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Abstract. Sh2-188 is thought to be an ancient planetary nebula in thectiadisk. It
appears to be one-sided with recent observations revestlimgture behind the filamentary
limb. We postulate that Sh2-188 is interacting with the IShi simulate it in terms of a
“triple-wind” model comprising of the usual “fast” and “sid interacting stellar winds plus
the wind due to motion through the ISM. We have run simulatiatrvarious velocities of the
central star relative to the ISM and find that a high velocftg26 kms* best approximates
the observed structure. We also suggest that Sh2-188 igygothan previously thought
and that much of the mass lost on the AGB has been swept d@anstr

Key words. Stars: abundances — planetary nebulae: individual(SB25188,Simeiz 88) —
ISM: structure — stars: AGB and post-AGB — ISM: evolution reaimstellar matter

1. Introduction colour and apparent magnitude methods. The

candidate star is not at the geometric centre of
The planetary nebula Sh2-188& (Sharplesge optical filaments.

1959) has a one-sided, semi-circular . :
and filamentary appearance. It is The distance to the candidate star has been

cated in the Galactic plane at = 12g, ©stimated adl = 965350pc by non-LTE mod-
b = —4°. Spectroscopic work (Parkér 1964£llingNapiwotzki (1999, 2001) which also es-
Lozinskaya and Esipbv_1971; Johrison_197gjmated its temperature to be 1020832000

revealed an extremely high MHa line-ratio, K- Consistently, this nebula is found to be
thought to be due to an overabundanc® evolved objeci. Tweedy and Kwiiter (1996)
of nitrogen. Further spectroscopic woriublished an atlas of ancient PNe including
(Rosado and Kwitter 1982) found abundancedn2-188.

similar to Peimbert Type | planetary nebulae Figure [ shows an image of Sh2-188
(PN) (Peimbelrt 1981)._Kwitter etlall (1988)created by a mosaic of dd observations
presented an identification of a candidataken as part of the Isaac Newton Telescope
central star of the nebula using geometri®®hotometric K Survey of the Northern
Galactic Plane (IPHAS)L(Drew etlal. 2005).

Send offprint requests to: C.J. Wareing The bright portion of the nebula in the south-
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Fig. 1. Animage of Sh2-188 created by a mosaic oFig. 2. Same as Figufd 1 but with scaling chosen to

images taken as part of the IPHAS survey in 2008:veal further structure. North up and East to the left.

(see text). North up and East to the left. The imag&he image shows a faint ring completing the bright

is 9.4 x 8.5 arcminutes. semi-circular arc and tails stretching away and con-
necting in the north-east. The image is&8& 17.0
arcminutes.

east describes a semi-circular arc with a diam-
eter of 10 arcminutes. Structure first noted bi?N-ISM interaction debate by performing sim-
Mweedy and Kwittér(1996) to the northwest ofilations which follow the full evolution of the
the nebula has now been revealed by the o0BGB phase followed by the PN phase with a
servations of_Drew et Al[ (2005) to be a faintonservative proper motion of the central star.
circular closure of the bright nebula with con-Their results showed that the AGB wind struc-
necting tails stretching behind. Figdide 2 showsire is strongly influenced by the ISM interac-
this structure. From the front of the filamentargion and thus changes the appearance of the PN
structure to the connecting tails the nebula is 1& early as well as late times.
arcminutes long. The tail seems to be stretch- Sh2-188 appears to be one of the most ex-
ing away from the nebula in opposition to arireme cases of PN-ISM interaction, made par-
inferred direction of motion from the bright arcticularly rare by its filamentary nature. We have
which could explain the one-sided brighteningleveloped a “triple-wind” model adding a third
as an interaction with the ISM. wind due to movement through the ISM into
The accepted theory of PN formation is théhe ISW model. We are investigating whether
interacting stellar winds model (ISW)_(Kwlok this triple-wind model can reproduce the neb-
) where a fast wind<( 10® kms™?) from ular shape of Sh2-188 using a new code devel-
the hot central star of a PN blows into theoped by Wareing and O'Brieh.(Warelhg 2005).
slow wind (~ 10 kms!) produced during the
preceding AGB phase resulting in the inne
regions of the slow wind being compresse
into a dense shell and ionised by the energefithe numerical scheme used to solve the hy-
UV radiation of the central star. The familiardrodynamic equations uses the second-order
ring-like appearance of PNe is then observe@odunov scheme due fo_Falle_(1991). The
Interaction with the ISM was thought to bescheme is in 3D cartesian coordinates, fully
something that was only observed at late timgsarallel and includes theffect of radiative

(Tweedy and Kwitté 6)_Villaver| (2003) cooling. A small amount of viscosity is re-

(hereafter referred to as VGM) reopened thquired in order to control thefiects of the

. The numerical method
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Quirk instability [Quirkl 199P). The correctionMoyr 2, vy = 10 kms'& Tsy = 10* K. The
takes the form of an addition to the solutiorswitch between the AGB wind and the post-
of the Riemann problem. This additional fluxAGB wind is instantaneous and occurs after
is small in regions of smooth flow andfacts 10° years of AGB evolution, which is short
only regions containing discontinuities. but allows a stable structure to develop. The
The numerical domain consists of a gridletailed properties of these winds, whilst be-
with 200 cells in each direction and uniformcoming more certain, are still too uncertain to
grid spacing. The central mass-losing star isistify more detailed temporal modelling. We
placed at particular coordinates(yo, zo) and are aiming at developing a simple model to in-
simulations are performed in the frame of refvestigate the ISM interaction. The ISM itself
erence of the star. Mass-loss iffeeted by is assumed to be homogeneous with character-
means of artificially setting the values of denistics of warm neutral medium, the main con-
sity, momentum and energy density in the cellstituent of the observed ISMiisy = 2500 K
in a volume-weighted spherical region of ra& pigw = 1 cnr3 (Burton(1988). The gas pres-
dius 5?—1 cells centred on the star. The condisure in all three winds is calculated ignoring
tions within this region are reset at the beginmagnetic pressure via = p kK T /m, wherek
ning of every computational timestep so as ts Boltzmann’s constant and, is the average
keep driving the wind. Movement through thenass of a particle.
ISM is set to be parallel to the-axis and ma-
terial flows in at theX = 1,y, z) boundary face
with a positivevy. All other boundaries have 4- Results

free-flow conditi_ons allowing material to flow \/5rious values ofisy have been considered
out of the domain freely. from 0 kms?® to 175 kms' in steps of 25
kms™. The evolution of these models can be
found inlWareingl(2005). We present here only
the case of 125 km$ which we find best re-
The ISW model of the PN-ISM interaction fol- produces the general morphology of Sh2-188.
lows the evolution of the AGB and post-AGB  Figure[3 shows a density slice through the
phases from the beginning of the AGB phaseomputational grid X,y = 100 z) 2000 years
through the post-AGB or PN phase. In theafter the onset of the fast wind. This snapshot
triple-wind model, this evolution is combinedhas been selected for its resemblance to Sh2-
with a constant movement through the ISM188. The gas structure shows a strong bow-
The evolution is followed in the frame of theshock in the direction of motion, a faint shell
central star emitting the stellar winds as thef compressed AGB material completing the
ISM flows through the computational grid withcircle and connecting tails downstream of the
particular velocityisy . main nebula made up purely of AGB material.
Mass-loss via a stellar wind has beeConsidering the evolution of the gas up to this
modelled as a spherically symmetric constamioint, the AGB wind has formed a bow-shock
mass-loss rat® with constant velocity. The interaction upstream of the nebula. The com-
density in the stellar winds is set according tpression and deformation has formed a high
p o« r%. Inthe AGB and post-AGB winds = 2  density bow-shock which reached a stable state
and the constant of proportionalityMd/4 7 v. between the material supplied by the AGB
In the ISM winde = 0 and the density andwind and ram-pressure stripping of AGB ma-
velocity are constant. terial downstream after 6000 of the 100000
Typical estimates from the literature areyears of AGB evolution. The material we see
used for the wind inputs. The fast stellar windn the tail is purely AGB material and thus far
parameters are denoted by a subscript fwider than the nebula. During the PN phase the
M = 5x 1078 Moyr, viw = 1000 kms'& wind decreases in density and increases in ve-
Tw = 5x10* K. The slow stellar wind parame- locity resulting in an adiabatic shock that forms
ters are denoted by a subscript Mg, = 10°® the bright shell of the nebula. Initially this

3. The input parameters
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than 75 kms' does not result in connecting
tails behind the nebula. At 100 krisfluid
instabilities seem to destroy the smooth talil
structure we observe and thus 125 kiis in

fact the lowest speed at which we see a nebula
resembling Sh2-188.

The general idea of a PN moving
through the ISM was discussed in depth
by IDgani and Sokkrl (1994, 1998). Rayleigh-
Taylor instabilities are thought to be able to
fragment a bow-shock in the direction of mo-
tion. Magnetic fields are shown to be able to
alter the fragmentation. In the case of Sh2-
188, it is thought to be in the galactic plane
and thus the observed fragmentation can be in-
terpretedi(Dgani and Soker 1998) as being an
effect of fluid and magnetic field instabilities.
Fig.3. A slice through the computational grid atimportantly/ Dgani and SoKer (1998) conclude
(x.y = 10Q 2) showing the density of the gas 2000that fragmentation of a substantial part of the
years after the pnsgt of the fast post-AGB wind. Thﬁalo requires a minimum proper motion of 100
scaling is logarithmic. kmst. This limiting speed would predict that

if Sh2-188 has a proper motion of 125 ks

then the bow-shock would fragment. Whilst we
shock is within the region of undisturbed AGBdo not see this in the simulations, we do ob-
wind inside the inner shock and the nebula agserve this in the images e.g. Figllie 1. The lack
pears circular. After 2000 years, the fast adief fragmentation in our simulations may be the
abatic shock has expanded enough to interaeisult of a lack of resolution in the computa-
with the bow-shock and strong asymmetrietional grid.
appear, similar to the appearance of Sh2-188. VGM pointed out that the problem in avail-
After this time, the nebula departs from a cirable models of PN-ISM interaction is that the
cular appearance as the adiabatic shock movageraction had only been studied by consid-
downstream through the undisturbed AGB maering the relative movement when the nebular
terial. shell was already formed. The 2D simulations
they performed for typical PN conditions (ISM
density: 01 cnt3; proper motion: 20 kmg)
followed the full AGB and post-AGB evolution
We have found that the triple-wind model carof the stellar wind. They found that high veloc-
reproduce the appearance of the nebula Shfles, high ISM densities and magnetic fields,
188. If we accept the model, the nebula wouldome or all of which had previously been re-
appear to be moving at a high speed of 12&uired to produce observed ISM interactions,
kms™ through the ISM. The typical velocity were no longer necessary to explain the ob-
of a central star which results in a PN haserved asymmetries in the external shells of
been shown to be in the area of 350 kms®  PN. Further, the stripping of mass downstream
(Binney and Merrifield 1998). Thick disc starsduring the AGB phase provides a possible so-
resulting in a PN have a higher average velodution to the problem of missing mass in PN
ity of 50 — 75 kms?! (Binney and Merrifield whereby only a small fraction of the mass emit-
1998). The central star of Sh2-188 is thereforeed during the AGB phase is inferred to be
a rare object for it to be moving this quickly.present during the post-AGB phase. The shape
Having investigated other proper motions anend appearance of our simulated PN is consid-
the resulting nebula shapes, a velocity of lesably dfected by the evolution of the stellar

5. Discussion
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wind during the AGB phase. We have showiThe next generation of telescopes, particularly
that at high proper motions, the ISM interacALMA, will reveal cool dust structure in the
tion is apparent within a few thousand years afniverse and shed light on the AGB material
the onset of the fast wind and is strongly influswept downstream of moving PN.
enced by the preceding AGB evolution.
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particular the tail behind the nebula compris-

ing of AGB material alone. ISM interaction in

PN is observable from an early to intermediate

age; Sh2-188 is most likely of an intermediate

age, indicated by the position of the transitory

closed ring which rapidly evolves downstream

at the start of the PN phase. The ISM interac-

tion can explain the problem of missing mass

in PN and simulations can quantify thifect.
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