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"Engine” of Gamma-ray bursts?

o BRXREZEEDHEE ("hypernova” or “collapsar”)
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VLA image near SGR1900+14

KAPLAN ET AL. Vol. 566
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Fig, 5.—Wide-ficld 332 MHz LAhnag:ocl‘th:mghnumndSGle 143N'Rammm.’hndbynm]mudfm1&bnlnd.1hdhgumlﬂn= the
Galactic The cross marks the position of SGR 1900 + 14, G043.5 +00.6, G042.0—00.1, and G041.5 +00.4 are new candidate SNRs; sec also §3.2.1 and
artifacts
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created when the planar facets were combined (sce § 2.3).
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GRB = UHECR origin(?)
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Emission from GRB remnants

O Energetics

dn 'DR
E2—EL ik (10" — 10*"eV) ~ £558(0.02 — 2MeV) ,
O Assume shock-accelerated protons
(~1O51erg)
py—>nma*

= N > P eV, Ly —3x103(y,/108%) yr
= Synchrotron & IC emission from e-

O Extended emission: consider only
Ye—¥n=>10°, so that cty..,,~R (outside)

loka, Kobayashi & Meszaros, astro-ph/0406555 (ApJL accepted)




Emission from electrons

O Synchrotron
= B—3uG (assumed) or U—4E-13erg/cm3

O Inverse Compton
= |IR/optical/CMB as targets
» T\)g—100K, T,,,—6000K, T¢z=3K
m Ug—2E-13erg/cm3, U_,,~7E-13erg/cm?3,
Ucupg—4E-13erg/cms
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Extended emission

0O Cooling time e ~ 2™~ 1x 1041028 L v,

4'..FEJT Utata.l total,—12
(a) fast decay: tyecay < tage
Q ~ 49{'::tdeca.y,";d)2 ~ (1'9—17.2,8}0 X {10Ffe,8)0 ~ 3 10_39—1’."{3:3 Sr,

(b) slow decay : tyecay = Toge
(bl) 1:cool < tage
Q ~ 40(ctage/d)? ~ (10_1tage3.5)° X (10tagess) ~ 4 x 107°0_1t2 . 5 sT.
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Fig. 1.— The GeV-TeV emission region (shaded region) on the sky is shown schematically.
(a) The 3-decay time is shorter than the remnant age tjeeay(7Ye) < fage, 50 that the radius
of the emitting region is about the §-decay length in equation (2). The surface brightness
on the sky is nearly homogeneous. (bl) fdecay(7Ve) > tage and the initial cooling time is
longer than the remnant age feool(Ve) > fage. The radius of the emitting region is about
~ Clage ™~ llgge 35 kpe. The surface brightness is nearly homogeneous. (b2) fgecay(7Ve) = fage
and tegol(Ve) < fage- The radius of the emitting region is about ~ cfuge ~ lfagess kpe. The
jet head region, of size ~ cteo(7e), has a flux ~ f,../tq times larger than the rest. The
GRB remnant W49B, shown in the center, has a radius ~ 10 pe.
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Fig. 2— The flux of IC emission from the §-decay electrons (solid lines) is compared with
the detector sensitivity (bold long dashed lines). Three cases for the total energy are plotted:
(I) Neutrons in the range 10' < ~, < 10' have the geometrically corrected energy 3 x 10°!
erg according to equation (1). (II) The energy 3 x 10*! erg is spread among all neutrons
with 1 < =, < 10, (III) The energy of case (II) is further reduced by a factor 5. The
dashed lines are the flux of G-decay emission multiplied by (€78 ) "2 in order to take the
finite source size into account, where {2 is the solid angle of the emitting region on the sky
and .y ~ (.17 1s the angular cut in the analysis. The sensitivities of HEGRA, MAGIC and
VERITAS should be compared with the dashed lines. The remnant age is f,,, = 3 x 10% yr,
and the distance 1s d = 10 kpc.



Discussion

0 HEGRA upper limit for W49B

0.14 Crab or 7x10*%erg cm=—s-1, assuming 0.1°
circle & 0.1°x1° in this model

0O Uncertainties

= Nearby HIIl region = photon field may be
denser

= Doppler boost? (i—20° ?)

m Electron diffusion difusion length rp ~ (stae)/? ~ 100522, pe

= GRB rate —10->yr-lgalaxy-t = W49B is not
typical?

loka, Kobayashi & Meszaros, astro-ph/0406555 (ApJL accepted)
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Fig. 4— Same as Figure 3 except for the remnant age, which is taken here as t.,, = 10° yr.
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