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Why are we still talking about CRs?

...magnetic field...

—> impossible (?) to do CR astronomy |
| —> must use indirect ways to pinpoint sources |
—> y-ray astronomy! )
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Get away from galaxy clusters!
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Get away from galaxy clusters!

Filaments: no or little dynamo, memory Clusters: dynamo amplification,
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Is it primordial?

Primordial model with ng=-1
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The Galaxy
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The galactic halo

Parametric GMF Components

disk field

toroidal field

UF23 solanoidal field componeants
(major refinement of JF12 functions)
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The galactic halo
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The galactic halo
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Small and large scales are decoupled
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Small and large scales are decoupled
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Do we know the intermediate scales?
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Difficult to pinpoint sources

all these observations can be
explained if UHECR sources
follow the large-scale structure
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Bister, Farrar, Unger ApJL 975 L21 (2024)

The Pierre Auger Collaboration, arXiv:2408.05282
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Difficult to pinpoint sources

-p -He —~N —-Si —Fe -—sum

E3 x flux /a.u.

all these observations can be
explained if UHECR sources
follow the large-scale structure

All SE—— —
Bister & Farrar ApJ 966 71 (2024)
Bister, Farrar, Unger ApJL 975 L21 (2024)

The Pierre Auger Collaboration, arXiv:2408.05282
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1) population of extragalactic sources
dominating from ankle energy

2) following Peters cycle (acceleration « Z)
3) very hard injection spectrum

4) not too strong source evolution

5) almost identical sources
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Difficult to pinpoint sources

-p le —~N S = Fe —=sum

> need source number density ~10* Mpc?
for compatibility with dipole and
quadrupole amplitudes with UF23

> cosmic variance again dominant over
differences between GMF models

see also Allard, Aublin, Baret, Parizot A&A 664 A120 (2022)

all these observations can bJ what can produce this? &L‘

explained if UHECR sources 1) pppulation of extragalactic sources
follow the large-scale structure nating from ankle energy

Mollerach & Roulet 2015, Phys. Rev. D, 92, 06301 (2015)

E3 x flux /a.u.

- 2)following Peters cycle (acceleration « Z)
| [Do we know anything that | o
lj ry hard injection spectrum
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Bister & Farrar ApJ 966 71 (2024)
Bister, Farrar, Unger ApJL 975 L21 (2024)

The Pierre Auger Collaboration, arXiv:2408.05282
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The usual suspects...

Summary: Source candidates & ‘(c;q constraints

Particle acceleration via magnetized turbulence: fitting to UHECR data

source environment EBL/CMB detection

Particle interaction and propagation according
to Unger, Farrar,Anchordoqui 2015
(see also Muzio and Farrar 2023)
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Summary: Source candidates & ‘«-;q constraints

Particle acceleration via magnetized turbulence: fitting to UHECR data

source environment
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Diffuse neutrinos

Accmtion scoslennton, decey
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Sources!

a gamma ray for every neutrino?

10 10

i (1) Y. Inoue et al.,
=% 2 ApJL'Z0
|
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= I 4 o
= "'_j" where are the
< ' n® gamma rays ?

(2) K. Murase et al., PRL'20
10~ ‘ , T

10¢ 107 100

The emergence of a new class of sources: high X-ray active galaxies

-2 2024: IceCube Search for Neutrino Emussuon from X-ray Bright Seyfert Galaxies

Northern sky NGC 4151 and CC 0-015
arXiv:2406.07601
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NGC 1068: an obscured cosmic accelerator
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Hidden sources are old stuff

NEUTRINOS AS A PROBE FOR THE NATURE OF

AND PROCESSES IN ACTIVE GALACTIC NUCLEI

R. Silberberg and M. M. Shapiro

Laboratory for Cosmic Ray Physics
Naval Research Laboratory

Washington, D. C. 20375, U.S.A.

1979

ABSTRACT

There are several classes of galaxies with compact
nuclei and huge energy outputs (1042 o 10%7 erg/sec)
from these nuclei. Such objects are the quasars, radio-
galaxies, Seyfert galaxies of class 1 and Seyferts of
class 2. A large or dominant non-thermal energy com-
ponent has been established for the first three. Sey-
ferts of class 2, however, are so heavily obscured by
dust and gas that their non-thermal nature is not
established. It is shown that neutrino astronomy
would help ascertain the nature of class 2 Seyferts.
Various mechanisms have been proposed for energy
generation in galactic nuclei: ultra-massive black
holes, giant stars (spinars), and dense clusters of
stars with frequent supernovae. The nature of the
radio lobes and jets is still obscure: are they
ejected plasmoids, or effects of particle beams or
ejected fragmented spinars? How neutrino astronomy
might help to choose the appropriate model among
alternatives such as these will be explored.
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On high-energy neutrino radiation of quasars and
active galactic nuclei

V. S. Be rezinsky Institute for Nuclear Research, Academy of
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Diffuse emission from the Galactic disk
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Diffuse emission from the Galactic disk

——— « Which ones? How much?

— * Energy spectrum?

wavelength emissions?
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-« o Template discrimination?
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in with diffuse emission?
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Diffuse emission from the Galactic disk
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Diffuse emission from the Galactic disk
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The future of neutrino astronomy
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The future of neutrino astronomy
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The NEAR future of neutrino astronomy?
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Realtime neutrino astronomy
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The CR knee
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Diffuse emission

Summary

: High-quality gamma-ray data up to PeV and complementary neutrino data start to
10° provide a possibility to answer the questions
* Whatis the average spectrum of cosmic rays in the Milky Way?
* Doesithave a PeV “knee” feature?
— 10 * Istheknee at the same energy everywhere?
. *  What source(s) are responsible for the knee?
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| Neronov | Diffuse emission
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TeV halos make the diffuse emission?

—— Total Gamma-ray Flux
~ —— TeV Halo Flux ‘
—

- —— Hadronic Diffuse
»w 107> . .
o 65° </ <85° :
| Ib| <2° |
n I
™
£
O 10-°
>
Q
O
P
31077
L Fermi-LAT
W ™ ARGO-YB]
Q@ Milagro
10—8 T B S S S A..14. ) .
0.1 1 10 100 1000 10 10

Energy (GeV)

" Linden |}




TeV halos make the diffuse emission?

e TeV halos are a common feature around middle-aged (and possibly young and

recycled pulsars).
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Are pulsar halos rare? |
Modeling the halos around PSRs J0633+1746 and B0656+14 in the light of

pulsars

Pierrick Martin'®, Alexandre Marcowith®, and Luigi Tibaldo'

' IRAP, Université de Toulouse, CNRS, CNES, 31028 Toulouse, France ‘
e-mail: plerrick.martin@irap.omp.eu ‘
* Laboratoire Univers et Particules de Montpellier (LUPM) Université Moatpellicr, CNRS/IN2P3, CC72, Place Eugéne Bataillon,
34095 Montpellicr Cedex S, France

Received 4 March 2022 / Accepted 8 June 2022

ABSTRACT

Context. Extended gamma-ray emission, interpreted as halos formed by the imverse-Compton scattering of ambient photoas by
clectron-positron pairs, is observed toward a number of middle-aged pulsars, The physical origin and actual commonness of the
phenomenon in the Galaxy remain unclear. The conditions of pair confinement seem extreme compared to what can be achieved in
recent theoretical models.

Aims, We searched for scenanios minimizing as much as possible the extent and magnitude of diffusion suppression in the halos in
JO633+ 1746 and BOGS56+ 14, and explored the implications on the local positron flux if they are applied to all nearby middle-aged
pulsars

Methods. We used a phenomenological static two-zone diffusion framework, and compared its predsctions with Fermi-LAT and
HAWC observations of the two halos, and with the local positroa Aux measured with AMS-02.

Results. While strong diffusion suppression of two to three orders of magnitude at ~100TeV is required by the data, it is possible
to find solutions with ditfusion suppression extents as small as 30 pe for both objects. If all nearby middle-aged pulsars develop such
halos, thewr combaned positron flux including the contribution from Geminga would saturate the 2100 GeV AMS-02 measurement
for mpection cfliciencies that are much smaller than those inferred for the canonical halos in J0633+1746 and B0656+ 14, and more
generally with the values typical of younger pulsar wind ncbulae. Coaversely, if positrons from other nearby pulsars are released in
the interstellar medium without any confinement around the source, their total positron flux fits into the observed spectrum for the
same injection elficiencies of a few tens of percent for all pulsars, from objects a few thousand years in age that power bright pulsar
wind nebulae to much older obpects like JO633+ 1746 and BO656+14.

Conclusions. It seems simpler 1o assume that most middle-aged pulsars do not develop halos, although the evidence supporting this
scenario depends on the actual properties of the local pulsar population and on the uncertain physics driving the formation and evo-
lution of halos. The occurrence rate of the phenomenon could be as low as ~5-10%, and the local posatron flux in the ~0.1-1.0TeV
range would thus be attributed to a few dozen ncarby middie-aged pulsars rapedly releasing pairs into the interstellar medsum, with a
possible contribution over part or most of the range by J0633+ 1746, and at higher energics by B0656+ 14,

Key words. astroparticle physics ~ pulsars: general ~ cosmic rays - gamma rays; ISM
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Are SNRs PeVatrons?

X-ray polarization overview SR are still
surprising objects! |
~350 ~250 pG ~5% radial Vink+ 22
452 ~200 pG ~10% radial Ferrazzoli+ ‘23
1018 ~80 uG ~20%  radial Zhou+ '23
~1500 ~20 G 26%—30% tangential Ferrazzoli+ ‘24
~3000 ~10 uG  10%—20% tangential Prokhorov+ ‘24

* Radial vs tangential: age (or B-field?) dependence in X-rays




Are SNRs PeVatrons?

SNR are still |
surprising objects! |

X-ray polarization overview

~350 ~250 uG ~5% radial Vink+ ‘22
452 ~200 puG ~10%  radial Ferrazzoli+ ‘23
1018 ~80 uG ~20% radial Zhou+ '23
* |n general not PeVatrons:
* Not observationally (at best Eq.x~100 TeV)

e SNRs V<5000 km/s, B~10 uG, 1000 yr:

2
-~ 14, —1 b, L t
Emax ~ 3 X 10 Ji eV
10 uG 5000 km/s 500 yr




Are SNRs

X-ray polarization overview

~350
452

~5%
~10%

~250 pG
~200 pG
~80 uG

1018 ~20%

* |n general not PeVatrons:

PeVatrons?

SNR are still \‘
surprising objects! |

radial Vink+ ‘22

radial Ferrazzoli+ ‘23

Zhou+ '23

radial

* Not observationally (at best Eq.x~100 TeV)
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Where are PeVatrons?*

Star-forming regions as VHE

Most massive stars (supernova progenitors)
are born in clusters or OB associations

Several massive star clusters are observed in
gamma-rays up to 100s TeV

el HESS Westerlunli@ =11
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Where are PeVatrons?*

Star- formmg reglons as VHE y-ray sources

Most massive stars (supernova progenitors)
are born in clusters or OB associations

Several massive star clusters are observed in
gamma-rays up to 100s TeV




Where are PeVatrons?*

Maximum enerqgy INn stellar wind cavities

Adiabatic losses upstream =>E__ <V, ,B R
Super-Alfvénic stellar wind => B << V,, sqrt(4 11 Q)

=> E,, << sqrt(2V,, L,)/c ~ 100 TeV

Upstream <

Star-forming regions as VHE y-ray sources *
Most ive stars ( itors) :
Downslrear yiesomi cuser or o8 assocations

Several massive star clusters are observed in
gamma-rays up to 100s TeV
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Microquasars?

HAWC NaTture 2024
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Microquasars?

HAWC NaTture 2024

(A1)
N . E.S.S. PRELIMINARY |[HENEER

LHAASO DETECTED
PHOTONS UP TO 800 TEV
FROM V4641 Sgr !!

LHAASD CorramoraTIiONn 2410.08988

To my knowledge not many models to describe acceleration in micro quas
Jets or cores exist.

4

"' Can they accelerate ENOUGH PeV CRs?
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Leptonic PeVatrons also!

Khangulyan |

tsyn
cAr ) eBR

| even more difficult to
identify proton PeVatrons? |

B\ "
€Emax < SOPCVU—VQ (%)




Let's move to lower energies...
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& What is the shape of the local bubble? (chimney?) —> transport of Galactic CRs

¥ Do we understand the "metaGalaxy"? [O(100) kpc] —> UHECR propagation?

& Can we improve models of B-fields to make UHECR astronomy real?

& Very few or very many UHECR sources? Why must the spectrum be so hard?

) Extragalactic neutrinos: Seyferts or not?

& What is the very energetic event seen by KM3NeT? Why Icecube never
detected anything like that?

B Will LHAASO test the scenario of a Z-dependent knee? Will it measure the
slope of the spectrum (per species) BEYOND the knee?

B Can we see the knee in diffuse gamma rays?

& How clumpy is the VHE diffuse emission? What is a source and what is diffuse?

& AreTeV Halo common or not?

™ Where are PeVatrons? [in fact, Where are super-PeVatrons???]

B Is there a PeVatron in the Cygnus region?

& Microquasars as PeVatrons? Should we develop more models for acceleration at
micro quasars? Can they explain PeV CRs?

& Are leptonic PeVatrons making our hunt for proton PeVatrons more difficult?

2 Do we understand all the breaks in the CR spectrum? [No, we need more studies
for all the features except for that @ O(200) GV]

& p and He different slope: why?

¥ Secondary/Primary, isotopic ratios, etc... Is this information fully exploited?



