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Abst rac t : We repor t on observat ions of the kinematical 
s t r u c t u r e of o p t i c a l f i laments in evolved supernova 
remnants, using an imaging Fabry-Perot i n t e r f e r o m e t e r . The 
r a d i a l ve loc i t y c h a r a c t e r i s t i c s as seen in [OII I ] A5007 
emission in one area in the Cygnus Loop a r e descr ibed , where 
four k inemat ica l ly d i f f e ren t components con t r i bu t i ng t o the 
emission can be recognized. 

1. Introduction. 
We have mapped the radial velocity distribution of the optically 

emitting gas in a number of 7'-sized fields in several evolved supernova 
remnants, using the Ha and [OIII] A5007 lines at a resolution of 
1.2 x 1.2 x 8 km/s . The observations allow us to study the kinematical 
structure of the filaments in two dimensions. This is a considerable 
improvement over previous kinematical work on supernova remnants, which 
has been limited to one spatial dimension (slit spectra) or a number of 
sample points (aperture spectra; conventional Fabry-Perot). Previous work 
has, apart from that, mostly been concerned with global expansion 
properties. Here, we report briefly on the results for the [OIII] line in 
one field in the Cygnus Loop. 

2. Observations. 
The instrument used was TAURUS, an imaging Fabry-Perot i n t e r ­

ferometer , on the 2.5 m Isaac Newton t e l e scope of t he Roque de l o s 
Muchaehos Observatory at La Palma. TAURUS i s descr ibed in d e t a i l in 
Atherton et a l . 1982; in o u t l i n e , i t works as fo l lows . The ring-modulated 
in te r fe rence p a t t e r n , obtained by pu t t i ng a Fabry-Perot e t a lon in the 
coll imated beam, i s imaged on a two dimensional d e t e c t o r . This i s done 
for a l a rge number of consecut ive e t a lon gap s i z e s , u l t i m a t e l y changing 
the gap s i ze by somewhat more than one wavelength. Such a ' s c an ' produces 
a data cube of i n t e n s i t y as a funct ion of two pos i t i on coordinates (x ,y) 
and one gap s i ze coordinate ( z ) . With a c a l i b r a t i o n cube obtained by 
observing a Neon lamp in the same way, the gap s i z e coordinate i s 
transformed to a wavelength coord ina te , and thus t o r a d i a l v e l o c i t y . ( In 
the fol lowing, a l l v e l o c i t i e s r e fe r t o r a d i a l v e l o c i t i e s . ) An 
in te r fe rence f i l t e r was used to s epa ra t e the emission l i n e of i n t e r e s t . 
The detec tor was an Image Photon Counting System (Boksenberg 1972), 
charac te r ized by a very low readout no i se ; i t s use i s ind ica ted by the 
necess i ty t o complete a scan as quickly as poss ib le t o minimize changes 
in atmospheric t r ansparency . The range in v e l o c i t y Av i s se t by the f r ee 
s p e c t r a l range of the e t a l o n , f s r = X/2G = Av/c. With a gap s i z e G of 
265 u, Av=285 km/s at X=5007 A. 

One poss ib le cause of e r ro r t ha t should be mentioned here i s a 
change in alignment between the e ta lon and the d e t e c t o r , giving r i s e to a 
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systematic offset in velocity, with a magnitude varying linearly across 
the field. However, the alignment was checked during the night, and we do 
not expect this error to be present to any significant degree. 

3- Results and discussion. 
Figure 1a shows one of the observed fields, located at 0=20:^6:29.1 , 

6=31 °15'07" (in the 'carrot', the rich filamentary area in the North-
central part of the Cygnus Loop), in total [OIII] A5007 intensity. Other 
fields in the Cygnus Loop that have been observed show kinematical 
properties which recur here, and we will limit the presentation to this 
particular field. Figures 1b and 1c show two position-velocity maps, 
crosscuts through figure la as indicated. In order to bring out the low-
level emission, the data have been smoothed to 5" x 5" x 15 km/s. On 
inspecting the data cube for this field, the emission can be divided into 
four components, which can also be recognized in these two sample 
crosscuts: (1) The filaments, showing the strongest emission, narrow in 
one spatial dimension, generally located at moderate velocities, with 
(deconvolved) velocity widths of about 45 to 60 km/s; (2) The diffuse gas 
appearing between the filaments, linking them in a continuous way, going 
out to more extreme velocities, with a velocity width of the order of 35 
km/s; (3) A weak component, very broad in velocity (typically about 150 
km/s), present over almost the entire field and enveloping the brighter 
parts; (4) A weak, smooth component, very narrow in velocity (-15 km/s), 
appearing at the same central velocity throughout. 

The lack of any structure in the velocity of the last component 
indicates that this is unaccelerated gas; because it is not found in 
locations where other components are weak (as in the western part of the 
field), it is probably not unassociated fore- or background material. 
Photoionized gas ahead of the shock would be a possibility. We do not 
have an absolute velocity calibration, but putting component 4 at v=0, 
most filaments appear between v=0 and v=-80 km/s, and only a few are seen 
at positive velocities up to v=+20 km/s. Following individual, well-
defined filaments, the velocity can be seen to change up to 20 km/s over 
-1'. Diffuse inter-filament emission is seen up to v=-110 km/s between 
filaments at negative velocities and up to v=+60 km/s between ones at 
positive velocities. Apart from some low-level emission associated with 
component 3, which in places fills the entire spectral range, all 
emission is well contained within the range. 

The kinematical appearance of components 1 and 2 is not inconsistent 
with the picture of a wrinkled sheet, the velocity characteristics being 
purely a projection effect, as recently modeled in Hester 1987. On the 
other hand, translating velocity into density, there must exist a density 
distribution which, when hit by a shock, gives rise to the observed 
velocity distribution; at least in the case where velocity is a single-
valued function of position, as seen for example in figure 1c at A. This 
leads to the picture of pre-existing rope-like filaments with not-too-
steep radial density profiles. However, a velocity profile which is a 
continuous, double valued function of position, as seen in figure 1b at 
B, cannot be interpreted in this way, but is more naturally explained as 
the edge of an expanding bubble. In any case, the notion that the gas at 
negative velocities is situated at the front side of the remnant, and the 
gas at positive velocities at the rear side seems obvious. But there are 

https://doi.org/10.1017/S0252921100102817 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100102817


Supernova Remnants and the Interstellar Medium 445 

Fig. la. [OIII] X5007 emission of a field in the Cygnus Loop, centered at 0=20:46:29.1, 
6 = 31 =15"07". The grayscale has a logarithmic increment, while the contoursteps are linear. 
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Fig. 1b,c . P o s i t i o n - v e l o c i t y c r o s s c u t s through f i g u r e la as i n d i c a t e d . I n t e n s i t y in the 
5007 l i n e i s p l o t t e d as a funct ion of r i g h t asoent ion ( t h i s ax is i s the same as in f igure 
1a) and r a d i a l v e l o c i t y . The graysca le has a l i n e a r increment , as do the contours but with 
a s t e p s i z e 2.5 t imes l a r g e r . Note the s t a r s which appear as v e r t i c a l b a r s . 
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some places where the emission i s seen to go continuously from pos i t ive 
to negat ive v e l o c i t i e s , complicat ing t h a t idea , as t h i s f i e l d i s not near 
the remnant ' s edge. 

4. Future work. 
This con t r ibu t ion r e p o r t s on the s t a t u s of our work a t the time of 

the conference, and i s not intended to be the f i n a l word. For one th ing , 
the very l imi ted i n t e r p r e t a t i o n given here for the f i l ament /d i f fuse gas 
components 1 and 2, has only considered v e l o c i t i e s ; a following s t ep wil l 
be to check whether both v e l o c i t i e s and i n t e n s i t i e s are cons i s t en t with 
the sheet p i c t u r e or the p r e - e x i s t i n g f i lament p i c t u r e . Furthermore, the 
kinematics of the Ha-emitt ing gas wi l l have t o be analysed and included 
in the i n t e r p r e t a t i o n . 

Observations at sub-arcsecond r e s o l u t i o n would be i n t e r e s t i n g , t o 
check if the ve loc i t y width in components 1 and 2, which i s s t i l l 
considerably above the expected thermal v e l o c i t y d i spe r s ion for oxygen of 
12 km/s, would decrease with g r ea t e r s p a t i a l r e s o l u t i o n . F i n a l l y , to 
confirm the photoionized na tu re of component 4, t h i s type of observation 
should be repea ted at o ther wavelengths, to ob ta in l i n e - r a t i o s for t h i s 
component. 
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