84020 206 28407, 1z . = 057 PKS0727-11 1170 11258 152 0051 115 |3HWCI1951+2915 294 29799 - - 0.82

RCW86 -6248 22068 - - 0.37 | 3C403 251 298.07 3.21 0000337  2.09 HESSJ1828-099 999 27724 087 0.1 101 |IESI215+303 30.1 18445 - - 0.70

HESS J1507-622  -6234 22672 - - 043 |ILHAASOJI858+0330 351 28459 - - 057 {5 15:0605 510 DoNAT e ae 055 |iEsizizraot 45 TRShe  mr  w 070

ESO9:GI2. - 0994 2644l = - 037 (LOCE420:015 403 7338 - = 058 HESSJ1834-087 876 271869 - - 055  |HESS J1746-308 3084 26657 - - 0.83

SNR G318.2+00.1 -59.46 22442 - - 037 |ss433 498 28796 - - 058 106070834 858 92 061 0152 093 |B21811431 3174 274 — - 012

MSH 1552 910 (2808 - - 057 [J0243:0021 239 OB o= 058 PKS1406-076 790 21220 - - 055 [11310+3220 3225 19762 - - 0.73

HESS J1503-582 -58.74 22646 - - 037 | TXS 0506+056 57 7735 25 00083 16 0502022.077 760 30640 050 017 08 |B21420132 1230 21563 - 072

HESSIL023:5750 200006 1083 = o U6 JHESSH00324057 581 982460 0036 53 RS Ophiuchi 671 267.55 167 0027 128 |ILHAASOJ200243244u 3274 300.64 - - 0.86

CirXs] 9717 23007~ 037 |LHAASOJ19030621 ~ 635 287.05 - - 0.58 J0006m0623 639 156 157 0047 118 |ILHAASOJ2028+3352 33.88 30721 - - 0.74

IChorspor South  -565 3502 0.4 019 061 |ILHAASOJI92+0648 6.8 285.58 - - 0.59 30575 oo nodbs 088 015 05 |anWciooeeiiis 55 i - o o

SNR G327.1-01.1 -55.08 238.65 - - 041 PKS 2145+067 6.96 327.02 0.29 0.21 0.92 LHAASO J1839-0545 -5.75 279.95 _ _ 0.55 1161343412 3421 24342 _ _ 0.86

HESSJ1614-518 -51.82 243.58 - - 0.37 B1030-074 7.19 158.39 - - 59 122250457 495 33645 _ _ 0.56 S30218+35 3594 3527 _ _ 0.76

PKS 2005-489 -48.82 302.37 0.25 025 0.55 1LHAASO J906+0712 7.2 286.56 - - 0.59 PKS 1741-038 338 266 271 0.021 137 LHAASO J2018+3651 36.85 304.75 _ _ 1.14

GX339-4 4879 25570 - - 048 | SHWCJ1914+118 857 28679 - - 0.59 LHAASO J1843-0338 -3.65 28075 - - 0.56 | ILHAASO J2027+3657 3695 30688 - - 0.77

HESS J1641-463  -46.30 250.26 2.26 0.067 0.78 | W498 9.09 287.78 1.00 0.052 1.25 HESS J1848-018 -1.89 282.12 % % 0.56  |12015+3710 37.18 303.87 o s 0.96

RX J0852.0:4622 4637 183.00 - - 038 0T 081 965 267.89 0.09 072 0.87 103390416 178 5488 - - 0.56 | Milagro Diffuse 38 305 045 0.195 L1

Vela X -45.60 12875 1.9 0.094 0.73 HESS J1921+101 10.15 288.21 - - 0.6 10423-0120 -1.34 65.82 _ _ 0.62 Mkn 421 3821 166.11 _ _ 0.78

PKS0537-441 -44.08 84.71 - - 0.39 PKS 1502+106 10.49 226.1 - - 0.6 10725-0054 092 11146 _ _ 0.56 B32247+381 3843 342.53 _ _ 0.78

CentaurusA -43.02 201.36 1.05 0.085 075 |J0242+1101 1102  40.6 4.43 0.00526 1.73 LHAASOJ1849-0003 -0.05 28235 - - 0.56  |10927+3902 39.04 141.76 098 0.043 1.53

PKS1424-418 -42.10 216.98 - - 0.38 ILHAASO J1959+1129u 11.49 299.82 - - 0.6 NGC1068 001 40.67 2% 5 0.65 NGC 4151 3941 182.63 e R 0.80

1ES2322-409 -40.66 351.20 - - 0.38 |RBS 0723 11.56 1318 - - 0.61 J2136+0041 070 324.16 2.82 0.0079 1.57 | Mkn 501 3976 25347 = = 0.80

RXJ1713.7-3946  -39.75 258.25 - - 040 |3HWCIJ1914+118 11.72 288.68 - - 0.6 IHWC J1852+013 134 283.05 _ _ 0.57 | 11642+3948 39.81 250.75 _ _ 0.82

CTB 37A -38.52 258.56 - - 040 [J2232+1143 11.73 338.15 - - 0.61 J1058+0133 157 164.62 - = 0.60 |J0555+3948 3081 88.88 = o 0.80

PKS0426-380  -37.93 67.17 - - 040 |J0121+1149 1185 2042 - - 0.61 J10108+0135 158 1716 - - 0.57 |LHAASOJ203244102 4105 30805 - - 081
PKS 0736+017 1.79 28.17 - -

25
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Angular Resolution (tracks & showers)
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Search for Exotic Physics

Monopoles
Magnetic monopoles

Adapted reco for slow moving particles

Nuclearites

Nuclearites of strange quark matter

Kasama, Yang and Goldhaber model Down going flux with Galactic velocities
according to de Rujula & Glashow
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