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So what are we actually looking wueuscemsrmr

FUR KERNPHYSIK

for? ;

Gammarays produced in interactions @fceleratecelectrons, protons and
nuclel
Alnteractions close to acceleration sites or in the general interstellar (++) medium
ANonthermal astrophysics
A Cosmic ray origin and impact

Gammarays produced in hypothetical beyond standard model processes
Ae.g. Dark Matter annihilation, DM decay, axion (ALP) conversion



Radiation: Electrons

Synchrotron emission
ARelativistic charged particle spiralling around-fieB

Inverse Compton scattering
AEnergy/momentum exchange with a photon

Bremsstrahlung
A Close encounter with electric field of nucleus




Radiation: Electrons WAXPLANCKINSTITUT =

ES,&“T = 0.08’7E:;2*'1ﬂ€vr BFLG .

Synchrotron emission
A Flux is proportional tenergy density of magnetic fie(d B?)

A Energy of synchrotron photons is proportional to Band goeSWithnt i | a -0cr i
high energles)

AdHdt " Edhi gh energy particles radi&te much
E/(dEdt) is = 1/E

Inverse Compton scattering
A Flux is proportional tenergy density of radiation field

AEnergy of IC photons is proportional to target photon energy and goes \{uithtil a
ocri si sBEm ek & thendEE EO KleinNishinaegime)

AdHdt * Ed0 c ool i knE/(dBEd) isieldE

Bremsstrahlung
A lmportant when density is high (i.208 cm?3), E/Edt = const

(cf1 TeVIC emission on CMB)



At RN
Radiation: Electrons axPLANGETITUT SRR

Typical photon spectra
AAssumingN/ dE~ E2 electron spectrum with -aiff
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Radiation: Electrons MAXPLANGI ST NN

Typical photon spectra
AAssumingN/ dE~ E2 electron spectrum with -aiff
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At RN
Radiation: Electrons axPLANGETITUT SRR

Typical photon spectra
AAssumingN/ dE~ E2 electron spectrum with -aiff
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Radiation: Protons & Nuclel maxeLANGIISTITYY SRS

Most importand pion production in nuclear or phetaclear reactions
A p-p (above), pgamma (primarily excitation of the Delta++ resonance)
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Radiation: Protons & Nuclel MAxPLANCICINSTITYT SR

e.g. proton-proton
Interactions

Log,,(E/TeV)

Most importand pion production in nuclear or phetaclear reactions
A p-p (above), pgamma (primarily excitation of the Delta++ resonance)
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Radiation: Protons & Nuclel MAXPLANCICINSTINT NN
SgrD SgrB SgrA SgrC HESS J1745-303 TypiCa| phot()n Spectrum
Molecular 1 1 1 1 1
Gas p° decay
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Fg"" nH
TeVgammas: I
Galactic Centre HESS |1746-285
. ¥ >

Log(Ey

Dominant proton losses by interactions with (background) protons and nuclei
Aflux proportional to target density as well as cosmic ray density

Synchrotron emission of protons suppressed by fagtan,jfrfor equal energy- .
protons and electrons
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Propagation: in Matter axeLaNgieTITyy S

10* , | . | | |
10°
10° |

Zg 10' |

= 1TeV

é 10° | |

% 107 -

<

10°

10° |

10™

10” 10 10 10° 10 10 10° 10

Energy in MeV

Pair production mean free path 9/7 X, A 100 g/cm?¢ (in hydrogen)
A Typical interstellar medium density 1 H atord/m100 g/cm? is ~20 Mpc



Propagation: - Iinteractions
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Propagation: - interactions AR PLANGINSTITYT SR
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ANonthermal EM windows Ground-based

_ _ gamma
A Radio (low energy electrons) X & g Satellites
A Hard Xray e

A gray
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Links to Cosmic Rays & Neutrinos?

Obviousprobing sites of cosmic ray acceleration and interaction
APion decay leads to both neutrinos and gammas
AIC emission from CR electrons

BUT:

A Efficient sources of UHECRS do not have to produce lots of gammas and Aeutrinos
particles need to avoid interaction to get to highest E and escape

A BUT *some* gamma and neutrino emission inevjtatble,question of sensitivity

A Efficient sources of neutrinos do not have to produce UHECRs and lots ofAjammas
beam dump with no escape of particles or photgig (

AEfficientgamm& ay sources dondt have to accel
A BUT if pp then the neutrinos are there, just a question of sensitivity
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Sensitive Enough? uaxPLNGINSTITT SRS

Sensitivity d what can we compare this number to?

For Galactic sourc@typical distance &pc
AL =Fx 4pd?2 C
Spirdown luminosity of pulsars: up to*@6rg/s
A Gammaray efficiency? Can be very high for older systems (lower magnetic fields)

Supernova remnant luminosity3310034 erg/s

AWhy? Explosion energy ¥0erg x efficiency / ./ ), t,, =3 x 107 years/n, f~ 1/6,
typical n ~0.21 cm?®

EG source? AtGpcneedl,= 103 erg/s
A= 1% of Eddington luminosity of 18olar mass BH
A Can see EG obijects if close, efficiertieamed

C Thereshould be things to see in th&Vsky!




1 —— Xrays

1 —e— HE y rays
Kifune P | v ray

Stephen Fegan : VHE yrays

Einstein & EXOSAT

HEAO A-1

Uhuru (4U)

Uhuru (2U)

Rockets and
balloons

Number of sources

COS-B (2CG)

Sounding COS-BACG)

rockets

Giacconi et al. (Sco X-1)

McBreen et al. (Crab)

Data from HEASARC and TeVCat

A93V
da-194v

Fermi/LAT (3FGL)

Fermi/LAT
(1FGL)

Macomb & Gehrels
EGRET (3EQG)

EGRET (2EG)

2nd generation IACTs
Whipple, HEGRA, CAT,

CANGAROO, TA
Whipple (+Mrk 501)

Whipple (+Mrk 421)

Whipple (Crab)

2000 2010 2020

Year




The VHEUHE Sky

Towards AntCentre

o

Background: FermiAT
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HESS Galactic Plane Survey — wewsaenemur S
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H.E.S.S. phadeobservations of the plane of the Milky Way (A&A Special Issue April 2
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Molecular Disc MAKPLANGINSTITUT R
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e.g. GRB

221009A
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Particle Acceleration is common
In nature and VH&ray emission
can be used to probe a wide

range of astrophysical systems![§

Yes

N
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Ultrahigh-energy photons up to 1.4 petaelectronvolts
from 12 y-ray Galactic sources

Zhen Cao ™, F. A. Aharonian &, [...]X. Zuo

Nature 594, 33-36 (2021) | Cite this article
8285 Accesses | 637 Altmetric | Metrics
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Pass 5 prelim. Goodman Gamma2022
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Pass 5 prelim. Goodman Gamma2022
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Pass 5 prelim. Goodman Gamma2022
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Protons? (andnuclei MAX-PLANCK-INSTITUT K&

Supernova remnants the lorstanding favourites for acceleration of the bulk of
Galactic cosmic rays

Clear evidence for protons in interacting SNRg. IC 443
A But no evidence for protons>1d@eV

VERITAS Excess Ma
IC 443 Fermi LAT 1-300 GeV > 450 GeV ¢

178 h of observations
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FIR (250 um): Herschel SPIRE
Radio (1.28 GHz): MeerKAT ' ' P
VHE (>0.4TeV): H.E.S.S. ' .

Composite: Francesco Conte (MPIK)
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Massive Stellar Clusters

Most massive stars born in massive
stellar clusters

AYoung massive stars drive powerful winds
0 collective effects?

AMany supernova explosions occur in
clusterse

~5 clear associations of gampmnay
sources to clusters
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