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In 2002, XMM-Newton observed the Cygnus Loop supemova. remnarit at 8 positions for about 13ks each. We divided each field of view into smaller regions such that each region has at least 5000 events/MOS camera which resulted in 902 regions in all. Due to the large number of regions, we decided
to use principal component analysis to investigate this remnant. We present our preliminary results regarding the first principal which we interpret to be the el
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The Cygnus Loop is a middle-aged supernova remnant located 540 pc away (Blair et Lt ﬂ*&"“ qer et W #**f“'ﬁ":f"*x't"’ Y
al.2005).Its age is estimated to be between 5000 and 10000 years and it is believed to i [1 ‘ d i 3 M
have originated in a type 11 supernova explosion that occurred inside the cavity i a M'M |y ; !l | ; vﬁ‘ ‘}
created by the stellar wind of the progenitor star. ‘ } P [ ‘ ﬂ ) T
1n 2002, XMM-Newton observed it at 8 positions shown in Fig. 1. “Equivalent P 'Mﬁ T f T“(
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Fi.1: Left: “Equivalent width" images of our observations. In fact these images should be rather thought of as line strength images because the continuum is not vsible. - LTy ve—————e 1 o :

Right: XMM-Newton 3-olor image overlaid on the ROSAT HRI image of the Cygnus Loop ;

Fig. 5: Distribution of PC1 values with examples of spectra taken from the first peak.

By projecting the data onto the PC1-PC2 plane the degeneracy is broken (Fig. 6). In order to interpret PC1 we searched for the “mean”.
spectrum i.e. the spectrum whose PC values are closest to 0. This spectrum is shown in Fig. 7.
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analysis (PCA) isa xaknot] T
mathematical technique used 01 o M. ]
to reduce the dimensionality A
of a multidimensional data 0.05 > g
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It has been first used to & 0 b g
analyze the emission from 005 L
supernova remnants by - =
Warren et al. (2005). They - 01 <
applied this method i the Fig. 2: Left: spectral selection regions; Right: MOS2 spectrum of the entire Cygnus Loop. The chafinels used in our analysis are also o

shown. S
case of Tycho and Cas A. -0.15

Both of these remnants are young and present non-thermal emission. As a result the first principal component was consistently . o
differentiating between hard (non-thermal) and soft (thermal) emission. Due to the large number of spectral regions and to the fact that this -0.2 o
technique has not yet been applied to completely thermal remnants, we decided to use it in the case of the Cygnus Loop. -03 02 -01 0 0.1 0.2 0.3

To this end, we divided each of our fields of view into rectangles such that each rectangle has a minimur of 5000 events in at least one
MOS camera (Fig. 2). In all, 902 such regions were selected. We then divided the spectrum of each region into 14 channels and used the

fractional counts of the summed MOS events in each channel as our data
PCA ca imize the variance in the data. | is by calculating the a
ase, we have 902 14 dimensional WB. As such, we have e
ing to the largest eigenvalue is calls irst principal component 0

alue is called PC2 and so on. The are all independent and orthogonal
of variance in the data in the directi the particular

PC1
Projections of the data points from each field of view onto the PC1-PC2 plane. The mean spectrum i.¢. the spectrum of the pofl
Using this mean spectrum as a starting point, we fitted it with an absorbed VNEI model and men_d' ulate 1 ]
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Fig. 4: Distribution of PCL values with examples of spectra taken from the first peak. We thank Dr. J. P. Hughes for introducing us to the PCA technique

and for useful discussions on the topic.



