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Cosmic Gamma Ray
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Thermal Production of Gamma Rays

• Spectrum of the radiation of a black body of temperature T 
is described by Planck´s law

and Wien´s law for the maximum of the energy spectrum

• For a thermal radiator with significant emission in Gamma 
Rays of ~  1 MeV, T would be of the order of 1010 K

¾ Thermal production is not the typical process for Gamma
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Nonthermal Production of Gamma Rays

· Gyration of charged particles in B with cyclotron frequency

· Maximum of synchrotron spectrum (for electrons)

Another type of radiation of charges in magnetic fields: 
synchro-curvature radiation
= magnetic bremsstrahlung

· Typical astrophysical sites:
SNRs, pulsars, AGN
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Nonthermal Production of Gamma Rays

· Cross section for bremsstrahlung of 
electrons interacting with nuclei:

· The photon spectrum has a maximum 
energy Emax = Ekin, particle. 

· Depending on the energy distribution of 
the particles, we can distinguish thermal 
and nonthermal bremsstrahlung

· Typical astrophysical sites: solar flares, 
SNR, ISM, ..
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Nonthermal Production of Gamma Rays

· Inverse Compton Effect: low-energy 
photons are scattered up to X-Ray and 
Gamma by relativistic particles

· ICS needs high photon density
· Like the previous nonthermal processes, 

ICS needs a particle-acceleration 
mechanism

· Sites for ICS: pulsars, SNR, X-Ray 
binaries, ISM, AGN, IGM, ..
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Nuclear Production of Gamma Rays

· Transitions between nuclear energy levels lead to g line spectra
· Important in astronomy are e.g.

deuteron production:
p(n;g)d          Eg = 2.2 MeV

lines from excited nuclei that may be produced by radioactive 
decay (here mostly b):

44Ti (1.16 MeV)        56,57Ni, 56,57Co (122, 847, 1238 keV)
26Al (1.81 MeV)    60Fe (59, 1173, 1332 keV)
7Be (487 keV) 16O*(6.13MeV) 

26Mg* (1.81MeV) 12C* (4.48 MeV)
· Celestial sources for these lines are solar flares, Stars, Novae, 

Supernovae…
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Particle-Physics Production of Gamma Rays

· Reactions of particle physics producing Gamma Rays:
e+-e- annihilation and pion decay

· Before decaying, e+e- form a bound system at low kinetic 
energy (positronium) B relatively long lifetime, delayed g
Decays and spectra determined by conservation laws of JPC:

e+e-(J=0) | 2g B peak at 511 keV
e+e-(J=1) | 3g B continuum from 0 to 511 keV.

· p0 | 2g    B peak at ~  68 MeV
p+,- | m+,- | energetic e+,- producing secondary g-rays

· Celestial sources:
solar flares, Novae, SNR, Cosmic Rays interacting with ISM,
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Absorption of Cosmic Gamma Rays

· Absorption processes in matter: nucleonic transitions,      
atomic and nuclear photo effect, Compton effect and pair 
creation in the vicinity of a nucleus

· In low-density space: pair creation with CMB/ star light
gg| e+e- | lower-energy photons

· These processes are, due to low cross sections and densities, 
relatively ineff icient, so Gamma-Ray astronomy can see far, 
but at higher energies, the horizon is limited.
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· All-sky images taken from COMPTEL and EGRET in 
different energy ranges from MeV to GeV show some 
prominent features, namely:
the sun, diffuse radiation from the galactic plane, individual 
galactic sources like pulsars, SNRs, …, an extragalactic 
background, extragalactic sources like AGN 
Other satelli tes showed the existence of Gamma-Ray bursts.

Overview of the Sky in Gamma Rays
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Overview of the Sky in Gamma Rays
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Overview of the Sky in Gamma Rays
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Overview of the Sky in Gamma Rays
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Gamma Rays from Solar Flares

· Release of < 1033 erg by recombination of magnetic fields.
¾ Gas motion, plasma heating 

particle (e-, ions+) acceleration by shock acceleration, 
stochastic acceleration or DC electric field acceleration
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Gamma Rays from Solar Flares

 Accelerated particles interacting with solar atmosphere emit g:
e- B bremsstrahlung continuum
scattering reactions of p+, a, ions

B excitation of nuclei B nuclear g lines 
B neutron production B d production B 2.2 MeV line
B b+-unstable nuclei (11C, 14O, 15O) B delayed 511 keV g
B p0 production B 70 MeV g
B p+,- production B e+,- B 511 keV line, bremsstrahlung
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Gamma Rays from Stellar Nucleosynthesis

· Stars emit Gamma Rays as a by-product of reactions in the 
nucleosynthesisnetworks. Due to the high density of the 
stellar interior, where the reactions take place, most of the g-
rays can only be seen after various scatterings to lower energy.

¾ NucleosynthesisGamma lines observable result from long-
lifetime decays of nuclei produced in the interior and then 
moved out of it by stellar winds or Supernovae, e.g.:

26Al | 26Mg* + e+ Eg = 1809 keV, t = 1.04́106 yr
· Other lines from stellar NS may result from (cf. explosive NS)

56Ni | 56Co| 56Fe (847, 1228 keV)
· 26Al accumulated in ISM in regions of massive stars like 

Cygnus can be detected.
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Gamma Rays from Explosive Nucleosynthesis

Nova Supernova
thermonuclear core-coll aps

basic Process Burning of accreted 
hydrogen on the surface of a 

WD

thermonuclear disruption of 
a high-mass WD

gravitational collaps of the 
centre of a massive star

Energy 1045 erg 1051 erg 1052 erg
Nucleosynthesis 
and observable 
Gamma li nes

proton-rich environment at 

the surface results in b+ 

unstable nuclei; observable 

should be 7Be, 22Na lines 
and a 511 keV positron 

annihilation flash

burning of the entire WD; 
high Z are reached. ~ 0.5 

MSun of 56Ni, decaying to 
56Co and finally to 56Fe. 

The lightcurve in all bands 
is powered by the 

radioactivity gamma

burning at the forming NS 
and in an out-travelling shock 

wave; r-process elements. 

Production of ~ 0.1 MSun of 
56Ni, 10-4 MSun of 44Ti

Observations features still await 
confirmation

SN 1991T (d~17 Mpc): 
high masses of Ni

SN 1987A: mass 
determination for Ni, Co, Ti. 
Early line detection: mixing 

processes in the SN
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Gamma Rays from Explosive Nucleosynthesis

SN 1987a: bolometric lightcurve 57Co flux
847keV line profile 56Co line flux
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Gamma Rays from Supernova Remnants



31. I. 2003 Sources of Cosmic Gamma Rays 27

· Gas ejected (~Msun) from a SN expands in a roughly spherical 
cloud; a shock wave propagates through ISM heating (>107 K) 
it up and accelerates particles (power-law spectrum ̀ E-2.1 up 
to 1014 eV)
B SNR are sources of g-ray emission and Cosmic Rays

¾ hadronic g-ray production in SNRs:
pion decay induced from ionic colli sions
electronic processes: 
bremsstrahlung in ambient matter, inverse-Compton 
scattering of CMB/ IR/ optical photons, synchrotron radiation 
in the magnetic fields of SNR
B high-energy continuum emission in 10 MeV … TeV range

Gamma Rays from Supernova Remnants
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Gamma Rays from Supernova Remnants
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Gamma Rays from Pulsars

 The magnetic field (~1012 G) of a rotating, conducting NS 
force the charges to redistribute (ˆ Goldreich-Julian density) 
to balance the Lorentz forces by electric fields S gravitation
B ejection of charged particles along field lines
B equilibrium between electric fields and local charge density
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Gamma Rays from Pulsars

· In some regions in the circumference of the NS, the charge 
density is reduced, so that equilibrium cannot be reached
B acceleration of particles: up to ~1013 eV

· Acceleration is also possible near the surface of the NS.
¾ gfrom synchro-curvature radiation and ICS; intensity is 

dimmed by pair production and g- splitting resulting in a  
particle-photon cascade
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Gamma Rays from Pulsars

CGRO telescopes detected 7 gpulsars and some candidates
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Gamma Rays from X-Ray Binaries

 Matter transferred onto a compact object forms an accretion 
disk of T~108 K in its inner parts B thermal X-ray

A hot plasma cloud around the centre 
of the disk comptonizessofter pho-
tons to g-rays; a second component 
comes from Compton reflection of  
X-Ray at the disk.
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Gamma Rays from X-Ray Binaries

 The luminosity of the XRB is ~  mass transfer rate.
B Instabili ties in the disk or  feedback to the companion star 
lead to a variabili ty of the luminosity on time scales of ~  10 d
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Diffuse Galactic Continuum

· In ISM, g- rays are generated by interaction of high-energy 
cosmic rays: bremsstrahlung, inverse-Compton scattering of 
background photons and pion production in scattering events
B diffuse continuum emission

· CR (nucleons and electrons of MeV…>1020 eV) originate 
from SNRs with a secondary component from interaction of 
primary CR with ISM
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Diffuse Galactic Continuum

· Total g-ray diffuse luminosity of the 
Galaxy

L>1MeV=7.1´1039 erg s-1

L>100MeV=5.4´1039 erg s-1

cf: bolometric ~  1044 erg s-1

· Measuring the diffuse Gamma-Ray 
emission from ISM, one can draw 
conclusions on the shape of several 
components of ISM and CR
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Gamma Rays from AGN

· Accretion onto a central BH powers the big luminosities of 
AGNsvarying on short time scales. Different classes of 
AGNcan be explained easiest by the orientation model

· ~90 of radio-loud AGN (mostly blazars) are known to emit 
gamma up to GeV, some even at energies of ~  TeV.
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Gamma Rays from AGN

 A problem in modelling the g-ray emission is the high optical 
depth of a fireball of gphotons due to pair production

¾ Blazarsemit beamed g-rays by synchrotron and inverse-
Compton radiation of electrons accelerated in the jet 
(leptonic) or by photo-pion cascades from protons (hadronic 
models).
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Extragalactic Background Gamma Rays

 Contributions to extragalactic background may originate from 
unresolved point-like sources or diffuse regions. Apart from 
the sources mentioned there are some exotic (im-?)possible 
classes: primordial BHs radiating thermally, matter-antimatter 
annihilation regions, interactions of exotic particles.
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Gamma-Ray Bursts

 ~  1 very energetic g-ray burst per day detected with isotropic  
spatial distribution; the detection of optical afterglows 
confirmed the extragalactic origin and the extraordinary high 
energy release of E4p~1054 erg in ~  0.01..10 s
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Gamma-Ray Bursts

A model of GRBshas to take some problems into account:
· Energy and Compactness:

What kind of mechanism is able to produce this large amount 
of energy in a very small temporal and spatial region? 

· Optical Thickness:
How can g-rays escape from a small region where pair 
production leads to an optical depth of ~1012?

· Frequency problem:
The bursting objects must be suff iciently frequent to be 
observed 1/ day.
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Gamma-Ray Bursts

· Beamed emission of gas at very high Lorentz factors (G~ 
100..1000) solves the optical thickness problem. Relativistic 
transformation from the co-moving frame of the gas into the 
observerÂs frame is necessary to interpret measurements.
B in the co-moving frame, the fluctuations are much slower 
thus allowing a larger emitting region and the photons are 
much less energetic thus reducing the observed optical depth 
to more reasonable values.

· gcan be produced by synchrotron of particles in the shock 
front of the jet (external shock) and in internal shocks 
resulting colli sions of shells expanding at different velocities

· A new problem arises: the accelerated mass has to be 
suff iciently small to reach high enough Lorentz factors
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Gamma-Ray Bursts

There are many models for GRBs. For example:
· Merger: One compact star of a binary system is disrupted into 

a torus, getting accreted very fast onto the other one
B luminous (anti)neutrino radiation B

· Collapsar: collapse of a massive star into a BH with very hot 
accretion disk B (anti)neutrino radiation B
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