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I. Introduction. Cyg X-3 is a very peculiar source, studied over the

entire electromagnetic spectrum. Considering here the high-energy end of

its spectrum the source has been found to be modulated with its

characteristic 4.8 h period in the hard X-ray band up to "200 keY (e.g.

13), and in the very-high-energy gamma-ray range (_I011 to 1014 eV;

e.g. review 6), and the ultra-high-energies (above 1014 eV; e.g. 8,14).

However, the experimental status regarding the detection of high-energy

( _ 5x107-5x109eV) gamma rays from Cyg X-3, modulated with its

characteristic 4.8 h period, is confusing. The first claim of a

detection of periodic emission at high-energy gamma rays from Cyg X-3

was based on only 15 excess counts (E > 40 MeV) over an expected

background of 47 counts collected during two balloon flights 3. This

result was confirmed by the SAS-2 team 5 for energies above 35 MeV.

However, analysis of successive COS-B observations of the Cyg-X region

(E >50 MeV) did not reveal the sourcel,4, 15, while the X-ray detector

aboard COS-B detected Cyg X-3 to be in a high state of activity during

some of the observation periods 17. In this paper we summarize the

results obtained from a more sensitive analysis of the complete COS-B

data on Cyg X-3.

2. Analysis and Results. COS-B had Cyg X-3 within its field of view

during 7 observation periods between 1975 and 1982 for in total "300

days. In the skymaps (70 MeV<E < 5000 MeV) of the Cyg-X region produced

for each of these observations and in the summed map, a broad complex

structure is visible in the region 72 ° _i _ 85 ° , Ibl _ 5 ° (see e.g.

Mayer-Hasselwander et al.9). No resolved source structure is visible at

the position of Cyg X-3, but a weak signal from Cyg X-3 could be hidden,

in the structured gamma-ray background. Therefore, the data has been

searched for a 4.8 h timing signature, as well as for a source signal in

the sky map in addition to the diffuse background structure as estimated

from tracers of atomic and molecular gas.

a) Timing analysis. The arrival times of gamma-ray photons (70 MeV< E <

5000 MeV) originating from a small region around the position of Cyg X-3
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1. Introduction. Cyg X-3 is a very peculiar source, studied over the 
entire electromagnetic spectrum. Considering here the high-energy end of 
its spectrum the source has been found to be modulated with its 
characteristic 4.8 h period in the hard X-ray band up to -200 keV (e.g. 
13), and in the very-high-energy gamma-ray range ('\.010 11 to 10 14 eV1 
e.g. review 6), and the ultra-high-energies (above 1014 eV1 e.g. 8,14). 
However, the experimental status regarding the detection of high-energy 
( '\.0 5x1 0 7-5x1 0gev ) gamma rays from Cyg X-3, modulated with its 
characteristic 4.8 h period, is confusing. The first claim of a 
detection of periodic emission at high-energy gamma rays from Cyg X-3 
was based on only 15 excess counts (E > 40 MeV) over an expected 
background of 47 counts collected during two balloon flights 3• This 
result was confirmed by the SAS-2 team5 for energies above 35 MeV. 
However, analysis of successive COS-B observations of the Cyg-X region 
(E >50 MeV) did not reveal the source 1,4,15, while the X-ray detector 
aboard COS-B detected Cyg X-3 to be in a high state of activity during 
some of the observation periods 17 • In this paper we summarize the 
results obtained from a more sensitive analysis of the complete COS-B 
data on Cyg X-3. 

2. Ana1ysis and Results. COS-B had Cyg X-3 within its field of view 
during 7 observation periods between 1975 and 1982 for in total -300 
days. In the skymaps (70 MeV<E < 5000 MeV) of the Cyg-X region produced 
for each of these observations and in the summed map, a broad complex 
structure is visible in the region 72 0 ~ 1 ~ 850 , I b I It 50 (see e. g. 
Mayer-Hasselwander et al. 9 ). No resolved source structure is visible at 
the position of Cyg X-3, but a weak Signal from Cyg X-3 could be hidde" 
in the structured gamma-ray background. Therefore, the data has been 
searched for a 4.8 h timing signature, as well as for a source signal in 
the sky map in addition to the diffuse background structure as estimated 
from tracers of atomic and molecular gas. 

a) Timing analysis. The arrival times of gamma-ray photons (70 MeV < E < 
5000 MeV) originating from a small region around the position of Cyg X-3 
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have been folded using an ephemeris derived from the COS-B X-ray data by

Van der Klis and Bonnet-Bidaud 17. The gamma-ray photons are selected

using the background-sensitive selection algorithm proposed by Ozel and

Mayer_Hasselwander I I. This algorithm optimizes the signal-to-noise ratio

taking into account the COS-B instrumental point-spread function and the

structure measured in the surrounding sky region, both as a function of

energy. In order to verify that the background levels in the phase

histograms (20 bins) are flat for each observation, also background

samples have been folded with the 4.8 h period. For each observation

period the phase histograms for the background samples and the 'source'

samples were statistically consistent with flat distributions (see Table

I). Therefore, only upper limits on the modulated emission could be

determined. For these flat distributions these upper limits are

primarily a function of the expected duty cycle. We have calculated

upper limits for three cases: the phase interval 0.05-0.85 (I) over

which the X-ray emission has been detected, and the phase intervals

0.20-0.30 (II) and 0.50-0.70 (III), in which detections of a signal from

Cyg X-3 has been reported at very-high-energy and ultra-high-energy

gamma rays • Table I gives the 2 0 upper limits for the single

observations and for the combined data. Figure I shows the corresponding

combined light curve. The upper limits are for the X-ray phases (I) one

order of magnitude below a power-law interpolation between the

very-high-energy data points and the X-ray results, and for the

ultra-high-energy phases two orders of magnitude below this

interpolation (e.g. 14).

Table I: Reduced ×2 values for 20-bin phase histograms for back-

ground (bg) and 'source' (8) sample8 and 2_ upper limit8
(ph cm-$ 8-J) to the modulated (4.8 h) flux (70-5000 MeV) from Cyg
X-_ for the three phase interval8 given in the tezt.

Obs • Epoch X 2 X 2 I I I I II
number of measurement bg s (10 -6 ) (10 -7 ) ( 10 -7 )

4 75/11/28-75/12/24 0.69 0.80 1.8 3.0 2.8

22 77/06/08-77/07/15 1.05 1.87 2.2 4.3 4.6

36 78/11/03-78/12/11 0.76 0.31 1.6 3.9 3.8

51 80/05/14-80/06/24 1.21 0.73 2.7 4.6 2.4

55 80/10/17-80/11/04 I. 11 0.75 3.1 0.9 5.0

60 81/06/03-81/07/24 0.79 1.22 2.7 1.9 2.2

63 81/11/03-82/02/18 0.64 0.50 1.0 2.5 0.4

Total I .0 I .0 I •1
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Figu'l'e 1: phase histog'l'am of the 
a'l"l'ival. time" folded modulo 'V 4.8 h 
pe'l'iod" of gamma 'l'ays with ene'l'gy 70 
MeV < E < 5000 MeV o'l'iginating f'l'om a 
smaU 'l'egion aente'l'ed on Cyg X-;5. 
Data f'l'om 7 COS-B obse'l'vations we 
used. The ave'l'age level is indi
aated • 
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have been folded using an ephemeris derived from the COS-B X-ray data by 
Van der Klis and Bonnet-Bidaud17 • The gamma-ray photons are selected 
using the background-sensitive selection algorithm proposed by Ozel and 
Mayer-Hasselwander11 • This algorithm optimizes the signal-to-noise ratio 
taking into account the COS-B instrumental point-spread function and the 
structure measured in the surrounding sky region, both as a function of 
energy. In order to verify that the background levels in the phase 
histograms (20 bins) are flat for each observation, also background 
samples have been folded with the 4.8 h period. For each observation 
period the phase histograms for the background samples and the 'source' 
samples were statistically consistent with flat distributions (see Table 
1). Therefore, only upper limits on the modulated emission could be 
determined. For these flat distributions these upper limits are 
primarily a function of the expected duty cycle. We have calculated 
upper limits for three cases: the phase interval 0.05-0.85 (I) over 
which the X-ray emission has been detected, and the phase intervals 
0.20-0.30 (II) and 0.50-0.70 (III), in which detections of a signal from 
Cyg X-3 has been reported at very-high-energy and ultra-high-energy 
gamma rays. Table 1 gives the 2 0 upper limits for the single 
observations and for the combined data. Figure 1 shows the corresponding 
combined light curve. The upper limits are for the X-ray phases (I) one 
order of magnitude below a power-law interpolation between the 
very-high-energy data points and the X-ray results, and for the 
ultra-high-energy phases two orders of magnitude below this 
interpolation (e.g. 14). 

Obs. 

Tabl.e 1: Reduaed X 2 values fo'l' 20-bin phase histog'l'ams fo'l' baak
g'l'ound (bg) and 'sou'l'ae' (s) samples and 20 upper> Zimits 
(ph om-2 s-l) to the modulated (4.8 h) jiux (70-5000 MeV) f'l'om Cyg 
X-3 fo'l' the th'l'ee phase inte'l'Vals given in the text. 

Epoch 2 I II III 
number of measurement X bg x2 s (1 0-6 ) (10-7 ) (10-7 ) 

4 75/11/28-75/12/24 0.69 0.80 1.8 3.0 2.8 
22 77/06/08-77/07/15 1.05 1.87 2.2 4.3 4.6 
36 78/11/03-78/12/11 0.76 0.31 1.6 3.9 3.8 
51 80/05/14-80/06/24 1.21 0.73 2.7 4.6 2.4 
55 80/10/17-80/11/04 1. 11 0.75 3. 1 0.9 5.0 
60 81/06/03-81/07/24 0.79 1.22 2.7 1.9 2.2 
63 81/11/03-82/02/18 0.64 0.50 1.0 2.5 0.4 
Total 1.0 1.0 1 • 1 



Figme 2: Gamma-ray 
in tensi ty  ( E  >SO0 MeV) 
distributions i n  the  
Cyg-X region. Contour 
ZeveZs: 4,6,. . ,12,14x 
10-5 photon cm-2 s-1 
sr-1, f i r s t  s tep i n  
g r q  scale a t  2x10'~ 
photon . cm-2 8-7 sr-1. 
a)  Measured by COS-B. 
b )  Estimated from the 
totaZ gas distribution 
using HI and CO data. 
m: Position o f  garruna- 
a sources12 not 
esplained by the gas. 
x: Cyg X-3 position. 

b) Spatial Analysis. The COS-B team has shown that the structured 
emission in the Cyg-X region can be explained as being the sum of (i) 
diffuse emission from the interaction between relativistic cosmic rays 
and the total-gas distribution and (ii) two pointlike sources which 
cannot be explained by the gas distribution12 ( see Figures 2 and 3c) . 
Figure 2a shows a contour plot of the gamma-ray intensities in the Cyg-X 
region for energies above 500 MeV (the highest COS-B energies with the 
best angular resolution). 

A combination of HI measurements with the recent Columbia Large- 
scale CO survey (ref's in 2,12) allows a detailed estimate of the 
diffuse emission above which any sources appear (see Figure 2b). Using 

+ Bloemen et al's2 model of the diffuse emission we have used a likelihood 
methodl2 to test the presence of a point source at the position of Cyg 
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Figure 3: a)  Normalized COS-B 
( t h i ck )  and SAS-2 ( t h in )  
histograms (E > 100 MeV; 
isotropic background ZeveZs 
are subtracted, for SAS-2 
from 7 ,  16) .  Thick curve: sum 
o f  the expected d i f f u se  
gamma-rau emission and that  
from two sourcesl2. Thin 
curve: d i f f u se  emission on2 g. 
b )  ContourpZot o f  soupce 
in tens i t i e s  contributing t o  
F i g .  3a. x:Cgg X-3 position. 
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Pigur>e 2: Gamma-ray 
intensity (E >500 MeV) 
distributions in the 
Cyg-X region. Contour 
levels: 4~6~ .. ~12~14~ 
10-5 photon amr2 s-l 
sr-1~ first step in 
grey saale at 2~10-5 
photon ._ amr2 s-1 sr-1. 
a) Measured by COS-B. 
b) Estimated from the 
total gas distribution 
using HI and CO data • 
• : position of gamma
ray souraes 12 not 
e~plained by the gas. 
x: Cyg X-3 position. 

b) Spatial Analysis. The COS-B team has shown that the structured 
emission in the Cyg-X region can be explained as being the sum of (i) 
diffuse emission from the interaction between relativistic cosmic rays 
and the total-gas distribution and (ii) two point like sources which 
cannot be explained by the gas distribution 12 (see Figures 2 and 3c). 
Figure 2a shows a contour plot of the gamma-ray intensities in the Cyg-X 
region for energies above 500 MeV (the highest COS-B energies with the 
best angular resolution). 

A combination of HI measurements with the recent Columbia large
scale CO survey (ref's in 2,12) allows a detailed estimate of the 
diffuse emission above which any sources appear (see Figure 2b). Using 
Bloemen et al's2 model of the diffuse emission we have used a likelihood 
method 12 to test the presence of a point source at the pOSition of Cyg 
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Figure 3: a) NormaZized COS-B 
(thiak) and SAS-2 (thin) 
histograms (E > 100 MeV; 
isotropia baakground Zevels 
are subtraated~ for SAS-2 
from 7~ 16). Thiak aurve: sum 
of the e~peated diffuse 
gamma-ray emission and that 
from two souraes 12• Thin 
aurve: diffuse emission only. 
b) ContourpZot of sourae 
intensities aontributing to 
Fig. 3a. x:Cyg X-3 position. 
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X-3, in addition to the total structure due to the diffuse emission and

the two sources. The analysis was performed for the total COS-B data set

in three energy ranges, treating the intensity of each component as free

parameters. No evidence for the detection of Cyg X-3 was found; Table 2
gives 2 _ upper limits to the total flux.

3. Discussion. The COS-B upper limits are significantly lower than the

flux of (4.4±1.1)xi0 -6 photon cm -2 s-I for energies above 100 MeV

reported from SAS-2 (Lamb et al.5). Lamb et al. identified in their

analysis the total excess in the Cyg-X region with Cyg X-3, and, in

addition, they claimed the total gamma-ray flux to be modulated with the

4.8 h period. However, the CO data (see Figure 2b) indicate that a

significant fraction of the gamma rays are due to diffuse emission.

Comparing the SAS-2 distribution with that measured by COS-B, we find no

evidence for an excess in the SAS-2 case due to variable, modulated

emission from Cyg X-3. Since there appears to be a systematic difference

between the COS-B and SAS-2 absolute intensities in this region, the

SAS-2 intensities being systematically lower as was already noticed by

Mayer-Hasselwander 10, we normalized the total SAS-2 intensity measured

in the longitude interval 60°<1<95 ° to that of COS-B. This comparison is

shown in Figure 3. The shapes of the two distributions are evidently

consistent, and the absolute levels agree everywhere within the _I_

level. The conclusion which may be drawn from this comparison is, that

in the total gamma-ray excess in the Cyg-X region, measured by COS-B and

SAS-2, no contribution can be identified from Cyg X-3 at the flux lev--e-I
reported from SAS-2.

Table _: 2 _ upper limits to the total time-averaged gamma-ray flux

from Cyg X-3 using the complete COS-B data.

Energy range 2o upper limit

70-150 MeV 7.5x10 -7 photon cm -2 s -I

150-300 MeV 6.5xi0 -7 photon cm -2 s-I

300-5000 MeV 4.5x10 -7 photon cm -2 s -I
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X-3, in addition to the total structure due to the diffuse emission and 
the two sources. The analysis was performed for the total COS-B data set 
in three energy ranges, treating the intensity of each component as free 
parameters. No evidence for the detection of Cyg X-3 was found; Table 2 
gives 20 upper limits to the total flux. 

3. Discussion. The COS-B upper limits are significantly lower than the 
flux of (4.4±1.1)x10-6 photon cm- 2 s-1 for energies above 100 MeV 
reported from SAS-2 (Lamb et ale 5 ). Lamb et ale identified in their 
analysis the total excess in the Cyg-X region with Cyg X-3, and, in 
addition, they claimed the total gamma-ray flux to be modulated with the 
4.8 h period. However, the CO data (see Figure 2b) indicate that a 
significant fraction of the gamma rays are due to diffuse emission. 
Comparing the SAS-2 distribution with that measured by COS-B, we find no 
evidence for an excess in the SAS-2 case due to variable, modulated 
emission from Cyg X-3. Since there appears to be a systematic difference 
between the COS-B and SAS-2 absolute intensities in this region, the 
SAS-2 intensities being systematically lower as was already noticed by 
Mayer-Hasselwander 10, we normalized the total SAS-2 intensity measured 
in the longitude interval 60°<1<95° to that of COS-B. This comparison is 
shown in Figure 3. The shapes of the two distributions are evidently 
consistent, and the absolute levels agree everywhere within the ~10 
level. The conclusion which may be drawn from this comparison is, that 
in the total gamma-ray excess in the Cyg-X region, measured by COS-B and 
SAS-2, no contribution can be identified from Cyg X-3 at the flux level 
reported from SAS-2. 

TabZe 2: 20 upper "limits to the totaZ time-averaged gamma-ray fiu:r: 
from Cyg X-3 using the aompZete COS-B data. 

Energy range 20 upper limit 
70-150 MeV 7.5x10-7 photon cm-2 s-1 

150-300 MeV 6.5x10-7 photon cm- 2 s-1 

300-5000 MeV 4.5x10-7 photon cm-2 s-1 
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