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High-energy Neutrino from the Galactic Plane

- KRA? Model ——— KRA? Best-Fit v Flux
+75° 4 4
. - KRAY® Model ~ —— KRAY® Best-Fit v Flux
\‘/ - 11° Model — 119 Best-Fit v Flux
\, s _ 7 M.G.Aartsen et al.(2020)
. \ \ \ N - 10 6
Vs e | * ~
.{ P e e -
e %l | o j’ oh O
. Nt O 10-
> r — T/ -Equatorlal Coord. % _'-g
- o :\ - / N2
-60° - ’ L
~75°
B
00 05 1.0 15 20 25 30 35 4.0
Significance: n-o 10—8
103 104 10° 10° 107
E, [GeV]

4.5 o rejection of the background-only hypothesis
Strong evidence for the Milky Way as a source of high-
energy neutrinos

lceCube Coll, Science (2023)
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Hint of TeV Neutrino from the Galactic Ridge
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Galactic Ridge defined as | /| < 307, [b| <2 Background-only hypothesis is rejected at 96%

confidence level (2.0 o)
The flux is consistent with diffuse emission by the cosmic-ray sea interacting with ISM in the region

ANTARES Collaboration, Physics Letter B (2023)
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Segmented Galactic Neutrino Flux

n"

 Characterizing Galactic neutrino emission by
dividing the galactic plane into segments in
galactic longitude

45 3 Segments

25°

24 Oh

* Full-sky cascade dataset as in the first Galactic
plane analysis

-25°

N\
- » Assume uniform emission in each segment. Result
does not depend on spatial templates of the

diffuse emission

-75°

(a) The 3 segments “generic” segmentation scheme.
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PoS-1CRC2025-1130
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https://arxiv.org/abs/2507.08097v1

3 Segments

(a) The 3 segments “generic” segmentation scheme.

Segmented Galactic Neutrino Flux

Scheme Segment k£ Inin Imax  Significance ng = ) ; ng
2 Segments 1 -60°  60°
) 00 _60° ; 3810 643
3 Segments 1 —40°  40° )
2 40°  180° § 3.84 ¢ 643
3 -180° -40° )
6 Segments 1 ~30°  30°
2 30°  90°
3 90° 150°
4 150° —150° » 3.58 o 808
5 -150° -90°
6 -90° -30° |

* Most significant scheme is with 3 segments
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https://arxiv.org/abs/2507.08097v1
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(b) Scheme aligning with the LHAASO GP analysis region.

Segmented Galactic Neutrino Flux

Experiment Imin  Imax  |P|lmax Significance ng = > ng
HAWC [3] 43° 73° 5° 3.01 o 664
H.E.S.S [13] -110° 65° 3° 3.06 o 569
LHAASO [1, 14] 15°  125° 5° ‘
> 2.73 o 371
125° -=-55° 5° J
Tibet AS y I [2] 25°  100° 5° 2.96 o 660
Tibet AS v 1II [2] 50° 200° 5° 2.98 o 626

PoS-1CRC2025-1130
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https://arxiv.org/abs/2507.08097v1

Multi-flavor Neutrino Measurement of the Galactic Plane

Event 139315/50057906-0
Time 2024-04-24 01:49:26 UTC

Event 118545/63733662-0 * ° 1 0 3

e Ouon gsT0ns —+ Through-going Tracks
oS wknewn oK - = Starting Tracks
S 102} — Cascades
e —— Combined
Né wotfeed ot | LAt (el
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(a) Example through-going track event (b) Example cascade event é 10-1 //
L ,I
: . : ’ o
lceCubE Multi-flavour Astrophysical Neutrino source sample 10721 JHEUDN PrMlimineny
(ICEMAN v1) /
107763 107 10° 106
eSTES ONNC True Neutrino Energy (Ge)
Livetime ~13 years 12.14 years 12.12 years
Events 979227 12048 85754
With further improvements in ice modeling Refs. PoS ICRC2023 975, JINST 19 P06026 PoS-ICRC2025-1193
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https://arxiv.org/abs/2507.08753v2

Multi-flavor Neutrino Measurement of the Galactic Plane

Fermi n°® ESTES Fermi n° ESTES smeared with 1°

IceCube Preliminary IceCube Preliminary

- Spatial signal PDF for each dataset.

» Smearing widths are chosen based on
the median angular uncertainty of the

Equatorial Coordinates Equatorial Coordinates Signal events in the respeCtive datasets
I ]
2.4 l0g;0(PDF) 0.74 2.4 logy0(PDF) 0.74

Fermi n° DNNC smeared with 7° Fermi n® NT IC86 smeared with 0.3°

IceCube Preliminary IceCube Preliminary

* The addition of tracks enhances the
sensitivity.

d)

Equatorial Coordinates Equatorial Coordinates

2.4 log,0(PDF) 0.088 2.4 log;0(PDF) 0.74

PoS-ICRC2025-1193
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https://arxiv.org/abs/2507.08753v2

Multi-flavor Neutrino Measurement of the Galactic Plane
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https://arxiv.org/abs/2507.08097v1

TeV to PeV multi-messenger emission by the Galactic Plane
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What does the neutrino Galactic plane flux imply for Galactic PeVatrons?
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Planck 143 GHz g . Fermi-LAT 1-100 GeV

J.Sanders/H.Brunner/feSASS/MPE/E.Churazov/M.Gilfanov/IKI SRG/eROSIT

Galactic

In , the Galactic Plane is not much brighter than the extragalactic background, as it is In
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Milky Way turns out to be a Neutrino Desert!

104-
; E EG
5 Ly, 2 3F,
. LW eI anr noctyé,
5 EG / 5 MW -1 -1
- Dy /dsv no $2 Fe
: - 120 (#55) (5n) (5)7(3)
zZ 10%: 5 0.01Mpc 3 1
= E
2.
= 10 ﬂ A comparison of the Galactic and extragalactic
; neutrino flux suggests that the Milky Way currently
100+ —— Simulation, benchmark does not host the type of neutrino emitters that
: BN Observations, benchmark dominate the extragalactic neutrino sky.
Observations w. uncertainties
v e—_
10" 10 107 10° 104 10° 10°

E |GeV]
KF, Gallagher, Halzen Nature Astronomy 2306.17275
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Sources vs Diffuse Emission: Comparing v and y observations

Tibet region A ——— LHAASO Outer Galaxy SHWC 10—6 _ Excluding pulsars, PWNe, TeV halos
— = Tibet region B —— HGPS 1LHAASO : lceCube ()
_ . s Tibet ASy (v)
T 1077 - s LHAASO (v)
e ) Fermi-LAT (v)
|
C\llm 1078
s I
-,
= 19
) 5
& 1071w srwe ()
"@*A ) AFGL (v)
R 1010 HGPS (v) N
5 1LHAASO-WCDA (v)
1LHAASO-KM2A ()
102 10? 10 10° 10°

E, |GeV]

. Neutrino flux of the Galactic plane is likely dominated by the diffuse emission but could include a
non-negligible contribution of hadronic gamma-ray sources

KF & Murase ApJL 2307.02905
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Tibet region A —— LHAASO Outer Galaxy 3HWC
== == Tibet region B —— HGPS 1LHAASO

Galactic Diffuse Emission: Source Contribution

Partial contribution by mmmm [ccCube (1)
unresolved hadronic mmmm [ceCube (KRAS)
sources such as star- = IceCube (KRA50)
formation regions and >
molecular clouds —
B \
(Neronov+2023, Abhijit+2024) 1078 —— e
% ; adronic diffuse emission
— or/and a population of y-ray
s \ opaque neutrino emitters?
s 1077
AN
Room left for leptonic = | .
emitters such as TeV | s Tibet ASy (v)
halos | mmmmm [[HAASO diffuse + non-pulsar sources (v)
10~ 10 - - -
10° 104 10° 10°
(Dekker+2024, Kai+2024, Kaci+2024) E, [Ge\/]

KF & Murase ApJL (2023)
See also analysis of Vecchiotti+2023, Silvia+2024
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https://ui.adsabs.harvard.edu/abs/2023PhRvD.108j3044N/abstract
https://ui.adsabs.harvard.edu/abs/2024JCAP...06..074R/abstract
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.083026
https://ui.adsabs.harvard.edu/abs/2024NatAs...8..628Y/abstract
https://arxiv.org/abs/2407.20186
https://ui.adsabs.harvard.edu/abs/2023ApJ...956L..44V/abstract
https://ui.adsabs.harvard.edu/abs/2024ApJ...969..161G/abstract
https://iopscience.iop.org/article/10.3847/2041-8213/ad012f

Gamma-ray-opaque neutrino sources?

https://imagine.gsfc.nasa.gov/features/yba/CygX1_mass/cygX1_more.html

NGC 1068 Cygnus X-1
M ~35x10" M, M ~21.2M,

CDHY PeVatron Workshop  Ke Fang




Coronal Neutrino Emission: Dependence on the Compactness

_LX OT

R m,>

ug = Ep ity

Acceleration ~ danm,c?  2rmTp n, ~ trlorR

Interaction

. Particle acceleration and interaction timescales in the coronal region are tied to the compactness
of the X-ray source
. ¢~ 17 for NGC 1068 and 7 ~ 19 for Cygnus X-1 at R = 10R,

. Neutrino emission processes may similarly happen in the cores of active galactic nuclei and
black hole XRBs, despite of their drastically different masses and physical sizes.

KF &, Halzen, Heinz, Gallagher ApJdL 2410.02119
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Galactic Black Hole Corona: Cygnus X-1 as an example

. Hard and soft states

. Transition of states due to different accretion
states. In hard/soft state, coronal emission
dominates at large/small radius

. Hard X-ray to MeV gamma-ray emission
assoclated with corona

E F(E) [keV cm-2 s-!]

. 1-100 GeV emission only in hard state; sub-GeV
1 10 100 10°® 10* 105 10%® 107 10® o | o
E [keV] emission seen in both states. Origin unknown

Zdziarski et al MNRAS (2017)
Krawczynski et al Science (2022)
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Galactic Black Hole Corona: Cygnus X-1 as an example

Hard state

103 Soft state
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E, [GeV] E [GeV]

. Hard state: R ~ 100R,, £ ~2, 6, ~0.1, turbulent acceleration

. ooft state: R ~30R,, £ ~ 20, o, ~ 60, magnetic reconnection

. In both states, coronal region is opaque to gamma rays. Soft state has 7, > 1

KF &, Halzen, Heinz, Gallagher ApJL 2410.02119
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Galactic Black Hole Corona: Cygnus X-1 as an example
KF &, Halzen, Heinz, Gallagher ApJL 2410.02119

| 0_3 | State-averaged ,~ = U Inverse Compton -y —== JceCube
Hard — = Synchrotron ~y + COMPTEL E
—— : f Hard COMPTEL
— Soft v + Fermi-LAT ] Soft Fermi-LAT
- 10_5 I HAWC o 1 State-averaged HAWC
2 ‘ MAGIC T ] MACIC
= CTE = LHAASO
< X g 1077 .
> 107 = ey |
5 )/ ™ S
= * R | 2 90 ,
=107 | ~ % = ~
c? = 10—11_E
Q R |
_11 i ]
10 A 10-12
108
10—13 . . . .
10~ 107! 102 10° 108 101! 10 107

E [eV]

. Hadronic y rays cascade down to sub-GeV energies in soft state and 0.1-100 GeV in hard state

v emission detectable with future observations
. State-averaged y-ray flux is consistent with TeV limits and LHAASO observation

Galactic XRB coronal emission could explain both Galactic cosmic-ray and neutrino flux
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Future

SWGCO

The Southern Wide-field Gamma-ray Observa tory
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Finding individual PeVatrons with neutrinos
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