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eSummary. Prin
ipal Component Analysis (PCA) is a well�known te
hnique usedto de
orrelate a set of ve
tors. It has been applied to explore the star formationhistory of galaxies or to determine distan
es of mass�loosing stars. Here we applyPCA to the opti
al data of Planetary Nebulae (PNe) with the aim of extra
ting in-formation about their morphologi
al di�eren
es. Preliminary analysis of a sample of55 PNe with known abundan
es and morphology shows that the se
ond 
omponent(PC2), whi
h results from a relation produ
ed by the parameters log(N/O), initialand �nal mass of PNe, is depending on the morphology of PNe. It has been foundthat when log(N/O) < −0.18 the PNe nitrogen is low independently on the oxygenabundan
e for either Bipolar (B), Ellipti
al (E) or Round (R) PNe. An interestingresult is that both E and R PNe have log(N/O) < 0 while only B PNe show nega-tive and positive values. Consequently, B PNe are expe
ted to have higher nitrogenvalues than the E and R PNe. Following that and a se
ond sample of 35 PNe, neis also found to be higher in B PNe. Also, in all PNe morphologies PC2 appears tohave a minimum at 0.89 and PNe initial mass at 2.6 M⊙. 5�D diagrams betweenPCAs 
omponents and physi
al parameters are also presented. More results willfollow while simple models will be applied in order to try to give a physi
al meaningto the 
omponents.Key words: planetary nebulae: general1 Introdu
tionPlanetary Nebulae (PNe) are powerful tools in the study of the evolutionary s
enarioof intermediate mass stars. They play an important role in the 
hemi
al enri
hmenthistory of the interstellar medium and many e�orts have been devoted to determinethe physi
al parameters of Gala
ti
 PNe (like Te, ne, T⋆, L⋆, distan
e, abundan
es;[3℄ and referen
es therein). For this study a number of methods have been used eitherby using the observational results dire
tly or by developing simulation models likeCLOUDY [5℄. Using the latter, the values of the physi
al parameters 
an be deter-mined (i.e. [1℄) but not any possible 
orrelation among them. So far, only statisti
almethods had been used in order to �nd 
orrelations between the parameters. How-ever, there is a well�known te
hnique (PCA) whi
h 
an be used in order to study
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orrelation between these parameters. PCA te
hnique uses a sample ofobserved parameters and 
reates a new sample of independent 
omponents whi
hare linear 
ombination from the previous parameters.2 PCA methods and 5�D diagramsPCA is a useful tool in statisti
al studies, espe
ially when there are many observedparameters. It has been applied to explore the stars formation history or to des
ribeand 
lassify the stellar spe
tra. The basi
 idea of this method is that it minimizesa set of observed parameters to a new set of independent parameters. The numberof these new 
omponents reveals the true dimension of the spa
e generated by theobserved parameters. Also, a 5�D diagram has been developed in order to study ifthere is any 
orrelation between the new 
omponents and the measured parame-ters. These diagrams are like 
ommon 3�D diagrams with the di�eren
e that, theyillustrate two more variables using di�erent 
olors and sizes.3 Preliminary resultsIn this work, we applied PCA method to a set of opti
al data of 55 PNe with knownabundan
es and morphology [6℄, in order to extra
t information 
orrelated to theirmorphologi
al di�eren
es. The new prin
ipal 
omponents PC1, PC2 and PC3 ((1)-(3)) resulted by using a set of parameters (log(N/O), 
ore Mass Mc and initial MassMi) whi
h are 
orrelated a

ording to the star formation history ([2℄ & [7℄). It 
anbe seen from (1)�(3) that the di�eren
e between PC1, PC2 and PC3 is that ea
hone is strongly depended on one of these parameters only.
PC1 = 0.89 × log(N/O) + 0.43 × Mc − 0.12 × Mi (1)

PC2 = −0.43 × log(N/O) + 0.90 × Mc + 0.07 × Mi (2)
PC3 = 0.14 × log(N/O) − 0.07 × Mc + 0.99 × Mi (3)The PC1 and PC3 
omponents do not provide any signi�
ant result, while PC2shows that it depends on the morphology of PNe. From (2), we produ
ed the di-agrams shown in Figures 1(a),(b) & 2, where it 
an be seen that when log(N/O)

< −0.18, the PNe nitrogen abundan
e is low independently on the oxygen for eitherB, E or R morphology. Moreover, the log(N/O) is negative, if the PN morphologi
altype is either E or R, while it takes both negative and positive values in the 
aseof B morphology. PC2 
omponent appears to have a minimum value at 0.89 forall morphologi
al types, resulting to an initial mass for the progenitor star of 2.6M⊙. PCA method was also applied to another sample of 35 PNe [4℄, using a setof di�erent parameters (abundan
e ǫ(N), ǫ(S) and ele
tron density ne) whi
h areimportant to PNe study. In this 
ase, the new prin
ipal 
omponents PC4, PC5 andPC6 ((4)�(6)) were 
al
ulated to:
PC4 = 0.91 × ǫ(N) − 0.41 × ǫ(S) − 0.05 × ne (4)
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PC5 = 0.41 × ǫ(N) − 0.91 × ǫ(S) + 0.04 × ne (5)
PC6 = 0.06 × ǫ(N) + 0.02 × ǫ(S) + 0.99 × ne (6)In Figure 3, we present a 5�D diagram with PC4, PC5 and PC6 on X,Y and Zaxis respe
tively and ǫ(S), ne on di�erent 
olors and sizes. In parti
ular, it 
an beseen that ǫ(S) in
reases when PC5 in
reases (the 
ir
ular 
olor bar on the right ofFigure 3 shows the in
rease of ǫ(S) as we go from 0o (ǫ(S) =4.2) to 360o (ǫ(S) =7.7)).Also, it is 
lear that ne in
reases (larger size means higher value of ne) linearly withPC4 and PC5. This 5�D representation shows that there is a strong dependen
ebetween PC4 and PC5, ǫ(S) and ne sin
e for the same value of ǫ(S) (same 
olor i.e.blue), we result to a linear equation PC5 = 0.8 × PC4 + 6.04 (7). By using (4),(5)and (7) we produ
e the relationship ne = 4 × ǫ(N) + 75.5 − 15.5 × ǫ(S) (8). Sin
ein that 
ase ǫ(S) is 
onstant, then ne in
reases when ǫ(N) in
reases. Following thisresult and the one from the previous sample, it appears that the B PNe must havehigher ne values than either E or R PNe. These preliminary results show that theuse of new 
omponents whi
h are 
orrelated with physi
al parameters 
an provideuseful information therefore must be explored further in the future.A
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Fig. 1. (a) Diagrams of Nitrogen and Oxygen abundan
es vs PC2 
omponent forthe 55 PNe. (b) Diagram of log(N/O) vs PC2 where the di�erent morphologi
altypes are shown (see text).
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Fig. 2. Two di�erent 4D representations of Fig. 1(b).
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Fig. 3. PC4 vs PC5; ǫ(S) and ne are shown with di�erent 
olors and sizes (see text).


