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ABSTRACT

On 2004 Dec. 27, the soft gamma repeater (SGR) 1806-20 ertfieebrightest giant flare (GF) ever detected
from an SGR. This burst of energy, which resulted in an (ggat) energy release 100 times greater than
the only two other known SGR GFs, was followed by a very bri¢dding radio afterglow. Extensive follow-
up radio observations provided a wealth of information witiprecedented astrometric precision, revealing
the temporal evolution of the source size, along with dgnsampled light curves and spectra. Here we
expand on our previous work on this source, by attemptingxaén these observations within one self-
consistent dynamical model. In this scenario, the earlyoradhission is due to the outflow ejected during
the GF energizing a thin shell surrounding a pre-existingtgawhere the observed steep temporal decay is
attributed to the adiabatic cooling of the electrons in tbehdy shocked medium. The shocked ejecta and
external shell move outward together, driving a forwardcéhimto the ambient medium, and are eventually
decelerated by a reverse shock. The radio emission fromhtbeked external medium naturally peaks when
significant deceleration occurs, and then decays relgtdlelvly. The evolution of the source size is reproduced

in our model, and suggests that most of the energy in the awtflas in mildly relativistic material, with
v/c ~ 0.4d;s, for a distance of 15 kpc to SGR 1806-20. An initially highly relativistic outflowould not
have produce a long coasting phase at a mildly relativisii@asion velocity, as was observed.

Subject headingstars: neutron — stars: flare — stars: winds, outflows — hyarawhics — ISM: bubbles

1. INTRODUCTION

Soft gamma repeaters (SGRs) are believed to be “mag-

netars” — a small class of slowly spinning neutron stars
with extremely high surface magnetic fieldB,~ 10*° G
(Duncan & Thompson 1992; Kouveliotou et Al 1998). SGR

1806-20 lies in the Galactic plane, at a distance of about

d = 15d;5 kpc (Corbel & Eikenberiy 2004). The giant flare
(GF) from SGR 1806-20 on 2004 Dec. 27, was the brightest
extra-solar transient event ever recorded (Hurleylet 80520
Palmer et &Il 2005). It was also uniqgue in its bright radio
afterglow (Cameron & Kulkarhi 2005; _Gaensler etlal. 2005)
which provided an amazing variety of data, including the
source size, shape, polarization and flux at different radio
quencies as a function of time.

In a accompanying paper (Gelfand etlal. 2005), we have
presented a rebrightening episode in the radio light ciane,
have developed a semi-analytic model for the radio souste th

appeared in the aftermath of the giant flare. We concluded

from a fit of this model to the data that the radio source re-
sulted from a blast wave driven 3y 10°*® g of baryonic ma-
terial driven off the neutron star, and that this source loas n

entered the Sedov-Taylor phase of evolution. On-going mea-

surements of the evolution of the source’s size confirm that
the radio source is decelerating (Taylor et al. 2005, in prep
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These data present a rare opportunity for a detailed study of
an outflow that is as it least mildly relativistic, and whicash
many similarities to cosmological gamma-ray bursts. I thi
Letter, we expand on the framework laid outlby Gaensler ket al.
(200%) and Gelfand et al. (2005), presenting a full dynamica
model for the interaction of the outflow that was ejected & th
Dec. 27 GF with its surroundings, with a view to explaining
the large and diverse data for this event. This enables is to
constrain the initial velocity for this outflow.

Our model is described and analyzed [ §82. We consider
both a relativistic (EZ]1) and a Newtoniafi{92.2) outflowd an
find that only a Newtonian outflow witki/c ~ 0.4d;5 works
well.1° This scenario is studied in detail using hydrodynamic
simulations (BR; Figldl), and compares well with the data. In
g3 the synchrotron emission that is implied by our dynamical
model is derived and shown to nicely agree with observations
Our conclusions are discussed i §4.

2. THE UNDERLYING DYNAMICS

The radio flux was initially observed to decay with time,
exhibiting an achromatic steepening &d2") att, ~ 9 days
(Gaensler et al. 2005). This was followed by a rebrightening
starting at~ 25 days and peaking at 33 days|(Gelfand et al.
2005%), and then showed a slower decayt(*®). The ex-
pansion velocity was initially fairly constant; 0.4d;sc (see
footnoteID), and later decreased, around the peak timeof th
rebrightening in the light curve (Taylor et al. 2005, in plep
The source was already fading by the time of the first obser-
vation,t; ~ 7 days. This implies that the radio emission must
have turned on at an earlier time and at a smaller radius.

The observed spectrum and linear polarization suggest that
we are seeing synchrotron emission. If the relativisticele
trons that are emitting this radiation were acceleratedimuc

10 We adopt the value that was derived by Taylor et al. (2005rép ) for
the average expansion velocity during the first month s stightly higher
than the value reported initially thy Gaensler étlal._(2005).
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closer to the source, then most of their energy would have(~ ;) of the total energy, while most of the energy is in the
been lost through adiabatic cooling by thus dramatically  internal energy of the shocked ejecEn(~ E ~ I'qMyc?).1
increasing the energy requirements. Moreover, the lighteeu  The relativistically hot shocked ejecta can then converstmo
showed a dramatic achromatic steepenirtg @aensler et &l. of its internal energy back into kinetic energy througtlv
200%), which suggests a hydrodynamic transition. A simple work as the merged shell keeps expanding. This might ini-
explanation for this behavior arises if the outflow from thie G tially (soon after the collision) accelerate the shell, datdr
initially coasted with negligible interaction with the aibt  cause it to decelerate more slowly with time (and radiusis th

medium, until atco = Steo5 days it collided with a thin shell,  increasing the radiusqe, Where it decelerates significantly
which caused it to decelerate by a reverse shock, while the eXfrom Rye, ~ 21/3R., whereReo = R(teol) = Votco. However,

ternal shell was accelerated by a forward shickfter this  eyen if all the original energy is back in the form of kinetic
collision the two shells move together (at a somewhat redluce energy atRge then still E/cZ ~ Maec32. ~ BtMsh where

speed). The emission up teis dominated by the recently 5 "3 VI 040> g0 Mo~ (4 /3)pexiRe, (Wilkin

shocked electrons in these two shells. It arrives at therabse \ _ N col
at a timet < (L.5-2)teo due to light travel effects and the fi- +226) anMaec=Mext(Raed ~ (47/ 3)pexRiec This gives

nite time it takes the shock to cross the shells.t Att, the 5
emission is dominated by the adiabatically cooling elettro Maec [ Raec\™ _ Bt
in the two shells. As shown below (see also Gaensler et al. Msh  \Reol) 2.

2005) this naturally produces the observed steep decay.
As the merged shell expands outwards it drives a shock into - 1 angular diameter of the source at the time of the first
observationt) =~ 7 days, and at the epoch of deceleration,

the ambient medium. An increasing amount of external mass
is swept up, until the emission from this shocked fluid starts { t ~33d )
L . : dec~ th =~ ays, was 8o mas and 30800 mas, respec
dominating the light curve at> 25 days. This causes a re- ti\j‘;ly_lg The corresponding radii a = 9.0 x 10fgodss cm
g L e which Peaks Bl 33 0ay® city@d Riec ~ 3.4 x 10%soechs cm.  The requirement that
elfand et al. ; a decrease in the expansion veloci YR . : 3.
ol < R givesRyec/Reol 2 3.75 and thereforeRyec/ Reol)® =

was observed at about the same titgg, ~ t, (Taylor et al. 50(R /Reo) > 50, which s in contradiction with EqJ 2. This

2005, in prep.), as expected. At tgec the hydrodynam- . -
: e i . suggests that the simple model of a collision between the
ics gradually approach the self similar Sedov-Taylor sohyt ejecta and an external shell fails to reproduce the observa-

which predicts a slower flux decay rate, in agreement with tions if the outflow was initially relativisticI{p > 1). This

observations_(Gelfand etlal. 2005). In the following we re- . :
produce the main observed features using a simple analytids because, contrary to observatloﬁgacwotjll;js Tft be much

model, and then compare it to the results of numerical simu-larger tharReo, and insteadRyec/ Reol < 1.4d;5

lations. 2.2. Newtonian Outflow

2.1. Relativistic Outflow For a Newtonian outflow fp < 1), Eq. [0 reduces to

A simple model for the collision between the cold ejecta Ot/ ~ Mo/M whereMy ~ Mo +Msp. SinceM(Reol < T <
shell of initial Lorentz factoiy = (1- 43)™%/? and masio, Raed ~ Mt andMsp ~ (47T/3)P_e><tR§ou thenMsp > Mo would
and an external shell (at rest) of mads, is a plastic colli-  iMply Riee/Reot ~ 21/% ~ 1.26, in contrast with observations,
sion where the two shells are shocked (the two shocked flu- Therefore, we must hav#ly > Mgn, which results in
ids separated by a contact discontinuity) and subsequently3t = fo, Mt &~ Mo ~ Maec & (47 /3)pextRiee @aNdMo/Msh ~
move together al'y = (1- 422 Energy and momen- (Raec/Reo)® 2 50. If the collision occurred agy = Steol s days,
tum conservation in the rest frame of the merged shell arethen Reoi &~ (Steois/7)R ~ 6.4 x 10%tco 505005 cm and
Ef/c?=M¢ =T Mo+I'tMspandl'; 3:Mo = ' BtMgp, respec-  Mg/Msh = (Raec/Reol)® ~ 1403 .. The observed source size
tively, wherel'; = (1- 8272 = ToI'¢(1 - Bofs) is the initial implies 3y ~ 3t ~ Rgec/Clgec ~ 0.4d15. As the shocked ex-
Lorentz factor of the ejecta in this frame. The resultingint  ternal medium has comparable internal and kinetic energies
nal energy isEint/c? = ([ =1)Mo + (I's = 1)Msp and the final  tgecOCCUrs WherE ~ (47 /3)pextRie V3 ~ 3.8 x 10nyd3; erg,

< Baec~ 2.5055 - ()

velocity is Wherenex = pext/Mp = No cm3. Thusng ~ 0.26d;2E4¢ and
a Mo ~ 2E/V3 ~ 1.4 x 10°°d;2E46 9. These results foE and
Bt - (1+ Msh ) 1) Mo are similar to those derived by Gelfand et al. (2005).
5o I'oMo ' Finally, it is important to keep in mind that the outflow

might consist of more than one component. The simplest ex-
This shows that an external masshddy ~ I'oMg is required ample is a relativistic shell (witlt > 1) followed by a New-
in order to significantly reduce the initial velocity. For a tonian shell that was ejected slightly later during the Gie T
relativistic outflow o ~ E/Moc? > 1 and 5o ~ 1 so that  relativistic shell is shocked and decelerated to a Newtonia

Bt ~ (1+Msrc?/E) ™t which for Mgic? >> E (and correspond- _ o . o _
12 This result is valid when the ejecta shell collides with asieand thin

. . > . s
mgly_ﬁf < 1) givesMsnvi ~ 1E. There_fore' in this limit, the external shell (of widthAR <« R), and is very different from the situation
kinetic energy of the merged shell carries only a small fosct  where the same ejecta gradually sweeps up the external medier a large

range in radii.
11 Such a shell surrounding a pre-existing cavity is thoughtedormed 13 At t; the image is somewhat elongated and the quoted value is tieng
behind the bow shock due to the supersonic motion of SGR 28G6&rough semi-major axis?Y).
the ISM and its quiescent win_{Gaensler éf al. 2005). A#ttvaly, it could 14 If the external density varied smoothly, with no sharp featike a thin
also arise from an earlier and initially faster mass ejecfiom the SGR dense shell as in our basic scenario, then by the time of #teofiservation,
1806-20 GF, which was decelerated by the external mediumvelazity when the expansion velocity is only mildly relativistic.etiexpansion would

slightly below that of the coasting second shell, thus captie two shells to already be in the decelerating phase, and no coasting plagdd have been
collide (the “refreshed shock” scenario, ¢.0._Granot, M&kRiran2008B). observed.



velocity as it collides with the external shell, &g 1, while

the Newtonian shell catches up and collides with the slower -2\ m, 32 2

S . * €e p pﬁrel ﬁrel
merged relativistic + external shell &2 > tco1. As long Ym = 5— p=1)m 2 = 20g¢e-1 026/ )
as the velocity after the first collision is sufficiently smeal e \P '

than that of the Newtonian shell, the subsequent dynamics _ _ _ _
would not be very different than for the Newtonian outflow whereg = 3(p-2)/(p-1) (=1 forp=25), ee = 0.1ec1 (cp)
case discussed above. An important difference, however, idS the fraction of the post shock internal energy densiteln r
that the emission would light up at teg1 /202 < tegi2, i.€. ativistic electrons (magnetic fields), a_ﬁ_ghs the fraptlon of
much earlier than without the relativistic componé?{Rapid elflstrcr)]ns that are ac(;ele)ratt_—:‘d tofrelatlwgtlcr:]emlargles.

: e e haveym ~ max(2 ), since fory < 2 the electrons are
follow-up observations of future GFs could test this dikgct ——
and teagh us more about the properties of the outflg\iv. In"° Ionge(rjrelartl'uwstlc. Gelfandhetal. (2005) caICL*JIatetigbt
the present case, the later collision with the Newtoniati she g?;ﬁe\fvgxl:’;;ne&a;ﬁ?krgmOznotc (?)x 5\7\/F1i(<::?1ni§tv1r|]i%yr?o? 2>(Sele
might explain the change in the degree of linear polarizatio .. "1 " niil there is significant deceleration. On;;ﬁ< 2,
glrg'gt?Trl%agg‘)?st?éggnes?gne% Y;’I'tg(t)'(r)%?) and its position a the behavior ot and&e depends on poorly understood shock

We tested our basic scenario with the aid of numerical sim- acceleratic_)n of non-relati_vist_ic eIe(_:trons. Here it isumeq
ulations (see Fifl1). Our basic picture is confirmed by thesethatge ~ Min(L, v,/ 9m) Which is equivalentto the assumption

lculati d the ob 4 luti f th >~of a constante. Eq. [3 shows that foee-1 <1 (and it is

calcuiations, and the observed evoiution of the SOUrce SIZ€q;iq it for ¢, to be much higher than D) we haveyy, < 2 all

is nicely reproduced. In a future work (Ramirez-Ruiz et al. along, so thatm ~ 2 is constant, whilge ~ /2 decreases

2005, in preparation) we investigate the dynamics in more de with ti'me att >”; ' ™ Tm

tail, including the implications of aspherical outflows, iain ~ dei N -3/5

are relevant given the elongated nature of the radio image NOW,  Vrel/Vo & (tdeq/t)Ren/Raec ~ min[1, (tl/ tsdea ]

(Gaensler et al. 20D5). where  tgec = Riec/Vsno = (3E/27mpexivino)”®  and
Vsho = Vi(§ +1)/2 = vo(¥ +1)/2 where 4 = 5/3 is the
adiabatic index. Att > tgec the shock approaches the

. ; _ 2 1/5
3. EXPLAINING THE OBSERVED RADIO EMISSION Sedov-Taylor self similar solution, wheRen = £(Et?/ pex) ™

; ~ L 1/2
Once the reverse shock crosses the ejecta and the forwarngri 5 1-=TheV%°(SP iqc;/cg(rpf%';et'\fvgerlg%fN(8Z??/'l“/)m
shock crosses the bow shock shell, there is no more__sqpplywhere I\/rI“: fe(x;;/'% RS Zmd t s the be;mineg fac?or
of newly accelerated electrons, and the existing reldiivis (ie. the fra?;tion Ofp?ﬁe ?otal sc?lid anale occupied by the
electrons cool adiabatically as the shells expapdx VL3, " 9 b y

whereV = 47R?AR is the volume of the shell. At this stage, flow). ~Also L, max 2 P’*magNe where P, max ~ ZPSY”/VSV”'
the observed radio flux decreaseg @<, which may be ex- ~ Peyn(Ye) = (4/3)oTc(B%/8m)ng and vsyn(ve) = €Bye/2mmec.
plained within the scope of the toy model, initially outlthey ~ What is morepm = vsyn(ym) @ndF, max = Ly max/4md® Thus
Gaensler et Al (20D5). If the expansion in the radial dioect ~ att > tgec We have

is small comparszd to 2that in the transverse directidkR &

const) therV « R®  t“. If in addition the magnetic field is . (p+l)/4
mainly in the transverse direction th&mx V2 « t™1, The F, =42 frgrg P PER P 0, (O OBOZ) 15
spectral slope in the radio, Bf o v*t° with a =-0.75+0.02 ‘
(Gaensler et al. 2005) suggests that the radio band is in the v (1-p)/2 t -3(p+1)/10
frequency rangem < vrag < ¢ (this is verified for our model X ( ) <—s> mdy, (4)
below) wheren = (1- p)/2, and thereforg = 2.50+0.04. In 8.5GHz 33day

this frequency rangg, = F,, max(//vm)> /2, whereF, max o
NeB andvy, o< B'yr%. HereNe is the number of relativistic elec-
trons that are emitting the synchrotron radiation, whiatois-
stant at this stage, so thBf oc BP*1/24P~1 o t(1-7P)/6 and

0=(1-7p)/6=(7a=3)/3=-2.750.05,in good agreement 5 days. This demonstrates that an energy & erg, com-

with the observed value of =~ -2.7 (Gaensler et al. 2005). ; o . X
When the rebrightening bump is subtracted, the best fit to theparable to that in the GF (if it was emitted roughly isotrop-

power law is somewhat steeper (Geltand ¢t al. 2005) and suctg"."”y)’ can be accommodated for reasonable values of the
steepening can be attributed a somewhat tangled mag”eti|ntlgr(;fct:)yusr;(t:a}[lhzarrgggéﬁsfnc?ztg;%%te:jn;liv%%nisr;tygz-%akln
field geometryl(Gaensler etlal. 2005). However, the chief un- find th 0. I.' .15 6< e
certainty here is the assumption that the shell maintains co we find t ‘1"5 an e%mamuo_n imite, cg < 0.3 (0.5) gives
stant thickness Eas 2 7.5d;2° (4.0d;7), consistent with the conclusions of

The emission from the forward shock is dominated by the G?:l;cr?gl(lj etvstle. Eazs?i(llr?;.te the expected flux at the end of the
newly shocked electrons which are accelerated to relativis llisi y’b he ei P d th | shel
tic energies with a power law distributiodN/d~e o P for collision between the ejecta and the external shelk

- ; € e The external shell is accelerateddp =~ 3, while the ejecta

7> Jm- AL < lgec the relative velocity of the shocked down- ;1 "ty decelerated, so that the shock going in® th
stream fluid and the upstream fluid is roughly constant and y SUghty ' going

_ . : - _~ “external shell is stronger and likely to dominate the eroissi
ﬁﬂgal tOVrel = BreiC = 0.3d15C SinceVvier/Vo =~ 3/4. Let us de _The volume of the Shellnﬁngm wheren = AR/Rey = 0-'17]_1’ |
is reduced by a factor of 4 due to shock compression, and its

. . . > g 3
15 A similar result is obtained also if there a continuous exémedium internal energy is a fractiolsn/Mt ~ Msn/Mo ~ O.OO?twLS

instead of a shell surrounding a cavity. of the total energ¥. Under similar assumptions as above,

where the value of the numerical coefficient is for 2.5,
while F, (t < tgeq ~ (t/tdedF. (taed)-

The parameter values in E§] 4 were chosen to match the
observed flux at the peak of the rebrightenifge ~ tp ~



sity, Next = 1072 cm™ have been derived by citet[][see also
g3]Gelfand05. The values dE, Mg and ne scale lin-
early with each other. The bow shock stand-off radius is
a2 Ros = 6.4 x 10"5LY 22z cm, wherev, = 350vs50km s
><d(5r3—27)/4( v ) t3 - mdy (5) is the velocity of SGR 1806-20 relative to the ISM, and
15 8.5GHz col5 ’ L = 10°5Lay5 erg st is its spin-down luminosity! In our
scenarioReo ~ 6.4 x 1045015 cm is ~ Rys, Which is in-
in rough agreement with the extrapolatiortgg ~ 5 days of ~ deed the case for the above parameter values. Note, however,
the observed fluxE,=sscHz; = 53 mJy, at the first epoch= thatE ~ 10%6°ny erg andVig ~ 10?%°ng g, while the minimal
6.9 days|(Cameron & Kulkarni 200b; Gaensler et al. 2005).  allowed densityng ~ 1072, requiresv, ~ 3500 km s* and
For the parameter values used in HG. 5 we obtgin- a similar kick velocity for SGR 1806-20 at its birth, which
1 MHz, vsa~ 50 MHz andv ~ 107 Hz attco ~ 5 days, so s extremely high. This suggests that the true valueg of
that the radio frequencies are well within the assumed powerM, andne,; are larger than their lower limits by a factor of
law segment of the spectrum. Soon after the shock finishes~ 100, ~ 10042,
crossing the shell, the electron power law energy distribu- A much dimmer radio afterglow was detected fol-
tion extends up tOymax ~ Yc(tea) ~ 10°. Thereafter adia-  lowing the 1998 Aug. 27 GF from SGR 1900+14
batic cooling takes over anghay o t™%/3, while B x t™* so (Erail, Kulkarni & Bloom [199B), which despite the much
that vsyn(Ymax) ~ yc(tco|)(t/tc0|)_7/3_ The emission from the sparser data, shows similarities to the radio afterglow dis
shocked external medium starts to dominaté at25 days,  cussed here. This suggests that our model might be apicabl
i.e. t/tco ~ 5, and hence at that timeyn(ymax) 2 10 Hz is more generally. The spin down luminosityof the two SGRs
well above the radio. is comparable, and so is the time at which the light curve de-
cays steeply+ 9-10 days), suggesting thBts in each case
4. DISCUSSION is not very different. This would imply a similaig,v2. Under
We have described a dynamical model for the interaction these assumptions, the large difference in the radio lusitino
with the surrounding medium of the outflow that was ejected (Py @ factor of~ 500) would be mainly a result of the much
during the 2004 Dec. 27 giant flare (GF) from SGR 1806- !arger energy content carried by the outflow of SGR 1806-20
20 . This model reasonably accounts for the evolution of Immediately after the GF.
the source size with time as well as for the observed radio
light curves and spectrum. Using a simple analytic model,
we have shown that the outflow from the GF could not have
been highly relativistic, and was instead only mildly redest This research was supported by US Department of En-
tic,'® with an average velocity of ~ 0.4d;sc, similar to the ergy under contract number DE-AC03-76SF00515 (J.G.) and
observed roughly constant expansion velocity over the firstby NASA through a Chandra Postdoctoral Fellowship award
month or so. The local expansion velocity is slightly higher PF3-40028 (E. R.-R.). The software used in this work was
along the elongated direction of the image, which has an axisin part developed by the DOE-supported ASCI/Alliance Cen-
ratio of ~ 1.7 (Gaensler et al. 2005). This sets a lower limit ter for Astrophysical Thermonuclear Flashes at the Univer-
on the true axis ratio of the emitting region, due to projatti  sity of Chicago. Computations were performed on the 1AS
effects, suggesting a relatively mild collimation of thetftaw Scheide computer cluster. B.M.G. and J.D.G. were supported
into a wide jet. Still, even the maximal local expansioneelo by NASA through LTSA grant NAG5-13032. The National
ity was only mildly (rather than highly) relativistic. Radio Astronomy Observatory is a facility of the National
Lower limits on the energyE > 10*° erg, and mass, Science Foundation operated under cooperative agreemyent b
Mo > 1074% g, of the outflow, and on the external den- Associated Universities, Inc.

Fi(teo) ~ 80T g P AEGTP e f

1© This refers to the ejecta which carried most of the energindut- down rate of SGR 1806-20 increased by a factor.ds several years before
flow. A small fraction of the energy might still have been @drby highly the GF, the steady state assumption for the bow shock is lidfervagp < 3.
relii7t|V|st|c outflow. . . As a rough guide, one might still use the results for a steaithyg \MVilkin

Before 1999134 ~ 0.8 while by 2001 and until before the Dec. 27th  [1g9g6), with the average spin down luminosity over a petiad The exact
GF it leveled off atlas ~ 4.5 (Woods et al. 2005, in preparation). The shape of the bow shock could, however, be different than dhat steady
dynamical timescale for the bow shocktis ~ Rys/V« = 10_44n51/ 2\,5(2)0 yr. wind.

In our scenarioRys ~ Rgo SO thattpg ~ 1(100|$5d15v5(1)0 yr. Since the spin
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FiG. 1.— Numerical simulation of the collision between the awtflejected during the SGR giant flare and a pre-existing yavltie evolution of the density
(p in g/en?) and specific internal energy;{; in erg/g) are shown. Calculations were done in two dimerssiming the FLASH code. The initial configuration is
as follows. In the inner region (outflow from the SGR, innex 504 cm) both a thermal energy of 4@erg and ejecta masklg, are distributed uniformlyMg
is selected so that= (2E/Mo)Y/2 ~ 0.4c. The injected gas and surrounding ISM (wjtkk = 2 x 10724 g cn3) are characterized by a 5/3 adiabatic index. More

details will be presented in Ramirez-Ruiz et al. (2005, iparation). The black horizontal line in the figure corresfsoto a scale of 6 cm. Anti-clockwise,
from right, the slices are fdr=5.79, 6.95, 8.11, 9.26, 10.42, 11.58 days.Inset Panel:Temporal evolution of the observed size of the simulatedamuogether

with the radio measurements of Taylor et al. (in preparation



