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Plan
n Cosmic ray measurements at Earth
n Galactic Magnetic Field and cosmic ray propagation
n Search of extra-galactic sources with UHECR
n Gamma-ray and neutrino signatures of Galactic 

sources
n Conclusions
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Cosmic ray 
measurements at Earth
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DAMPE

NUCLEON
CREAM

Direct Cosmic Ray measurements
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Spectra of individual nuclei
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Detection techniques
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Knee in CR spectrum 
Knee was discovered by Kulikov
and Khristiansen in data of MSU 
Experiment in 1958

All particle spectrum change 
power law from 2.7 to 3.1 
at E=4 PeV
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CR spectrum: all particles
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CR spectrum: all particles
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CR-composition
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AMS-02 spectra

From V.Choutko, TAUP 2025
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He spectrum
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CNO spectrum
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Fe spectrum
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LHAASO:
3 types of detectors

from 100 TeV

Construction finished on July 2021, 
Gamma-ray results from 2019, CR results  from 2024
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•LHAASO collab., Zh.Cao et al, 2403.10010 
, Phys.Rev.Lett. 132 (2024) 13, 131002

https://arxiv.org/abs/2403.10010
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LHAASO Proton measurement
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Proton spectrum

LHAASO collaboration, 2505.14447
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Proton spectrum
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C. Prevotat et al, 2407.11911, 2507.10823

https://arxiv.org/abs/2407.11911
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C. Prevotat et al, 2407.11911, 2507.10823

https://arxiv.org/abs/2407.11911
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Cosmic ray propagation 
in  Milky Way and 

Galactic Magnetic Field
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Rotation measure

Pshirkov,Tinyakov, Kronberg
and Newton-McGee 

 model 2011
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ROTATION MEASURE

60000 extragalactic objects
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Thermal electrons model

From M.Unger and G.Farrar 2311.12120
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Model RM

A.Korochkin, D.S. and P.Tinyakov, 2407.02148 
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Synchrotron radiation



TAUP 2025,   Searching for sources of cosmic rays Dmitri Semikoz

Jansson-Farrar 2012 model
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X-shape field, torroidal halo 
field, disc with spiral arms

Dynamical halo model

M.Unger and G.Farrar 2311.12120
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GMF models:Local Bubble

A.Korochkin, D.S. and P.Tinyakov, 2407.02148 
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Local Bubble
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Escape of CR and magnetic field

Giacinti et al, 1710.08205 
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1 PeV CR density in the Gal. plane

G.Giacinti & D.S., 2305.10251 P.Lipari & S.Vernetto
(2018)
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Search for the Sources 
of Ultra-High Energy 

Cosmic Rays
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Spectrum Auger

From P.Gia talk TAUP 2025
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Spectrum Auger/TA

From E.Kido talk TAUP 2025
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Spectrum Auger/TA

From E.Kido talk TAUP 2025
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Auger spectrum and composition

Pierre Auger Collaboration, 
2404.03533
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Auger dipole 6 sigma

Pierre Auger Collaboration, 2408.05292

https://arxiv.org/abs/2408.05292
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UHECR R=10 EV

A. Korochkin, D.S. and P.Tinyakov 2501.16158
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UHECR R=5 EV

A. Korochkin, D.S. and P.Tinyakov 2501.16158
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Auger-TA sky map E>57 EeV

Auger & TA collaboration



TAUP 2025,   Searching for sources of cosmic rays Dmitri Semikoz

UHECR propagation in IGMF
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UHECR propagation in IGMF:
caustics

A.Dolgikh, A.Korochkin, G.Rubtsov,  D.S. and I.Tkachev, 2212.01494
Lambda=0.3 Mpc R=10 EV
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UHECR source in TA hot spot

A.Dolgikh, A.Korochkin, G.Rubtsov,  D.S. and I.Tkachev, 2312.06391
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Cen A flux is shifted in JF12 
GMF model

K.Dolgih, A.Korochkin, G.Rubtsov, D.S. and I.Tkachev, to appear arXiv:2505…
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M83 is of for JF12 GMF model

K.Dolgih, A.Korochkin, G.Rubtsov, D.S. and I.Tkachev, to appear arXiv: 2505.14344



TAUP 2025,   Searching for sources of cosmic rays Dmitri Semikoz

Diffusion in angle

K.Dolgih, A.Korochkin, G.Rubtsov, D.S. and I.Tkachev, to appear arXiv:2505.14344
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Cen A back to place due to 
IGMF

K.Dolgih, A.Korochkin, G.Rubtsov, D.S. and I.Tkachev, to appear arXiv: 2505.14344
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Gamma-rays and 
neutrinos from Milky 

Way Galaxy
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Gamma-ray detectors
EAS arrays:

Milagro, ARGO-YBJ
Tibet Asγ, HAWC，

LHAASO, SWGO

Space-based
EGRET, AGILE, 

Fermi

IACTs:
H.E.S.S., MAGIC, VERITAS, 

CTA

HE: >0.1 GeV
Large FOV

80% duty cycle
0.1º ~ 5º 

resolution
1 m2 area

VHE:>0.1 TeV
3º~5º FOV

15% duty cycle
0.06º~ 0.17º 

resolution
105 m2 area

VHE：>0.1 TeV
UHE：>0.1 PeV

Large FOV
100% duty cycle

0.1º ~ 1º resolution
103-6 m2 area
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Fermi LAT 600 identified 
Galactic sources

Fermi LAT 1702.00476
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Cherenkov telescopes+ 
HAWC/LHAASO

Around 200  sources in the Galactic plane at TeV energies 
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Galactic sources
Supernova Remnants

Pulsar wind nebulas

Star clusters

Microquasars

Talk by Songzhan Chen
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Pion production

µ

µ

ννµ

νµπ

++⇒

+⇒
±±

±±

!!

!
" ## ∑+⇒+ πγ !

p

n

γπ !" ⇒

n⇒ p+ e− +νe

Conclusion: CR, photon and neutrino fluxes are connected 
in well-defined way. If we know one of them we can predict 
other ones (model dependent) : !"!!"! ## νγ !

N + Ab ⇒ N ' + π∑
i
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Diffuse gamma-ray and neutrino 
fluxes
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Gamma-ray flux

Fermi collaboration, 1602.07246
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Mask LHAASO

LHAASO collaboration arXiv: 2305.05372
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LHAASO diffuse

LHAASO collaboration, arXiv: 2305.05372, 2411.01621
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Variation of diffuse flux over 
Galaxy

LHAASO collaboration, 
arXiv: 2411.01621

HAWC collaboration,
     2310.09117
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Lower knee in Galaxy

C. Prevotat et al, 2407.11911, 2507.10823

https://arxiv.org/abs/2407.11911
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Neutrinos from Galactic plane: 
ANTARES 2022:  2 sigma excess

A.Albert et al, arXiv:2212.11876 
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IceCube cascades: 4 sigma

IceCube collaboration, Science 380, 1338 (2023) 
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Cascades E>200 TeV Baikal and IceCube

Baikal collaboration,

2411.05608

https://arxiv.org/abs/2411.05608
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Diffuse neutrino background Galactic plane

C. Prevotat et al, 2507.10823
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Neutrinos from Cygnus region

A.Neronov et al, arXiv:2311.13711
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Neutrinos from Cygnus region

A.Neronov et al, arXiv:2311.13711
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Summary
n Cosmic ray flux of individual nuclei measured by satellite experiments from space. 

AMS02, DAMPE and CALET see several breaks in spectrum, which have to be 
explained. 

n LHAASO for the first time measured proton spectrum at knee from the ground.  
Composition  established at knee with high precision measurements of logA and total 
flux.

n As next step we will need  good 10 PeV – 1 EeV measurements of mass composition

n Breaks in CR proton spectrum from  GeV to PeV energies can be  propagation 
features or due to contributions of the different populations of sources. Break at 300 
GeV is due to propagation according to AMS-02

n We start to understand general structure of magnetic field in Milky Way. Local Bubble 
is important for  CR.
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Summary
n UHECR dipole can be explained by sources in LSS and GMF. 

n UHECR anysotropies at highest energies are from nearby sources, but detailed 
knowledge of IGMF and GMF does not allow to establish them for the moment 

n We can study cosmic ray flux in different places in Galaxy with help of gamma-ray 
and neutrino observations.

n Diffuse gamma-ray emission from Milky Way was measured  by Fermi LAT at 
energies between 1 GeV and 1 TeV and by  LHAASO  1 TeV – 1 PeV. We need 
SWGO to measure Southern sky

n First signal from neutrinos from the Galaxy in cascades by IceCube. Some hints from 
ANTARES and Baikal GVD, waiting for KM3NET first results. 

n We do not know which part of neutrino signal is from isolated sources. First source in 
Cygnus region. We need  next generation neutrino telescopes to divide signal 
between sources and diffuse neutrino background from Galaxy: IceCube-gen2, 
TRIDENT, HUNT 


