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FINAL SAS-2 GAMMA RAY RESULTS ON SOURCES IN THE

GALACTIC ANTICENTER REGION

D. J. Thompson, C. E. Fichtel, R. C. Hartman, D. A. Kniffen, and

R. C. Lamb*

NASA/Goddard Space Flight Center, Greenbelt, Maryland 20771

ABSTRACT

Final analysis of the SAS-2 high energy y-ray data from the

direction of the galactic anticenter shows that this region is charac-

terized by three features: a diffuse emission from the galactic plane

which has a maximum along b = 0° and an enhancement toward negative

latitudes associated with Could's Belt, a strong point source in the

direction of the Crab nebula, and a second intense localized source

near galactic coordinates 195°, +5°. The principal aspects of these

results are:

1. The 7 -ray emission from the Crab source is dominated by a

pulsed flux from PSR 0531+21. The final analysis shows that the main

and interpulses are about equal in the 7 -ray energy range. The pulsed

and total emissions are consistent with power law spectra connecting

to the X-ray data. The total flux above 100 MeV is (3.7 +0.8) x 10-6

cm 2s-1.

2. The source observed near 195°, +5° has a flux above 100 MeV

of (4.3 +0.9) x 10
-6
 cm 2 s -l . Its spectrum appears flatter than that

of the Crab, being consistent with a rr° plus bremsstrahlung origin or

a flat power law. Unlike other 7 -ray sources, no radio counterpart has

*on faculty leave from Iowa State University.
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has been found for 7195 +5. If this source is due to an undiscovered

radio pulsar, the results from other known y-ray pulsars would suggest

a radio intensity of 0.2 to 1.4 Jy. If the 7 -rays originate from

cosmic ray--matter interactions, radio observations of matter densities

would imply a substantially higher cosmic ray intensity at the source

than observed locally.

3. The diffuse galactic plane emission at negative latitudes

shows a general correlation with the local matter distribution associated

with Gould's Belt. The y-ray intensity calculated using the observed

matter distribution and assuming the local cosmic ray spectrum agrees

well with the SAS-2 observations.

I. INTRODUCTION

In the spectral region of energetic (E ;? 30 MeV) y-rays, the entire

galactic plane is significantly more intense than the apparently diffuse

radiation from the rest of the sky (Fichtel et al., 1975). However, in

the galactic anticenter region the emission from the galactic plane is

an order of magnitude smaller than in the central galactic region from

I	 300 0 e i " 50 0 , where cosmic ray interactions it, the major struc-

tural features of the inner galaxy appear to play a major role. Hence,

there is a better chance of seeing individual features near the galctic

plane in the anticenter region. Two localized sources are very clearly

evident in the SAS-2 data, and one other location is an interesting

candidate for future studies. Further, there is a broad general enhance-

ment 10° to 15° south of the galactic plane in the anticenter region,
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relative to the same region north of the plane. This increased inten-

sity is generally correlated with local galactic features. Final

results on all of these observations will be presented here together

with a discussion of the possible interpretations.

The telescope used to collect the data is a 32-level wire-grid,

magnetic-core spark chamber assembly covered by an anticoincidence

scintillator and triggered by any one of four independent directional

scintillator-Cerenkov counter telescopes in anticoincidence with the

outer scintillator. Thin tungsten plates, 0.03 radiation length-thick,

are interleaved between the spark-chamber modules, which have an active

area of approximately 640 cm2 . The large number of thin tungsten plates

and spark chambers serve. a dual purpose: first, to provide material

for the 7 -ray to be converted into an electron pair which can then be

clearly identified and from which the arrival direction of the -Y-ray

can be determined; and second, to provide a means of determining the

energy of the electrons in the pair by measuring their Coulomb scat-

tering. The full width half maximum field of view is 35°, and within

the field of view the average angular uncertainty for determining the

arrival direction of an individual y-ray projected on one plane is

about 2.6° at 100 MeV and varies with energy approximately as E -1/2 in

the range from 35 to 200 MeV.

The energy threshold is about 30 MeV. The energy of the y-ray can

.	 be measured up to about 200 MeV, and the integral flux above 200 MeV

can be determined. A more complete discussion of the SAS-2 y-ray

telescope is given by Derdeyn et al. (1972).



II. DATA ANALYSIS AND RESULTS

A general discussion of the data analysis procedures used for

i

the SAS-2 X -ray experiment, along with a description of the calibra-

tion program, is given by Fichtel et al. (1975); hence only those

aspects of the data reduction peculiar to the matters of interest in

this paper will be given here. The data from which the primary

results to be discussed here were deduced were collected during the

periods shown in Table 1. With these periods, the longitudinal range

mentioned above could be studied and a search for time variations

could be made over a significant portion of this region.

Table 1

	

SAS-2	 Average Direction of Detector Central Axis
Observing	 Dates of

	

Period	 Observation	 k	 b	 R.A.	 Dec.

4

4 Dec. 14-21, 1972 1820

5 Dec. 21-28, 1972 1900

9 Jan. 11-17, 1973 2100

22 April 17-24, 1973 182°

-j° 840 250

-30 0 650 40

-0 0 1010 30

-3 0 840 250

The principal point with regard to the data analysis which will be

discussed here is the method of estimating the galactic and celestial

diffuse intensity which must be subtracted from the intensity observed

in the local region of a point source in order to obtain a good estimatr.

of the point source flux and location.	 The longitude region from

I = 155° to k = 240° was used to determine the combined contribuLion

4'.EPI^^)1)ULUsll,i'1'Y Off' THE
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of the galactic and general celestial diffuse emission as a function

of galactic latitude in 2° intervals. A notable characteristic of the
N
IF	 '	 combined galactic and celestial diffuse radiation in the general anti-

center region is the asymmetry with respect to the galactic plane, with

the intensity at negative latitudes being higher than that at comparable -

positive latitudes, although the maximum intensity is approximately at

b = 0%

The portion of the regions (175° < 2 < 205°) which was more than

2a away from both the Crab nebula and a second source at k = 195%

b =+5° appeared to have a slightly higher diffuse galactic radiation

than either the region with .2 < 175° or the region I > 205% However,

in view of possible source contamination an intermediate value for the

diffuse radiation was used, and the estimated uncertainty is such that

the range of values within the uncertainty limits at any latitude

f	 encompasses the best estimate of both longitude ranges. At larger b

values, the two sets of values merge and the uncertainty is pre-

dominately determined by statistics, not the background level un-

certainty . On the basis of the background determination a shift ( 13%)

in detection efficiency was noted between the first three periods listed

ir;Table 1 and the last one in April, 1973. The calculated intensities

from this latter period have been adjusted to reflect this change and

the error has Teen increased accordingly.

In
-	 A general view of the galactic anticenter as seen by SAS-2 is shown

in Fig. 1. This map incorporates the four weeks of observations and

shows contours of equal )— ray intensities above 35 MeV. Although many

Ah



^^ V

6

r

.i

of the fluctuations which appear on this map are of low statisticPl

significance, Lhree very statistically significant features do appear.

Two are localized sources, one near coordinates 185°, -6° associated

with the Crab nebula and PSR 0531 +21, and the other near coordinates

195% +5°. The positions of maximum intensity in Fig. 1 are shifted

somewhat toward the galactic plane from the best estimates of the

source positrons. This shift arises from two factors: (1) the sources

are superimposed on the galactic plane emission, which has a maximum

at 0° latitude and decreases both above and below the galactic plane

causing intensity contours surrounding a source to be closer to b = 0°

than if the diffuse radiation were isotropic, and (2) the smoothing

procedure used to generate the contours causes a slight distortion.

The third statistically-significant feature visible is the asmuwtry

with respect to the galactic plane and particularly the general enhancement

10° to 15 0 south of the galactic plane, which is in the general position

of Gould's Belt in this region of the sky. The location of the other

possible excess noted earlier is (165% -39°) in galactic coordinates.

A. Crab Nebula

The Crab nebula, which contains PSR 0531 +21, was the first

positively-identified y-ray source (Browning, Ramsden, and Wright,

1971; Albats et al., 1972; Kinzer, Share, and Seeman, 1973; Parlier

et al., 1973; McBreen et al., 1973; Kniffen et al., 1974). The pre-

liminary SAS-2 results on the Crab (Kniffen et al., 1974) were based

on only the first of the four observing periods which covered the

region. For the analysis reported here, circles were chosen about
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the known position of the radio pulsar such that 90% of all the source

events would be included. These circles had radii of V for y-rays with

energies above 100 MeV, 9° for y-rays with energies between 60 MeV and

0

100 MeV, and 12° for 7-rays with energies between 35 and 60 MeV.

The arrival time for each of the 260 chosen y-rays was converted

s
to a pulsar phase by correcting the time to the solar system barycenter,

using the programs previously developed for y-ray pulsar studies (Thompson

et al., 1975; 11gelman et al., 1976). 	 As a check on the procedure, some

of the arrival times were compared to radio pulses using predicted

arrival t`.-ies provided by J. M. Rankin of the Arecibo Radio Observatory.

The radio comparison also provided an absolute phase prediction for the

center of the main pulse.

The results of the phase calculation are shown in Fig. 2. Two

peaks are visible, consistent with the positions of the radio main

pulse and interpulse. The apparent widths of the peaks are determined

by the timing resolution of the detector and the uncertainty in com-

bining data separated in time by 18 weeks. The true pulse widths must 	

A
be smaller than those shown here, as can be seen in the preliminary	

4

results from the COS-B experiment (Bennett et al., 1976). In Fig. 2,

the number of 7 -rays in the main and interpulses are approximately the

same, ns seen also in the X-ray data summarized by Helmken (1975). This

contrasts with the radio and optical measurements, which show a main

peak substantially larger than the interpulse.

In order to obtain an absolute flux for the pulsed component of

the emission from the Crab and in order to determine the unpulsed
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contribution from the source, the contributions from the diffuse galac-

tic and celestial emission and the source near 195% +5° must be sub-

tracted. The method for calculating the diffuse contributions was

described in the previous section. The contribution from the 195°, +5° 	 i

source was estimated from the flux determined for this source, and is

less than 5% of the diffuse radiation in the circles used for the Crab

analysis. The result, together with its uncertainty is sown in Fig. 2

as a dashed line.

Taking the pulsed component in this phase plot to cover the ranges

0. 95 - 0.15 and 0.35 - 0.60, the remaining bins show some evidence of

an excess above the level of the diffuse radiation. For all energies

above 35 MeV, the unpulsed Crab component is (5.7 +2.9) x 10-6cm-2s-1,

while the pulsed component is (8.2 +1.5) x 10 -6 cm-2 s -1 . For energies

above 100 MeV, the unpulsed component is (0.8 ±0.8) x 10 -6 cm- 2 s -1 , and

the PSR 0531 +21 contribution is (2.9 +0.5) x 10 -6 cm-2 s -1 .	 The total

Crab flux above 100 MeV is therefore (3.7 +0.8) x 10 -6 cm-2 8 -1 , This

value agrees with the preliminary SAS-2 results (Kniffen et al., 1974),

and that from the COS-B experiment (Bennett et al., 1976).

Over the SAS-2 energy range, these results can be fitted to a

power law form. The total flux (pulsed plus constant) from the Crab

is given by

F	 = (4.68 +0.95) x 10-6+0.40
total	

(100 ) - 
(1.25_ 0.35) MeV cm -2s 'meV-1

with E expressed in MeV. The pulsed component can be expressed

pulsed - (2.87 +_0.51) x 10-6 " F.	 _ ,1 n2+0.50) MeV cm 2s-1MeV-1.
100



This pulsed result is shown in Fig. 3 together with other pulsed

results from the Crab in the y-ray energy range. The SAS-2 results

are consistent with the total and pulsed energy spectra extrapolated

from the X-ray energy range (taros, Matteson, and Pelling, 1973, and

references therein), and with the spectral fit to the pulsed 'Y-ray

data b­ McBreen et al. (1973). In general, the observations of the

Cral pulsed flux are consistent with each other, except possibly in

the ': --i0 MeV energy range which is charzcterized by relatively large

uncertainties.

'vidence for time variability has been presented by Creisen

et al. (1975) at energies, substantially above the SAS-2 energy

range. Within the relatively limited statistics, the SAS-2 Crab

observations show no evidence for variability of either the pulsed or

total emission between the 1972 December and 1973 April viewing periods.

The pulsed flux above 35 `IeV was found to be (7.1 +2.2) x 10 -6 cm- 2s-1

in December and (9.3 +2.3) x 10- 6 cm- 2 s- 1 in April. The SAS-2 pulsed

result shown in Fig. 3 is consistent with either the 1971 October or

the 1973 July results of the Cornell balloon experiment (McBreen et al.,

1973; Greisen et al., 1975).

Together with other observations of the Crab, the SAS-2 results

presented here reinforce the conclusions reached in the preliminary

report (Kniffen et al., 1974). First, the y-ray observations seem

consistent with a continuous extrapolation of the energy spectra

measured in the X-ray energy range, for both the pulsed and total

emission from the Crab. In light of the power lav spectrum and the

observ_-d polarization of the X-ra y s from the Crab (Weisskopf et al.,

e
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1976), synchrotron radiation appears to be the most likely production

mechanism for at least the unpulsed part of the y-ray flux. The detec-

tion of a constant flux from the Crab at energies above 35 MeV then 	
i

r
implies the existence of electrons with energies in excess of 10 ' eV

in the nebula, assuming a nebular magnetic field of about 5 x 10-4gauss.

Such electrons presumably have their origin in thr; pulsar.

The most prominent feature of the high-energy results from the

Crab is the shift from a predominantly unpulsed flux at X-ray energies

(about 10% pulsed below 20 keV; according to the data summarized by

Thomas and Fenton, 1975) to a predominantly pulsed flux at y-ray

energies. Within the uncertainties, the SAS-2 measurements are con-

sistent with the flux from the Crab being nearly 100% pulsed above,

100 N,eV.	 Assuming that the pulsar is the ultimate s.!:ce of energy

for both the pulsed and un- pulsed radiation, this shift is not

i

	 extremely surprising. Both the particle acceleration and energy loss

mechanisms are likely to be much mcie cificient near the pulsar than

in the nebula, allowing the production of higher energy photons within

the pulsar magnetosphere ::han outside. The exact mechanism for pro-
f

duction of pulsed 7 -rays is uncertain at this time, although it is

probably some form of inter: : tion between accelerated electrons and

the intense magnetic field surrounding the pulsar.

B. y19 5 +5

The other strong localized source seen in Fig. 1 has been given

the provisional name 7 195+5, corresponding to its approximate galactic

coordinates. At this time there is no obvious correlation with any

Ylt^)1^1.l^'U{(! 11'Y OF THE

h; POOR
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feature seen at other wavelengths. The soiree ' s position, its spectrum,

the result of a period search, and efforts at identification will be

discussed in turn.

Fig.	 shows the y-ray intensity along latitude and longitude

strips in the vicinity of the source. The longitude bins are 21° x 100;

the latitude bins 2° x 10°. Because of the better energy resolution

associated with higher energy y-rays, these data,from viewing periods

4 and 8 (see table 1), are restricted to y-rays whose measured energies

are in excess of 100 MeV. Each point represents the net intensity after

an estimate of the diffuse galactic and celestial emission has been

subtracted. The overall statistical significance of the enhancement

when data from all observing periods is considered is approximately 70.

The resulting intensity profiles seen in Fig. 4 can be approximated by

one-dimensional Gaussian distributions with widths (o) of about 2.8°

in longitude and :..0° in latitude, consistent with the SAS-2 angular

resolution for a point source. The means of the two distributions are

194.9° and 4.9°, with a statistical error of about +°. There is an

additional uncertainty associated wi f-h the shape of the diffuse radia-

tion. For the lungituc:e distribution this uncertainty is relatively

small and estimated to be ^'°. For the latitude distribution, uncertainty

in the sharpne, ,, of tiie galactic ridge contributes an estimated error of

+1°. If the two types of errors are summed in quadrature the following

po;=ition with 951 confidence level error boy for the sources is obtained:

A. = 194.9 +1.5°, b - 4.9 +2.2°. Confirmation of this source for energies

greater than 100 MeV has been recently reported by the COS-B collabora-

tion (Bennett Pt al,, 1976).

I
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The spectrum from y195+5 appears to be somewhat harder than that of

other sources, and, therefore, it is appropriate to review briefly the

type of energy information which is available from the SAS-2 y-ray

detector, although it is discussed in much more detail by Fichtel et

E	
al. (1975). Because of the limited statistics and the inherent detector

energy resolution function, using a least squares matrix inversion

method of unfolding does not lead to meaningful results. On the other

hand, if the true spectrum is assumed to be smooth over the energy

range if interest (about 25 to 500 MeV), then the ex perimentally observed

distribijLion can be calculated on the basis of the experimentally measured

energ! dc-rendent resolution. It is assumed that the true spectrAmi is

either a power law of the form dJ /dE - KE
-2
 or a cosmic ray nucleon--

nucleon interaction 7 -ray spectrum as calculated, for example, by

Stecker (1970). The energy distribution that will resi^.t for these

various spectra can then be calculated and compared to the observed

distributions. On the basis, the 719515 source spectrwi is consi•tent

with a combined cosmic ray rr ° and bremsstrahlung spectrum of the form

produced by the local cosmic rays or a power law spectrum with 1 less

than 1.9 (95% confidence) below 500 MeV. The flux above ieo MeV

depends somewhat on the actual spectral shape, but our best estimate

is (4.3 +0.9) 10 -6 (photons > 100 MeV) cm-28-1.

The -y-ray events from the vicinity of 7195+5 have been examined

for evidence of periodicity. The total number of -y-r. used, 121,

I

spread over three separate intervals of observation, places a sensible

lower limit of about 10 seconds on possible trial periods. No single

I
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period was found consistent among the three sets of data from the three

intervals of observation. Because of an apparent regularity in the

tim^_ between -y-rays from observing period 4 (Dec. 14-21, 1972) in which

the time intervals were integer multiples of approximately 53 seconds,

a search restricted to a 4 second range arpund this value was made, with

the added freedom that a non-zero time derivative of the period was

allowed. A period of 59 s which increased at a constant rate of

2.2x10-9 gave the phase plot which is shown in Fig. 5. Also shown in

the figure are the phase plots for the individual weeks. In view of the

number of trials used and the added degree of freedom in assuming a

non-zero time derivative of the period, the evidence for this periodicity

is not statistically compelling but is worth examination by future

experiments.

In attempting to identify this source we are guided by the previous

SAS-2 idei:tifications of localized sources. Four of the SAS-2 sources

(Ogelman et al., 1976; Thompson et al., 1976) are identified with radio

pulsars (PSR 0531+21, PSR 0333-45, PSR 1747-46, PSR 1818-04) with the

first two listed being associated Elso with relatively young supernova

remnants, the Crab nebula (this work) and the Vela SNR (11iompson et al.,

1975). If y195+5 has a similar nature to these four sources, then

within certain limits a prediction of the radio intensity expected from

it can be ma,! . . Table 2 lists the ratio of the radio emission in the

few hundred Mz region to the ?,-ray energy flux at 100 MeV for the

four pulsar sources and for y(195,+5).
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TABLE 2

r	
Ratio of Radio Intensity a to 100 MeV

y-Ra,r Source	 y-Ray Tntensity

Crab pulsar & SNR	 10 
11.8

(total, 179 MHz)

108.4 (pulsar only, 400 MHz)

Vela pulsar & SNR	 1011.4 (total, 85 MHz)

108.8 (pulsar only, 400 MHz)

PSR 1747-46	 108.1 (400 MHz)

FSR 1818-04	 108.0 (400 MHz)

5
y195+5	 < 10 

9.
(using the strongest radio source

within location error box) (179 MH )
z

aRadio intensities for the pulsars were taken from Taylor and Manchester

(1975), the total Crab emission from Bennett (1962), and total Vela

emission from Mills et al. (1960)

In order to make this comparison it was necessary to convert the 7-ray

intensities to differential energy flux values. Because of uncertain-

ties in the spectral shape of the 7 -ray emission this conversion intro-

duces an uncertainty in the ratio of about a factor of 2. An upper

limit for 7195+5 has been calculated by taking the intensity of the

strongest radio source within the location error rox. This source,

4C+19.22 ( e.g. Dixon, 1970) h;^c a+i intensity at 179 MHZ of 7.0 Jy, and

9.5
the upper limit of 10	 for t	 ,.olio/7•ray ratio follows. This ratio



is approximately two orders of magnitude less than that associated with

the Crab and Vela pulsars and their remnants, and apparently rules out

a similar origin of the source. Not ruled out, however, is a possible

undiscovered pulsar. An interesting feature apparent in Table 2 is the

similarity of the four pulsars in which the radio/ 7 -ray ratio lies in

the range of 108 ' 0 to 10$ ' 8 .	 If these values are indicative of the

ratio of radio to y-ray intensities for all radio pulsars, then a radio

intensity of 0.2 to 1.4 Jy for a pulsar counterpart of T195+5 would

follow. It is interesting to note that a previous search for pulsars

in this region (Davies, Lyne, and Seiradakis, 1973) was restricted to

galactic latitudes of less than V (Seiradakis, 1976). A search of the

y195+5 error box for radio pulsars to the level of 0.1 Jy would be very

desirable.

There is one other SAS-2 source, recently tentatively identified

with Cyg X-3 (Hartman et al., 1976), which should be considered in this

context. If the identification of this source is correct and if the

ratio of its X-ray intensity to its y-ray intensity is used to model

the X-ray flux expected from y195+5, then yl95+5 should be approximately

as bright in X-rays as Cyg X-3. An upper limit on the X-ray flux from

this location (Julien, 1976) is more than two orders of magnitude lower,

ruling out this possibility. It should be noted that there are no

established X-ray sources within — V of y195+5 with the exception of

a source recently reported by Forman, Jones, Tananbaum (1976). The

longitude of this source is 195.7°; a recent communication from the

UHURU group (Forman, 1976) indicates a probable latitude of 1 to 2°,

making the identification unlikely.

15



a

16

The region of the sky containing y195+5 is shown in Fig. , 6. Also

shown are other features which are relevant to this discussion. The

radio source, 4C+19.22, is located at the position labeled 1; positions

2 0 3, and 4 are the next strongest non-thermal radio sources, 4C+19.21,

4C+19.23, and 4C+16.17, ordered according to intensity. Two supernova

remnants known to be in this region are shown. The position of ZC443,

approximately V from the source, effectively rules out this identifi-

cation.	 The X-ray so ,irce, 3U 06.20+23, (Giacconi et al., 1974), con-

ventionally associated with this remnant, is located about j° off the

upper edge of the figure. The other neighboring SNR, the so-called

"Origem loop" (Berkuijsen, 1974) is probably unrelated to the source

because of its location, more than 4.5° away, and its large, 5°, di-

ameter.

The possibility that the source is due to cosmic ray interactions

in a relatively nearby dense cloud has been examined. Lynds' catalogue

of dark clouds (1962) shows no cloud at the position of the source and

only relatively transparent (opacity class 1) clouds within 3° of the 	 I^

source. The 21 cm neutral hydrogen survey of Weaver and Williams (1973,

1974) shows a feature located near 195°, +5° at a relative velocity of

-7 km/s, which accounts for about 1/3 of the line profile in this region.

The hydrogen column density of this feature is estimated to be — 1021

cm-2 . if one uses the source function of Stecker (1973) the cosmic ray

intensity in this cloud must be about 400 times greater than the local

value in order to produce the observed 7 -ray flux.

RF?'RODUCI?UM OF THE
01"It; TNAL i'. ; E 19 POOR
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The recent announcement of a satellite galaxy (Simonson, 1975)

located nearby has raised the possibility of an association (Cesarsky,

Casse, and Paul, 1976; and Bignami, Maccacaro, and Paizis, 1976). This

association is improbable principally because of the mismatch in loca-

tion and the fact that the y-ray intensity is approximately two orders

of magnitude greater than one expects from such a galaxy. The location

of the core of the satellite galaxy is shown in Fig. 6, about 3.7° from

the source or 2.7a using the combined uncertainty of both objects.

Simonson (1975) has estimated the mass of hydrogen in the core of

this satellite galaxy to be in the range of (0.4 to 1.6) x 107 M.) and

the distance from the Sun to be 17 +4 kpc. Assuming the cosmic ray

density to be as great as it is locally, a y-ray flux of about 5+6 x 10-8

(photons > 10^1 I ,o l)/cm2 s would be expected from the interaction of cosmic

rays with matter. This calculated flux is about 1/80 of the flux actually

observed. Further, it is more reasonable to assume the cosmic ray

density is lower than it is locally. Unless the cosmic ray flux is

universal, which currently seems to be the less likely possibility, the

cosmic ray density would be expected to be less in this smaller, less

dense galaxy than in the local spiral arm of our galaxy because, as

explained by Parker (1966, 1969) and discussed further by Bignami et

al. (1975), the cosmic rays are held by the matter to which they are

tied by the magnetic fields. The volume of the new galaxy is estimated

to be in the range (0.5 to 1) x 10 65 cm3 , and therefore the average

hydrogen gas density would be (1/4) to (1/8) that locally. Hence, the

cosmic ray density would be expected to be lower. The best estimate of

f.
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the y-ray flux may, therefore, very well be on the order of 10 -8

(photons > 100 MeV)/(cm2 sec) rather than 5 x 10 - 8 (photons > 100 MeV/

cm2 sec), or, approximately 1/400 that which is observed.

The possibility that the source is associated with any external

galaxy seems remote for the following reasons: If the emission is from a

galaxy such as our own with a measured 7 -ray luminosity to total mass

ratio of — 5 x 10-3 (photons > 100 MeV)/g then the mass of the emitting

galaxy would be given by M (in ME) ) = 5 x 10 13 R2 where R is in Mpc.

Under this hypothesis if the emission is from a twin of the Milky Way

it must be located at a distance of 47 kpc, less than the distance to

the Magellanic clouds. There is no evidence from optical, radio, or

X-ray observations for such a massive nearby galaxy. If on the other

hand, the y-ray emission is enhanced relative to the mass of the

external galaxy by some means, e.g. an unusual concentration of cosmic

rays, then one would expect an accompanying enhancement of electron

synchrotron emission in the radio region. Cen-A (NGC 5128) has been

taken as an example of this latter possibility. The ratio of its total

radio emission to the 100 MeV 7-ray emission as calculated by Grindlay

(1975) on the basis of a Compton-Synchrotron model has been used to

scale the observed y-ray intensity of y195+5 to the radio region. On

this basis, the total radio emission from y195+5 should exceed 10-13

watts/m2 or 104 Jy for an assumed band width of 10 9 Hz. All radio

sources in this region have intensities which are smaller by more than

a factor of 103 , effectively eliminating this possibility.
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In summary, we regard it highly probable that y195+5 is galactic.

A promising possibility is that it is an undiscovered pulsar. If so

then a radio flux (at - 300 MHz ) of greater than 0.2 Jy is predicted.

Another possibility, which may be related to the pulsar possibility,

is that the source is a site of an unusual concentradion of cosmic

rays, 10 2 to.103 times the local value, and these cosmic rays are

interacting with a relatively local cloud of hydrogen with a column

density 4 1021 atoms/cm2• The positive correlation of this source

with emission seen at other wavelengths remains an unattained goal.

It is hoped that the discussion presented here will stimulate further

efforts in this direction.

C. Could's Belt

The local system of stars, gas, and dust, known as Gould's Belt,

is thought to be a thin disk of radius between 200 and 300 pc, tilted

at about 15° to the galactic plane (Davies, 1960; Lynds, 1962;

Goldstein and MacDonald, 1969). This system shows its greatest deviation

from the plane of the galaxy in the direction of the galactic center

(toward positive latitudes) and anticenter (towards negative latitudes).

The fact that tl ,e observed 7-ray emission shows an asymmetry toward

positive latitudes in the galactic center and toward negative latitudes

in the anticenter has been noted as an indication of 7-ray production

in the local system (i:ichtel et al., 1975; Kniffen et al., 1975; Puget

et al, 1976).

In Fig. 1, the extension of the y-ray intensity contours toward

negative latitudes is clear. With the exception of small, isolated



20

V

regions, the contours are restricted to latitudes below +10°, while on

the opposite side of the plane the contours reach -15° over most of the

longitude range. A similar pattern is seen in the 21 cm measurements

of neutral hydrogen column densities (Davies, 1960; Fejes and Wesselius,

1973), the distribution of dark nebulae (Lynds, 1962), the line-of-sight

dust concentration estimated from galaxy counts (Kiang, 1969), and the

non-thermal continuum radio emission (Landecker and Wielebinski, 1970).

For 7 -rays produced by cosmic ray--matter interactions in a region

near the solar system, the cosmic ray density has been assumed to be

the same as that observed locally. The expected 7 -ray intensity can

then be expressed as a function of the total gas colutm: density N H by

I  = 1.3 x 10 -25NH ATT photons (E > 100 M_, V) cm-2s-lsr-1

using the source function derived by Stecker (1973). The gas column

density can be estimated either from reddening measurements using a

dust-to-gas ratio determined independ,-ntly (Puget, Ryter, and Serra,

1976) or from neutral hydrogen measurements with a correction for

unseen gas such as molecular hydrogen. Since soma evidence exists

that the neutral h ydrogen is correlated with the dust in the galaxy

(Knapp and Kerr, 1974), these two approaches should be roughly compat-

ible. Starting with the 21 cm data, the column density along b = -15°

is approximately 2 x 10 21 atom cm -2 (Davies, 1960; Fejes and Wesselius,

1973). Allowing a factor of two for unseen gas, the -y-ray intensity

is calculated to be about 4 x 10 -5 photons (E > 100 NeV) cm-2s-1sr-1.

In figure 1, the lowest contour represents an intensity of approximately

I
4+
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9 x 10-5 photons (E > 35 MeV can 
2 8

-1sr-1 , of which close to half is

above 100 MeV. Since this contour also lies close to b - -15% the

observed y-ray intensity in the anticenter for this latitude is roughly

4.5 x 10-5 photons (E > 100 MeV) cm- 2
s
-l sr - 1 , consistent with the cal-

culated value. At positive latitudes, both the 2 x 1021 atoms cm 2

21 cm contour and the 9 x 10 -5 photons (E > 35 MeV) cm 2 s -1 sr -1 y-ray

contour are largely restricted to latitudes below +10° in the anti-

center.	 At ;these relatively high latitudes, these results support

the concept that the dominant source of y-rays is cosmic ray--matter

interactions within the local system, Gould's Belt. The quantitative

agreement of the calculation with the data also indicates that the local

demodulated cosmic ray spectrum is representative of a region at least

out to a disCL,ice of a low hundred parsecs.

Although correlations do appear on a broad scale between the

7-ray observations and other tracers of nearby matter, a comparison of

details is not expected to reveal correlations on a small scale. As

indicated by Fazio (1976), even the largest and densest gas clouds in

the galaxy should not be detectable as localized sources with the sensi-

_ivity of the :;AS-2 detector.

D. Other Pos6ible Sources

In Fig. 1, the individual features which appear, except for the

Crab and 195, +5 sources, are not statistically significant relative

to the general backgiouiid. Some mention should be made, however, of

the roature near coordinates 165°, -39°. This apparent high intensity

OW
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region lies near the limit of the SAS -2 exposure, so the number of 7-rays

is small. 12 y- rays were detected in the region about these coordinates,

where the expected contribution from diffuse radiation was about 3 7-rays.

This improbable cluster of photons suggests that this region is a

promising candidate for future study.

One other possible source in this region is the transient X-ray

source, A0535 (Rosenberg et al., 1975) which had an X-ray intensity at

maximum greater than the Crab with an extremely hard spectrum (Bradt

et al., 1976). Although this source is only 4j° from the Crab the

additional observation of a 104 second modulation of the X-ray intensity

provides a potential means of source identification in the presence of

background from the Crab and the galactic ridge. A search of the SAS -2

data for this source with trial periods in the range of 102.8 to 104.9

seconds was made. No statistically-significant evidence for a sharply

peaked phase modulation was seen and a 95% confidence upper limit for

the y-ray intensity from this source during the time of the SAS-2 ob-

servations can be set at 2.0 x 10 -6 (photons > 100 MeV) cm-2s-i.

III. SUMARY

The overall view of the anticenter region presented here is one

in which two strong localized sources, the Crab nebula and 7195+5, are

clearly evident above a diffuse emission. This diffuse emission is

generally strongest on the plane and shows an asymmetry in latitude

which correlates with Gould's Belt. Certain aspects of these features

are worth particular emphasis.

r	 }
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1. The radiation from the Crab nebula is mostly pulsed with the

pulsed fraction increasing with energy.

2. The intensity of the radiation in the main and interpulse

peaks is approximately equal.

3. The total Crab y-ray intensity above 100 MeV is (3.7 +0.8) x

10-6 photons cm 2 s-1 with a differential number index, a, equal to

2.25.40-0.35-

4. A source whose position is i a 194.9 +1.5°, b - 4.9 +2.2° (95%

confidence) has an intensity above 100 MeV of(4.3 +0.9) x 10-6 photons

cm-2 s- 1 
P 
approximately the same as the Crab intensity. However, the

spectrum appears harder, being consistent with a n° plus bremsstrahlung

origin or a power law with spectral index less than 1.9 (95% confidence).

5. Unlike the Crab there is no obvious radio counterpart to

yl95+5. If this source is due to a radio pulsar then a scale factor

obtained from the known y-ray emitting pulsars predicts a radio inten-

sity of 0.2 to 1.4 Jy.

6. The emission of 1195+5 is probably not from an external galaxy.

This conclusion was reached by considering the consequences of either

emission from an ordinary galaxy such as our own or emission from an

unusually active galaxy such as Cen A. Emission from the satellite

galaxy of Simonson (1975) is also ruled out.

7. A 21 cm neutral hydrogen feature with an estimated column

density of - 10 Z1 cm-2 does correlate with the position of yl95+5.

However, the cosmic ray intensity in this cloud must be several hundred

times the local value to produce the observed flux.

23
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8. Although not statistically significant, an excess near coordi-

nates 165% - 39° is a promising candidate for future y-ray obset . ations.

9. The diffuse radiation correlates rather well with the local

matter distribution known as Gould ' s Belt in both position and expected

y-ray intensity. The correlation in intensity was established using the

local demodulated cosmic ray spectrum, and therefore the y-ray measure-

meets serve in some sense to support the constancy of the cosmic ray

intensity to distances of a few hundred parsecs from the earth.
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FIGURE CAPTIONS	 i

Fig. 1 -	 Conto,ir map of 7 -ray intensities observed by SAS-2 at ener-

gies nbove 35 MeV in the galactic articenter region. The

.:ontour lines represent 75%, 66%, 57%, 48%, 39%, 30%, and

21% of the maximum intensity, which is 4.25 x 10 -4 photons

(E > 35 MeV) cro 2 s - i sr-1 . The 66% and 21% contour lines

are slightly darker than the others. The apparent positions

of the two maxima near 185% -6° and 195% +5° differ slightly

from these coordinates principally due to the presence of the

diffuse emission from the galactic plane, as discussed in the

text. The dashed line is the limit of the SAS-2 exposure in

this region.

Fig. 2 -	 Distribution of 7-ray arrival times in fractions of a pulse

period for 7 -rays above 35 MeV from the direction of PSR

0531+21. M and I give the locations of the predicted main

and interpulse times determined from radio observations (Rankin,

private communication). The dashed line shows the estimated

contributions from the cele-tial and galactic diffuse emission

and the source near 195% +5°.

Fig. 3 -	 Energy spectrum of the pulsed 7-ray emission from PSR 0531+21.

The line 1.0 E -1.1 keV cm- 2 s -1 keV-1 with E in keV connects the

SAS-2 results near 200 MeV with the X-ray results near 10 keV.

Fig. 4 -	 Intensity profiles in latitude and longitude near coordinates

195% +;	 The longitude bin-3 are 21* x 10% The latitude

bins are 2° x 10°. Each point rer.esents the net intensity

after an et mate of the diffuse galactic and celestial

emission ha been subtracted.
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Fig. 5 -	 Distribution of y-ray arrival times in fractions of a pulse

period for y-rays above 35 MeV from the region of 195+5,

•	 assuming the period and period derivative shown. Due to

the number of trial periods and the use of a period deriva-

tive, the result must be considered tentative.

Fig. 6 -	 The region of the sky containing 7195+5, shown in celestial

coordinates. The points marked 1, 2, 3, and 4 are the four

strongest radio sources within the y195+5 error box: 4C+19.22,

4C+19.21, 4C+19.23, and 4C+16.17. The position of the possible

satellite galaxy is taken from Simonson (1975).
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