Discovery of a Radio Bubble Trailing PSR J1015- 5719
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Abstract:

/ PSR J1015-5719 is a young and energetic pulsar with a characteristic age of 39kyr and a spin

down luminosity of 8.3e35erg/s. We report on radio imaging observations of the field made with ATCA
the Molonglo Observatory Synthesis Telescope (MOST) and the Australia Telescope Compact
Array (ATCA) at 36, 16, 6, and 3 cm. We discovered a highly linearly polarized radio nebula
assoclated with the pulsar. It shows a faint triangular head region centered on the pulsar, followed
by a bubble with 40" diameter and a faint tail of ~1' further south.
At the pulsar distance of ~5kpc, the physical size of the bubble seems too small for it to be the
parent supernova remnant. We believe that it is more likely to be a pulsar wind nebula (PWN),
based on the flat radio spectral index of ~0.15 and high degree of polarization we found. Similar
bubbles have been found in other PWNe such as the Guitar Nebula, and it was attributed to
Instability in the flow. We compare the PWN of J1015 with these cases and discuss the physical
environment in the system.

PSR J1015-5719

19:00.0

head

bubble, blobs

Declination

22:00.0 30.0 21:00.0 30.0-57:20:00.0 30.0

Pulsar relativistic tail
particle outflow
Shock interaction with 44.0 10:1540.0 36.0 32.0 44.0 10:15:40.0 36.0 32.0
ambient medium Right ascension Right ascension
BT 00000 0 I |
0.0001 0.0002 0.0003 0.0004 0.0005 0.0006 0.0001 0.0002 0.0003 0.0004 0.0005 00006
Broadband synchrotron
bubble --- PWN
Polarlzed Inten3|ty
Pk 6cm 3em . | |
Evolution of PWN 19'00" | 4 1900 : O o9 s .
7rward Shock g 30" '_ y s0” | 19 |
Contact Discontinuity S e o B
\ CE | - "an'
S8'? ~ 2000" | - 2000 - -
Reverse Shock__ |  pylsar wind Shock ‘g’ § i !
PWN Shock § = ) .
Qg & 30 - 30 .
e @)
i _ |
h 2100 |- 2 21'00" |- _
_ _ 0 _
2 pe o 30 | . 0 k= -
8 p : J | :j O e v 2;*’:‘:]
%@ 10:16:00I"\9ight4aoégension20'0 15:00.0 e T .. A ~572200" Qv] D ,mg
S — | 1oh15m4a’ 45% 42® 39° 38° 33° 30° 10716748 45 42 39° 36 32 30
-0.01 0 0.01 0.02 003 004 005 0.06 RA (JZOOO) RA I:.IEEI'EI-GI:I
2 pc
Bow-Shock PWN
| 0 Bow Shock _ B-field configuration
0.20 - ISM Shocked ISM > Radio Spectrum I gI , =3
0.10 van der Swaluw et al. (2004) 00 _' %'__\% ' | | |_ : . .
o) : — - : ] - -
£ 0.00 N — § . -
= so | K3 Lﬁ_ﬁ___ | e 1 aligned with
0.10 = | Bubble — .- - 1 nebula
4 E I ] [
0.20 Tall
-E? 10 —] B |
-0.10 0.00 0.10 0.20 W - i E - L A
X (pc) E - [ NE Blob - ———__;__%__- l ]
PSR J1015-5719 = °F o 1L \
Gaensler & Slane (2006) B SkpC I:T:: | Pulsar {n h ] \ SWItCh dlrectlon
. P =0.14s | ~. | 1 (flow instability?)
° T=39kyr - . 955_ '”-:{_E |
o — 3 e N | | |1 L b
E 8.3 X 107 ergs ‘ 0.6 0.8 1 2 4 6 8 10
* No X-ray or gamma-ray detection Frequency (GHz) b
2 | | | | | | -
Region Flux Density (mJy) Spectral Index™
36em 20 em 16 cm Gecm Jdem
All 110+30 9020 60410 65 + 10 45+ 6 —0.3+01
Pulsar v 3.5% 26+03 1.0+005 06=x+005 —-1.1+0.1
Bubble 28+ 2 266+1 235+1 —0.15 £+ 0.06
: ; | : Head (excl. pulsar) 19+ 4 17T+ 2 14 +2 —0.24+02
Swinburne ATNE/CSIRO Tail - . 8+3 842 6+2 —0.2+04
Northeastern Blob 504+02 55402 5002 —0.12 +0.04
Southern Blob 7T0+03 54402 4602 —0.33 = 0.05
New Radio Observations of PSR J1015-5719
Obs. Date Array  Center Freq. No. of Usable Band- Integration D - -
Config. (MHz) Channels® width® (MHz) Time (hr) ISCUSSIOn
MOST * Bubble too small to be supernova remnant
2008 Apr 6 843 3 1 4%12 ) 1 3 -
wren "  High polarization fraction + flat spectrum
2008 Dec 13 750B 4800, 8640 13 104 12.5 => a new pulsar wind nebula G283.1-0.59
2000 Feb 17 EW352 4800, 8640 13 104 12.5 : T ey :
M09 Aug 2 1.5A 5500. 9000 4R 1848 11.5 < CaUSGd by InStabIIIty INn the fIOWr) Eg, GUItar NEbUIa,
00Fh5  6A 5500900 2048 188 0 G319.9-0.7 (van Kerkwijk & Ingle 2008, Ng et al. 2010)
92011 Nov 17 1.5D 2100 2048 1848 1
Per center frequency.
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