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Magnetic field detection via dust

polarisation

| present in this chapter a published article (Sabin et @720n the detection and role

of magnetic fields in the shaping process of PNe.

9.1 Abstract

Magnetic fields are an important but largely unknown ingeetiof planetary nebulae.
They have been detected in oxygen-rich AGB and post-AGB stard may play a
role in the shaping of their nebulae. Here we present SCUBAmsillimeter polari-

metric observations of four bipolar planetary nebulae aost4AGB stars, including
two oxygen-rich and two carbon-rich nebulae, to determiveegeometry of the mag-
netic field by dust alignment. Three of the four sources (N®27/ NGC 6537 and
NGC 6302) present a well-defined toroidal magnetic fieldragd along their equa-
torial torus or disk. NGC 6302 may also show field lines alomg bipolar outflow.

CRL 2688 shows a complex field structure, where part of thel fabigns with the

torus, whilst an other part approximately aligns with théapoutflow. It also presents
marked asymmetries in its magnetic structure. NGC 7027 sleswdence for a disor-

ganised field in the south-west corner, where the SCUBA datav&in indication of
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9: MAGNETIC FIELD DETECTION VIA DUST POLARISATION

an outflow. The findings show a clear correlation between Geakehtation and nebular

structure.

9.2 Introduction

Whether magnetic fields play a role in the shaping of playetabulae (PNe) is an
open question. Most of the post-AGB nebulae appear eléiptiipolar or even multi-
polar (Balick and Frank 2002). These morphologies are dieglby the interaction
between a slow AGB wind with a faster post-AGB wind. Howewbrs amplifica-

tion still requires an initial asymmetry in the slow wind. i$hnitial shaping has been

mainly attributed to two possible phenomena: binarity aragjnetic fields.

In the binary model, a close companidiiezts the mass-losing AGB star via com-
mon envelope evolution (De Marco and Moe 2006), mass traasigor tidal forces,
and may lead to the formation of an accretion disk around dmpanion star. The
binary orbit provides a source of angular momentum whichogetied by the wind,
and leads to an equatorial disk. The angular momentum losisgstars may lead to a
merger. The model of shaping due to this binary interactaguite popular (Bond and
Murdin 2000), (Ciardullo et al. 2005), partly because of phesumed impossibility of
a single star to supply the energy necessary to create a tafyelel strong enough for
its shaping (Soker 2005). Nevertheless, there is still B tdobservational evidence
for the occurrence of close binary systems during the AGBphBleither companions
(Riera et al. 2003) nor high orbital velocities of the AGBrstéBarnbaum et al. 1995)
are detected in a flicient amount to establish the role of the binarity as prechami
(Matt et al. 2000). Evidence for binary interactions may terfd in 25-50 per cent of
planetary nebulae (Zijlstra 2006), although values of B@er cent have also been

suggested (De Marco et al. 2004; De Marco and Moe 2006).

On the other hand, the magnetic field may act as a “squeezauhdrthe central
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star of the PN and thereby give the dust its direction (in thess of the outflow).
Magnetic fields have been detected around AGB stars (Vlegsnat al. 2006) and
a few post-AGB stars (Bains et al. 2004) using radio obsematof masers (D,
SiO, OH). Such observations measure a local value of thagttreof field, within
masing high-density clumps, which mayffdr from the global field. The origin of
the magnetic field is unknown: a dynamideet resulting from an interaction between
a slow rotating envelope and a fast rotating core has begropeal (Blackman et al.
2001). As magnetic fields are now known to be present in the AGdBthe post-AGB
phase, their importance should not be ruled out prematurely

Greaves (2002) found evidence for dust alignment in twoaadtich objects, NGC
7027 and CRL2688 which are respectively a young and comppotdn PN and a
strongly bipolar proto-planetary nebula (PPN). This waseokon polarimetric Scuba
850-micron observations. The data suggests the presernomafal collimated mag-
netic fields, as would be required for the shaping. But thegmee of such a field was
not conclusively proved, because of the very few detectetbve and limited spatial
resolution. We present here new 850-micron and the firstm&®en polarimetry of
post-AGB stars, which allows for better resolution and @=uangular smearing. In
addition to the objects observed by Greaves (2002), we dsereed NGC 6537 and
NGC 6302. The sample contains two carbon-rich and two oxygdgmnebulae. We
show the presence of well-aligned toroidal fields in thre¢hef nebulae. The fourth
object shows indications for both a toroidal field and ongradd with the polar out-
flow. We conclude that toroidal fields may be common in bip&lile, and could play

arole in the shaping of the nebulae.

9.3 Observations

The polarimetric data were obtained on May"12005, with the polarimeter on the
Sub-millimeter Common-User Bolometer Array (SCUBA), a¢ thCMT. The instru-

ment (now decommissioned) is described in Holland et al99)9The JCMT beam
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size is 15 arcsec at 850m and 8 arcsec at 450m.

SCUBA contains two arrays of bolometric detectors, cowganfield of view of
2.3 in diameter. The 85@m array has 37 individual detectors, and the 4H0-array
has 91 detectors. The two arrays are used simultaneousk.spétial resolution of
the detector is 7.5” at 45@m, and 14” at 85@m. The gaps between the detectors are
covered by moving the telescope in sub-pixel steps, in thealed jiggle-map mode.
The step size needs to be optimised for the wavelength usedpdlarimeter (Greaves
et al. 2003) measures the linear polarisation by rotatiedhtdf-waveplate in 16 steps.
We used this in combination with jiggle map mode. A chop-thaf 45 arcsec was
used.

Good photometric images cannot be obtained at both wavigsgnultaneously.
When the jiggle pattern is optimisedin one wave-band, theukaneous image ob-
tained in the other band is under-sampled. The size of thelpir the final image is
set during the data reduction with the polarimetric packafy8tarlink. For a jiggle
pattern corresponding to a 44 measurement, the pixel spacing becomes 3 arcsec
and for 85@im it is 6 arcsec. The reduction of infrared polarimetry iscdissed in
detail by Hildebrand et al. (2000).

The instrumental polarisation (IP) of each detector hasetoelnoved in order to
have a correct polarisation calibration. A new IP calilwatiprovided on site, was
used: this contains a re-measurement of the central detdato the other detectors,
an older IP calibration was used. The IP should not vary toohriar detectors close
to the center of the array. Tests to see the importance oh#teumental polarisation
(by changing its value by the size of the error for example ¢ dnt could afect
the polarisation vectors length, showed that in our case|Rhwas small (at 850m:
~1.20%+0.25% and at 450m: ~3.25%+0.25% ) and didn’t play any role in modifying
the vectors. The resulting polarimetric images were cheéedifferent pixel binning,
from 1x1 to 1010, and we didn’t find any significant changes.

The linear polarisation is measured as a percentage petians and a direction.

The polarisation is typically caused by the alignment ohapig dust grains, with
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their long axis perpendicular to the local magnetic fieldg&ves et al. 1999). Thus,
the measured angle of polarisation is 90 degrees rotatédraspect to the magnetic
field. The degree of polarisation does not give direct infation on the strength of the
magnetic field.

We observed four targets: NGC 6537, CRL 2688, NGC 6302 and RE&Z. They
were observed in jiggle map observing mode at both waveateim and 85@m.
For each object, the mean direction and angle of polarisatie listed in Table 1.

The figures below show the direction of the magnetic field, tlee vectors are

perpendicular to the direction of the grain alignment.

9.4 The results

9.4.1 NGC 6537

NGC 6537 is also known as the Red Spider nebula. Itis a biptdaetary nebula with
a very hot central star (1.5-%4%0°K). The nebula sfiers extinction by circumstellar
dust. This extinction is localised mainly in a compact cmatellar shell. An extinc-
tion map (Matsuura et al. 2005a) reveals a compact dustwstiblh roughly spherical
inner radius of about 3 arcsec, with a minimum towards thdraéstar (Matsuura
et al. 2005a; Cuesta et al. 1995). The polar outflows (tragekiidgh velocity winds
of about 300krys: Corradi and Schwarz 1993) extend 2 arcminutes along th&WE
direction. The Scuba 850m continuum map (Fig. 9.1) shows elongation perpendic-
ular to the outflow direction, with a major-axis diameter ppeoximately 20 arcsec.
The extinction map is now seen to represent the inner edgenadra extended, and
possibly toroidal, structure. The equatorial plane may trented a little closer to the

EW direction, based on the Scuba map.

The best polarimetric results obtained with SCUBA are otgdiat 85Qm. The

consistent orientation of the polarisation vectors shdves the magnetic field (here-
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after §) has a dominant direction along the equatorial plane, aqppmately perpendic-
ular to the outflow direction. The dust alignment is therefdirected in the same sense
as the outflow. The lengths of the 18fdrent vectors do not show large variations, with
a degree of polarisation varying from 8 to 14%, suggestingrsistent magnetic field.
Moreover the absence of smaller polarisation vectors tdwae center of the nebula
indicates that there is no change in geometryBdbwards the core (Greaves 2002).
This supports a location some distance from the star (i.ex dietached shell), since
otherwise averaging of vectors infiéirent directions within the JCMT beam would
reduce the detected net polarisation at the central pagitieam depolarisation).

These observations indicate the presence of a consistemlabmagnetic field,
located along the equatorial plane of NGC 6537, in a circefiasttorus. Compared
to the size of the outflow lobes, the field is located relayivabse to the star. The
presence of &-field had already been suspected, based on the occurrefizaraints
near the central star (Huggins and Manley 2005).

The extinction map obtained by Matsuura et al. (2005a) (Eigottom panel)
shows an asymmetry, in that the extinction is higher on theteva side X2 mag
versus<1.6 mag towards the east). This asymmetry is also seen indheaSlata,
with a larger extension and more polarisation vectors os $ide. This is a further
indication that the magnetic field is located within the datd dust shell.

There is no strong indication for magnetic fields along thieleplobes. There is
a slight trend for the vectors to curve, but this is caused iy a few of the vectors
and would need confirmation. We cannot state with confiderfeethver the lobes also

carry a magnetic field.

9.4.2 NGC 7027

The 45Qim jiggle map of the young planetary nebula NGC 7027 (Fig. ar)its near
environment covers a field of about»486 arcset. The central star is surrounded by an

ionised area 0£283 arcset, which is in turn enclosed by a thin atomic and molecular
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Figure 9.1: Scuba 85%0n results on NGC 6537. North on the top and East on the left.
The axes give the image scale in arcseconiiyp Left panel the 85@:m continuum
map of NGC 6537, with contours at 1%, 2% ,5% and 10% of the pdak. Right
panel Magnetic field orientation. The general outflow directidrttee nebula is indi-
cated by A and the equatorial plane by B. The polarisationiorescale indicated on
the left (showing the degree of polarisation) is set at 1@6ttom panel Extinction
map presented by Matsuura et al. (2005) obtained with the H&TF656N) andHg
(F487N) filters. The highest levels of extinction occurs-at arcsec from the central
star withE(HB — Ha) > 2 mag, coincident with the dust emission in the g%0map.
The polarisation vector scale (top left) is set at 10%. Thgmetic field which coin-
cides with the area of internal extinction, is mostly aligredong the equatorial plane,
indicating a toroidal field. The dust alignment is perpentficto the vectors displayed

here.
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Figure 9.2: Scuba 45%0n results on NGC 7027. North on the top and East on the left.
The axes give the image scale in arcseco@g Left panel The 45Qim continuum
map of NGC 7027. Contours are set from 1 to 5% and 10% of the.p&aik Right
panet Magnetic field distribution. The general outflow directianindicated by A
and the equatorial plane by B. The polarisation vector s(siewing the degree of
polarisation) is set at 10%Bottom panel The Scuba polarization vectors are shown
on an continuum subtracted, Kcolour-inverted) map of NGC 7027 (North on the top
and East on the left). The field is mostly directed along theagayial plane. The
central region shows much reduced polarisation and thedightation difers on the

extreme western side.
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layer that is seen for instance in the Emission observed by Cox et al. (2002). A
thin dark ring delineates the equatorial plane in opticages. The structure is better
seen in the HST image (Fig. 9.2-bottom), which shows botlstineounding molecular
layer (in H) and the inner ionised region. Latter et al. (2000) showstti@aNW lobe

is blue-shifted (closer) and the SW lobe is red-shifted.

The dominant direction of the magnetic field coincides wita equatorial plane.
But this behaviour is mainly seen on the North-East side evthie south-west part
seems to be disturbed: the magnetic field may be “broken”.dEgeee of polarisation
is 8.9% + 0.9%) towards the NE direction (or lobe) andb% + 1.3%) towards the
SW. The degree of polarisation is much reduced in the ceftbeamebula and lacks a
coherent direction here. Thisfect was also noted by Greaves (2002) and may indicate

that coherence is lost in the ionised region.

9.4.3 CRL 2688

The proto-planetary nebula CRL 2688 (or Egg Nebula) is ahbragirbon-rich bipo-
lar object characterised by two pairs of searchlight beampgiposed on a reflection
nebula. The origin of the light beams has been suggested soveey close stellar
companion (Sahai et al. 1998; Kastner and Soker 2004), qrdeence of dust layers
reflecting the light of the central star (Goto et al. 2002)eTipolar reflection nebula
shows a dark equatorial lane where a large amount of dust mayesent.

The 850um image is presented in Fig. 9.3-Top panels. It shows elamyat the
direction of the polar outflows. The equatorial extent islbat at the lowest contour
the torus is more extended on the eastern side. The exteB0is40” although it is
not clear precisely where the emission ends. The brightat88Q:m shows a FWHM
of 16 x 14 arcset, at a position angle of 25 degrees which is in the same dinects
the outflow. We could not measure the core elongation a:4b0Que to the under-
sampling. The spatial resolution is irfBaient to separate the two light beams, but

the width of the emission suggests that the dust traces tfperlbbbes which the light
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Figure 9.3:Scuba 850 and 4% results on CRL2688. North on the top and East on the left.
The axes give the image scale in arcsecoidp.left panel The 85:m map of CRL 2688, with
contours from 1 to 5% and 10% of the pedkp right panel The 850um vector polarisation
showing the magnetic field orientation. The general outflingdtion is indicated by A and
the equatorial plane by B. The polarisation vector scalewshg the degree of polarisation) is
set at 10%.Bottom panelsHST images (WFPC2, filter F606W) with the overlaid magnetic
field corresponding to the 8ath map (left) and 450m map (right). The dust continuum is
elongated along the outflows. The field shows a complicatedtste with components along
the outflow and along the equatorial plane. The polarisatestor scale (showing the degree

of polarisation) is set at 20% for both maps.
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beams illuminate, and that these beams themselves areasamnprin the far-infrared
data. (The elongation of the core is in fact along the linerd of the two beams only.)

CRL 2688 presents the highest number of polarisation veatoour sample. For
this nebula, the under-sampled 460 map gives some additional and useful indica-
tions (even if we observe a lack of vectors due to this underging). The polari-
sation vectors cover the full nebular extent (seen at boteileagths), as they do in
NGC 7027. The degree of polarisation is not uniform and gfipdecreases near the
center. This phenomenon is more visible in the &%0map, which suggests that beam
depolarisation may play a role. At 8@, the mean value of polarisation of the region
containing the bipolar lobes is about 3.2%, the outer regesa mean value of 8.8%,
and the region of the dark lane shows a mean degree of pdians 1.4%.

If we draw a line passing through the nebula in a longituddn@ction (NNE-SSW
Fig. 9.3-Bottom-left panel), we can see distinct behawsairthe magnetic field on
either side of this line: on the eastern side, the oriemtaifd3 is mainly in the direction
of this line, while on the western side, the magnetic fieldesgwp perpendicular to it.

The 450um map (Fig. 9.3-Bottom-right panel) shows the magnetic f&tldigher
resolution, confirming the bimodal distribution. This mapunder-sampled and only
some positions in the nebula are covered. The map gives &stigg of a superposi-
tion of a toroidal field and one aligned with the polar outfloWke field becomes less
ordered towards the tip of the outflow direction, but the eswis here is faint and the
uncertainties on the polarisation vectors are larger.

The complicated magnetic morphology makes it likely tha ttynamics have
shaped significant parts of the field, rather than the magffield shaping the neb-
ula. The structure may show the superposition of two comptsnever most of the
area of the source. The lack of polarisation in the centrgesig that the bright core
is not polarised, or its polarisation is averaged out overd@MT resolution. The out-
ermost field vectors in the longitudinal direction are aldhg outflow, and this may
indicate a field carried along by the outflow. This is most appgin the north when

looking at the outer vectors direction in the figure 3-bottaft, in the south the outer
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vectors point towards the corresponding outflow so we asghatehe magnetic field
may be carried by this outflow.

The grain alignment, which is perpendicular to the diretiod the magnetic field,
is in the direction of the outflows on the western side. On th&tern side, the grain
alignment is toroidal.

High resolution molecular images in the literature incluBAM CO J=2-1 data
(Cox et al. 2000) and HST infrared,Hmages (Sahai et al. 1998). The continuum-
subtracted Himage in Fig. 4, shows multiple jets, located both in the éopia plane
and towards the polar directions. The CO data show theseqgdds the tip of flows
originating much closer to the star. These jets all fall witthe Scuba 85@m core,
indicating that indeed structure is present on scales mmetiler than the JCMT beam
size. Thus, beam dilution and beam-depolarisation of thgnatic field is likely.

We note that the elongation visible in the Scuba image, ordiséern side, is in the
same direction as the largest molecular sub-jet E2 in Fi§.d3.A1 in Cox et al. (2000)
(but the Scuba structure is much larger). The polarisatemiors seem urféected. On
the western side, both the molecular and the Scuba imagesaiadh smaller extent
of the envelope. The polar outflows as seen in the molecuiesldo not show the
light beams, but instead show relatively well-collimatedés. The lobes are brighter
in the north. The polar lobes in the Scuba image are consistegh this, both in
direction and in brightness, but again are much larger tlean & the molecules. The
molecular emission shows the wind-blown cavities, whike 8tuba emission arises in

the surrounding shells.

9.4.4 NGC 6302

This oxygen-rich planetary nebula (Pottasch and Beinte@89)lis a proto-typical
butterfly-type nebula. It shows two extended lobes thatltésam a bipolar outflow,
with a dark lane in the center. It has been studied by Meabnd\Vaalsh (1980),
Meaburn et al. (2005), Matsuura et al. (2005b) and Casassuis(2000).
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Figure 9.4: Continuum-subtracted, HHST) image showing the jets in CRL 2688.
[North at the top and East at the left]. They are named as iaiSdlal (1998). The jets
are all located within the compact 8%@a source, and the some perturbations seen in

the Scuba data can be related to the “sub-jets” E2 or Al.

The Scuba observations were optimised for 460- They show a bright core, of
FWHM 14 x 12 arcset (larger than the beam), with the long axis in the north-south
direction, with an extension towards the south-southdast (9.5). The arcs seen
at 25 arcsec are likely part of thefftaction pattern from the very bright core. The
polarimetric data obtained at 4 shows only five polarisation vectors. They do not
line up with either the dark lane or the outflow. However, tlaeg fairly well aligned
with the ellipsoidal radio source in the center of the nebdlae radio nebula shows
the inner ionised region, confined by the dense torus: thegealbon is perpendicular
to the torus.

The diference in position angle of the inner torus with the dark lianeterpreted
as a warped disk (Matsuura et al. 2005b). Further from theecéme outflows have dif-
ferent position angles, and eventually become east-wéiseiauter bipolar lobes. The

450.um polarisation indicates that the magnetic field may be ¢e@im the direction
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Figure 9.5: Scuba 45%0n results on NGC 6302. North on the top and East on the left.
Top panel The map shows the magnetic field orientation on the playetaibula with
contours from 1 to 5%, 10%,20% and 25% of the peak. The palaoiz vector scale
(showing the degree of polarisation) is set at 20%. Notettteaaircs seen 20 arcsec out
are part of the beam side lobes of the very bright c@ettom panel 45Qum Scuba
map of NGC 6302 overlaid on the F656N band HST image (WFPCajthon the top
and East on the left. The external hexagonal contours doealohd to the star but are
representative of the bolometers. The main Eastern outid@m sn the submillimeter
image coincides with the one observed with the HST. Notettieaarcs seen 25 arcsec
out are part of the beam side lobes and the two outer horizanthvertical features

are artefacts from the HST image and not vectors.
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Name Band um) | Deg (%) | Angle (deg)
NGC 6537 850 11.2+2.2 | 26.5+5.7
NGC 6302 450 11.41.6| 32.7+4.6
NGC 7027 450 8.2+0.9 | -18.5+3.7
CRL2688 850 6.8+1.0 | -22.6t4.5

Table 9.1: Mean values of the polarimetric parameters felRbst-AGB objects, Deg:
degree of polarisation, Angle: position angle of the palation. These values concern

the main band studied for each nebula.

of the inner outflow.

We have no data for magnetic fields elsewhere in the outfloes av85@m.

9.5 Discussion and Conclusion

The sub-millimeter observations of the four post-AGB obgaeveal new information
regarding the distribution of the magnetic fields, the dusission and the link between
the two components.

Extended dust emission was seen for all four nebulae. For 2888, the large
polar lobes have been detected. The orientation of its poltess is along only one of
the two light beams. The equatorial emission is also extgnded shows an asym-
metry which is correlated with the appearance of the (muchernompact) equatorial
jets. These jets originate close to the star and it is unfikieht they are fiected by
structures at much larger scales. Instead, the jets iliagtahe dust emission through
heating. In NGC 6537, an asymmetry in the dust correlatds aifferences in the ex-
tinction map, suggesting that here the Scuba map shows agguemetry in the dust
distribution.

The presence of detectable polarisation shows that atdeast of the dust grains

are not spherical.
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9.5.1 Targets

Polarisation is detected for all four nebulae. This in ftselggests that magnetic fields
are common for these types of objects. It is thus importamtisouss what types of
objects were selected.

Firstly, the four targets are all bipolar nebulae. The Igaetounced morphology
is shown by NGC 7027, but even here the molecular maps clshdy the underlying
bipolar structure. We do not have information on the existeaf magnetic fields in
less bipolar (e.g. elliptical or spherical) nebulae.

Secondly, although three of the nebulae have very hot destiies and ionised
cores, all have extended molecular envelopes. It is argoedesthat the detected fields
are located in the molecular or atomic regions. The presehoaolecular envelopes
around ionising stars indicates very dense nebulae, ameftine very high mass loss
rates on the AGB.

Thirdly, the dense nebulae with relatively small ionisedioas imply that their
stars have evolved to high temperatures before the nebalae trad time to expand
significantly. Such fast evolution is characteristic foglimass central stars. The
cooler object (CRL 2688) may have a lower mass, but the fadtitthas become a
carbon star suggests it still has a relatively higher ihimass (; > 3M©), as lower-
mass stars experience iriscient dredge-up to become carbon rich. For NGC 6302, a
progenitor mass of 4-5 Mhas been suggested, based on the mass of the circumstellar
envelope (Matsuura et al. 2005b). The precise initial maase not well determined,
but high mass progenitors appear likely for all four objects

Thus, the result of the survey can be interpreted that maghelds tend to be
present for high mass progenitors evolving into bipolanunaé, and that the fields are

detectable while the nebulae still have molecular envedope
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9.5.2 Field location and orientation

Overall, we see fields aligned with the polar directions/andoroidal fields in the

equatorial plane. Assuming that the dust in the polar flowgimates from the dust
reservoir in the disk or torus, this suggests that the fietd @riginates there. The
alignment with the polar flow is interpreted that the gasiearthe field with it.

NGC 6302 is the only source in our sample without evidenceaftwroidal field.
This nebula has a complicated morphology with a warped diskthe nebula is ori-
ented at 45 degrees with respect to the equatorial dust Ians.therefore dificult
to ascertain the alignment of the field with any particularpmmlogical component.
However, alignment with the radio core seems most likely.

The other nebulae show evidence for toroidal field compaefne therefore sug-
gest that the initial configuration of the field is toroidatdéis located in the equatorial
torus.

The polarisation in all cases appears to be seen in the hewdtacular regions.
Towards the central, ionised regions, the percentage ehlfipolarisation is much
reduced. This may in part be because of the beam averagimgemiens of diferent
polarisations, but the ionised regions may also be expdotéuke a directional field
(non-constancy oB). The reason for the absence of a detectable magnetic field in
the ionised region can also be explained by the lack of dasB(s not carried). For
NGC 6302, the field is aligned with the ionised core but isllikecated around rather
than within the core.

Polarisation will not be detected if the field is orientedrgjdahe line of sight. This
is expected for toroidal fields near the tangential pointshef torus. This may be
present especially in CRL 2688, where two components aredi@i diferent loca-

tions.
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Figure 9.6: Location of the Scuba dust emission, comparedediST images (con-
tours). We present respectively a) NGC 6537, b) NGC 7027 a@Rt. 2688. NGC
6302 is shown in Fig. 9.5 .

9.5.3 Chemistry

The sample includes two oxygen-rich nebulae (NGC 6537 an@ [§&02, both PNe
with hot central stars) and two carbon-rich nebulae (NGC7782d CRL 2688: the
latter is the cooler post-AGB nebula in our sample). Thisglans too small to draw
general conclusions. However, we point out the followingpof interest, for future

study.

e The O-rich PNe both present collimated magnetic fields cotnated near the
central star. In both cases, we have an organised magnétidrfiehe central

region, resistant to distortiorffects, but do not detect more distant fields.
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e The two carbon-rich nebulae show extended fields coveriag #ntire nebula.
In both nebulae, the magnetic field is more disorganised ithéme two O-rich

stars.

The question of whether there is a chemistry-related otigithese behaviours is
valid, but cannot be answered with the current sample. Dustnestry could play a
role. First, carbon grains tend to be smaller than silicaééng. Larger grains may be
more spherical, which would give less (or no) polarisatiBoth oxygen-rich nebulae
show evidence for crystalline ice (Molster et al. 2002)dsgest in NGC 6302), indi-
cating coatings on the grains. Second, amorphous carbamsgreay be intrinsically
non-spherical, build up from graphitic carbon sheets.

For the O-rich nebulae, it is possible that only the hottestdabove the ice evapo-
ration temperature, leads to non-spherical grains andaxipet! signal. Thus, affler-
ence in polarisation does not necessary implyfietgnce in magnetic field structure.

Both O-rich nebulae show evidence for weak PAH emissioneir ttentral regions.
The origins of the PAHSs is not clear, but they are seen onlyradiated regions. The
continuum radiation from the dust component containindg¥els is only seen at short
wavelengths (warm dust) and contributes very little to thie-sxm flux (Kemper et al.
2002b; Matsuura et al. 2005b). Thus, the polarisation s$igreeen in the oxygen-rich
grains, not the PAHSs.

Iron needles could be considered as carriers of the potemmsain O-rich stars,
some or most of the iron is incorporated in the silicate ggdolivines and pyroxenes:
Ferrarotti and Gail 2001), but for &/O ratio close to and above unity, solid iron and
FeSi become more important (e.g., Ferrarotti and Gail 200Btallic, non-spherical
iron grains may contribute to the NIR opacity in high masssIQHIR stars (Kemper
et al. 2002a).
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9.5.4 Comparison of less evolvgdnore evolved nebulae

The extent of the nebulae shows that the objedi®idin age. The nebulae of CRL
2688 (Post-AGB) and NGC 7027 (young PN) are younger than N&Z7 §PN) and
NGC 6302 (PN). (The lobes of the last object extend to overrgquaacross.)

Our submillimeter polarimetric data show that the magniegid is better organised
for the older nebulae. Assuming an originally toroidal fid&der carried by the bipolar
flows, the best organised field is expected if one componemirties. The bipolar
flows are most massive early in the post-AGB evolution (Bajaal et al. 2001). As
they diminish, the remaining field may become less confuskesvever, evolving dust
characteristics may also play a role: dust grains becorgeian older disks, and may
show less polarisation as a result. It is not possible wighctlirrent sample to separate

evolutionary and chemicaliects, but both are expected to occur.

9.5.5 Field strength and origin

The detected polarisation contains information on thectioa of the field, but not
its strength. A method to obtain the field strength out of flatibns in polarisation
was suggested by Chandrasekhar and Fermi (1953). Appliagrethod to our data
leads to field strengths of the order of mG. This equationrassuthat the magnetic
field dispersion is caused by Alfven waves. The applicabibtour sources may be in
doubt, as the dispersion may be dominated streaming motions

In neutral-dominated media, Alfven waves contribute if¢b#ision times between
ions and neutrals are shorter than the period of the Alfvevewdhis is the case for

waves longer than

(ol (7)) &

wheren is the particle density per cthand f; is the fractional ionization (Hildebrand
1996). For our sourced; may be high except in the densest regions of the tori. As-

suming a typical source size of 0.05pc, and a field strength wiG, Alfven waves
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may contribute iff, > 1074, This is a plausible value for the outflows.

Previous observations of OH Zeeman splitting has shown $tethgths in OHR
stars and post-AGB stars of a few mG at 30'° — 2x 10'®cm from the stars (Bains
et al. 2004, 2003). Much larger values have been inferret fr@ater masers: several
Gauss at 2 x 10" cm (Vlemmings et al. 2005). Thefiigrence is consistent with a
dipole field, which gives an—3 dependence, and less consistent with a solar-type field
r=2. Water masers trace high density clumps and the measurddfiehgths may not
be fully representative of the surrounding areas.

Assuming we look at typical distances of 5 arcsec at 1 kpchoeassurements are
at~ 5x 10%cm from the stars. Compared to the OH and water masers, onke wou
expect a field of 1mG or less at this distance. This suggesthbalirection changes
in the field are due to streaming motions, rather than Alfvenes.

The grains become aligned with the magnetic field with thei®&reenstein mech-
anism. In this mechanism, charged grains align their spmal®ng the magnetic field
via paramagnetic relaxation (or dissipation). The graotate with their angular mo-
menta parallel to the interstellar magnetic field. The timale for this to occur is
(Kruegel 2003, Ch. 11)

trel B_Z

and, for fields of the order of a few mG, is typically®y@. The age of the nebulae is
~ 10%yr. For this time scale, the alignment of the dust with the nsig field requires
fields in excess of those seen from OH maser emission. Thenadigt is therefore
likely to originate close to the central star,rat 10*°>cm, and is maintained while the

nebula expands.

9.5.6 Evolution

For OHIR stars, evidence for dipole fields has been presented dpy, \@emmings
et al. (2005). For more evolved stars, in the early post-AG&8wgion, the presence
of both toroidal (IRAS 204062953) and poloidal (OH17.7-2.0) fields are inferred
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from OH observations (Bains et al. 2004, 2003). The polofddtis arise from a
stretched dipole. For the even later evolutionary stagéistuhere, a strong toroidal
field component is found, combined with a poloidal field.

A toroidal field can form out of a dipole field by rotation. Thatready makes it
likely that the formation of the torus and the formation of tioroidal field are related.
A binary companion can be the source of the required anguéememtum. Rotation
of the star itself is less likely, as its angular momentumloaexpected to be lost early
on in the mass loss. A binary companion, on the other handgdeposit its angular
momentum during the time of the peak superwind, at the endeoAGB mass loss.

The fields detected via OH and®& masers have been claimed to be strong enough
to dominate the dynamics of the nebula (Bains et al. 2004mvflengs et al. 2005).
Soker (2006) argues that fields of this magnitude cannot berged by the star itself,
and should be attributed to a companion. Based on this, thie aping mechanism
of the nebula is found in binarity. However, once the stroalylé have been generated,
they would be a significant factor in the further evolutiorited nebula towards the PN

phase.

9.5.7 Summary

We present the discovery of magnetic fields in four bipolatp®dGB stars (NGC 6537,
NGC 7027, NGC 6302 and CRL 2688). This confirms the earlietkvadrGreaves
(2002) for two of these. The fields are mapped at high reswiyfior sub-mm), using
either 450 or 850m. The sub-mm emission traces the extended emission. In CRL
2688, we find evidence for the polar lobes which contain thiékveown search beams.

All objects show polarisation indicative of grain alignmdyy magnetic fields.
Toroidal fields are found for three objects, and poloidatisdbr two (CRL 2688 shows
evidence for both). The alignment of the field with nebulagiast certain for NGC
6302, where the nebula shows a multipolar structure. Ouwdtsesuggests that mag-

netic fields are common in these types of targets: bipolaulaebwith intermediate-
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mass progenitors. The fields are long lived as they are obdaver diferent evolu-
tionary stages.

The data also show evidence for elongated grains. The patamn is stronger
and more extended for the carbon-rich nebulae. This may shatnamorphous car-
bon grains are intrinsically non-spherical, e.g.the shigetstructure of graphite. The
oxygen-rich nebulae show polarisation only in their cdniegions. This is interpreted
in that the dust grains in the torii are larger and more sglaéri

The poloidal fields in the polar flows suggest that here thd feetarried along by
the flow and that these flows are not magnetically confined.t®tedal components
in the torus may be more important, for the dynamics. As thdgien AGB stars are
dipole-like, the toroidal field structure appears to be arlghase of evolution. We
suggest that this transition occurs when the equatorial feelvound up through the
interaction with a companion. Following Soker (2006), wggest that the original
shaping agent is a binary companion. Once the field has beendup, it may how-

ever become dynamically important for the subsequent aeleublution.
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Other detection processes and

magnetic field exhibition

We have seen that the analysis of dust polarisation is a g@ydtevdetermine the
global location of the magnetic field over the PNe. Sevenasitigations have been
done using this technique (Lazarian 2007), (Falceta-@loes et al. 2008) and (Rao
1999) but in other astrophysical fields the use of the Chaedizar-Fermi method is
suitable to measure the field strength (Chandrasekhar amdi E©53). In the PN

field there are still two other ways to measure the field stiengeeman splitting and

Faraday rotation measurements.

10.1 Spectropolarimetry and radio measurements

The first process to be described is the Zeenféece In the presence of a magnetic
field B, atomic lines will be split equally and showfidirent transition levels with their
Am;= 0(n), 1(0) or -1(-o). The latest 3 components are polarised either linearly or
circularly, and they are the features intended to be obsetwalerive the magnetic
field strength. But their observation depends on the fieldsntation relative to the
line of sight (LOS). Thus if the LOS and B are parallel, onlg ttircularly polarised

o components are seen (Fig.10.1, left) and if the LOS and B ameendicular all 3
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Line of sight: Direction parallel to B Line of sight: Direction perpendicular to B
C ‘ ‘ ‘ T[
o- o o- o+

+

Figure 10.1: Polarization of spectral lines

components are seen with theomponent parallel to the field and thecomponents
perpendicular to it (Fig. 10.1, right). The magnetic fielteagth can be derived by
measuring the separation between the circularly polarisedmponents. The angle

between B and LOS should also be taken into account.

A = 4.67x 10*22zBcosh (10.1)

With A4, the line separation in Aly the wavelength of the line and z the Lande factor.
But due to the weakness of the field, the separadiyof the lines is not often

seen. We must therefore rely on the total circular polaosagiven by the Stokes
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parameter V. Thus Mathys (1989) and Bagnulo et al. (2002nhdéfa “weak field
approximation”:

V 1dl
T~ —geff(s/lz/lzl—a < Betr > (10.2)

where | is the total intensity, g the dfective Lande Factor and & (Gauss) the
effective magnetic field also linked to the mean longitudinddifi& he latter is retrieved
via a linear regression of the two terms of the equation.

This method has been applied to fiaBe¢ ;> in the central stars of planetary neb-
ulae by Jordan et al. (2005) and Lee et al. (2007a) using thedsolution FORS1
spectrograpispectropolarimeter (R260-1700) at the VLT (8m) and the high resolu-
tion (R=60 000) ESO Multi-Mode Instrument (EMMI) on the 3.58m New fieclogy
Telescope (NTT) respectively. Magnetic fields in the ordethe kG were claimed
to be found in the CS of NGC 1360 and LSS1362 (Jordan et al.)2@@8 an upper
limit of 20 kG in the CS of He 2-64 and MyCn 18 has been estabtidhy Lee et al.
(2007a). A source of error in this technique lies in the pneseof a (hot) companion
which would disturb the spectrum of the primary source. Idigdn, noise may also
be taken for a weak magnetic field.

At radio wavelengths, other than the masers detection weuslsed earlier, magnetic
fields can be detected via Faraday rotation. This procesassdon the fact that in
the presence of a magnetic field, the polarisation planeratéite with an anglg pro-
portional to the field’s strength. The method has been agtiethe PN Sh 2-216 by
Ransom et al. (2008) and a magnetic field @%G has been derived but it is likely
to be interstellar rather than stellar. The main concermagughis technique, is the
presence of a magnetised structure in the line of sight wtéchlead to a misleading
determination of B. Moreover the value obtained for the fisldnly directional, and

does not indicate if the field is located inside or outsidedbgerved target.
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10.2 Interstellar magnetic field

The methods described so far have been mainly used to deageetic fields inside
the planetary nebulae and therefore to look for an “intérslaping . But the magnetic
field could also shape the PNe in an “external” way as thestg#ar medium itself is
magnetized. As we have seen previously, some PNe with |Sdfaation show dis-
ruptions, fragmentations, flaments and vortices which fmague to Rayleigh-Taylor
instabilities enhanced by interstellar magnetic fieldguFe 8.30 (bottom) shows the
location of the diferent PNASM as a function of the stage of interaction and also in
relation to the extinction in the plane. Although we found®WZ0O2 objects in high
extinction zones, we predominantly noticed the presendkisnarea of nearly all the
late stages (WZ0O3-4,WZ0O4), which are the most disruptedliaeb The WZO3 neb-
ula located at a higher latitude may either be a misclassicar located in a locally
dense area (see the magnetic maps from Mathewson and F@i@))1%he regions of
interest are the denser (dustier) ones in the Galaxy andl@®olwith dense nebulae
(HII regions, SNR). According to Tielens (2005), the magngéld would increase in
those areas as:

B~ n* (10.3)

with & ~ 0.5 and n the gas density. Thus atri0* cm™3, B ~ 30uG. Knowledge of
the gas density of the IPHAS nebulae with ISM interaction Mdberefore provide
an estimate of the lower limit of the magnetic field for thetdibed nebulae and of
the upper limit for the undisturbed ones. (Ransom et al. 2@@ve a detailed anal-
ysis of the magnetic field around the old interacting PN SH8}2By extension, the

interstellar magnetic field could be locally traced (projedhe whole Galactic Plane.
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Conclusions and Perspectives

11.1 Summary of the investigation

Going down to 210717 erg cnT? st arcsec? in term of sensitivity, the INT Photomet-
ric Ha survey has allowed us to discover 233 extended candidatefala nebulae in
the right ascension range 18h to 20h. These objects havede¢ected visually using
2 degrees squared binned mosaics ot 1% pixels and &5 pixels. Along with these
candidate PNe, other stellar populations like emissiomditars, SNR and fiuse neb-
ulae have been (re)discovered and have been cataloguedialzde specially created
to list all the Northern nebulae located betweetbb The spectroscopic identification
of the IPHAS PNe has not been systematic for all our disceseiihis was mainly due
to the allocated time during the follow-up spectroscopysAsh, 18 objects have been
confirmed PNe using diagnostic diagrams from Sabbadin ¢1@F.7) and Riesgo and
Lopez (2006). But the lack of spectroscopic data did novglown our identification
of planetary nebulae as we used other tools, like the irdrared radio data linked to
our objects as well as their morphological analysis. THusJRAS and MSX surveys
were used to classify the IPHAS nebulae in the infrared. Tiagrobstic diagrams by
Pottasch et al. (1988) and Zijlstra et al. (2001) for the IR#sBa and the diagram by
Ortiz et al. (2005) for the MSX data have allowed us to confi@n&bulae as plane-
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tary nebulae. The limited number of objects analysed igedlérstly to the accuracy
on the position between the IR sources and our IPHAS nebulailf are not com-
pact) and then to the quality criteria inherent to each IR/esyrfor which we only
chose the highest quality data for the bands used. The nassification tool used
was the radio identification with the NRAO VLA Sky Survey (Glom et al. 1998) at
1.4 GHz. More IPHAS objects were analysed (60) and this tireeefined our own
diagnostic diagrams to identify the PNe or at least to prbledikelihood of it being a
planetary nebula. These diagrams are based on the brighteraperature, the general
PN flux and the evolution of the fraction of PN#I regions along with the radio flux.
Cross-checking these methods allowed us to identify 1 “likeyy” HIl region and 12
“very likely” PNe and 38 “probable” PNe. The radio study atsove us the first results
regarding the nature of the IPHAS nebulae. Therefore wecadtthat, compared to
known PNe, the selected IPHAS sources generally have low fiak and low surface
brightness, both consistent with evolved and extendedlaebiinally, the morphol-
ogy based classification indicated that 146 sources (n@#lpf the whole sample)
can be classified from “very likely” to “probable” PNe due teetr shape. This type of
classification is, of course, not to be used as a single mrere

The final classification, which concerns 72 objects, isdisteTable 3.10 and is dis-
cussed in Section 3.5 for all 233 nebulae. Among the totabfsedndidate PNe, there
are several objects which could also be supernova remnastsodtheir morphology
(generally filamentary), and the presence of young pulsasshy as well as X-ray
sources (see Appendix E).

The identificatioyclassification process has been the first step in our studyef t
IPHAS PNe, and more information can be derived in order toastie extent and
importance of the contribution of the IPHAS to the PN field.

First, our study of the galactic distribution of the new nialauhas revealed that many
more objects, hitherto unknown, and particularly thoseselto the Galactic Plane
(near =0 and hence in heavier extinction zones). There is a facter difference

with the number of known PNe in the same sky area. These neulaehre related
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to two “hidden populations” which are the large objects vatkize greater than20
arcsec and the irregular nebulae. We linked the large sibelae (141 objects) to
evolutionary more advanced nebulae /amdvhich could have derived from massive
progenitors. The irregular nebulae are localised, in teomiseight above the plane,
between the elliptical and bipolar nebulae. They woulddfae have as progenitors,
(O-rich) AGB stars with intermediate to long periods, withigh mass between 1M
and 1.5-2 Mp (without reaching the bipolar progenitor mass level). Fipassuming
that~1200:200 planetary nebulae are expected to be present in our astady, we
show that IPHAS contributes quite well towards filling thedeetween the actual ob-
servations and the expectations. The lack of detectionrscuoainly at a low latitude
range which implies a higher extinction rate (although IFFHiAcreases the detection
rate in this low latitude range). The missing PNe might nodliseovered using optical
surveys.

The infrared analysis of the IPHAS sources has revealedathat them show a sys-
tematic 6(m excess, due to dust, in comparison to the known PNe locatbe isame
sky area. We therefore suspect that this phenomenon diterslassification of the
nebulae adona fidePNe in the Pottasch et al. (1988) study, where they would-auto
matically fall in the left part of their diagnostic diagramofresponding to HIll regions
or they would remain unclassified). We used the photoioinis@ode CLOUDY to de-
termine whether the IRAS colours of the IPHAS nebulae (antquaarly those with-
out a clear classification) are consistent or not with a gkyenebula nature. Several
models were used varying the nebular radius, the densitgr@fgen and electronic),
the stellar temperature and the grain nature (graphite gindts). We concluded that
the IPHAS nebulae better fit medium-low density nebulad) faitge size (from- 0.01
pc in radius) and a tendency for@f excess or else, dust excess. We therefore showed
that the “Pottasch IRAS diagnostic diagram” is incomplete does not cover all PNe.
Based on this initial diagram, we established new bounddaoiethe identification of
planetary nebulae.

One of the important issues in the astronomical field in ganeithe determination of
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distances. In the framework of IPHAS we compared three nusthiwvo statistical and
one individual. The first statistical technique is geface brightness-radiuglation-
ship based on the relations given by Frew and Parker (200&)vaNed this method
using four diferent ways to derive the surface brightness: simple viset@rchination
of the limit of the nebulae, expanding circular adaptiverape, 1% contour of the
nebula, and using thedHflux, corrected from extinction, from the spectroscopy. The
three first methods used continuum-subtracted imagegMNll] IPHAS images. The
second, statistical technique is t8&klovskii methadFinally, the individual method
is based on a new extinction-distance relation developédarframework of IPHAS
(Sales et al, in preparation).

The three methods were tested on the set of IPHAS PNe for vepiebtroscopic data
were available. The results obtained are, in fact, quitpataste. The method using an
expanding circular adaptive aperture, and the IPHAS etitinedistance method show
non-systematic agreement, although substantial agraeséwund within the error
margin for 11 objects. We found that neither the size of tHauteee nor their morphol-
ogy could account for the observed disparity. But we alsedatdiscrepancy between
the methods using the SB-R relation i.e., whether speams(Hr) or imaging (Hr
+[NI1]) were used to derive the flux. We concluded that the usie single Hr flux
would be an important factor in the estimation of the finatahse and it should be
considered more reliable than the two wavelengths comlbmaErom this work, two

ways to accurately derive the surface brightness have stahlished:

e Spectroscopically: Using anddintegrated spectrum of the whole nebula with in-
tegral field spectroscopy.

e Imaging: Using a narrow-band filter indand the averaged surface brightness
method. A wavelet analysis would sample the images ffedint areas and levels
of brightness.

The “Shklovskii method” appears to be inadequate to deheeltstances of our PNe.At

the end of this study on distances, we know how to improve occui@acy using the SB-
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R relationship, and which methods are unreliable or lesabid. A variation of the
nebular extinction is unlikely to be a cause of the discrepswhich could exist with
the extinction-distance method (although the error cotteesgap), and we consider
the photometry (for the A-stars) as precise. The accuradheieasurement of the
nebular extinction is an issue.

Using the distances from the IPHAS extinction curves, wengtbthat we encounter
PNe at close and large galactocentric distances, and theyeaerally located at lower
heights above the plane< 200 pc). The ionised mass of the IPHAS PNe was also
derived.

We continued our study of the 18 IPHAS PNe by looking at thesgible recombi-
nation and age, as we saw that the survey would more likefyetaavolved objects.
Hence, deriving the recombination time scale as given by K{@000) and the den-
sity vs size relation and dynamical age from th® R, relation) (Table 7.4), only 1 PN
shows a true sign of recombination. We also show that theegurevers PNe with a
wide range of ages. But, thank to its sensitivity, IPHAS igenikely to discover first
“‘middle-aged” PNe, comparable to most of the known PNe kxdtan the same sky
area. This implies that the new objects were not detectedusecof their extinction.
Also, the survey allowed the discovery of (very) evolvedngary nebulae. In this
sky area no known PNe have been observed with the typicahcteaistics of evolved
PNe (large radius and low density, see Fig. 7.3 and 7.4). ©hedetection (so far) of
the IPHAS nebulae (faintness) is likely to be linked to tlaslvanced evolutionary sta-
tus. The analysis of the Sirigren radius indicates that most of the planetary nebulae
(known or new, in our sky area or outside it) are fully ionisexbulae and then density
bounded.

The last investigation carried out on the IPHAS nebulae Wasdentification of inter-
action with the interstellar medium. The depth reached byBHAS survey combined
with the binning detection method allowed us to detect sdveteracting PNe candi-
dates. The morphology and behaviour of these candidateseeenpared to the three-

dimensional hydrodynamic simulations by Wareing et al0{@20which list four stages
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of interaction depending on the ISM velocity, density andBAGass loss rates.Each
stage can also be linked to an evolutionary status: WZO1danyg candidates, WZ02
stage for middle-aged candidates and WZO3 and WZO4 for aididates. Table 8.2
lists the 21 nebulae out of 233 for which an interaction othan WZO1 (where the
PN is not dfected yet by the interaction) was observed. As a result, veerwbd that
most of the IPHAS nebulae showing an ISM interaction belangfdge 2 (17 objects)
and show a rather circular morphology. This behaviour is parable to the known
PNe listed by Borkowski et al. (1990) and the ones preseidr{iAC Morphological
Catalog of Northern Galactic Planetary Nebulae” (Manchetoa. 1996). Only 3 neb-
ulae display a stage 3 interaction and one a stage 4 and tteeskassified as irregular
nebulae. We also observed phase transitions (WZ02 to WZONA03 to WZ0O4).
The detection of a stage 4 of interaction is encouraging, @gam now expect more
cases in other parts of the Galactic Plane. This is impoliacause we are now able
to study PNe at the very end of their life. We also notice thespnce of vortexes and
perturbations perfectly described by Wareing et al. (2087%heir simulations. The
analysis of the size of these interacting nebulae has shoatreven if most of the PN-
ISM are large (size greater than 100 arcsec) and thus mohesglyohe ISM interaction
process does not only imply “old” nebulae, as “small-medgine” nebulae (size less
than 100 arcsec) are alsffected. In terms of location on the Plane, the large nebu-
lae seem to survive at relatively low latitude but they wiltfer from the ISM action
on their geometry and will display more advanced stagestefaction. Smaller size
nebulae at the same latitude range are |&&xted. When the extinction is maximum
i.e. the influence of the ISM (its density) is greater, no RSkl are detected. This
can only mean that either they are not detected, so we areonag geep enough in
our optical survey, or they have been totally destroyed byefect of the ISM. Finally

we did attempt to identify the central star for each PN-ISMvall as its proper motion.
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11.2 Solved problems and future work

The investigation presented in this thesis has demondtthst the IPHAS survey is a
good tool to complete our knowledge about planetary nebltesection 1.2, we listed
a series of problems which interfer with the study of PNe.

e Thus, we can consider that the “detection problem” has beetmafly solved or at

least a great advance has been made :

e The extinction induced by the ISM is no longer so problematid nebulae (of

different morphologies and sizes) located at low latitude agltteare detected.

e Middle-aged and (very) evolved nebulae are observed anstibate the core of

the detections.

e From our small sample of newly identified PNe, we notice thaytare generally

located further in the Galaxy.

e The use of two binning systems greatly helps to identify netwtae in crowded

areas on a large scale.

The general number of objects in the 18h-20h sky area hasased and with it the
number of nebulae with ISM interaction. The missing objdwse to be found, if
possible, using other methods.

Our investigations enabled us to have a new perspectiveror pbysical parameters:

e The size and morphology analysis led to the detection ofdédpopulations”

(respectively large and irregular nebulae).

¢ The IR and radio analysis have shown that in the frameworkefRPHAS survey
we are dealing with generally more evolved, dustier andeoRNe. This gave

birth to new diagnostic diagrams.

e The introduction of the IPHAS extinction curves to derive tANe distances
has revealed the (dis)agreement with the distances obtayether statistical

methods.
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The origin of the morphology in planetary nebulae was alsmonlist of unsolved
problems. In this thesis we focused on a new shaping agentn#lgnetic field. Using
SCUBA sub-millimeter polarimetric observations, we weléegto detect the presence
of magnetic fields (via dust alignment by the latter) i.e. rie@¥coexistent with the
dust in four bipolar PNe (NGC 7027, NGC 6537, CRL 2688 and NBG%. All the
objects show a toroidal magnetic field which is consisteri wieir bipolar structure.
CRL 2688 also has a poloidal field. We found long-lived magri@tlds which may
vary in strength, along with the chemical composition arel ¢kolutionary status of
the nebulae. The question of whether the magnetic field gev@tone) the mass flow
can only be fully answered by the detection of the field in tNecBre and its behaviour
with the surrounding plasma. This implies the combinatibalzservations and MHD
simulations. In conclusion, magnetic fields can play a mlte shaping of planetary
nebulae but with the small amount of data obtained we can comgider that their

shaping action is done in conjunction with a binary companio

The main investigations in the sky area studied here ardtiestpectroscopic iden-
tification of all the nebulae detected in order to strengit@manalysis and then the use
of the IPHAS extinction curves for known PNe to identify th@mt of divergence in
the determination of distances. On a larger scale, the lséaréNe in the remaining
part of the sky is still going on. When this is accomplished,will be able to obtain
an unbiased and general study of planetary nebulae.

The continuation of the sub-mm (dust polarisation), ragioldrisation and Faraday
rotation) and optical (spectropolarimetry) observatibmsmore PNe with dierent
morphologies, age and chemistry will give us a better uridading of the &ective
implication of magnetic fields in the PNe structure (can ithesole agent in the shap-
ing process ?). This will also help us to understand the rbleeemagnetic field in the

physics of PNe.
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Appendix A

The IPHAS extended PNe candidates

Table A.1: Full listing of the planetary nebulae candidate i

the 18h to 20h regionNote: The notation for the morphol-

ogy is defined as follow: R:Round, B:Bipolar, E:Elliptical,

I:Irregular, “:r" is set for “ring”.

IPHAS Name Morphology | Size (in arcsec) Name if known
IPHASX J183416.2021215 I 556
IPHASX J183438.¥000803 E 8 PN PM 1-242
IPHASX J183602.4-000226 I 12 PN PM 1-246
IPHASX J183652.8-011534 I 26
IPHASX J183811.7-010517 I 42
IPHASX J183911.8010624 R 6
IPHASX J184030.3-003820 I 22
IPHASX J184104.6-014050 I 6
IPHASX J184137.2044025 I 35
IPHASX J184211.4005031 R 4
IPHASX J184253.2-022642 I 376

L(Preite-Martinez 1988)
2(Preite-Martinez 1988)
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A: THE IPHAS EXTENDED PNE CANDIDATES

Table A.1 — continued .

Name Morphology | Size (in arcsec)) Name if known

IPHASX J184320.2042722 I 60
IPHASX J184336.6034640 B 18 PN G035.403.4
IPHASX J184505.2001158 R 4
IPHASX J184540.5-031238§ I 34
IPHASX J184716.3030929 I 20
IPHASX J184720.86021025 I 10
IPHASX J184745.4013248 B 46
IPHASX J184800.6025420 R 67
IPHASX J184834.7063259 I 22
IPHASX J184836.2022050 R 6
IPHASX J184932.7-004437 I 96
IPHASX J184933.3-003801 I 42
IPHASX J184938.2000926 I 14
IPHASX J185129.8-010757 I 235
IPHASX J185155.3084019 I 68
IPHASX J185208.1-012843 I 326
IPHASX J185223.2005322 I 580
IPHASX J185224.2-004444 R 4
IPHASX J185225.86080843 R 20
IPHASX J185225.5-003326 R 8
IPHASX J185309.4075241 E 10
IPHASX J185312.9-002529 I 20
IPHASX J185321.8055641 R 6
IPHASX J185322.2083018 R 110
IPHASX J185342.6-00362§ I 14

3(Acker et al. 1992)
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Table A.1 — continued .

Name Morphology | Size (in arcsec) Name if known

IPHASX J185525.7-004823 B 12
IPHASX J185620.8004856 I 28
IPHASX J185627.9005550 I 48
IPHASX J185640.1-003804 E 12
IPHASX J185722.5010929 I 40
IPHASX J185744.5105053 E 110
IPHASX J185759.6020706 R:r 10 PN G035.5-00.4
IPHASX J185815.8073753 8
IPHASX J185925.8001734 12
IPHASX J190016.5103406 I 50
IPHASX J190115.6114147 R 30
IPHASX J190125.5050857 B 14
IPHASX J190126.4051438 I 11
IPHASX J190143.3-012937 E 8 PHR 1901-0129
IPHASX J190155.2011211 I 140
IPHASX J190227.3020815 I 106
IPHASX J190228.2020724 I 36
IPHASX J190319.2142524 I 14
IPHASX J190338.5104227 R 512
IPHASX J190340.7094640 I 13
IPHASX J190346.8050935 I 52 PN HaTr 12
IPHASX J190349.8045503 I 504
IPHASX J190356.2050637 I 92
IPHASX J190417.9084916 R 5

4(Acker et al. 1992)

S(Parker et al. 2006a)

6(Hartl and Tritton 1985)
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A: THE IPHAS EXTENDED PNE CANDIDATES

Table A.1 — continued .

Name Morphology | Size (in arcsec)) Name if known
IPHASX J190418.6050635 I 36
IPHASX J190419.4152126 R 470
IPHASX J190432.9091656 R 7
IPHASX J190447.9121844 Exr 10
IPHASX J190454.6101801 R 18
IPHASX J190502.9034229 E:r 64
IPHASX J190512.4161347 R 66
IPHASX J190543.8064413 R 14
IPHASX J190543.8110018 R 9
IPHASX J190614.9-01331§ B 138 PHR 1906-0133
IPHASX J190621.2030050 I 44
IPHASX J190631.4-023237 I 20
IPHASX J190633.6090720 R:r 14
IPHASX J190654.9052216 R 464
IPHASX J190700.7043041 R 1090
IPHASX J190701.9014646 I 200
IPHASX J190718.2044056 E 8
IPHASX J190757.2045445 I 31
IPHASX J190759.4050519 I 150
IPHASX J190812.¥143530 I 16
IPHASX J190816.8052506 E 8
IPHASX J190823.6023302 I 16
IPHASX J190852.2031305 I 15
IPHASX J191001.8142203 R 6
IPHASX J191003.4032224 R 244

"(Parker et al. 2006a)
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Table A.1 — continued .

Name Morphology | Size (in arcsec) Name if known

IPHASX J191017.4065258 R 6

IPHASX J191022.2110538 R:r 10
IPHASX J191027.4034046 R 14
IPHASX J191037.7044403 I 96
IPHASX J191058.9040350 R:r 11
IPHASX J191104.7060845 B 20
IPHASX J191124.8002743 34
IPHASX J191255.5143248 R:r 10
IPHASX J191344.¥132212 I 48
IPHASX J191345.6174752 R 6

IPHASX J191349.6121841 I 362
IPHASX J191421.2140936 R 47
IPHASX J191445.3133219 B 13
IPHASX J191651.6065607 I 14
IPHASX J191707.2020012 R 72
IPHASX J191716.4033447 E 16
IPHASX J191716.5181518 R 48
IPHASX J191725.8205230 I 108
IPHASX J191727.86082036 I 13
IPHASX J191819.3141320 I 78
IPHASX J191840.4073131 I 36
IPHASX J192026.4120222 I 66
IPHASX J192038.9160224 I 63
IPHASX J192043.7052702 I 25
IPHASX J192140.4155354 B 13
IPHASX J192146.¥172053 R:r 32

LAURENCE SABIN

329




A: THE IPHAS EXTENDED PNE CANDIDATES

Table A.1 — continued .

Name Morphology | Size (in arcsec)) Name if known

IPHASX J192150.8145424 R 320

IPHASX J192152.8135223 E 12

IPHASX J192153.9143056 Exr 18

IPHASX J192213.2161417 I 22

IPHASX J192221.5151550 I 44

IPHASX J192256.9140700 I 68 DSH J1922.91407
IPHASX J192320.6164419 I 78

IPHASX J192347.8143642 E 74

IPHASX J192349.9143330 I 112

IPHASX J192410.6133443 I 824

IPHASX J192429.6202433 I 64

IPHASX J192436.3154402 E 20

IPHASX J192458.2193434 R 29

IPHASX J192510.8113353 B 134

IPHASX J192520.6092410 I 126

IPHASX J192535.2200336 R 38

IPHASX J192543.2143546 R 176

IPHASX J192615.4191358 R 142

IPHASX J192619.1144814 I 14

IPHASX J192624.¥195045 I 20

IPHASX J192633.2235726 I 66 P85b 12
IPHASX J192644.3243836 I 36

IPHASX J192651.5224524 I 64

IPHASX J192717.2194308 I 400 DSH J1927.21943°

8(Kronberger et al. 2006)
9(Petrossian 1985)
10(Kronberger et al. 2006)
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Table A.1 — continued .

Name Morphology | Size (in arcsec) Name if known

IPHASX J192748.3203712 I 35
IPHASX J192751.8140127 R:r 11 PN PM 1-302!
IPHASX J192816.9231911 I 17
IPHASX J192837.4245024 E 12
IPHASX J192847.2093439 B 64
IPHASX J192902.5244646 R 10
IPHASX J192950.2193426 I 96
IPHASX J193008.9192137 Exr 188
IPHASX J193014.2190105 I 20
IPHASX J193023.2181540 R 318
IPHASX J193056.8265845 I 23
IPHASX J193110.¥192904 E:r 20
IPHASX J193116.8291232 I 4
IPHASX J193127.8115622 E 26
IPHASX J193305.9132921 R 67
IPHASX J193308.9155354 R 24
IPHASX J193334.4175232 I 10
IPHASX J193517.8223121 R 44
IPHASX J193532.4112115 R 9
IPHASX J193550.2162850 I 28
IPHASX J193617.6272051 R 9
IPHASX J193630.3312810 R 404
IPHASX J193633.3153348 R 114
IPHASX J193637.3123808 R:r 262
IPHASX J193718.¥202102 B 62

(Preite-Martinez 1988)
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A: THE IPHAS EXTENDED PNE CANDIDATES

Table A.1 — continued .

Name Morphology | Size (in arcsec)) Name if known

IPHASX J193721.9233607 I 48
IPHASX J193740.6203548 I 31
IPHASX J193752.2271119 E 18
IPHASX J193809.2205412 R 146
IPHASX J193827.9265752 R 7
IPHASX J193843.4234949 I 28
IPHASX J193849.6313744 R 160
IPHASX J193912.8251105 I 38
IPHASX J194038.5123129 I 66
IPHASX J194052.5301711 I 74
IPHASX J194204.9231932 Exr 15
IPHASX J194226.2214521 B 24 DSH J1942.421452
IPHASX J194232.9150034 R 20
IPHASX J194240.6275109 R 74
IPHASX J194301.83215424 B 18
IPHASX J194305.¥272343 I 28
IPHASX J194332.¥234508 R 14
IPHASX J194339.9203213 R 18
IPHASX J194359.5170901 B 122
IPHASX J194408.9284845 I 21
IPHASX J194409.2280600 I 36
IPHASX J194434.7255540 I 8
IPHASX J194510.6270929 E 9
IPHASX J194533.8210751 I 135
IPHASX J194550.2313800 I 20

2(Kronberger et al. 2006)
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Table A.1 — continued .

Name Morphology | Size (in arcsec) Name if known
IPHASX J194556.2232833 E 58
IPHASX J194610.9170609 I 14
IPHASX J194620.6342337 I 38
IPHASX J194633.8231659 R 9
IPHASX J194638.4235010 I 272
IPHASX J194641.5264820 I 114
IPHASX J194645.3262211 R 290
IPHASX J194727.6230816 R 37
IPHASX J194728.9222823 R 27
IPHASX J194730.5250201 R 45 GM 3-11%
IPHASX J194745.5270150 R 207
IPHASX J194751.9311818 R 8
IPHASX J194804.2254847 I 8
IPHASX J194810.6280724 I 149
IPHASX J194815.8280730 R 4
IPHASX J194829.83245355 | 88
IPHASX J194843.4181830 I 81
IPHASX J194852.7222516 R 21
IPHASX J194853.¥181021 R 8
IPHASX J194905.2181503 I 26
IPHASX J194930.9273028 R 84
IPHASX J194940.9261521 B 10
IPHASX J195011.4264331 I 17
IPHASX J195015.9272859 I 202
IPHASX J195032.6272102 I 21
13(Gyul'Budagyan and Magakyan 1977)
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A: THE IPHAS EXTENDED PNE CANDIDATES

Table A.1 — continued .

Name Morphology | Size (in arcsec)) Name if known
IPHASX J195042.3255949 I 38 DSH J1950.#26014
IPHASX J195057.2272752 I 94
IPHASX J195126.5265838 E 7
IPHASX J195221.9315901 E 40
IPHASX J195248.8255359 B 10
IPHASX J195318.5371005 I 416
IPHASX J195343.8202636 I 30
IPHASX J195357.9312130 R 212
IPHASX J195400.¥315551 32
IPHASX J195436.4313326 R:r 10
IPHASX J195529.3294351 I 42
IPHASX J195627.3250648 R 24
IPHASX J195657.6265714 B 24
IPHASX J195748.5304343 I 106
IPHASX J195759.5340119 I 44
IPHASX J195815.4340143 I 78
IPHASX J195836.5292314 B 12
IPHASX J195919.2312534 I 6
IPHASX J195919.6283827 I 520
IPHASX J195957.4395306 I 412
IPHASX J195958.2332939 R 60
IPHASX J200018.¥365934 R 30 GN 19.58.5.0%
IPHASX J200149.5392944 R 26

4(Kronberger et al. 2006)

15(Neckel and Vehrenberg 1985)

334

GALACTIC PLANETARY NEBULAE




Appendix B

Qualitative description of the IPHAS

candidate PNe

IPHAS coordinates and Description

183416.223021215.95Large curved nebula.

183438.678000803.00Well defined elliptical nebula.
183602.400-000226.1®iffuse and faint nearly-circular nebulosity.
183652.778-011536.8Diffuse and faint nebulosity. No sign of symmetry.
183811.748-010512.3Diffuse and faint nebulosity. No sign of symmetry.
183911.816010624.63Well defined round nebula.
184030.275-003820.8®iffuse and faint nebulosity. No sign of symmetry.
184104.600-014050.08mall nebula with complex morphology and small halo.
184137.235044025.04 Diffuse and faint nebulosity. No sign of symmetry.
184211.408005031.63Well defined roungpoint-like nebula.
184253.191-022642.51 arge nebulosity: bright part of a former circular nebuta i
teracting with the ISM on the NW direction ?

184320.059042722.10Diffuse and faint nebulosity. No sign of symmetry.
184336.588034640.80 Well defined bipolar nebula .
184505.258001158.72Well defined round nebula with halo .

LAURENCE SABIN 335



B: QUALITATIVE DESCRIPTION OF THE IPHAS CANDIDATE PNE

184540.555-031238.1Diffuse nebulosity with no sign of symmetry.
184716.354030929.13Diffuse and faint nebulosity. No sign of symmetry.
184720.009021025.38Diffuse and faint nebulosity. No sign of symmetry.
184745.408013248.00Well define bipolar nebula.

184800.64#025420.70 Circular nebulosity with two spiral arms around star IRAS
18454+0250.

184834.676063259.30 Diffuse nebulosity with upper bow shock in the northern di-
rection.

184836.25@022050.72Well defined and faint round nebula
184932.656-004437.5Diffuse nebulosity. No sign of symmetry.
184933.300-003801.0@0ow shock nebula with tail .

184938.078000926.88 Diffuse and faint nebulosity. No sign of symmetry.
185129.777-010752.12arge difuse and faint nebulosity. No sign of symmetry.
185155.313084019.08 Very faint nebulosity. No sign of symmetry.
185208.070-012843.08arge difuse nebulosity. No sign of symmetry
185223.142005322.81 Large quasi-circular nebula with irregular interactinmgrft
towards the north.

185224.185-004446.68Vell defined round nebula.

185225.044-080843.89 Faint round nebula.

185225.543-003326.48Vell defined round nebula.

185309.458075241.06 Well defined elliptical nebula.

185312.923-002529.3Faint nebulosity. No sign of symmetry.
185321.763055641.24 Well defined round nebula.

185322.12%083018.45 Well defined semi-circular nebula. The rim may show an
ISM interaction in the SW direction. The coordinates aretmhon the geometric
centre.

185342.593-003628.8Faint nebulosity. No sign of symmetry.
185525.754-004823.38Vell defined bipolar nebula.

185620.763004856.60 Faint S-shaped nebulosity.
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185627.938005550.66 Faint nebulosity with no obvious symmetry.
185640.084-003804.0Faint elliptical nebula.

185722.529010929.13Diffuse and faint nebulosity. No sign of symmetry.
185744.5058-105053.07 Faint elliptical nebula but showing a bright rim on the SW
side.

185759.645-:020706.00 Faint round nebula with a ring structure.
185815.852073753.47 Well defined elliptical nebula.

185925.774001734.64Well defined elliptical nebula with a nearly rectangulaage.
190016.482103406.96 Very faint and difuse nebulosity around group of stars.
190115.59%114147.65Faint round nebula.

190125.458050857.78 Faint bipolar nebula.

190126.412051438.83Diffuse and faint nebulosity. No sign of symmetry.
190143.284-012937.15mall elliptical nebula.

190155.126:011211.68 Faint and difuse nebulosity. No sign of symmetry.
190227.285020815.58 Diffuse and faint nebulosity with a SE straight rim ? ISM
interaction ?

190228.149020724.29 Straight nebulosity (also seen in 190227.2830815.58)
treated as independent object.

190319.15%142524.83Diftfuse and faint nebulosity. No sign of symmetry.
190338.538104227.47 Large well defined semi-circular rim of nebula. The rim may
show an ISM interaction in the NW direction. The coordinaescentred on the geo-
metric centre.

190340.715094640.06 Diffuse nebulosity. No obvious symmetry.
190346.793050935.71 Diffuse nebulosity with an enhanced rim in the NW direc-
tion: ISM interaction ?

190349.023045503.10Diffuse and faint nebulosity. No sign of symmetry : SNR?
190356.258050637.69 Diffuse and faint nebulosity. No sign of symmetry.
190417.986:084916.62Well defined round nebula.

190418.623050635.71 Faint and difuse nebulosity near bright star.
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B: QUALITATIVE DESCRIPTION OF THE IPHAS CANDIDATE PNE

190419.428152126.59 Faint circular nebula with enhanced rim on the eastern: side
ISM interaction?

190432.958091656.68 Well defined round nebula.

190447.889121844.58Faint elliptical structure with a ring shape.
190454.065-101801.00Faint roundelliptical nebula with a brighter enhancement to-
wards the eastern direction: ISM interaction ?.

190502.989034229.26 Faint elliptical structure with a ring shape.
190512.452161347.55 Well defined faint and round nebula with enhanced rim on
the western side: ISM interaction?

190543.818064413.36Faint round nebula.

190543.843110018.55Well defined round nebula.

190614.977-013318.6Faint bipolar nebula with a brighter eastern side: ISMrinte
action?

190621.122030050.24 Diffuse and faint nebulosity. No sign of symmetry.
190631.454-023237.5®iffuse and faint nebulosity. No sign of symmetry.
190633.643090720.49 Well defined faint and round nebula with a possible central
star also visible.

190654.984052216.03 Large semi-circular shell: ISM interaction ? or cirrus ?
190700.736043041.07 Large semi-circular shell with a bright towards the easter
direction: ISM interaction ?

190701.948014646.06 Diffuse and faint straight nebulosity.
190718.149044056.11 Well defined ellipticalstraight nebula.
190757.194045445.80Diffuse and faint nebulosity near bright star.
190759.374050519.25Diffuse and faint nebulosity.No sign of symmetry.
190812.756143530.53Diffuse and faint nebulosity.No sign of symmetry.
190816.778052506.00Well defined nebula but with no obvious symmetry: we clas-
sify it as elliptical.

190823.654023302.00Diffuse and faint nebulosity.

190852.186:031305.98Faint and straight nebula with a possible central star.
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191001.008-142203.90 Well defined round nebula.
191003.408032224.00Faint round nebulosity.

191017.43%065258.48 Well defined round nebula.

191022.104110538.49Well defined round nebula with a ring shape.
191027.415034046.84 Faint round nebula.

191037.726044403.00 Straight nebulosity .

191058.939040350.41 Faint round nebula with a ring shape.
191104.753060845.05Bipolar nebula with NW and SE outflows .
191124.763002743.94 Well defined bipolar nebula with opposite bright lobes and
possible central star.

191255.483143248.10Faint round nebula with a ring shape.
191344.743132212.36Diffuse and faint nebulosity. No sign of symmetry.
191345.569174752.34Well defined round nebula.
191349.594121841.73Diffuse and faint nebulosity. No sign of symmetry.
191421.085140936.27 Faint roundelliptical nebula with bright NW rim: ISM inter-
action ?

191445.108133219.00Well defined bipolar nebula.

191651.588065607.00 Small faint nebulosity.

191707.129020012.14 Faint round nebula.

191716.408033447.34 Faint elliptical nebula.

191716.56%181518.20Faint round nebula.

191725.028205230.05 Straight nebulosity with possible extensions on its tvaesi
191727.043082036.00Diffuse and compact nebulosity. No obvious symmetry.
191819.3168141320.70Diffuse straight nebulosity .
191840.443073131.30Diffuse and faint nebulosity.
192026.428120222.98Diffuse and faint nebulosity.No obvious symmetry.
192038.895-160224.10Diffuse and faint nebulosity with a bipolar symmetry ?
192043.74%052702.57 Diffuse and faint nebulosity.No obvious symmetry.
192140.402155354.22Well defined bipolar nebula with a butterfly shape .
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192146.723172053.35Well defined round nebula with a ring shape.
192150.054 145424 .44Round nebulosity: independent structure or loop i/SINR

?

192152.039135223.19Faint elliptical nebula.

192153.942143056.21 Well defined elliptical nebula with a ring shape. The exteem
NW and SE rims are brighter than the rest of the nebula.
192213.116161417.98Diffuse and faint nebulosity.No obvious symmetry.
192221.545151550.81 Well defined nebula with a bow-shock structure: ISM inter-
action.

192256.939140700.52Diffuse and faint nebulosity.No obvious symmetry.
192320.648-164419.46 Diffuse and faint nebulosity.No obvious symmetry.
192347.845143642.99Well defined elliptical nebula, with central star ? .
192349.94%143330.25 Irregular nebulosity with an apparently bipolar symmetry
and an enhanced eastern side: ISM interaction ?

192410.578133443.12Large bright arc: sign of ISM interaction ?
192429.55%202433.22Diffuse and faint nebulosity. No obvious symmetry.
192436.343154402.00 Faint ellipticafirregular nebulosity with a brighter SE rim:
ISM interaction ?

192458.243193434.94 Faint round nebula.

192510.835-113353.58 Well defined bipolar nebula.

192520.606:092410.76 Straightarc nebulosity : ISM interaction ?
192535.218200336.23 Faint round nebula.

192543.22%143546.30 Faint circular nebula with a bright NE rim: ISM interaction
?

192615.422191358.73Large round nebula.

192619.123144814.56 Diffuse and faint nebulosity. No obvious symmetry.
192624.662195045.34 Diffuse and faint nebulosity. No obvious symmetry.
192633.23%235726.79Diffuse and faint nebulosity. No obvious symmetry.
192644.309-243836.59Diffuse and faint nebulosity. No obvious symmetry.
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192651.479224524.09Diffuse and faint nebulosity. No obvious symmetry.
192717.136194308.47 Bright straight nebulosity .

192748.289203712.37 Diffuse and faint nebulosity. No obvious symmetry.
192751.343140127.18Well defined round nebula with a ring shape .
192816.954231911.22Diffuse and faint nebulosity. No obvious symmetry.
192837.759245024.82 Well defined ellipticabipolar nebula with brighter NE and
SW rims.

192847.108093439.00 Well defined bipolar nebula.

192902.508-244646.30 Well defined round nebula.
192950.224193426.38Diffuse and faint nebulosity. No obvious symmetry.
193008.992192137.49“Bended” elliptical nebula with ring shape.
193014.182190105.00Diffuse and faint nebulosity. No obvious symmetry.
193023.149181540.94“Bright” round nebula.

193056.854-265845.87 Diffuse and faint nebulosity. No obvious symmetry.
193110.735192904.00Faint elliptical nebula with a ring shape .
193116.853291232.68Diffuse and faint nebulosity. No obvious symmetry.
193127.014115622.93Faint elliptical nebula .

193305.903132921.05Well defined round nebula with bright rim .

193308.903 155354.64 Generally faint round nebula but with brighter rim .
193334.416175232.83 Small difuse and faint nebulosity. No obvious symmetry.
193517.76%223121.46 Faint round nebula with possible central star .
193532.116112115.64Well defined round nebula .
193550.172162850.22Diffuse and faint nebulosity. No obvious symmetry.
193617.56%272051.62Faint round nebula with possible central star .
193630.284312810.64 Large semi-circular nebula: ISM interaction ?
193633.34#153348.66 Faint round nebula.

193637.29%123808.36 Large round nebula with a bright NE rim: ISM interaction ?
193718.75%202102.45Well defined bipolar nebula .
193721.92%233607.09Diffuse and faint nebulosity. No obvious symmetry.
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193740.602203548.72Irregular nebula with bow-shock structure inside.
193752.094271119.96 Faint elliptical nebula.

193809.163%205412.05Faint round nebula .

193827.898265752.11 Well defined round nebula.

193843.42%234949.58 Diffuse and faint nebulosity. No obvious symmetry.
193849.653313744.84 Faint round nebula .

193912.008-251105.001rregular nebula with bow-shock structure.
194038.55#123129.98Diffuse and faint nebulosity. No obvious symmetry.
194052.482301711.13Diffuse and faint nebulosity. No obvious symmetry.
194204.908-231932.35 Faint elliptical nebula with ring shape and bright rim or th
SE direction: ISM interaction ?

194226.158-214521.73 Well defined bipolar nebula with a possible central stag tw
outflows (NE and SW direction) and two bright rims (North araugh).
194232.899150034.17 Faint round nebula.

194240.579275109.00 Faint semi-circular nebula: ISM interaction ?
194301.338-215424.90 Well defined ellipticgbipolar nebula with brighter NE and
SW rims.

194305.728272343.30Diffuse and faint nebulosity. No obvious symmetry.
194332.57%234508.57 Faint round nebula with with internal loop.
194339.948203213.56 Faint roundirregular nebulosity.
194359.508170901.00Bright bipolar nebula.

194408.908-284845.90Diffuse and faint nebulosity. No obvious symmetry.
194409.138280600.23Diffuse and faint nebulosity. No obvious symmetry.
194434.706-255540.16 Bright irregular nebulosity.
194510.65%270929.52Elliptical nebula.

194533.8168-210751.00Diffuse and faint nebulosity with a bright “condensation” in-
side. No obvious symmetry.

194550.10#313800.50Diffuse and faint nebulosity. No obvious symmetry.
194556.236-232833.65 Faint ellipticalbipolar nebula with two opposite bright rims
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on the northern side.

194610.918170609.00Faint irregular nebulosity with possible central star.
194620.61%342337.10Diffuse and faint nebulosity. No obvious symmetry.
194633.002231659.58 Well defined round nebula with possible spherical halo.
194638.44+%235010.65Large roundrregular nebulosity with possible ring shape.
194641.508-264820.50DDiffuse and faint nebulosity. No obvious symmetry.
194645.3168262211.51 Arc probably sign of pre-existing round nebula: ISM inter-
action ? Coordinates on geometric centre.

194727.58%230816.56 Faint round nebula with possible central star and enhanced
SWrim .

194728.87@222823.81 Faint round nebula.

194730.508-250201.50 Faint round nebula near bright star.
194745.502270150.69Large and faint circular nebulosity.
194751.914311818.12 Small well defined bipolar nebula.

194804.162254847.70 Small irregular nebulosity with no obvious symmetry.
194810.612280724.82Diffuse and faint nebulosity. No obvious symmetry.
194815.014-280730.31 Well defined small nebula with nebular arc (remaining of cir
cular nebula ?) on the western side.

194829.336-245355.30 Faint nebulosity .

194843.409-181830.18Diffuse and faint nebulosity. No obvious symmetry.
194852.708222516.92 Round nebula with brighter southern rim: ISM interaction ?
194853.738181021.10Well defined round nebula.

194905.208-181503.78Diffuse and faint nebulosity. No obvious symmetry.
194930.984-273028.27 Faint round nebula.

194940.93#261521.18 Well defined bipolar nebula.

195011.446-264331.80 Faint nebulosity with a bright “condensation” inside. N@-0
vious symmetry.

195015.963272859.90 Elongated nebulosity: remaining of circular nebula int#f
ing with the ISM ?
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195032.628272102.00 Faint nebulosity .

195042.259255949.97 Diffuse and faint nebulosity. No obvious symmetry.
195057.134-272752.68Diffuse and faint nebulosity. No obvious symmetry.
195126.526-265838.73Well defined roungklliptical nebula.
195221.93#315901.70Faint ellipticaJround nebula .

195248.826-255359.65 Well defined bipolar nebula.

195318.494-371005.24 Large filamentary nebula: SNR?.
195343.769202636.22Diffuse and faint nebulosity with a nearly rectangular shape.
195357.884312130.79 Faint round nebula with a brighter northern rim: ISM inter-
action ?

195400.75@8315551.29Well visible round nebula.

195436.449313326.39Well defined round nebula with ring shape.
195529.346-294351.64 Diffuse and faint nebulosity. No obvious symmetry.
195627.338250648.55 Very faint round nebula.

195657.608-265714.00 Faint bipolar nebula.

195748.478304343.12 Diffuse and faint nebulosity with internal “condensation”.
No obvious symmetry.

195759.468340119.54 Diffuse and faint nebulosity. No obvious symmetry.
195815.133-340143.68Diffuse and faint nebulosity. No obvious symmetry.
195836.475292314.67 Small and faint bipolar nebula ?

195919.078312534.06 Small and bright irregular nebula.

195919.636-283827.07 Large closed nebula (quasi-elliptical) with bright rim thre
eastern side: ISM interaction or SNR ?

195957.456-395306.60Large and faint irregular nebulosity with bow-shock shape
195958.208-332939.90Diffuse nebulosity with sharp structure inside .
200018.708365934.00Well defined round nebula.

200149.462392944.04 Possible single faint round nebula .
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Appendix C

Spectroscopic observations of
candidate PNe located after RA=20h

During the spectroscopy follow-up, during the night and efeging of the semester,
we were able to observe the whole Northern Galactic planeohtained spectra for
candidate PNe located outside 18h to 20h boundaries (Taklar@ Fig. C.1). We
confirmed 12 nebulae as planetary nebulae. The remainingbjexts are still un-
clear. IPHASX J203128:3403810, which has a “spiral galaxy” shape has a compli-
cated spectrum and more analysis will be done to see whetharsvdealing with a
PN or an Hll region. IPHASX J231226t4605813 has a bright CS and we did not see
any nebular lines.

It was also possible to derive the distances for some ob{@atde C.2 and Fig. C.2)
and we can see that due to the lower level of extinction therdehation of the dis-
tances is somehow easier and more accurate than near thetiG&lantre. Any non-
determination is due either to the lowsHevel (introducing too much error) or the

unavailability of the extinction curves in the selectedsare
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RA=20H

Table C.1: List of 14 IPHAS nebulae with spectral data andlised between 20h and
00h in RA.

Name Morphology | Size (in arcsec) Name if known | Telescope
IPHASX J200018.¥365933 R 29 GN 19.58.5.03 INT
IPHASX J202946.1354926 R 16 INT
IPHASX J203128.3403810 B 32 WHT
IPHASX J203228.7401712 I 42 INT
IPHASX J205013.7465518 I 360 WHT
IPHASX J205527.3390359 B 28 DSH J2055.43903 WHT
IPHASX J210205.9471017 E 67 DSH J2102.24710 INT
IPHASX J212151.8473301 B 28 INT
IPHASX J212201.3550427 B 52 DSH J2122.65504 WHT
IPHASX J221118.2552844 B 76 INT
IPHASX J231226.4605813 R 54 INT
IPHASX J231303.4591739 R 100 PN WeSb 6 WHT
IPHASX J233841.2614145 E 60 INT
IPHASX J234403.8603242 R 24 INT
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Figure C.1: K IPHAS images of the nebulae with spectra in the 20h-7h rediwom Top to Bottom and from Left to Right the
nebulae are listed by ascending RA, see TableC.1. Northeotofhand East on the left.
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Table C.2: Distances and extinction for some of the nebulaside the 18h-20h

boundary. “*” indicates that there is no available lowererngude.

Name cHB | Av | Distance (kpc)

IPHASX J203128.3403810| 1.78 | 3.61 1.32%

IPHASX J205013.#465518 | 1.06 | 2.10 32;1

IPHASX J205527.3390359 | 0.25 | 0.47 0.706

IPHASX J212151.8473301 | 1.61 | 3.23| 0.8,

IPHASX J212201.8550427| 1.70 | 3.43 1.7;3'5
IPHASX J221118.2552844| 0.91 | 1.78 27;%

IPHASX J231303.4591739| 0.51| 0.98 0.892

IPHASX J234403.8603242| 1.26 | 2.51 0.8;8:‘21
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nebulae allowing to retrieve their distances.

LAURENCE SABIN

349



A W W IV I U I VDTN VIV VIO T NW/MNVINLITTVT e 1 TN e LNV eV

RA=20H

350 GALACTIC PLANETARY NEBULAE



Appendix D

Spectra for each models obtained with
CLOUDY
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Figure D.1: CLOUDY model A for a density of 100 ch From left to right and top to bottom: Silicate &fi=1e5 K, Silicate &
Tess=5€4 K, Graphite & Tss=1e5 K and Graphite & J;s=5e4 K .
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Figure D.2: CLOUDY model B for a density of 100 cfa From left to right and top to bottom: Silicate & f;=1e5 K, Silicate &
Terr=5e4 K, Graphite & T;s=1e5 K and Graphite & J;=5e4 K.
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Figure D.3: CLOUDY model C for a density of 100 cfn From left to right and top to bottom: Silicate &fi=1e5 K, Silicate &
Tess=5€4 K, Graphite & Tss=1e5 K and Graphite & J;s=5e4 K.
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Figure D.4: CLOUDY model D for a density of 100 cf From left to right and top to bottom: Silicate &f;=1e5 K, Silicate &

Terr=5e4 K, Graphite & T;s=1e5 K and Graphite & J;=5e4 K.
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Figure D.5: CLOUDY model A for a density of 1000 cf From left to right and top to bottom: Silicate &f;=1e5 K, Silicate
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Figure D.6: CLOUDY model B for a density of 1000 cfn From left to right and top to bottom: Silicate & f;=1e5 K, Silicate

& Terr=5e4 K, Graphite & T;s=1e5 K and Graphite & J;=5e4 K.
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Figure D.7: CLOUDY model C for a density of 1000 cfn From left to right and top to bottom: Silicate &fi=1e5 K, Silicate
& Tes1=5e4 K, Graphite & Tss=1e5 K and Graphite & J;=5e4 K.
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Figure D.8: CLOUDY model D for a density of 1000 cf From left to right and top to bottom: Silicate & f;=1e5 K, Silicate
& Ters=5e4 K, Graphite & T;s=1e5 K and Graphite & J;=5e4 K.
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Figure D.9: CLOUDY model A for a density of 10000 cfn From left to right and top to bottom: Silicate &fi=1e5 K, Silicate
& Tes1=5e4 K, Graphite & Tss=1e5 K and Graphite & J;=5e4 K .
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Figure D.10: CLOUDY model B for a density of 10000 cinFrom left to right and top to bottom: Silicate &f;=1e5 K, Silicate

& Terr=5e4 K, Graphite & T;s=1e5 K and Graphite & J;=5e4 K.
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Figure D.11: CLOUDY model C for a density of 10000 cmFrom left to right and top to bottom: Silicate &fi=1e5 K, Silicate
& Tes1=5e4 K, Graphite & Tss=1e5 K and Graphite & J;=5e4 K.
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Appendix E

The case of the Supernovae Remnants

Throughout this thesis, we have mentioned several timepdbsibility for some ob-
jects to be SNRs rather than Planetary Nebulae. This claisbased, in the first
instance, on morphological criteria (filamentary struejuand most of the candidates
were observed to have a “medium-small” size (less than 2@iajc These dimen-
sions are characteristic of rather young objects and weatxyieh IPHAS to discover
more of these new outbursts. The other tools used to classifie nebulae as potential
SNRs are the following:

e The presence of X-ray source(s) on the morphologicallytified objects.

¢ The presence in the area of a young pulsar i.e. with an age e 16 years. The
pulsars coordinates were obtained in the ATNF Pulsar Datl{fManchester et al.

2005), and we cross-correlated this list with the IPHAS nussa

So, in addition to the 17 known SNR found (Table E.1), we dsstiv
¢ Five nebulae with ROSAT X-Ray data from the bright sourcesg@s et al. 1999)
and faint sources catalogues (Moges et al. 2000) (theseesoare not always on the
nebula location) (Table E.2).

e Twelve pulsars showing a nebula in their surrounding regjidle also added 4 ob-

httpy/www.atnf.csiro.afresearcpulsaypsrcat
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E: THE CASE OF THE SUPERNOVAE REMNANTS

Table E.1: The 17 known SNRs in the 18h-20h region.* This §@ER is linked to

the pulsar PSR B195132 (or PSR J19523252) of age: 1.07€05 yrs.

Ra Dec Approx. Diameter (arcsec Name

18 51 24.534| -00 09 50.11 1258 SNR 032.8-00.1
18 51 32.804| -01 31 03.39 1286 SNR 031.5-00.6
18 52 09.684| +00 33 16.30 976 SNR 033.6-00.1
18 55 32.262| +01 28 46.32 1450 SNR 034.7-00.7
18 55 57.498| +01 21 51.85 2279 SNR 034.7-00.4
19 06 08.879 +10 30 10.37 2026 SNR 043.901.6
1923 31.421) +14 07 24.09 1460 SNR 049.5-00.4
1923 37.885| +14 06 47.71 1663 SNR 049.2-00.7
19 2959.779 +18 46 58.81 2036 SNR 053.900.3
19 31 20.362| +19 23 36.13 4006 SNR 055.6-00.3
19 32 32.447| +19 14 56.79 4844 SNR 054.4-00.3
19 38 22.405| +17 15 39.72 1458 SNR 053.6-02.2
19 38 38.919| +24 23 07.92 2592 SNR 059.801.2
19 42 36.230| +23 37 28.19 4810 [TWG92]059.5-0.1
19 52 58.063 +32 52 45.83 80 SNR 69.6-2.7*
1953 51.051| +32 42 44.22 5772 SNR 068.802.6
1959 55.372| +323441.24 10330 SNR 069.4-01.2

jects outside our initial search boundaries (Table E.3) €an see that the association
of a pulsar to a candidate SNR is quitéidult as we are in a zone where SNR are quite
numerous and also because it may have moved quite far framgisal location. But
the pulsar’s youth is a guarantee that it is not linked to gdategree-scale SNR.

We underline that all the objects have not been classifiedNasalRdidates.
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Table E.2: SNR candidates with X-ray emission nearby@mabequate morphologyCaveat: Hll regions around.

Ra Dec ~Diameter (arcsec X-ray source Offset (arcsec) Counfs | Comments
1925 43.22| +14 35 46.3 176 1RXS J192547.8143612 71 1.56e-02| Inside nebula (round shell)
1959 19.64| +28 38 27.1 520 1RXS J195944.9284314 439 1.54e-02| Outside nebula
1953 18.49 +371005.2 416 1RXS J195313.8372529 926 2.62e-02| Outside nebula
(+filamentary structure)
18 52 23.14| +00 53 22.8 580 1RXS J185224.8004148 695 6.25e-02| Outside nebula
(+ sharp and filamentary structure
1907 00.72| +043041.1 1090 1RXS J190709-4043100 131 3.95e-02| Inside semi circular

area(also PN candidate)




89¢

AVING3IN ALYVLINVYId JILOVIVO

Table E.3: Young Pulsars close to nebulae found within IPHR&es: (1)(or wider: at 776” on 19:04:57.0696:08:29.37 ?),
(2)(or wider at 2858” on 19:07:02.258)3:00:30.52 ?)

Ra Dec Age (years)| Offset with nebular source (*) Comments on nebula
063127.54) +103702.2| 4.36e+04 240” circular structure
18 49 10.25| -004020.00( 9.56e+05 1200” new SNR or known HII?
18 55 26.63] +03 07 20.2 7.4e+05 1039” Centered on 18:55:16.0833:12:41.31
1901 57.85| +051034.00| 3.13e-05 1800” Centered on 19:03:49.06204:55:03.1
190506.84| +06 1616.7 | 1.16e-05 214" Centered on 19:04:54.8886:13:34.15 (1)
1907 14.54| +034510.6 | 4.63e+05 2852 Centered on 19:08:10.5903:52:38.42 (2)
19 1350.82| +04 46 06.00| 9.18e+04 780" Centered on 19:14:03.0905:00:33.2+filaments, 13’ diameter
1918 23.63| +14 45 06.00| 8.81e+04 940" Link to nebulosity centered at 19:18:41.2984:44:57.68
193030.13| +185214.1| 2.89e+03 1116" SNR 053.9-00.3 or independent small nebula at 19:29:40.238:48:39.46 ?|
200204.42| +321718.31| 1.05e+05 1098” Centered on 20:02:14.7582:13:33.99
2021 04.50| +365127.00[ 1.72e+04 1000 Centered on 20:21:24.3986:54:17.68 or HIl DWB 16
233705.77| +615101.69| 4.09e+04 852~ SNR 114.3-00.3 or small structure at 23:37:26.9481:51:05.78
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