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Gamma-ray line shape and cosmic-ray acceleration
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Abstract. The 1.809 MeV gamma-ray line from radioactive anisms lead to different distributions of nuclei in velocity
26p] observed towards the galactic center shows a line widthspace, which affect the shape of the corresponding lines. For
of ~ 5 keV. If interpreted as kinematic broadening, the re- example, a radiating, optically thin thermal gas leads to a
quired velocities arez 500 km/s. The acceleration of cosmic Gaussian line shape, while a power-law distribution of ra-
rays from the interstellar medium (ISM), is commonly as- diating particles generates a power-law spectrum. From the
sumed to take place in shock regions associated with groupstudy of line shapes, we can gain information about particle
of massive stars. In that case, freshly-produtiad should acceleration and radiation processes.

be among the accelerated nuclei, and the velocity distribu-

tion of these particles is a function of the gas density, the

assumed grain size, and typical separations between super-

nova remnants. Studies have shown tifal embedded in 2  Sjtes and Physical Processes

these dust particles can easily reach and maintain velocities
of order of 1000 km/s, and thus explain the observed width of
the 1.809 MeV line. Stellar winds and supernova explosionsz'
in star forming regions can drive large, rapidly expanding su-
perbubbles into the ISM. Shocks propagating inside the bubMassive stars, which provide the bulk of cosmic radioactivity
ble accelerate dust particles and with it #&l they contain.  (Diehl and Timmes, 1998), often form in associations con-
We discuss the resulting shape of the 1.809 MeV line. taining tens or even hundreds of OB stars, and form at ap-
proximately the same time. Freshly synthesized nuclei are
ejected by these stars during epochs of large mass loss in late
) stages of their evolution and the subsequent core collapse su-
1 Introduction pernova event.

The stellar winds« = O(1000 km/s)), driven by the in-

1 Astrophysical objects

Measurements of the 1.809 MeV gamma-ray line from the ' <\ )
decay of radioactivé®Al with the imaging Compton tele- €NS€ uItr4aV|oIet emission, and supernova ejecta
scope COMPTEL point to massive stars as the predominan@’ = O(10% km/s)) together blow bubbles into the ISM.

contributors to interstella?’Al. Nuclei freshly produced in | nese cavities are filled with hof (= O(10° K)) tenuous
stellar interiors are expelled into the ISM by powerful stellar 925 Pecause of the large input of kinetic and thermal energy
winds of massive stars and by the supernova explosions 4f°o™m the evolving stellar population. The cavities are sur-
the end of their lifetimes. rounded by a dense, cool neutral shell composed of ejecta
These energetic outflows associated with massive stars if2nd swept-up interstellar material. Both the bubble interior

ject tremendous amounts of thermal and kinetic energy in,[Oaswell as the shell contain freshly synthesized material. Dust

the ISM. The decay of radioactive nuclei in these flows is grains, which are k.nown to f_orm in supernovae and which in-
thus expected to occur at non-negligible velocities Whichcorporate radioactive nuclei, move independently of the gas
leads to Doppler-broadening of emission lines Ii’ke the Pecause of their small interaction cross sections. Gamma-

1.809 MeV line observed with the gamma-ray spectrome-'2Y emission from radioactive isotopes in these environments

ter GRIS (Naya et al. 1996). Different acceleration mech-_trace some aspects_ of the_dynam|c evo!utlon of gas and dust
in young star forming regions. In particular, the shape of
Correspondence tdK. Kretschmer their emission lines provides information on the kinematic

(kkr@mpe-garching.mpg.de) properties of these environments.
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2.2 Line broadening mechanisms tory and an initial mass function. Stellar evolution theory
thus predicts the production rate of both nuclei as a function

Several physical processes that occur in the environment off time. We determine the abundances of both species as
massive stars are possible contributors to the broadening &f function of time and thus also their respective radioactive
gamma-ray lines. The natural line widtt(meV)) can be  decay rates. This in turn provides the lightcurves of lines at
neglected. Pressure broadening and scattering also do n@t809 MeV (from?%Al) as well as 1.173 MeV and 1.332 MeV
play an important role because the densities in the systemg@rom %’Fe). Using a Monte Carlo method for the generation
under consideration are small. For Compton scattering to bef statistically sampled initial stellar mass distributions, we
important, column densities of at least 1 gfcare required.  also evaluate the uncertainties due to the small number of
For one solar mass of ejecta confined to a volume with linearstars in a typical association.

dimension ofL = 0.01 pc, Compton scattering would have

to be taken into account. This may be important during the3.2 Modelling the line shape

very early phase of SNR evolution, but at late times the ma- . .
terial ist too tenuous for Compton scattering to be effective. To model the shape of gamma-ray lines emerging from a

The most significant effects are expected from DopplerStar forming region, the line broadening effects mentioned

shifts, where isotropic and anisotropic velocity distributions " S€C- 2.2 have to be incorporated. The typical bubble in-

; " B )
have to be distinguished. In the anisotropic case, not only€ror has temperatures af = O(10° k), corresponding
line boadening but also line shifts can occur. Consider two!© thermal velocities ofe 25 km/s, which is clearly inade-
different situations: qL_Jate to explain the GRIS megsuremenlt_s. On the other hand,
winds of hot stars have terminal velocities on the order of
— An isotropic velocity distribution of the radiating par- 1000 km/s, which would be adequate, and supernova ejecta
ticles occurs in a thermalized system, such as the inteare even faster. If some fraction of a freshly synthesized ra-
rior of a superbubble, where temperatures in excess oflioactivity can maintain such high velocities for a substantial
T = 10° K can be attained, or the shocked material fraction of its mean life, significant line broadening should
in a SNR or unstable stellar winds. In the presence ofresult. We therefore intend to incorporate the effect of bulk
shocks or turbulence, some fraction of the particles de-motion into our model. We must develop a more detailed
velop a non-thermal velocity distribution. model of the kinematics of the gas inside an expanding su-
-~ . . . perbubble, and we must simulate the formation and evolution
— If the emitting medium shows macroscopic motion, such o . ;
S . of dust grains is this dynamic environment.
as galactic disk rotation (Gehrels and Chen, 1996) or . . . .
To model the acceleration of dust grains, the interaction

expanding sperical motions in stellar winds, SUPETOvVay .\ een grains and shocks from SNe and colliding winds
remnants and superbubble shells, the line shapes are i

. . X must be treated carefully (e.g. Sturner and Naya, 1999). Fu
complex and dependent on the relative orientation of

- . ture gamma-ray spectrometers might allow the detection of
observer and emitting region. . . 4 : ! :
high-velocity tails resulting from particle acceleration and
thus shed light on the possibility that grains from supernovae
3 A model for y-ray line shapes are accelerated and reaccelerated in the highly dynamic inte-
riors of stellar nurseries.
3.1 Emission from an OB association
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