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ABSTRACT

We have used interference filter photographs to indentify an arc of
nebulosity that is coincident with the radio contours of the galactic
supernova remnant G 126.2 - 1.6. Spectrophotometry of the filament shows
that the emission line spectrum matches the spectra of other galactic
supernova remnants. In particular, the arc shows the usual strong [S IIJ,
and N II emission lines seen in other remnants and unusually strong
[0 ITII] emission as seen in a few remnants. The spectrum can be adequately
matched by a shock of velocity near 100 km s—1 in an interstellar cloud of
density 3. If the SNR is at a distance of 4.5 kpe as indicated by the radio
L-D relation, then the observed pressure in the filament requires an initial

d 3
energy near 4 x 10Sl %‘E‘EEE’ ergs.

Subject headings

nebulae: Supernova remnants
Interstellar: matter
Shock waves

™
m

eewmVG PAGE BLANK NOT FILMED




-

I. INTRODUCTION

We present the first optical observations of the gulactic supernova
remnant (SNR) G 126.2 + 1.6 that was recently discovered with the Efflesburg
100 m radio telescope by Reich, Kallas, and Stube (1979; hereafter RKS).

In the radio, the remnant appears as a large (68 arc minute diameter)
shell of emission with an exceptionally low surface brightness (I (408 MHz)

2 1

= 12,2 x 10722 watts m™% Hz” steradml) and a non-thermal spectrum (o = 0.85).

We find that optical filaments in An ELmission Line Survey of the Milky Way

by Parker, Gull, and Kirshner (1979) are coincident with the radio contours
mapped by RKS at 1400 MHz and 2700 MHz. Further images and spectrophotometric
measurements made at McGraw-Hill Observatory confirm the identification of
the optical emission with the radio source, show that the optical spectrum of
the filaments is that of a supernova remnant, and provide estimates of the

physical conditions in the remnant.

II. OBSERVATIONS
a. Imagery
The region of the galactic plane near G 126.2 + 1.6 is included in

An Emission Line Survey of the Milky Way by Parker, Gull and Kirshner (1979).

That work presents monochromatic images obtained through interference filters
at [S II], Ha + [N II], [0 III], HB and a blue continuum band at 4215 A. The
plates were obtained with a 300 mm focal length f/2.  Nikkor lens coupled
with a Carnegie Image Tube. Each Illa-J plate from the survey covers a

seven degree field with about 30 arc second resolution.




The survey was done on a systematic grid with considerable overlap
between fields. The region of G 120.2 + 1.6 is recorded on three separate
sets of plates centered at 123 + 0, 128 + 0 and 125.5 + 5. An arc of
emission nebulosity is easily visible on all three plutes which recorded
{0 ITI] emission through a filter centered at 5010 R, with a full width at
half transmission of 28 X. Figure 1 shows the best image of the [0 III]
emission, from the 128 + 0 ficld. In Figure 2 we show a sketch of the
[0 II1] arc superposed on a portion of the 1410 ‘%z map of RKS. This arc,
which extends about 12 arc minutes in the north-south direction has an
apparent width of 2 arc minutes on these small-scale plates. The optical
arc lies just outside the western radio rim of the remnant and is curved
in the same way as the radio contours. This close correspondence between
the optical and radio features is typical of the detailed connection secen
at the periphery of most supernova remnants,

We also detect this arc orf nehbulosity in the light of Ha + [N II] as

imaged through a filter centered at 6570 R with bandpass of 70 X Through

our [S II] filter (at 6736 K, A} = 50 X} the arc is at the very limit of
detectability.

To improve the angular resolution of our iweges we emploved the same
[0 ITI] filter with a 144 mm single-stage ITT image =ube at the f/7.5 focus
of the McGraw-Hill 1.3 m telescope.  The tntce~fer- ace filter has 130 mm of
clear aperturc so that nearly the whole field was ased.  The image tube has
a fiber optic output which was rocordea on baled ITa-D plates. Figure 3

shows that the arc of [0 ITt] emiviion wsseciated vith € 126.2 + 1,6 is
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resolved into two filaments when photographed at an original plate scale of
22" mm”,
b.  Spectroscopy

We employed the 2000-channel Intensified Reticon Spectrometer
attached to the McGraw-Hill 1.3 m telescope to obtain spectrophotometry of
the arc. The entrance aperture of the spectrometer measured 2.8", x 40" and
was placed across the filaments as shown in Figure 3. Sky subraction was
achieved by moving the telescope to a region of sky about 3" west every
10 minutes. The spectrum was placed on a flux scale through measurements
of standard stars, and corrected for atmospheric extinction based on a mean
extinction table. The reduced spectrum shown in Figure 4 is the result of
60 minutes of integration on the filament.

In Table 1, we list the measured fluxes relative to HB, F(A) aud the
fluxes corrected for interstellar extinction I(A), with Av = 1.4 as described
below. For reference, we have also tabulated Miller's (1974) measurements
of Position 3 in the Cygnus Loop and Fesen and Kirshner's (1980) measurements

of G 65.5 + 0.5.

I1I. DISCUSSION

The spectroscopic data leave no doubt that the observed emission nebulo-
sity is a supernova remnant. In particular, the line ratios of [N II]
(26548 + X6584)/Ha = 1 and [S II] (A6717 + A6731)/Ho = 1 correspond well to
the ratios found for SNR's by Daltabuit, D'Odorico and Sabbadin (1976) and are

distinctly different from the values usually measured in H II regions.




Despite the poor statistics at HB, the ratio [0 I11] (5007 + 4959)/HR is
at least 10. This is a relatively largc value but not unprecedented in the
spectra of remnants, as shown by Miller's (1974) observations ot the Cygnus
Loop.

A large [2 III]/HB ratio has been measured by Fesen and Kirshner (1980)
in G 65.5 + 8.5, which is the otirer SNR which ha:. been identified by the
emission line survey described urre (Guly, Nirshner and Parker, 1977). ‘ine
emission line survey is much morce sensitive to [0 T11] emi<<ion than the
O-emulsions used for the blue plate of the Palomar Sky Survev, which may
account, at least in part, for the stronyg [0 [IT]/!¥ ratio in the remnants we
have found. In particular, G 126.2 + 1.6 is casily visible in our [0 I1I]
plate, but not found by RKS on the blue Sky Survey print.

Theluncertainties in all the lines in Table 1 are at least 20%, and the
weak lines such us HB are evrn less precisely measurced,

Nevertheless we have made a4 rough estimate of the intersteliar reddening o
G 126.2 + 1.6 from the observed ratio of Hy to H?. It we assume that the

emitted ratio is about 3 based on model calculiat ions (Raymond 1979) then the
observed value of 5.5 requires about 1.4 macnitudes of extirction at V if we

employ the Whitford (195§9 relation in the forn given by Millcr and Mathews

We can estimate some of the physicat properti=s of the remnant by com-
paring the observations with detailed wodels of the cmission from shock heated
gas. In particular, by comparing the O L]/ strength with Raymend's
shock models we find that tne ved ity «F (lLe <hswd throgsh the yas we ohserve
must be more than about 70 km slx. oo slower shoel she ot -<hock toempera-

ture is too low to produce strong [0 Hir] emis-ion




As an example, we have listed Raymond's model X along with the observa-
tions. This model has a shock velocity of 100 km 5"1 in a fully ionized
medium with a very small magnetic field and initial density, n.s of 10 cm's.
The assumed abundances are those observed in thc interstellar gas, in par-
ticular carbon and silicon are depleted relative to oxygen. The match is

quite good for the limited selection of lines that we observe.

We can use the observed [} II] line ratio to infer the electron density at the
temperature where sulfur is once ionized (about 8000 - 10,000 K). The
observed ratio of [S II] A6716/A6731 is about 1.3, which corresponds
to an electron density of n(S II) = 125 cm's, using Pradhan's (1978) cross
sections. Roughly speaking, the pressure in the shock is constant so that
the immediate post-shock pressure, nsTs is about equal to the pressure in
the zone emitting the sulfur lines where we know the temperature and density.

The post-shock pressure is directly related to the density of the cloud, n.

and the shock velocity which we take to be V7 in units of 107 cm 5'1. Model
calculations by Dopita (1977) and by Raymond show that
. n(s I11) -2 -3
n, = i3 V7 cm (1)
For our case, V., ~ 1, n(S II) ~125, so the derived density is n, = 3.

7
This seems like a perfectly reasonable density for an interstellar cloud,

and is consistent with the parameters for the shock model that we used for

comparison,




We expnct that the interstellar medium is clhuapy so that the shock
velocity in the intercloud medium can be rubstantiallv higher than 70 km o
(McXee and Cowie 1975), For eaumple, if the average density for the inter-
cloud medium is about 0.3 cm°3, the shock velocity in that gas could be of
order 200 km 3'1, and G 126 + 1.6 could be a galactic soft X-ray source.
Inspection of HEAO -A data by Garmire (1980) did not reveal a source, but
the absorption of soft X-rays by pgas in the galaxy could be significant in
this case., We can use our cstimatc of the pressure in the gas we see to
estimate the initial energy of the supernova explosion. Following McKee
and Cowie (1975) and Chevalier (1974) we write

E =2 x 104U (h’)-l n \V, R(pv)3 ery. (2)
.« ;

Here B8' describes the coupling of the blast wave pressure to the cloud
. 2 . . .
pressure. Using n_ V7 2 3 from (1) and adopting 3' - 1.5, the angular dia-
-

meter of 68 arc min from RKS, implics an initial energy

L~ 4 luw h
- s kpe

erg. (3)
From the radio surface brightness, RKS estimate D = 4.5 kpe which requires
an initial of 3.0 x 1051 erg. This number is large, but not excessive.

For comparison, the same computation applied to the Cvynus Loop data in Table

o0

1 gives (For v = 20 pc), ' = 7 » 10O ery.
The principal uncertainty in tiais opergy o<timate 13 vhe distance, A
crude idea of the distance misht be derived fror the interstellar absorption

alomy; the line of sTuht, - Lob oo Wb ie s mae e osoall o tor oa
. 5 v




distance of 4.5 kpc, we find from integrating the 21 cm H I map by Westerhout
(1973) that the total column density out to a velocity of -40 km/s which
corresponds to a distance of 4.5 kpc, is ny -3-4x.102l cm'z. Using the gas-
to-dust ratio of B.axufﬂtonm cm-zmnq'l {(Bohlin, Savage, and Drake 1978), this
implies hv = 1.8, which is consistent with the spectrophotometry.

In addition, Westerhout's survey shows a hole in the neutral hydrogen
which corresponds to the angular size of the SNR in the direction of
G 126.2 + 1.6. This local minimum in the hydrogen density is in the velocity

range -40 to -55 km 5~

which is consistent with a distance of 4.5 kpc in a
Schmidt gilactic rotation model. If we imagine that the remnant has ionized
the volume it contains then it seems plausible to associate this region with
the remnant. On the other hand, this may be a mere coincidence.

We regard the distance tu G 126.2 + 1.6 as uncertain - the radio I-D
relation has very few SNR at the low-radio surface brightness measured by
RKS, and even fewer for which an independent distance measurement is avail-

able. It will be extremely interesting to see if a 21 cm zbsorption line

profile can be obtained for this source to improve the distance estimate.

IV. G 127.3 + 0.7

The SNR G 127.3 + 0.7 is also within the region mapped by RKS and photo-
graphed by us in our 128 + 0 field. Careful examination of our original
plates shows no evidence for optical emission coincident with the radio
contours of this remnant. We note that this remnant surrounds the point

radio source G 127.1 + 0.5 which Caswell (1977) suggested might be radio




emission from a collapsed stellar remnant. Optical observations by Kirshner

and Chevalier (1978) show that the point radio sone- i+ associated with a

distant radio galaxy rather than a galactic source. Utaswell's chsorvations
of the extended SNR are consistent with a distance for this remnant of 3.0

or 5.7 kpe, This is in contrast to the view of Pauls (1977) who suggested

thut the SNR was physically associated with the open o luster NGC 559, which
is at a distance of about 1.3 hpc(Lindhoft, 1969). Since the interstellar

absorption to the open cluster is about AV = 1,35, one might expect to sec

optical emission it the remnant is realiy at that distance.  The fact that

no optical emission is present tovers the larger distioce proposed hy

Caswell,

RPK's research on supernovie is supported by ASE trant AST 77-1760u
and by the Alfred P, Sloan Voundati-m, ‘The 141 rm iauge tabe in on Joan

from the Kitt Peak Nutional ubservatogy.
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Figure 1. [O III] image of G126.2 + 1.6 as copied from the plate data as An Emission Line Survey
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Figure 3. [O III] emission imaged by the McGraw-Hill 1.3 m telescope showing the slit location of

the spectrum illustrated in Figure 4.
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TABLE 1

Fmission Lines in G 126.2 + 1.6

10N A F I Modcl1 Cygnus Loopz G 65.53
(HB = 100) (Av = 1.4) #3

HB 4861 100 100 100 100 100
[0 III] 4959 + 5007 1095 1031 881 1276 2447
[0 1] 6300 + 6363 <100 <60 50 29 -

[N I1] 6548 + 6583 539 291 272 343 36y
Ha 6562 554 300 308 306 250
[S 11} 6716 339 197 155 130 250
[S I1) 6731 254 133 126 114 240

1.

Raymond (1979), 2.

Miller (1974),

13

3.

Fesen and Kirshner (1980)




REFERENCES

Bohlin, R, C., Savage, B. D., and Drake, J. F, 1978, Ap. J., 224, 132,
Caswell, J. L. 1977, M.N.R.A.S., 181,

Chevalier, R. A. 1974, Ap. J., 188, 5..

Daltabuit, E., D'Odorico, S., and Sabbadin, F. 1976, Astr. Ap., 52, 93.

Dopita, M. A. 1977, Ap. J. Suppl., 33, 437.

Fesen, R. A., and Kirshner, R. P. 1980, in preparation.

Garmire, G. 1980, private communication.

Gull, T. R., Kirshner, R. P., and Parker, R. A. R. 1977, Ap. J. (Letters),
215, L69.

Kirshner, R. P., and Chevalier, R. A. 1978, Nature, 276, 480.

Lindhoff, U. 1969, Arkiv. Astron., 5, 221.

McKee, C. F., and Cowie, L. L. 1975, Ap. J., 195, 715.

Parker, R. A. R., Gull, T. R., and Kirshner, R. P, 1979, An Emission Line

Survey of the Milky Way, (NASA SP-434).

Miller, J. S. 1974, Ap. J., 189, 239.
Miller, J. S., and Mathews, W. G. 1972, Ap. J., 172, 593.

Pauls, T. 1977, Astr 59, L13.

;_&R"
Pradhan, A. K. 1978, M.N.R.A.S., 183, 89P.

Raymond, J. C. 1979, Ap. J. Suppl., 39, 1.

Reich, W., Kallas, E., and Steube, R. 1979, Astr. Ap., 78, L13.
Whitford, A. E. 1958, A. J., 62, 201.

Westerhout, G. 1973, Maryland-Green Bank Galactic 2l-cm Line Survey,

(3d ed.; Baltimore: Univ. Maryland).

14




BIBLIOGRAPHIC DATA SHEET

1. Report No.
T™ 80708

2. Government Accession No.

3. Recipient’s Catalog No.

4. Title and Subtitle

The Discovery of Optical Emission fiom the
SNRG126.2+1.6

5. Report Date

6. Performing Organization Code

7. Author(s) W_P. Blair, R. P. Kirshner, T. R. Gull,
D. L. Sawyer, and R. A. R. Parker

8. Performing Organization Report No.

9. Performing Organization Name and Address

Goddard Space Flight Center
Greenbelt, Maryland 20771

10. Work Unit No.

11. Contrac' or Grant No.

13. Type of Report and Period Covered

p—-—

12. Sponsoring Agency Name and Address

National Aeronautics and Space Administration
Washington, D.C. 20546

Technical Memorandum

14. Sponsoring Agency Code

15. Supplementary Notes

16. Abstract

We have used interference filter photographs to identify an arc of nebulosity that is
coincident with the radio contours of the galactic supernova remnant G 126.2 + 1.6,
Spectrophotometry of the filament shows that the emission line spectrum matches the
spectra of other galactic supernova remnants. In particular, the arc shows the usual
strong [S I1], and N 1I emission lines seen in other remnants and unusually strong

[O I11] emission as seen in a few remnants. The spectrum can be adequately matched
by a shock of velocity near 100 km s~! in an interstellar cloud of density 3. If the SNR
is at a distance of 4.5 kpc as indicated by the radio £-D relation, then the observed

. . : L d 3
pressure in the filament requires an initial energy near 4 x 105! <m> ergs.

17. Key Words (Selected by Author(s))
nebulae: Supernova remnants
Interstellar: matter
Shock waves

18. Distribution Statement

19. Security Classif. (of this report)

Unclassified

20. Security Classif. (of this page)

Unclassified

21. No. of Pages | 22. Price®

*For sale by the Nationai Teciinical Information Service, Springfieid, Virginia 22151,

GSFC 25-44 (10/77)




	1980017729.pdf
	0001A02.jpg
	0001A02.tif
	0001A03.jpg
	0001A03.tif
	0001A04.jpg
	0001A04.tif
	0001A05.jpg
	0001A05.tif
	0001A06.jpg
	0001A06.tif
	0001A07.jpg
	0001A07.tif
	0001A08.jpg
	0001A08.tif
	0001A09.jpg
	0001A09.tif
	0001A10.jpg
	0001A10.tif
	0001A11.jpg
	0001A11.tif
	0001A12.jpg
	0001A12.tif
	0001A13.jpg
	0001A14.jpg
	0001B01.jpg
	0001B02.jpg
	0001B03.jpg
	0001B04.jpg
	0001B05.jpg




