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Abstract. A scenario for the origin of the system PSR B 1#2%/supernova remnant (SNR) G 5.4.2 is proposed. It is
suggested that both objects are the remnants of a supernova (SN) that exploded within a pre-existing bubble blown-up by a
runaway massive star (the SN progenitor) during the final (Wolf-Rayet) phase of its evolution. This suggestion implies that (a)
the SN blast centre was significantlffset from the geometric centre of the wind-blown bubble (i.e. from the centre of the future
SNR), (b) the bubble was surrounded by a massive wind-driven shell, and (c) the SN blast wave was drastically decelerated by
the interaction with the shell. Therefore, one can understand how the relatively young and low-velocity pulsar PSR2B 1757

was able to escape from the associated SNR GBE2and why the inferred vector of pulsar transverse velocity does not point
away from the geometric centre of the SNR. A possible origin of the radio source &b2({Iocated between PSR B 17574

and the SNR G 5-41.2) is proposed. Itis suggested that G 5:@B is a lobe of a low Mach numbet{.7) jet of gas outflowing

from the interior of G5.41.2 through the hole bored in the SNR’s shell by the escaping pulsar. It is also suggested that the
non-thermal emission of the comet-shaped pulsar wind nebula originates in the vicinity of the termination shock and in the
cylindric region of subsonically moving shocked pulsar wind. The role of magnetized wind-driven shells (swept-up during the
Wolf-Rayet phase from the ambient interstellar medium with the regular magnetic field) in formation of elongated axisymmetric
SNRs is discussed.

Key words. pulsars: individual: PSR B 17524 — ISM: bubbles — ISM: individual objects: G 5.4.2 —
ISM: supernova remnants

1. Introduction The above estimate could be somewhat reduced if the
The pulsar PSR B 17524 i one of a growing number of neu_SN exploded in a density-stratified medium: in this case, the

. ) . ) actual SN explosion site does not coincide with the geometric
tron stars associated with SNRs. Although this radio pulsar w; P 9

found well outside the shell of the SNR G 542 (Manchester htre of the SNR, but is shifted towards the high-density re-

et al. 1985), until recently there was no doubt about theqlon (e.g. Gulliford 1974). Theftset is significant only if the

haracteristic scale of the stratification is a small fraction of
physical association (Frail & Kulkarni 1991; Manchester et . . , .
1991). The high-resolution VLA image presented by Frail e radius of the SNR. In this case the SNR’s shell acquires a

. nsiderable elongation. The elongation of the SNR G 5.2,
Kulkarni (1991) shows a comet-shaped flat-spectrum neb I0 : .
stretched behind the pulsar towards G8.2. This nebula lIJ18\/\/ever, is moderate. Fralil et al. (1994) used the Kompaneets

; ; X 960) solution for a strong explosion in an exponentially-
was interpreted as a ram-pressurg-confmed pulsgr wind n atified medium to fit the shape of G 542 and found that

ula,t_whofstehelonlgate::] mormﬁlogyt IS ?l’:le to thg. hlgh-velock e latter is consistent with the shape of a blast wave expanding
motion ot the puisar through the Interstefiar medium. into the medium with the exponential scale height less than one

tA_ssumlrt19 thfa(t;?ilpglsa:jvtvr?st tt:}orrs in the aap;ﬁrent I(geiﬂi'rd of the diameter of the SNR. The model presented by Frail
me! ric) centre 0 . and that In€ true age of the pulsag, 5| (1994) allowed them to explain the “incorrect” orienta-
tp, is equal to its characteristic spin-down age= P/2P =

- tion of the inferred line of pulsar proper motion (the comet-
— — 13 1
1.55x 1(.)4 yr wherel? - 12.5 ms and = 1‘28X 10—_ ss-are, aped nebula produced by the moving pulsar does not point
respectively, the spin period and the period derivative, (Frail

. . ck to the geometric centre of G 54.2) and to show that
Kulkarni 1991; see also Manchester et al. 1991) estimated {1& o\ blas'?centrencom(jld brefset towar(;s the pr:se:/]\f[ p(;asi-
transverse velocity of the pulsap,> 1900ds km s, whereds

: . . . tion of PSR B 175%24 by up to about a half of the radius of
Is the distance to the system in units of 5 kpc (see Sect. 2). the SNR. The pulsar transverse velocity implied by the new
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corresponds to the pulsar proper motionwof 60 masyr! is elongated rather than circular. The elongated (barrel-like)
(Frail et al. 1994). structure of G5.41.2 could also be derived from the polar-
Subsequent observations of the pulsar wind nebula sefaation observations of this SNR: Milne et al. (1992) found that
rated by a 6.7 yr period did not show any appreciable changke magnetic field is tangential around the wings of the rem-
in its structure, putting a & upper limit on the pulsar west- nant and continues beyond the visible part of the shell, nearly
ward proper motion and the transverse velocity, respectivedgrallel to the Galactic plane.
pu < 25masyrt andv, < 590dskms™ (Gaensler & Frail Near to the west edge of G5:4.2 lies a bright, edge-
2000). The discrepancy between the “measured” transversedarkened compact source G5:B79. This source is con-
locity and the implied one is even greater if one adoptsra 2nected to G5.41.2 by a bridge of emission. The VLA im-
upper limit on the westward pulsar motion derived by Thorsetge of G 5.2#0.9 by Frail & Kulkarni (1991) resolves a small
et al. (2002) by combining their interferometric proper maggrotrusion at the west edge of this source into a comet-shaped
tion measurements of PSR B 17574 with the data taken from nebula, stretching for about 3Gast of PSR B 175724 un-

Gaensler & Frail (2000}, < 6.8 masyr?, or til it merges with the radio source G 5.2@.9. The elongated
nebula does not point back to the geometric centre of the
vp < 0p™ = 160dskms ™. (1) SNR G5.4-1.2 but misses it by about %o the north (Frail
et al. 1994).

Thorsett et al. (2002) interpreted this discrepancy as an indica--l-he bright west wing of G5:41.2 shows a trend of a

tion of an equally large discrepancy between the kinematic agg o ening in the radio spectral index in either direction from

of the systemiwin = Rp/vp, WhereR, is the distance traveledth

line drawn though the pulsar and the bridge of emission
by the pulsar from its birth-place, and the characteristic agecqf g P d

h | ¢ | " he | . nnecting the SNR with the radio source G 5-28 (Frail
the pulsar (cf. Gaensler & Frail 2000). The latter discrepangy 5 1994). The only available estimate of the spectral index

constitutes one of two arguments proposed by Thorsett et@} G5 7. 0.9,¢ = +0.2 (Caswell et al. 1987), suggests that
::Lgalnst the physical sssouatlzn between PSR Biz8and the radio emission from this source is thermal. However, the de-
the SNR G 5.41.2. The second argument against the assoCigzion of linear polarization in G 5.270.9 (Frail & Kulkarni

tion.is the “incorrect” orientation of the implied pulsar_ ProP€h 991) indicates that the emission is rather non-thermal (see also
motion. Thorsett et al. p0|r_1ted out that a sharp density gragiz g e et al. 1987). The radio emission of the comet-shaped
ent across the SNR (required by the model of G3.2 by o1 is characterized by a flat spectrum=( 0) and a high

Frail et al. 1994) “without local inhomogeneities that distur egree of polarization (Frail & Kulkarni 1991), and therefore
the circular symmetry seems daunting”, and concluded that Egealso non-thermal

(implied) proper motion direction is “a serious problem for the Optical observations of a field containing G 542 did not

associat_ion hypothesis™. . . reveal any features related to the radio shell of this SNR (Zealey
In this paper we propose a scenario for the origin of thg ;| 1979).

system PSR B 17524/SNR G 5.4-1.2 based on the idea that
both objects are the remnants of a cavity SN explosion of;a

moving massive star. In this case, tiéset of the SN blast cen- i, from this part of the SNR's shell, but they led to the discov-
tre from the geometric centre of G 5.4.2 could be maximum ery of an X-ray counterpart to the comet-shaped radio nebula

(i.e. comparable with the radius of the SNR) even if the amblzsciated with the pulsar (Kaspi et al. 2001). The length of the
ent interstellar medium is homogeneous (Gvaramadze 20029(’-t?éy tail is ~20”. It is likely that the tail X-ray emission is

cf. Gvaramadze & Vikhlinin 2003; Gvaramadze 2003). OWgyn_thermal.
scenario implies a much lower kinematic age of the system and 1,4 estimates of the age of the system are very uncertain.

naturally explains the orientation of the comet-shaped Pulsgfe maximum westwardftset of the SN blast centre allowed
wind nebula. In Sect. 2 we review the relevant observatior@ a model of G5.41.2 and the upper limits on the pulsar

data on the system PSR B17&4/SNR G5.4-1.2, while \ asnyvard motion (see Sect. 1) constrain the kinematic age of
Sect. 3 contains a scenario for its origin. Section 4 deals wijt, system

some issues related to the content of the paper. Section 5 sum-

RecentChandra X-ray Observatorgbservations of a’4x
region of the west radio wing did not detect the X-ray emis-

marizes the work. tiin > Ro/vp"™" 2
Although, in principlep, could be as large as 590 kritsin the

2. System PSR B 1757 —=24/SNR G 5.4-1.2: following we adopt for, the maximum value allowed by the
Observational data “worse” (207) upper limit on the pulsar westward motiag,=

160 kms?, to show that even in this “unfavourable” case the

T1h9e9227hMHz imagle qf thle SNR G%ﬁﬁ'z by.FrfaiI etfal. association between PSR B 1724 and G5.41.2 could be
( ) shows a nearly circular region offdise emission (of ra- al (in Sect. 4 we show, however, that the uncertainties in the

. . . . r
dius of 155), bounded from the west side by a I'mb'b”ghteneﬁilsar transverse velocity do noffect the main conclusions

wing facing the Galactic plane. There are also indications the paper). The kinematic age should be compared with the
a weaker and more amorphous east wing. Both wings prQ-: :

. S _#)ln-down time-scale,
trude in the north-south direction well beyond the area of dif-

fuse emission and remind the flanks of a barrel-like SNR (see 2 [ (PO )”‘1}
(0 T,

Sects. 3.2 and 4), so that the general structure of the sk n-1 [5) ®)
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wheren is the braking index andP, is the initial spin pe- exploded within the WR bubble, but not in the bubble created
riod. Note that all braking indices measured for young radaturing the preceding MS phase. In our reasoning we proceed
pulsars are less than 3. It is plausible that the braking indErm the fact that a young neutron star (born with a moderate
of PSR B175%#24 is also less than 3 and therefdgg > v kick velocity of appropriate orientation) can overrun the shell
(provided thatPy << P): the smallem the larger the discrep- of the associated SNR only if: a) the SN exploded within a pre-
ancy betweelyy andr. existing bubble surrounded by a massive (see Sect. 3.2) shell;
For R, = 23ds pc (Frail et al. 1994) and assuming thab) the SN explosion site was significantlffset from the centre
Po =~ 0.5 ms (i.e. the minimum spin period allowed by the newsf the bubble (e.g. Gvaramadze 2002a,b; cf. Shull et al. 1989;
tron star stability), one has from (1)—(3) thah(= 97) = tsg Arzoumanian et al. 2002). However, it is unlikely that these
if n < 1.1, i.e. for the braking indices smaller than the smaltonditions can be fulfilled for the MS bubbles. Indeed, simple
est one ever measured for pulsars (cf. Thorsett et al. 2002). €timates show that massive stars (unless they are very mas-
the other hand, in the case of afi-oentred cavity SN explo- sive andor very slowly-moving) explode outside their MS bub-
sionR, could be as small &9 ds pc (see Sect. 3.1). In this caseles (Brighenti & D’Ercole 1994). Moreover, the MS bubbles
twin(= 3.57) ~ tsqif n < 1.6 (for Po = 0.5 ms) orn < 1.4 (for usually stall and their shells disappear well before the mas-
Po = 5 ms), i.e. for the indices comparable with the brakingjve stars enter the subsequent evolutionary phases (Brighenti
index measured for the Vela pulsar£ 1.4 + 0.2; Lyne et al. & D’Ercole 1994). On the other hand, if a massive star ended
1996). its evolution as a WR star, the energetic WR wind could create
Note also thah < 3 is not the sole reason for the disa new large-scale bubble, whose supersonic expansion drives a
crepancy betweet, and . The true age of a pulsar couldshell of swept-up interstellar matter during the relatively short
be larger than the characteristic spin-down age if the brakiiR phase. Besides, it is the short duration of the WR phase
torque acting on the pulsar grows with time (e.g. due to the selat implies that even a runaway massive star could explode
ular increase of the magnetic dipole moment; e.g. Blandfordwithin its WR bubble, while the stellar motion could cause a
Romani 1988) or is episodically enhanced (e.g. due to the inteonsiderable fiset of the SN blast centre from the centre of the
action between the pulsar's magnetosphere and the densitybmbble (see Fig. 4 of Gruendl et al. 2000 for a good illustration
homogeneities in the ambient medium; e.g. Gvaramadze 2@@1his efect; see also Arnal 1992).

and references therein). The proper motion of the SN progenitor star causes it to
In the following we assume th&f = ti, = 3.57 ~ 54 x escape from the bubble blown-up during the MS phase, so that
10% yr. the WR wind interacts directly with the unperturbed interstel-

The distance to the system PSR B 1784/SNR G 5.4-1.2 lar medium. The mass of the shell swept up by the end of the
is also poorly constrained. The kinematic method suggests théR phase iMg, = (471'/3)R§|,PISM1 whereRg, is the radius of
the SNR is at a distance4.3 kpc (Frail et al. 1994), while the the shell,pism = 1.3mynism, Nism is the number density of the
Cordes & Lazio (2002) model for the Galactic electron densigmbient interstellar medium amdy is the mass of a hydro-
distribution gives the distance to the pulsar=&1 + 0.5 kpc. gen atom. We stress that the (massive) wind-driven shell is a
Both estimates are not inconsistent with each other. In whaticial ingredient of our scenario since it is the interaction of

follows we adopt a distance to the system of 5 kpc. the SN blast wave with the shell that results in the abrupt decel-
eration of the blast wave and that, in turn, allows the pulsar born
3. System PSR B 1757 —24/SNR G 5.4—1.2: with a moderate kick velocity to overrun the SNR's shell. It is

clear that the larger the mass of the shell the stronger the decel-
eration of the blast wave and the smaller the expansion velocity
We suggest that the origin of the system PSR BXZBY  of the resulting SNR. To estimatds, we need to knowysy,
SNR G5.4-1.2 is connected to a SN explosion within @ndRy,.

bubble blown-up by the moving SN progenitor star during The number density could be crudely evaluated by compar-
the Wolf-Rayet (WR) phase of its evolution. We also suggeisly the observed minimum size of the radio nebula ahead of the
that the SN blast centre was significantlifset towards the moving pulsar with the theoretically predicted one,

west edge of the bubble due to the proper motion of the SN pro- e n1/2

genitor, and that the SN blast wave was drastically decel&h = ¥Ro = K([El/4mCoismup) ™, (4)

ated by the interaction with a pre-existing massive wind-drivgihere R, is the stand-fi distancex ~ 1.26 is a parameter
shell. These suggestions imply that PSR B 172# was born which shows that the radio emission ahead of the pulsar comes
close to the current position of the west edge of G-3.2, and from a layer of finite thickness ef(k—1)R, (Bucciantini 2002),

that the distance traveled by the pulsar is much smaller th@is the spin-down luminosity of the pulsar anés the speed
that allowed by the model of the SNR by Frail et al. (1994). of light; for the sake of simplicity we assumed here that the
pulsar is moving in the plane of the sky and that the pulsar wind
is isotropic. FoiR, = 3.6 x 102ds pc (Gaensler & Frail 2000)
and|E| ~ 2.6 x 103%ergs?, one has from Eq. (4) thaisy =~
1.0cnt3.

Let us explain why we believe that the pre-SN was a WR star Then we assume that at the moment of SN explosion the
(i.e. the zero-age main-sequence (MS) mass of the SN progeatlius of the WR bubbjshell wasRs, = 20 pc. For this value

itor was>20M,; e.g. Vanbeveren et al. 1998) and that the SbF Ry, and using the estimate ofsy, one hasVlgp =~ 10° M.

A scenario for the origin

3.1. Supernova progenitor and its processed ambient
medium
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We also assume that the SN exploded near the wdasterefore we expect that the expansion velocity of G-%.2
edge of the WR bubble (cf. Gvaramadze & Vikhlinin 2003s minimum to the west.

Gvaramadze 2003), on the line drawn through the tail behind To estimate the expansion velocity of the SNR one can
the pulsar. In this casB, ~ 9ds pc, i.e. the SN blast cen-use the results of numerical simulation of cavity SN explo-
tre is about 6 east of the current position of the pulsar (osions by Tenorio-Tagle et al. (1991), which showed that the
about 35ds pc behind the west edge of the SNR G&142). SN blast wave merges with the pre-existing wind-driven shell,
Correspondinglytqin ~ 5.4 x 10*yr (~3.57) (see Sect. 2). One and the reaccelerated shell (now the SNR’s shell) evolves
can also estimate the peculiar velocity of the progenitor starto a momentum-conserving stage, if the mass of the shell
vs = Ran/twr = 65kms?, wheretyr ~ 3 x 10° yr is the is larger than about 50, where Mg is the mass of the
duration of the WR phase (see, e.g., Vanbeveren et al. 1998\ ejecta. For any reasonable initial mass of the SN progen-
i.e. the SN progenitor was a runaway star (cf. Bandiera 198itpr, M¢j ~ 3.5-10M, (see Table 1 of Vanbeveren et al. 1998).
Note that the well-known runaway O-type staPup has a sim- Thus, Mg, > 50M¢j and the SNR G5:41.2 is in the radia-

ilar peculiar velocity. tive stagé. The numerical simulations by Tenorio-Tagle et al.
(1991) also showed that the reaccelerated shell acquires a ki-
netic energyEyin = BE, whereE = 10°! erg is the SN en-
3.2. SNRG5.4-1.2 ergy andg =~ 0.1. Thus, the initial expansion velocity of the
Soon after the SN explosion the blast wave starts to inter&¥R G 5.4-1.2 is~(28E/Msp)'/? ~ 100 kms*. The westward
with the closest (west) part of the shell, while in the opposiéxpansion of the SNR, however, could be even slower due to
direction it freely expands through the low-density interior ghe inhomogeneous mass distribution over the shell, so that the
the WR bubble until it collides with the shell. The further evopulsar moving in the same direction with a velocity exceeding
lution of the blast wave depends on the mass distribution oBat of the SNR’s shell can easily overrun the SNR.

the pre-existing shell. The SN blast wave becomes radiative if

the shell column density (or the mass of the shell) exceed%,%, G5.27-0.9

critical value.

There exist two main factors thaffact the mass distri- We now discuss the origin of the radio source G 5@B. We
bution over the shell. The first one is the large-scale dens#tyggest that G5.270.9 is a lobe of a low Mach number jet of
gradient in the ambient interstellar medium (usually orienteghs outflowing from the interior of G 5-4L.2 through the hole
perpendicular to the Galactic plane). The role of this factor fwred in the SNR’s shell by the escaping pulsar.
obvious: the denser the ambient medium the larger the col- While the pulsar is moving through the shell of the SNR
umn density of the swept-up shell. The second factor is thecreates a channel filled with hot, low-density gas of the
large-scale interstellar magnetic field (at low Galactic latitud&NR's interior. After the pulsar overruns the SNR the gas starts
it is nearly parallel to the Galactic plane). It causes transvetseoutflow through the hole in the shell and forms a super-
motions in the shell: the swept-up matter flows from the magenic jet. The gas velocity at the origin of the jetys =
netic poles of the shell to the equator and thereby |ncrea§g§;2 ISM)/('y Y2 =~ \/—c,, wherec; (>> cigwm) is the
(up to ten times) the column density in this region of the sheibund speed of the gas escaping from the Sti&;, is the
(Ferriere et al. 1991). These factors naturally define the sygound speed of the ambient interstellar medium-yasds/3 is
metry axes of the wind-driven shell (respectively, perpendictive specific heat ratio. The structure and the dynamics of super-
lar and parallel to the Galactic plane) and later on those of tsénic jets propagating through the ambient medium are mainly
SNR (cf. Gvaramadze 1999b). The inhomogeneous mass distermined by two parameters (measured at the origin of the
tribution over the shell results in that the SN blast wave firgt): the jet Mach numberM; = vj/c;, and the jet to ambient
enters the radiative stage near the magnetic equator, that in #edium density ratio; /mism (see Norman et al. 1982). It is
results in the origin of an asymmetric dodbilateral bright- clear that in our casdj ~ 1.7 andpj/pism << 1.
ness distribution over the SNR'’s shell. Moreover, the reduced Numerical simulations conducted by Norman et al. (1982)
column density at the magnetic poles of the wind-driven shelhowed that a low Mach numbeM ~ 1.5) and low-density
results in the elongation of the SNR along the direction of thet ends in a gradually inflating and slowly-moving lobe. The
local large-scale interstellar magnetic field (see also Sect. 4}norphological similarity of this lobe (see Fig. 10a of Norman

The north-south elongation and the east-west brightnesgsal. 1982) and the radio nebula G 5-879 (see Fig. 1b of
asymmetry of the SNR G 5-4..2 suggest that both aforemenfrail & Kulkarni 1991) allows us to consider the existence of
tioned factors have arffect on this SNR and that the columrinner bright spots in G 5.270.9 and the edge-darkened appear-
density of the pre-existing wind-driven shell was maximum tance of this nebula (whose radio emission is likely due to the
the west. The spectral index variations along the west wingynchrotron losses of relativistic electrons accelerated at the in-
of G5.4-1.2 (see Sect. 2) also suggest that in this directiegrnal shocks and those injected in the nebula by the pulsar) as
the SN blast wave encountered a region of enhanced (colunma)ications that the jet has already reached its maximum spatial
density (cf. Thorsett et al. 2002 and see references there#tent (see Norman et al. 1982). Therefore the pulsar moving

! Note, however, that the asymmetric brightness of GB.2could 2 This conclusion does not contradict the non-detection of optical
also be caused by the proximity of the SN blast centre to the west e@geission from G 5.41.2 (see Sect. 2) in view of the large foreground
of the pre-existing shell. obscuration towards this SNR (Caswell et al. 1987).
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along the jet axis was able to overrun the lobe and now it travelmallertyj, and the smaller the discrepancy between the latter
through the interstellar medium. andr. Foruv, = 590kms? andR, ~ 9 pc (Sect. 3), one has
tin =~ 1.50x 10* yr ~ 7. On the other hand, the largey the
smallernisy implied by Eq. (4) and the small&,. Therefore
one can estimate the maximum valuesptonsistent with our
Is is clear that the proper motion of a neutron star born in anggestion that the SN blast wave becomes radiative after it en-
off-centred cavity SN explosion could be oriented arbitrarilgountered the pre-existing shell. For the minimum mass of the
with respect to the geometric centre of the associated SNRell of=175M, (see Sect. 3.2), one hagy ~ 0.18 cn and
(Gvaramadze 2002a,b; see also Bock & Gvaramadze 2003)= 380 kms?. The latter estimate impliggn ~ 2.2 x 10* yr,
Therefore one should not comment on why the comet-shapehich is consistent with if n ~ 2.4 (i.e. for the braking index
nebula produced by PSR B 17574 does not point back to comparable with that of the Crab pulsar). Note, however, that
the geometric centre of the SNR G 542. We discuss somefor v, = 380 kms? the length of the termination shotkes-
points related to the origin of this nebula. timated in Sect. 3.4 is about 2 times larger than the observed
The supersonic motion of PSR B 17574 through the in- length of the X-ray tail associated with PSR B 1#54.
terstellar medium results in the origin of an elongated structure, Second, one can consider the possibility thgt <

Whgre the pu!sar wind is s_wept back by the ram pressure. ¥ kms?. In this case, the smalley the largemisy and the
region occupied by the wind is bounded by a contact discogzger Mg, Let us assume that, = 120kms? (cf. Thorsett
tinuity, which asymptotically becomes cylindrical with a charg; g 2002). From (4) one has thagy = 1.8 cnm3, that cor-

" . N 3/4 —1/2\— : ’ : ! ..
acteristic radiuR ~ 0.85M;" (1 - 085M, ") YRy, where  regponds tdvlgy ~ 1.5 x 10° Mg, >> 50 Mg, i.e. the SNR is in
My = vp/Cism (Bucciantini 2002). Fop, = 160kms™ and as- he radiative stage. The only “unpleasant” consequence of the
suming that the temperature of the ambient interstellar mediygyction ofup is the increase dfg,. However, forR, = 9 pc
is ~8000K, one haR ~ 6 Ry (9rz7" dz1), i.e. the value a few gne has thatin (= 4.77) ~ tsgif n < 1.4 (for Py = 0.5 ms) or
times larger than the half-width of the comet-shaped nebula. 12 (for P, = 5 ms), i.e. for the braking indices still com-

This implies that we see only a central (axial) part of a mugfyrapie with that of the Vela pulsar (recall that the assumption
wider region filled with the pulsar wind and that most of they5tn < 3 is not the only way to reconcilg, andr).

pulsar wind is unobservable. . . :

We suggest that the non-thermal X-ray emission of the In conclusion we discuss an issue related to our sugges-
cometary tail behind the pulsar is due to the synchrotron losdiod! that PSR B 1757'2,4 and_ the SNR G512 are the rem-
of the relativistic pulsar wind shocked at the termination shocdi@Nts of @ SN explosion within a bubble blown-up by the
which extends in the tail up to a distancelof 1.29 MR, (see MVINg SN progenitor star during the WR phase of its evo-
Bucciantini 2002 and Fig. 1 therein), and where the wind parfion- Namely we briefly discuss the origin of elongated ax-

cles acquire non-zero pitch angles. Indirect support for this sy mmetric SNRs (e.g. G 3':0'2’_ G ,16'2'2'7’ G 296.510.0,
gestion comes from the comparisonlok 16R; or ~ 19” d;1 332.4-0.4, G 356.31.5), constituting a subclass of the more
with the observed length of the X-ray tail 820" 5 general class of bilateral SNRs (e.g. Kestenev & Caswell

We also suggest that the (non-thermal) radio emission 30?87)'
the comet-shaped nebula originates in the vicinity of the ter- Recently Gaensler (1998) demonstrated that the bilateral
mination shock and in a much more extended narrow cyli®NRs show a generic tendency to be aligned with the local
drical region of subsonically moving shocked pulsar wintirge-scale Galactic magnetic field. This tendency implies that
(cf. Bucciantini 2002). This suggestion implies that in the althe regular interstellar magnetic field is responsible not only for
sence of the radio source G 5:A7.9 the radio tail would be the bilateral symmetry of these SNRs, but also for the elongated
much longer than its X-ray counterpart (perhaps as long as #feipe of some of them. On the other hand, it is known that the
tail of the radio nebula “Mouse” (G 359.28.82; Yusef-Zadeh tension associated with the interstellar magnetic field cannot
& Bally 1987) powered by the young pulsar PSR J 172358 directly dfect the shape of a typical SN blast wave to cause it
(whose spin characteristics are almost the same as thtmske elongated (e.g. Manchester 1987). To explain the origin of
of PSR B 175%24; Camilo et al. 2002)). elongated SNRs, Gaensler (1998) suggested that the SN blast

Finally, we note that the cometary morphology of the radivaves in these SNRs take on the shape of wind bubbles blown-
tail (the tail is wide close to the pulsar, then narrows, and thep by the SN progenitor stars during the MS phase and dis-
gradually widens again until it merges with G 5-2¥9) could torted by the surrounding (regular) magnetic field (cf. Arnal
be interpreted as an indication that the magnetic field of tA892). A main concern with this suggestion is that the ma-
pulsar wind is responsible for the shaping of the pulsar winarity of massive stars explode outside their MS bubbles (see
nebula. Sect 3.1). In principle, one cannot exclude that the progeni-
tors of some elongated SNRs were very slowly-moving mas-
sive stars. But even in this case the stellar motion results in a
significant dfset of the SN blast centre from the centre of the
We now show that the uncertainties in the pulsar velocity ddS bubble (foro, = 1kms?t andtys ~ 107 yr, this dfset
not afect the main conclusions of the paper. is ~10 pc). Therefore, it is likely that at least two elongated

First, we consider the possibility thag could be larger bilateral SNRs (G 296:510.0 and G 332:40.4) with centrally
than 160 kms! (see Sects. 1 and 2). Note that the largehe located stellar remnants have #eient origin.

3.4. PSR B1757-24 and its comet-shaped nebula

4. Discussion
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We propose that the elongated axisymmetric SNRs are thuggestions and comments. This work was partially supported by the
diffuse remnants of SNe that exploded within WR bubbl&eutscher Akademischer Austausch Dienst (DAAD).
surrounded by magnetized wind-driven shells. As we already
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ifies the structure of wind-driven shells in such a way that the
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to the interaction of the SN blast wave with a pre-existing agandiera, R. 1987, ApJ, 319, 885
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