arXiv:astro-ph/0003270 17 Mar 2000

The Origin of Cosmic Rays: What Can GLAST Say?Jonathan F. Ormes, Seth Digel, Igor V. Moskalenko1, and Alexander Moiseev,Goddard Space Flight Center, Greenbelt, Marylandand Roger WilliamsonStanford Universityon behalf of the GLAST collaborationAbstract. Gamma rays in the band from 30 MeV to 300 GeV, used in combination with direct measurements and withdata from radio and X-ray bands, provide a powerful tool for studying the origin of Galactic cosmic rays. Gamma-rayLarge Area Space Telescope (GLAST) with its fine 10-20 arcmin angular resolution will be able to map the sites ofacceleration of cosmic rays and their interactions with interstellar matter. It will provide information that is necessary tostudy the acceleration of energetic particles in supernova shocks, their transport in the interstellar medium andpenetration into molecular clouds.INTRODUCTIONThe identification of the sites of cosmic-rayacceleration is one of the main unsolved problemsin Galactic cosmic-ray astrophysics. We knowfrom radio [1] and recent X-ray observations [2]of synchrotron radiation from supernova remnantsthat electrons are accelerated to TeV energies.Direct evidence for the acceleration of protons isnot yet in hand. There is a considerabletheoretical literature that quantifies how thisacceleration takes place in the turbulent magneticfields associated with the shock waves generatedby supernova explosions propagating into theinterstellar medium [3]. With the Gamma-rayLarge Area Space Telescope (GLAST), proposedfor launch in 2005, we have the possibility ofdetecting g rays from the freshly acceleratedcosmic-ray nuclei at their acceleration site. Theoptimal candidate sites will be those where theshock waves collide with either swept upinterstellar matter or nearby clouds. The mostcommonly discussed site is individual supernovaremnants [4] however multiple supernovas insidesuperbubbles have also been considered [5]._________________________1NRC Resident Research Associate visiting GSFC fromInst. for Nucl. Phys., Moscow State U.

The result of this simulation is shown in Figure 3.Note that the shell component is clearly resolvedfrom the central point source. The spectrum ofthe g Cygni region is taken from Ref. 6.Assuming this source (g Cygni) is as modeled weexpect to spatially resolve the shell source and to beable to measure the spectrum [9] shown in Figure 4.The locally observed cosmic-ray nuclei have spectraproportional to E-2.7. This spectrum is the naturalresult of shock models which predict harder sourcespectra, E-d with spectral exponents d in the range 2.0- 2.3 combined with the energy dependent losses bydiffusion. The IC and bremsstrahlung componentscan be deconvolved and subtracted to determine thepo contribution. The asymptotic spectral exponent atenergies above 10 GeV should be indicative of thesource spectrum of freshly-accelerated cosmic rays.

figure, is that the harder electron spectrum in theGalaxy is more likely. But their solution is notunique and requires confirmation with the additionaldata that GLAST will provide. Measurements ofhigh-energy antiproton and positron spectra providea useful constraint on the nucleon spectrum, whilethe electron spectrum can be different from place toplace due to the large electron energy losses (thoughradio measurements of synchrotron emission providea constraint for some electron energies). Thesehypotheses can be tested with GLAST by measuringthe spectrum of Galactic diffuse g -ray emissionabove few GeV. First, one can distinguish betweenthe inverse Compton and neutral-pion decaycomponents, and, second, the latitude and longitude g-ray profiles are different for gas-related nucleon andbroader electron components.Another result of the studies [15] is that theinverse Compton (IC) scattering, especially at highlatitudes, plays a more important role than previouslythought. The anisotropic distribution of photonsabove the Galactic plane will result in greater (up to40%) flux from IC in the halo. Evidence for a large g-ray halo has been found in an analysis of theEGRET data [16]. This affects our estimates of theextragalactic component, the intensity of cosmic raysin the Galaxy at large and the size of the Galacticcosmic-ray containment halo. The importance ofhigh latitude IC can be tested with GLAST bymeasuring g -ray profiles at high energies.Therefore, a major objective of GLAST will be toresolve the high latitude diffuse emission [17] andfind, or at least greatly reduce, the fraction of thatflux which is due to unresolved point sources.A longstanding question in cosmic-rayastrophysics has been the extent to which cosmicrays can penetrate into clouds and interact withmaterial there. The issue is one of the length scale ofequipartition of energy between cosmic rays, thermalmotion of interstellar gas and energy in magneticfields. Equipartition seems to hold on the kpc scale,but what about scales below 1 kpc? GLAST will beable to study the g -ray emission from molecularclouds, super-bubble walls and other interstellarconcentrations of matter on an angular scaleheretofore impossible reaching the tens of arc minuterange. At a distance of 1 kpc, spatial scales of 3-10parsec will be resolved.CONCLUSIONGamma rays are a powerful tool to explore thesources and distribution of cosmic rays in ourGalaxy. In turn, having improved understanding ofthe role of cosmic rays is essential for the study ofmany topics in g -ray astronomy to be addressed byGLAST. The results of the studies discussed herewill have important consequences for understandingof the distribution of cosmic rays in the Galaxy andtheir dynamic effects thereupon. Besides, it is worthnoting that complete understanding of both theGalactic cosmic rays and the g-ray emissions areessential for the study of the dark matter in theGalaxy.REFERENCES1. Reynolds & Gilmore, 1993, Astronomical J., 106, 2722. Koyama et al. 1995, Nature 378, 255; Allen et al.1997, ApJ, 487, L97; Koyama et al. 1997 PASJ, 49,L7; Keohane et al. 1997 ApJ, 484, 356; Keohane PhDthesis; Tanimori et al. 1998, Ap.J, 497, L253. Baring et al. 1999, ApJ, 513, 3114. Blandford, & Ostriker, 1980, ApJ, 237, 793; Axford,Ann. NY Acad. Sci., 375, Acceleration of CosmicRays by Shock Waves, ed. Ramaty & Jones, 2975. Higdon, Lingenfelter & Ramaty, 1998, ApJ 509, L336. Esposito et al. 1996, ApJ, 461, 8207. Muraishi et al. 2000, A&A, 354, L578. Brazier et al. 1996, MNRAS, 281, 10339. Gaisser, Protheroe & Stanev, 1998, ApJ, 492, 21910. Hunter et al. 1997, ApJ, 481, 20511. Hunter et al. 1997, ApJ, 467, L3312. Mori, 1997, ApJ 478, 22513. Porter & Protheroe, 1997, J. Phys. G: Nucl. Part.Phys. 23, 1765; Pohl & Esposito 1998, ApJ, 507, 32714. Moskalenko, Strong & Reimer, 1998, 338, L75;Strong, Moskalenko & Reimer, 2000 ApJ 537, inpress (astro-ph/9811296); Moskalenko and Strong,1998, ApJ, 493, 69415. Moskalenko & Strong, 2000, ApJ, 528, 35716. Dixon et al. 1998, New Astron. 3(7), 53917. Sreekumar et al., ApJ, 494, 52