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ZA5{ERTIX (Multi-messenger era)
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Distance [Mpc]

radio/microwave infrared/optical X-rays SEININEREE neutrinos cosmic-rays
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I CE D LUUBE How does IceCube work?
N\ When a neutrino interacts with the Antarctic ice, it creates other particles. In

. this event graphic, a muon was created that traveled through the detector
50 m e B Tt almost at the speed of light. The pattern and the amount of light recorded
' by the IceCube sensors indicate the particle’s direction and energy.

\Each DOM is shown  {{l11} 1 1!| Color indiicates arfival time!
IceCube Laboratory 86 strings { by a white dot | 1111 red first, green Iast

) set 125 me
Data is collected here and

sent by satellite to the data
warehouse at UW-Madison
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deployed in the ice

m_ﬁ‘v —
'—""v-““-r“ Cpiy s ~r'

NI . o November 12 2010 duratlon 3800 nanoseconds energy 71.4TeV
declination: -0.4° rlght ascenS|on 110° mckname Dr. Strangepork




Observation of an ultra—high—energy
cosmic neutrino with KM3NeTl

e KM3-230213A
« BN FREEE1A220 PeV
s S| RTIZIR

#BZ: Here we report an exceptionally high-energy
| event observed by KM3NeT, the deep-sea neutrino
| telescope in the Mediterranean Sea, which we

~ associate with a cosmic neutrino detection.
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No evidence for point sources, nor a correlation with the galactic plane
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lceCube-170922A

original GCN Notice Fri 22 Sep 17 20:55:13 UT
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Synchrotron

emission

Theoretical efforts
for blazars as the emitters

(many papers) O revisticir
_ HECR 'u l.
{tac) \\ | // 16¢) |
N © =7 | Plavin+21
Y r¥-1 ®s i
s e *% » Lepto-hadronic model
¢ « EM emission is explained by synchrotron and
l. :
K Inverse-Compton of electrons
f"  Protons are also accelerated, interact with
&, photons (py interaction); required for neutrino

production

. . -  Secondary electron-positron pairs also
. ﬁgbplaﬁ%r dcore ternal ohot contribute to EM, which come from processes
- niaden external photon such as Bethe-Heitler and photomeson

. (Egt:rgg%ﬁgjzgg?mtmn * Other process: photon-photon pair production



Observational efforts: e.q., icecube- 131204A: PMN 1916-

1519 (LSP, possible FSRQ)
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* PMN 1916-1519 was having a
short, 4-month long flare (Ji, Wang,
Zheng 2025 ApJ)
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|. Jetted AGNS

« Current status: searching

for more cases (or evidence)

to connect IceCube Gold
neutrinos to flaring blazars

 Thus far, 10 cases have
been reported (we found 3) =

« Common properties:

1. Associated optical/MIR
flares were seen

Gamma-ray emission
hardened during the flare

Some of the flares were
among the brightest
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PKS B1424-418
GB6 J1040+0617
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PKS 0735+178
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NVSS J171822+423948
PKS 2332-017

PMN J1916-1519
FSRQs

Half are FSRQs
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Photon index
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Connection between 10-100 TeV neutrinos and MeV gamma rays (Murase+20, PRL)

AGN responsible for the medium-energy ENB should A possible unified picture of the EGB and ENB
contribute a large fraction 210-30% of the MeV EGB.

A BLALL IILALL IR B B B BERALL B 10
AGN corona v

AGN corona y (cascade)

4

107

AGN corona v
AGN corona y (cascade)

— 107 _ AGN corona X (thermale) — —— 5 & AGN corona X (thermale) — — -
T N ol 10 | T ol Jetted AGN in clusters v --=--
-.-m i T_o'} .‘I'I'ii:r, " Jetted AGN Yy (blazars+radio galaxies) -
© 06 '
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) -7 <1z S'F
G 107 ¢ | RiZEERBE—XXME, 7=
S H oy 113 mwa
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E [GeV] k’] %X
FIG.3. EGB and EN_B spectra in our AGN corona model. The FIG. S5: A possible unified picture of the EGB and ENB,
data are taken from Swift BAT [15] (green), Nagoya balloon [100] in which the MeV-TeV EGB and TeV-PeV ENB are simulta-
(blue), SMM [101] (purple), COMPTEL [102] (gray), Fermi neously explained by AGN cores and jetted AGN. The data
LAT [103] (orange), and IceCube shower events (black) [5] are taken from Swift BAT } (green), Nagoya balloon -
(consistent with the global fit [4]). Solid thick (thin) curves are for (blue), SMM [99] (purple), COMPTEL [100] (gray), Fermi
p=1and g =5/3 (f =3 and g = 3/2 with the reacceleration LAT ﬂ} (orange), and IceCube for shower (black) [5] and

contribution), respectively. upgoing muon track (blue shaded) [9] events.
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BN |ceCube (this work)

| Electromagnetic observations (26)
+ 0.1 to 100GeV gamma-rays (40,41)

NGC 1068
0. NGE

Theoretical v model (52,55)
Theoretical v model (53)

> 200 GeV gamma-rays (42)
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NGC 1068 (M77) :EEE14 Mpc, FERGR=
10° XfAR=, K/N7E9, Type—| | HIAGN
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[11. The Milky Way
(Science, 2023)
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lceCube science goals

amECUBE .

1. Neutrino astronomy & ) TR e,
multi-messenger

a St rO p hys I CS Amundsen-Scott South

A o — | i :
® 3: ﬂ 3253 IceCube Laboratory 86 strings of DOMs, ,‘:c; 7 Stalglqn, Anrcg
D N m /J "'/ set 125 meters apart . r?:°e“ares°;ea':ze :cLi] :ﬁ-_}:.t.u -

Data is collected here and

e 14 BL-Lac, 11 FSRQ, 6 radio st UMM oo

galaxies, $R/0>, 3 PWNe, 3 copos
SNRs, 5 gamma-ray binaries /
Cosmic ray physics \ Wil =

Digital Optical

Neutrino physics phai)  dae "'l[['i[
Dark matter
Glaciolog (7K J11Z)
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Possible Galactic Neutrino Sources

1. SNRs

* PR AYR T EA
c BURINERT (FEHZ) MR F=0RT1EA

2. PSRS
 BOhERERIERT, RFRECRRIESE. BohEREETF . RS
Y=Y R{EH
3. PWNe
 BONERERRIERT, RPN SORARE TR
(TR A

o FERITSNRsHIIRM, FEAIFZSNRAVII SIS o ARZEFIER#ER (R&E2H
W44F0IC 443, 2013 Science)
« K \LHAASOXT%E/—J?\Per'c?/)?El'J%k/'ﬂ'J HhEFECrab nebula (IR FHEEILL

_ BEME) Y




Declination (J2000)

SNR/PWN G63 7+1. 1
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27:40:00.0¢

11111111
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20.0 10.0 19:48:00.0 50.0 40.0 47:30.0

Right Ascension (J2000)

50:00.0 M.

48:00.08
46:00.08

44:00.08

Declination (J2000)

42:00.0}

27:40:00.08

20.0

* Found In radio survey
of the Galactic plane
(Taylor+92)

» A filled-center SNR =>
containing a PWN

» Matheson+16
conducted detailed X-
ray studies: X-ray

PWN, >8kyr, candidate

10.0 19:48:00.0 50.0 40.0 47300 oulsar

Right Ascension (J2000)
7.0

TS

* Fermi gamma-ray
detection => we think
the gamma-rays are of

e=mm  thepulsar (F3R157
FAST)

[ Ji, Wang, et al. 2025 Ap] }




IceCube detection of a hotspot at G63.7+1.1

29.5 e 22
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2 PSR ACT
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— * In our search for

neutrinos for 14
PWNe with
nearby molecular
clouds,
G63.7+1.1 stands
out (3.20)

1 » Problems remain

resolved

1+ Apossible

breakthrough: the
1%t Galactic
neutrino source?

e (JI, Wang, et al.
2025 ApJ)



. AT2019dsg v SDSSJlOdSBZ 79+4122857.2 * AT2022sxl (This work)

1046 A AT2019Fdr 4 AT2021lw () AGN {Host galaxy)
B AT201%alc @ ATLAsmp ) Mon-AGN
- -
V. Candidate: TDE
. candadidate. S
Year
2010 2012 2014 2016 2018 2020 2022 . 2024
Al c230217 | s
15,_ P OW1+2 ¢ CRTSV ; i IC- 230707Bi l i
Lo w242 g ! I i! ] , , L . .
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S U N Similar to flaring blazars, several TDEs

M)D

found to be in positional and temporal
[ Ji, Wang, et al. 2025, ApJ ] coincidences with neutrinos

 Better match MIR peaks than optical




Summary

* We have entered the era of high-energy neutrino astronomy

e Thus far:

1. AGN blazars can emit neutrinos, at their flaring state (?)

2. AGN cores can emit neutrinos, with prediction of having high X-ray
emission (to be verified)

3. The Milky Way has neutrino emission, but how about individual high-energy
sources (SNRs, PWNe, PSRs, XRBs)?

4. TDEs, to be further established

* Looking-forward: IceCube is not large enough, Let’s wait for
KM3NeT!



