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Abstract. We investigate whether the circum-burst environment con-
strained by the absorption feature of GRB990705 could be consistent with
the observed H-band afterglow. Two possible geometries of the afterglow-
emitting regions are suggested: 1) afterglow emission produced by the
impact of the fireball on the surrounding torus; 2)afterglow emission pro-
duced in the dense circum-burst medium inside the torus. In case 1), the
faster decay at later time is attributed to the disappearance of the shock
due to the counter-pressure in the hot torus illuminated by the burst and
afterglow photons. For case 2), the circum-burst medium density is found
to be very high ( n ~ 104 - 105cm-3 ).

1. Afterglow models for GRB990705

The absorption feature of GRB990705 was originally explained by Amati et al.
(~OOO) as being due to an edge produced by neutral iron redshifted to 3.8 ±
0.3keV, which was, however, questioned by Lazzati et al. (2001) as it requires
a vast amount of iron in the close vicinity of the burster. Lazzati et al. (2001)
further suggested an alternative scenario in which the feature is produced by
resonant scattering from hydrogen-like iron broadened by a range of outflow
velocities. In this scenario, the radius of the SN shell of the supranova-like
models (Vietri & Stella 1998; Wang et al. 2000) is fixed by the requirement
that the heating timescale of the electrons in the absorbing matter is rv 10s, i.e.
R; rv (2 - 3) x 1016cm.

According to Rd » R; or Rd « R, (Rd is the deceleration radius of the
GRB shell), there are two possible geometries of the afterglow-emitting regions:
one is in the torus on which the fireball impacts (case I) and the other is in the
circum-burst medium inside the torus (case II).

case I (jet-torus interaction model): The impact of the fireball on the
torus will generate a forward shock propagating into the torus, and a reverse one
moving into the fireball shell (Vietri et al. 1999). We show that, for GRB990705
which has a much larger shock energy E, the forward shock could last few days
( especially for the lower estimated value for the torus temperature by Paerels
et al. (2000) , see Eq. (7)), giving rise to an early power-law fading afterglow
as seen in GRB990705. The disappearance of this forward shock, caused by
the strong counter-pressure in the pre-shock torus, may just account for the
observed faster decline at late time.
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Figure 1. The solid line represents the power-law decay of the af-
terglow as the forward shock slows down in the tours and the thick
dotted line represents the late exponential decay of this shock due to
the effect of the counter-pressure in the hot torus. The thin dotted line
represents the late power-law decay Fv ex t-P due to jet behavior.

The H-band decay index of GRB990705 before 1 day can be reproduced if
p ~ 2.8 and VH > Vc > V m . In Fig.1, we give an analytic fitting to the H-band
afterglow. For a SN shell of 10M0 mass with a typical width D.R == 1015cm at
this radius, its particle density is n s == 109cm-3. We also chose the shock energy
to be E == 5 x 1053erg. We find that the following values for these parameters
are consistent with the observations: Ee == 0.5, EB == 10-5 and OJ == 0.2. The
solid line in Fig.1 represents the power-law decay of the afterglow as the forward
shock slows down in the tours and the thick dotted line represents the later
exponential decay (Fv ex exp(-t)) of this shock due to the counter-pressure in
the hot torus.

Case II (jet in a dense circum-burst medium): The steepness of the
light curve decay could also be produced by a usual beamed outflow. Assuming
that a break due to jet sideways spreading occurs in the H-band light curve of
GRB990705 about one day after the burst, the early time slope a ~ 1.68 and the
later one a' > 2.6 would be consistent with p rv 2.9. For a uniform circum-burst
medium, we have Rb == 7 x 1017cmEt(531nol/3 where Eo is the actual energy
of the jet, Eo == EisoO;/2. Requiring Rb < R; rv 3 x 1016cm, means that the
circum-burst medium n Z 104 -105cm-3, even if the actual energy of the burst
is only Eo rv a few x 1051erg as founded by Frail et al. (2001).
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