An expanding radio nebula produced by a giant flare from the

magnetar SGR 1806-20
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Figure T Haoo emission trom VLA J180839-202439 at 8.5 GHz. The main panel shows
the visibility amplitude as a function of projected baseline length (in units of thousands of
wavelengths; 100kA = 3.5km) at epoch 2005 Jan 06.8 (9.9 days alter the giant flare),
as seen by the VLA, The data have been self-calibrated in phase until the solution
converged, and each baseline has then been time-averaged over theentire observation of
duration 40 min. The error bars show the standard error in the mean of the amplitude on
each baseline. The decrease in amplitude as a function of increasing baseline length
clearly indicates that the source is resolved. The inget shows the image of the source at
three epochs, smoathed to a uniform resolution of 0.5” (indicated by the green circle at
lower right). The origin of the coordinate axes Is the position of SGR 1806-20 measured
with the Chandra X-ray Observatory"', which has an uncertainty of 0.3" in each
coordinate. The false-colour representation is on a linear scale, ranging from — 0.3 to the
peak brightness of 53 mJy beam ™. The contours are drawn at levels of 20%, 40%, 60%
and 80% ofthis peak. No source is seen in archival 8.5-GHz data from March 1994, down
toa Se upper limitof 0.1 mJy. In the days after the giant flare, a bright but rapidly fading
source Is now seen at this position. The precise location of VLA J180839-202439 was
determined by phase referencing to several nearby calibrators with well-determined
positions. Our best measurement was on January 16.6, for which we measured a position
for VLA J180839-202439 (equinox J2000) of right ascension 18 h 08 min

39.343 + 0.002s, declination —20° 24’ 39.80" + 0.04". Thesource's proper motion
over the time span presented in this paper is — 2.8 + 6.5 masday™ " In right ascension
and —22 + 6.5 masday™ " in declination.

ABSTRACT

T RNR—=Z2RNZEo TR L>OHD
IR OFE DRI OWTHET 5, Z 0BG
FRIHE—BL SN - FLL OB IROK 500 %D
5 &7 o7, SGR1806-20 25D 7 LT D 6 Hi%~
19 H%E T S 4L, ERYRE LB R ERK
0.25C OIS TR L TWDHONRR N, ZDE
EEBRTDH5I21302L EH 4X10M3 erg D
RNF— By L XA F & WO TECTERY
TIZEoTHHENTEEEZ 2 BNLD,

VLA TOERBIM

~5X10M5 W/Hz DR AT RV 2R
%, 1998 £ giant flare D% M SGR1900+14 7> 5
® radio afterglow @ 500 24 Lk,

Figl. Radio emission from radio nebula at 8.5GHz.
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Table 1 The rate of decay of the radio emission from VLA J180839-202439—_

v (GHz) to (days) 8, (t=<tg) 5, (t>to)
0.84 =102 -27x08
1.4 g.0t5d -1.6+02 —-2.61=009
2.4 =9.0 274007
4.8 8.8+0% -1.5* 0.1

8.1 =113

8.5 8.8+%2 -2.2+02

At each frequency » it has been assumed that the radio flux density decays as S,
break in the powerlaw index, 4,, at time to. To determine values of tg and §,, a weighted least-
souares fit of a braken power law has been applied to each data set, with f a free parameter. In
each case, the fit shown is the only local minimum inx? that meets the requirements that there
are at least two data points on either side of the break, the change in temparal index on either
side ofthe break is larger than its uncertainties, and the power-law fits an either side ofthe break
meetat the break point. Before day 8.8, we find that 8, possibly decreases with », after day 8.8,
the flux decays rapidly at all frequencies with a power-law index § = - 2.7, independert of ».
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