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s.mq.edu.auSummary. We present preliminary spe
trophotometri
 results for Gala
ti
 Plane-tary Nebulae (PNe) in the Ma
quarie/AAO/Strasbourg H-alpha Planetary NebulaeCatalogue (MASH) [3℄. MASH PNe generally represent the more evolved end of theluminosity fun
tion than previous 
atalogues due to the inherent depth and reso-lution of the data. Ex
itation 
lasses are derived for the sample from the availablespe
tros
opy and 
on�rm new trends established by [5℄. The ex
itation 
lasses are
ompared to other observed PNe properties su
h as morphology, ele
tron densityand Gala
ti
 lo
ation.Key words: Planetary nebulae, spe
tros
opy, plasma diagnosti
s, ex
itation 
lass.1 Introdu
tionEmission line ratios in gaseous nebulae provide valuable insight into the internal
onditions and physi
al pro
esses taking pla
e. Plots of various opti
al line ratiossu
h as [OIII℄/Hβ, HeII/λ4363, [NII℄/Hα and [SII℄/Hα 
an help distinguish be-tween various types of nebulae, espe
ially between supernova remnants, HII regions,Herbig-Haro obje
ts and planetary nebulae.Results presented here provide a preliminary view into underlying trends ofex
itation 
lass and ele
tron density against morphology for Gala
ti
 PNe. Of theentire MASH-I sample of 904 PNe, only those 325 
andidates observed with the1.9m teles
ope at the South Afri
an Astronomi
al Observatory (SAAO) between1999 and 2004 were sele
ted for this study as representing a homogeneous sub-sample in terms of instrumental stability. Measurements of the individual PNe line�uxes for this sample had already been obtained in 2006, so analysis of this data wasrelatively straightforward. The SAAO PNe used are distributed evenly a
ross thesurvey region in Gala
ti
 latitude and longitude apart from the dense Bulge region,providing an unbiased sub-sample of the non-Bulge MASH sample.
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itation 
lassFrom this sample of 325 PNe only 197 had the ne
essary spe
tral lines with S/Nadequate to derive an robust ex
itation 
lass following the method proposed by [1, 2℄as brie�y outlined below.The ratio of the intensities of the F(N1+N2)/F(4686 HeII) emission lines wereinitially measured to assign a pla
ement of ex
itation for those in the medium tohigh 
lasses. This is however, a highly sensitive indi
ator so its logarithm is takenand intervals are divided within that s
ale as shown in Table 1.Low Medium Highp (N1+N2)/Hβ p log((N1+N2)/4686 HeII) p log((N1+N2)/4686 HeII)1 0-5 4 >2.6 9 1.72 5-10 5 2.5 10 1.53 10-15 6 2.3 11 1.24 >15 7 2.1 12 0.98 1.9 12+ 0.6Table 1. Depending on the above values, PNe will be grouped into either the low(p=1-4), medium (p=5-8) or high (p=9-12+) ex
itation 
lass.In this s
heme, obje
ts are immediately grouped into the medium and high
lasses based on the de�nite presen
e of the 4686 HeII emission line. Ea
h ex
itation
lass 'p', based on the magnitude of the ratio log F(N1+N2)/F(4686) 
orresponds tothe limits ± 0.1. Members in the 12+ ex
itation 
lass are very high ex
itation withnu
lei temperatures equivalent to 300,000 K and above. For those obje
ts whosespe
tra exhibit very weak (ie barely distinguishable from the noise) or no 4686 HeII,they are 
lassi�ed into the low ex
itation 
lasses p = 1-4 based on the observedratio of intensities of the F(N1+N2)/F(Hβ) emission lines. The ex
itation 
lasses 4and 12+ are unique in that they have open limits. PNe whose magnitudes of logF(N1+N2)/F(4686) < 0.6 are 
lassi�ed into the 12+ 
lass and those whose spe
trala
ks eviden
e of any de�nite 4686 HeII but have F(N1+N2)/F(Hβ) > 20 are groupedinto ex
itation 
lass 4. Typi
ally, low ex
itation spe
tra have a high [NII℄/Hα ratioand little or no HeII 4686 present, whereas high ex
itation spe
tra often have strongHα, no [NII℄ and strong 4686 HeII.Our data were obtained with a low-resolution grating angled to 
over the mainopti
al spe
trum from 3700-7500Å. The CCD is less e�
ient in the blue and theregion is more sus
eptible to the e�e
ts of Gala
ti
 extin
tion so emission lines herewere typi
ally of lower S/N (and therefore subje
t to greater error) than lines in thered. Hen
e, this system is preferred to that proposed by [4℄ as although their methodwould eliminate any e�e
ts abundan
es may have on ex
itation 
lass, by using linesoriginating from di�erent elements, the emission lines they use are generally weakerthan those used by [1, 2℄ and not available for most PNe.Of the spe
tra presented here, 19 had repeat SAAO observations, often done fordata integrity/repeatable 
he
ks, or o

asionally be
ause the �rst observation wasof poorer quality. Line �uxes were re-measured for this repeat sample. Despite themodest S/N di�eren
es, the spe
tra for 13 of these repeat obje
ts yielded ex
itation
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lasses in 
omplete agreement while 4 obje
ts' ex
itation 
lasses di�ered by only1 between ea
h spe
tra. There were, however, 2 
ases where the ex
itation 
lassdi�ered by 2 but these were for obje
ts with high S/N di�eren
e between repeats.The 
hosen ex
itation 
lass for these �nal 6 obje
ts was based the highest S/Nspe
tra.3 ResultsFigure 1 displays the representative sample of SAAO observed MASH PNe dis-tributed into their 
orresponding ex
itation 
lasses. For 
omparison, �gure 2 dis-plays the ex
itation 
lass distribution for 138 previously known Gala
ti
 PNe listedin [2℄.

Fig. 1. MASH ex
itation 
lass results from the SAAO sample. The patterns withinthe bars represent the di�erent morphologies.The most important result here is that MASH has not un
overed many additionalmedium ex
itation PNe and that the numbers of high and low ex
itation PNe aresubstantially in
reased. Interestingly, this result is exa
tly the same as found fora new sample of ∼470 PNe in the Large Magellani
 Cloud (LMC) un
overed by[5℄. Most known Gala
ti
 PNe have higher surfa
e brightness due to past surveysbeing limited in depth and having bright [OIII℄ lines due to survey sele
tion, so boththe MASH and LMC samples, sele
ted in Hα imaging, are populations 
omplete tofainter magnitudes and 
over a wider evolutionary range. By 
omparing �gures 1 &2 it 
an be seen that these lower surfa
e brightness obje
ts typi
ally populate themore extreme ex
itation 
lasses.
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Fig. 2. Ex
itation 
lass distribution of 138 Gala
ti
 PNe as listed in [2℄.The bars representing the number of MASH PNe in ea
h ex
itation 
lass in �gure1 are fra
tionally split into various patterns representing the di�erent morphologi
altypes o

upying those ex
itation 
lasses. There is a trend observed with bipolars,asymmetri
als and irregular PNe tending to be of lower ex
itation 
lass.

Fig. 3. The distribution of the morphology of PNe are presented as a fun
tion oftheir [NII℄ and Hα �uxes measured in ergs m−2 s−1. There are two trends apparenthere.
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itly at the distribution of morphologi
al 
lass with[NII℄/Hα. As well as there being a de�nite 
orrelation between morphology and[NII℄ �ux, there is also the suggestion that, for ellipti
als and round PNe at least,there may be two trend lines present: a main broad linear 
orrelation populatedmainly by the bipolars, asymmetri
als and irregulars, and a se
ond trend of higherex
itation running in parallel just below it, primarily 
ontaining round and ellipti
alPNe.In order to suppress any possible s
atter by obje
ts of large angular diameterdue to varying ex
itation a
ross their area, a distribution of the obje
ts' diameter asa fun
tion of [NII℄ vs. Hα was also 
onstru
ted. No 
orrelation between the averagediameter of the PNe and outlying data points was found.Ele
tron densities were also derived for 148 obje
ts out of the 325 for whi
h[SII℄ lines were de�nitely present at the satisfa
tory S/N. The ele
tron density was
al
ulated by taking the ratio between the λ6717/λ6731 [SII℄ lines. The ele
trondensity of all PNe were then plotted to see if there was any trend evident betweentheir morphology and ele
tron density. No obvious 
orrelation in angular diameteror morphology with respe
t to ele
tron densities was found.Referen
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