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"ABSTRACT" 

MEASUREMENT OF THE PERSEUS CLUSTER 

GAMMA-RAY SPECTRUM 

by 

DAVID WALRAVEN 

On May 15, 1973 a balloon-borne gamma-ray telescope 

belonging to the Rice University Gamma-Ray Astronomy Group 

was launched from Palestine, Texas. Both source and back¬ 

ground segment counting rates were measured over the 56 keV 

to 12.4 MeV energy range from 1018 CDT to 1313 CDT. In each 

of the source segments, the detector was pointed at the 

Seyfert galaxy NGC 1275 in the Perseus cluster. However 

the entire cluster was within the field of view of the 

detector during the observations of this galaxy. The experi¬ 

ment was carried out at altitudes corresponding to a residual 
2 

atmospheric depth of approximately 4 gm/cm . 

The detector consisted of a central crystal of Nal (Tl) 

which was actively collimated by a shield of the same 

material. The instrument had a beam width of 13° full width 

half maximum. 

The results obtained show that NGC 1275 in particular 

and the Perseus cluster in general do not constitute a 

detectable gamma-ray source. A series of upper limits to 

the flux in the 56 keV to 12.4 MeV energy range was computed. 
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I. INTRODUCTION 

The Seyfert galaxy NGC 1275 is the optically most 

luminous member of the Perseus cluster. Observations of 

this galaxy at visible wavelengths indicate that it has 

suffered repeated explosions of enormous magnitude (Lynds, 

1970) . Work by Kleinmann and Low (1970) has shown that the 

nuclear region of this galaxy is an extremely luminous 

infrared source. High resolution radio observations (Dent, 

1966) reveal that two discrete sources of radio emission are 

associated with the optical galaxy. Surrounding the galaxy 

is an extended halo of radio emission. An even more extended 

region of radio emission, 3C84B, evidently occupies a large 

fraction of the total volume of the Perseus cluster. The 

existence of such an extended radio source thus provides 

evidence for the presence of an intracluster medium. A 

series of observations of the cluster at X-ray energies 

since 1970 have shown it to be an intense X-ray source. 

Results obtained by Fabian et. al. (1974) indicate the exis¬ 

tence of a compact X-ray source within NGC 1275 and a much 

more extended region of X-ray emission surrounding the 

galaxy. As a result of discrepancies in the observational 

measurements, two competing models for the X-ray emission 

have been considered: thermal bremsstrahlung and inverse 

Compton. The discovery of the extended radio and X-ray 
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emission in Perseus has also posed the question of whether 

such emission is an intrinsic property of the intracluster 

medium or whether it is due to earlier outbursts from a 

single galaxy (Gursky et al.,1972). 

It thus appeared that a measurement of the gamma-ray 

spectrum could help resolve the problem of the X-ray pro¬ 

duction mechanism by providing additional spectral informa¬ 

tion. More importantly such a measurement would be the 

first such obtained over the 56 keV to 12.4 MeV energy 

interval for the Perseus cluster. To achieve these 

objectives an actively collimated balloon-borne gamma-ray 

telescope was launched on May 15, 1973. A detailed 

description of the detector, its calibration, the flight, 

and the results obtained follows. 



II. THE SOURCE 

A. OPTICAL 

NGC 1275 is the brightest galaxy in the Perseus cluster 

and consequently has been an object of investigation by 

optical astronomers for many years. From early work by 

Hubble (1931), Humason (1932), and Seyfert (1943), NGC 1275 

was already known to have an unusual morphology and nearly 

stellar nucleus whose spectrum showed numerous emission lines 

of abnormal strength and width. In particular, the nucleus 

must be in a highly excited state as the broad emission 

lines imply random motion of at least +_ 2250 km/sec. A 

more recent spectroscopic investigation by Minkowski (1957) 

revealed that there was emission from the outer portions of 

the galaxy as well as from the central nucleus. This emis¬ 

sion appeared to originate in various patches and filaments 

of the luminous material present in the outer portions of the 

galaxy. Moreover, it gave two distinctly different values 

for the radial velocity, namely 5,200 km/sec and 8,200 

km/sec. This double velocity system was interpreted by 

Minkowski as being due to an energetic encounter between two 

galaxies. A later review of this phenomenon by Burbidge, 

Burbidge, and Sandage (1963) led to the rather different 

interpretation that a series of violent explosions in the 

nucleus of NGC 1275 were responsible. However, the 
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measurements by the Burbidges extended the radial velocity 

determinations to numerous other luminous patches near 

NGC 1275. The most distant patches observed are about 40 

seconds of arc from the galactic nucleus. The velocity 

field was determined in very great detail, but the observed 

velocities were found to be clearly segregated into one or 

the other of two systems, confirming Minkowski's work. 

More recently, Lynds (1970) undertook an extensive 

photographic study of NGC 1275 in Ha. The resulting plates 

showed a very extensive distribution of luminous material 

with it being confined to filaments whose total mass was 
7 

estimated to be about 10 M^>. The entire system of filaments 

is strikingly similar to the Ha filaments observed in M82 

and most especially in the Crab Nebula. Lynds found the 

low-velocity filaments to be radiating mostly in discrete 
O 

emission lines around a characteristic wavelength of 6685 A. 
O 

The high-velocity filaments radiated around 6750 A. 

Lynds has argued that the recessional velocity of the 

outermost filaments cannot be greater than about 1500 km/sec 

with respect to the center of NGC 1275. If this were not 

the case, these filaments would have been recorded on the 

photographs made through the A6738 filter, but they were not. 

The indicated velocity gradient is therefore on the order of 

10 km/sec per second of arc as compared to a value of 60 

observed by the Burbidges for the inner regions. There 

would appear to be at least three possible explanations for 
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this difference including the following: the inner and 

outer filaments were not expelled in the same event; they 

were expelled at different inclination angles; or the outer 

filaments have been subjected to strong deceleration. The 

presently available optical data do not permit a determina¬ 

tion of the correct hypothesis. 

Now the kinetic energy of the ejected gas in the fila¬ 

ments is quite large but a precise estimate of this value 

cannot be made since the bulk density of this material is 

- 24 3 not known. However, if one assumes a density of 10 gm/cm 

10 3 over a volume of 10 pc then the Burbidges (1965) estimated 

5 8 the kinetic energy to be approximately 10 ergs. Since 

4 2 this total kinetic energy is equivalent to 10 M©c , it 

follows that some highly efficient mechanisms are necessary 

for the conversion of mass and gravitational potential 

energy into relativistic particles. 

A rather interesting, but basically qualitative inter¬ 

pretation of the distribution of gas filament structures in 

NGC 1275 has been advanced by Shklovsky (1971) . He noted 

that the distribution has pronounced axial symmetry with the 

two largest filaments extending out to great distances from 

the nucleus. A maximum distance of 60 kpc is attained by 

the largest filament. Almost all filaments which flow from 

the nucleus of NGC 1275 in a radial direction turn around 

sharply at a distance of approximately 3000 pc from their 

presumed point of origin. It is Shklovsky's contention that 
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this can only be due to the presence of outer magnetic 

fields which are relatively uniform. Qualitatively one can 

imagine the process as follows: in the vicinity of the 

nucleus where the kinetic energy of the gas clouds is 

relatively great, the magnetic field is pushed outward. 

However, at comparatively large distances from the nucleus, 

the kinetic energy density of the clouds will be comparable 

to the energy density of the magnetic field. Shklovsky's 

model thus postulates the existence of an initially weak 

external magnetic field. However the interaction of the 

clouds of relativistic particles with this field is taken to 

amplify the field strength by a factor of ^ 10 . The 

enhanced magnetic field is then sufficiently strong to change 

the motion of the clouds of particles. DeYoung and Axford 

(1967) have investigated this problem. It was found that 

the ram pressure necessary for the containment of the 

particle clouds can amplify the interstellar magnetic field 

in a cylindrical layer and stretch the field lines in the 

direction of motion of the relativistic plasma clouds. 

There is thus some favorable evidence for Shklovsky’s model 

although much detailed work remains to be done. 

As might be expected in a highly active source of 

limited size, the nucleus of NGC 1275 has been found to dis¬ 

play variability in its optical emission. Photometric 

observations of the galaxy by Peterson (1969) revealed 

that there was a systematic brightening of the nucleus by 
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0.5 magnitude between January 1967 and November 1968. The 

total flux density of radiation in the optical band 

emanating from the nucleus of the galaxy has been estimated 

to be 4 x 10 2** W/m^-Hz. 

Studies of NGC 1275 by Dombrovskii and Gagen-Torn 

(1968) have shown a net polarization of about 1.11 after 

subtraction of the estimated contribution by the intervening 

interstellar material. The observed dependence of polariza¬ 

tion upon wavelength was attributed to the differing ratio 

of stellar to synchrotron radiation in different regions of 

the optical spectrum. This explanation requires the exis¬ 

tence of synchrotron sources with small linear dimensions. 

Later discussion will show that such sources are very likely 

present within NGC 1275. 

Thus the optical data on NGC 1275 have shown it to be 

in a very active state and lend strong support to the inter¬ 

pretation that it has undergone nuclear explosions of 

enormous magnitude. In addition, the optical data can be 

taken to provide indirect evidence for the existence of 

relatively intense galactic magnetic fields and clouds of 

highly relativistic charged particles. The distance to 

NGC 1275 can be determined from the relation Hr = zc. 

Using the latest value of the Hubble constant (H = 50 km/sec/ 

Mpc) and the most reliable estimate of the red shift for 

NGC 1275 (z = 0.018) gives a distance of 108 Mpc. Owing 

to the great distance (108 Mpc) and the highly disrupted 
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condition of this Seyfert galaxy, it has proved impossible 

to classify it as either a spiral or an elliptical. 

B. INFRARED 

In recent years the nucleus of NGC 1275 has been dis¬ 

covered to be a source of intense infrared radiation. 

Kleinmann and Low (1970) measured the spectrum between ly 

to 25y. The flux density was found to increase steadily 

with increasing wavelength from 0.09 +_ 0.01 Jy at 1.24y to 

3.4 +_ 0.4 Jy at 22y. If a distance of 108 Mpc is assumed 

then the total infrared luminosity between ly- 25y is 

46 1.6 x 10 ergs/sec. For purposes of comparison the nucleus 

of our own galaxy has a luminosity of approximately 4 x 10^ 

ergs/sec. The intense infrared emission of NGC 1275 is thus 

entirely consistent with its designation as a Seyfert galaxy 

C. RADIO 

NGC 1275 has been found to be a strong radio source. 

In particular, the radio emission is anomalously strong at 

short wavelengths, is time variable, and appears to have at 

least three components associated with the galaxy. Baade 

and Minkowski (1954) were the first to identify NGC 1275 

with the radio source Perseus A. In that same year obser¬ 

vations by Baldwin and Elsmore (1954) indicated that about 

75% of the radio emission originated from the optical 

galaxy while the remainder came from an extended region 
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thought to encompass the entire Perseus cluster. More recent 

observations made with greater resolution have resulted in 

a modification of this interpretation. Leslie and Elsmore 

(1961) concluded that the radio source consisted of three 

components designated A, B, and C. 

Component C, which has a diameter less than 0.4 pc, is 

located in the central region of NGC 1275, approximately 12" 

or about 6 kpc from the center of the optical nucleus. The 

spectrum of this component rises sharply below 8 GHz and is 

relatively flat between 8 GHz and 16.5 GHz (Dent,1966). The 

available evidence indicates that this component is a small- 

diameter variable synchrotron source with a cutoff near 

8 GHz due either to free-free absorption or synchrotron 

self-absorption. This component has shown evidence of both 

long-and short-term variability. In a six-year period, 

Dent (1966) found that the flux density at 8 GHz increased 

by 70%. Recent observations of this component by Wittels 

et al. (1975) at 7.8 GHz gave evidence of time variations in 

the flux density on the order of 3 hours. 

Surrounding component C is a somewhat larger source 

with dimension 40 pc which has a spectrum characterized by 

a spectral index of -0.52. The maximum flux density for 

this component occurs near 700 MHz. The spectral index 

provides indirect evidence for the possibility that compo¬ 

nent C has injected relativistic electrons into this larger 

component from time-to-time. If electrons are injected 



10 

into the halo regions by repeated outbursts having rela¬ 

tively flat spectra (like component C), then the spectral 

index of component B should be steepened by radiation losses 

from an initial value ap to a = a^-0.5 (Kardashev, 1963). 

Since a ^ 0 it follows that the steepened index should 

be a ^ -0.5 which is in fact observed. 

Surrounding these two inner components, which coincide 

with the highly luminous part of the optical galaxy, is the 

much more extended component A. This radio halo has a 

dimension on the order of 100 kpc and a relatively steep 

spectral index of a = -1.25. At frequencies below 400 MHz 

the flux from this component dominates the emission from the 

smaller two components. 

These three components collectively form the radio 

source 3C84A which is clearly associated with NGC 1275. A 

much more extended region of radio emission, 3C84B, with a 

diameter ^ 700 kpc is also present. The extent of this 

source in relation to NGC 1275 is shown in Figure 1. The 

spectrum of this diffuse source is characterized by a power 

law index of a = -0.7. The flux density detected from this 

source is less than that of 3C84A at all observed frequencies 

from 26 MHz to 3 GHz. 

D. X-RAY 

In the past five years it has been established through 

a number of observations that an intense X-ray source is 
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Figure 1 

The extended X-ray source in Perseus as determined from 

analysis of the Uhuru satellite data. Also shown is the 

extended radio source 3C84B. 
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present in the Perseus cluster and that is is probably asso¬ 

ciated with NGC 1275. Two competing models for the origin 

of this emission have been widely discussed. The X-ray 

emission might result from inverse Compton scattering 

involving microwave background photons and relativistic 

electrons (Bridle and Feldman, 1972; Perola and Reinhardt, 

1972). The presence of the relativistic electron population 

is inferred from the observation of the extended nonthermal 

radio sources which comprise 3C84B and one component of 

3C84A. Alternatively, the X-ray emission may be the result 

8 o of thermal bremsstrahlung in a hot (^ 10 °K) intracluster 

gas (Felton et al.. 1966; Lea et. al., 1973). The possibility 

that the X-ray emission is of synchrotron origin is unlikely 

since an extrapolation of the radio spectrum of 3C84B 
_ ? 

yields an X-ray flux that is 10 of what is actually 

observed. To determine whether the inverse Compton mechanism 

or thermal bremsstrahlung is responsible for the X-ray emis¬ 

sion, it is necessary to examine the observational data. 

A plot containing the measured flux values from seven 

different X-ray observations of the Perseus cluster is shown 

in Figure 2. As an inspection of this Figure discloses, 

there is considerable disagreement in the reported flux 

values for X-ray energies <_ 1 keV. Because of these 

discrepancies, it is desirable to briefly review some of the 

experimental measurements. 

On 1970 March 1, Fritz et ad. (1971) obtained a 
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Figure 2 

Reported X-ray flux measurements of the Perseus 

cluster as obtained from balloon, rocket, and satellite- 

mounted detectors. The exponential fit to the data 

corresponds to a thermal bremsstrahlung spectrum from a 

gas at 10** °K (Davidsen et^ al., 1974) . 
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measurement of the Perseus X-ray spectrum in the 0.5 - 

10 keV interval. A rocket-borne detector with a 10° field 

of view was utilized. A power-law of the form 

F (photons/cm2-sec-keV) = 2.2 E-3,0 (keV) 

was found to provide an acceptable fit to the data. Analysis 

of 11 days of data taken during 1971 January by the Uhuru 

satellite detectors in the 2.4 - 6.9 keV band has been 

reported by Forman ejt al. (1972). The angular extent of 

the X-ray source in Perseus was found to be 35' with the 

center of the emission being consistent with the position 

of NGC 1275. The region of extended X-ray emission is 

depicted in Figure 1. A power-law of the form 

F (photons/cm2-sec-keV) = 0.47 E (keV) 
2 

was fit to the data yielding a reduced x value of 2.6. On 

1971 October 23, rocket-borne detectors measured the 

Perseus X-ray spectrum in the 0.4-2 keV interval 

(Agrawal e^t al.,1974). The data were found to be fit by a 

power-law of index -4.8 + 1.2. The spectrum was also fit 

with a thermal bremsstrahlung model where kT = 0.26 keV. 

Another rocket-borne detector system which produced spectral 

data in the 0.1 - 10 keV interval has been described by 

Hayakawa ejt al. (1972). Analysis of the data showed that 

it could be fit with a power-law of index -4.0. Observa¬ 

tions of the Perseus cluster in the 7-500 keV range from 

1972 May 2-10 have been reported by Ulmer et al. (1973). 

The resultant spectrum was found to be compatible with an 
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- 3 0 extrapolation of the E * power-law reported by Fritz 

et al, (1971). However, it was noted that the statistics 

were not sufficiently good so as to distinguish positively 

between the above power-law and the E ' spectrum reported 

by Forman et ad. (1972). The experimental measurements 

described above are thus separately consistent with power- 

law spectra with indices between -2.0 and -4.8. It should 

also be emphasized that the results reported by Fritz et_ al. 

(1971), Hayakawa elt ad. (1972), and Agrawal ejt al. (1974) 

all indicate that a very appreciable soft X-ray flux is 

present. 

A considerably different picture of the soft X-ray 

spectrum has emerged from a re-analysis of the Uhuru data 

and some additional observations. Lea et_ ad. (1973) investi¬ 

gated the Uhuru data of Forman e_t ad. (1972) and demonstra¬ 

ted that a thermal bremsstrahlung spectrum of temperature 

kT = 8.5 +_ 1 keV could be fit to the data if an energy- 

dependent gaunt factor was used. It was also shown that 

the Uhuru data are fully compatible with the emission 

expected from an isothermal gas sphere of 15' diameter. 

The results obtained from a series of observations 

made between 1972 September and 1973 February using the 

Copernicus satellite detectors have been reported by 

Fabian et ad. (1974). The system provided a high angular 

resolution of <_ 10* over the 0.5 - 3.1 keV energy range. 

As a result of repeated observations of the Perseus 
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cluster, a crude map of the distribution of X-ray emission 

within the cluster was obtained. The map is consistent 

with a two-component model for the X-ray emission. The 

inner component has an angular diameter of <_ 3" and is 

coincident with NGC 1275. This source accounts for at 

most 251 of the total cluster flux observed at 1 keV. The 

spectrum of this inner component was fit with the following 

power-law: 

F (photons/cm^-sec-keV) = (0.3 +_ .005) E (keV) 

The spectrum was also fit with an exponential thermal model 

of temperature kT ^ 8 keV, although this provided a reduced 
2 

X value twice that obtained with the power-law. The second 

component consists of an extended source of X-ray emission 

comparable in dimension to that reported by Forman et^ al. 

(1972). The spectrum of this component was fit by both 

power-law and exponential models with the goodness of fit 

being comparable for both. It should be noted that no 

intense soft X-ray flux was detected. 

Support for a thermal origin of the X-ray emission 

from Perseus is provided by the observational data reported 

by Davidsen et al. (1972) in the 0.1 - 4 keV interval. A 

2° x 2.5° collimated rocket-borne detector was employed. 

An analysis of the data showed that the spectrum was that 
g 

expected from thermal bremsstrahlung of a gas at 10 °K and 

attenuated by an intervening interstellar column density of 

21 2 
1.6 x 10 atoms/cm . The fit corresponds to a 291 level 
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of confidence. 

The above interpretation that the X-ray spectrum is 

thermal in origin has received some additional support from 

the work of Kellogg et al. (1974) who re-examined the Uhuru 

data. A thermal bremsstrahlung model was fit to the data 

giving kT = 7.5 +_ 0.3 keV with no low-energy cutoff. A 

power-law fit to the data with index a = -2.09 +_ 0.05 was 

found to require a low-energy cutoff. Such a cutoff would 

imply an interstellar column density far in excess of that 

predicted by Tolbert (1971) from 21 cm measurements. 

It should be noted that the hard X-ray fluxes measured 

by Ulmer et a^. (1973) are consistent with the thermal spec¬ 

trum fit by both Davidsen et_ al.. (1972) and Kellogg et^ al. 

(1974). The flux value measured at 19 keV lies right on the 

predicted thermal bremsstrahlung curve as given by Davidsen 

et al. (1974) and Kellogg et al. (1974). However, this flux 

value lies 2a below the extrapolated power-law of index 

a = -2.09 fit to the Uhuru data by Kellogg et_ al. (1974). 

The flux value reported by Bui-Van et al. (1974) lies far 

above either the power-law or bremsstrahlung fits. This 

measurement must be considered highly anomalous. 

Thus there is observational evidence for both power*» 

law and exponential spectra in the X-ray emission from the 

Perseus cluster. The rocket data in the soft X-ray range 

reported by Fritz et_ al. (1974), Hayakawa et^ al^. (1972), and 

Agrawal et al. (1974) support the power-law interpretation 
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and are incompatible with the results obtained by Fabian 

et al. (1974) and Davidsen e^t aj, (1974) . A plausible 

explanation of this discrepancy is that it is due to the 

differing fields of view of the various X-ray detectors. 

The three groups reporting an intense soft X-ray flux all 

used detectors with a field of view >_ 10°. The detectors 

used by Fabian ert al. (1974) and Davidsen e^t al. (1974) had 

fields of view <_ 2°. Thus it is possible that the detectors 

with a large field of view included foreground X-ray 

emission in our Galaxy while observing Perseus. Such detec¬ 

tors would also have observed flux originating in discrete 

X-ray sources several degrees away from NGC 1275. Such an 

X-ray source has in fact been detected by Heinz e^t al. 

(1973), although it not certain whether this source pro¬ 

vides the large soft X-ray fluxes observed. Time variability 

may be present in the small X-ray source associated with 

NGC 1275. However, a variation with a period ^2 years cannot 

be reconciled with the extended X-ray source which has 

dimensions on the order of 10 kpc. 

It would thus appear that the available observational 

evidence tends to support a thermal bremsstrahlung model. 

However, additional data are required before the origin of 

the X-ray emission in Perseus can be determined. 



III. INSTRUMENTATION AND THE FLIGHT 

A. DETECTOR 

The principle fundamental to the operation of the 

detector is the emission of optical photons by the scintil¬ 

lator crystal as a result of gamma-ray interactions with 

the constituent atoms. Photons in the energy range 

measured by the experiment (56 keV to 12.4 MeV) can inter¬ 

act with the scintillator crystal in three possible ways: 

photoelectric absorption; Compton scattering; and pair 

production. In the first of these mechanisms the incident 

photon is completely absorbed by an atom which emits a K 

shell electron and a secondary K X-ray or auger electron. 

Compton scattering occurs when the incident photon is 

scattered by an atomic electron. Some of the incident 

photon's energy is transferred to the electron in the 

scattering process. The electron may then be ejected from 

the atom. The third possible interaction mechanism, pair 

production, involves the creation of an electron-positron 

pair out of a gamma-ray photon. For this interaction to 

occur, the gamma ray must be in the presence of a coulomb 

field and have an energy Ey >_ 1.02 MeV. Figure 3 depicts 

the attenuation coefficients for gamma-rays in Nal as a 

function of energy for the three interaction mechanisms 

discussed above. In each of these mechanisms the energy 

21 
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Figure 3 

Cross-sections for the interaction of gamma-rays with 

sodium iodide as a function of energy. The total cross- 

section is shown in addition to the ones for photoelectric 

absorption, Compton scattering, and pair production. Data 

from NBS circular No. 583. 
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of the incident photon is eventually converted into excited 

atomic states whose decay is accompanied by the emission 

of optical photons. These optical photons can then be 

detected by photomultiplier tubes. The magnitude of the 

output current from the photomultiplier tube is directly 

porportional to the energy of the incident gamma-ray. 

The basic configuration of the gamma-ray detector 

assembly is shown in Figure 4. Not shownare the styrofoam 

insulation, heaters, and associated thermostats that main¬ 

tain the detector temperature at 80 + 1°F. The detector 

consists of two major units--a central crystal and a colli¬ 

mator composed of three separate crystals. The central 

detector crystal is composed of Nal (Tl) and has a diameter 

of 15 cm and a thickness of 5 cm. This crystal is viewed by 

a single 3" diameter photomultiplier tube via a light pipe. 

Separating the tube from the crystal in this manner allows 

the photomultiplier tube to average over inhomogeneities in 

the light output from the central crystal. 

Almost completely enclosing the central crystal is the 

group of three collimator crystals, also composed of Nal(Tl). 

The collimator defines a 13° (full width half maximum) 

field of view for the central detector crystal. The minimum 

thickness of the collimator is 12 cm. This corresponds to 

2 mean free paths thickness for gamma-rays of energy 3 MeV, 

which is the energy of maximum transparency for Nal. The 

crystals that make up the collimator are viewed by a series 
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Figure•4 

Schematic diagram of the Nal(Tl) scintillation detector 

system. The guard and collimator crystals define a 13° 

FWHM field of view for the central detector crystal. The 

detector aperture is covered by a sheet of plastic scin¬ 

tillator, which with the guard and collimator crystals, 

provides complete 4ir steradian protection against data 

contamination by charged particles. Both the plastic and 

the guard and collimator crystals are connected in anti- 

coincidence with the central crystal. Not shown are the 

four photomultiplier tubes which observe the plastic, the 

six which observe the collimator crystal, and the nine which 

observe the guard crystal. 
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of 2M diameter photomultiplier tubes. The rationale for 

having such a comparatively thick collimator is the follow¬ 

ing. During the observation of celestial objects, the detec¬ 

tor system is at an altitude of more than 120,000 ft. At 

these high altitudes the terrestrial atmosphere is itself an 

intense source of gamma-rays due to cosmic ray interactions. 

Thus the detector system is immersed in a relatively iso¬ 

tropic flux of gamma-rays. In order to improve the signal/ 

noise ratio for gamma-ray source observations, it is 

necessary to prevent as many as possible of these atmospheric 

gamma-rays from penetrating the collimator crystals and 

interacting in the central detector. Thus the collimator 

thickness in the present detector represents a compromise 

between attenuation of the atmospheric background and pay- 

load weight limitations. It should be noted that the Nal 

crystals contribute to the background due to activation 

of the constituent atoms from cosmic ray interactions. 

Despite the thickness of the collimator, some percentage 

of the gamma-rays at a given energy that interact in the 

collimator will also deposit energy in the central detector 

crystal. To reject such events the photomultiplier tubes 

viewing the collimator and central crystals are connected 

in anti-coincidence. Given the time resolution of the 

associated electronics, scintillations produced in the 

collimator and central crystals by the same incident gamma- 

ray will be treated as simultaneous and hence rejected. 
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The use of an active collimator also provides the capability 

to reject events produced in the central crystal by secondary 

electrons and charged particles created by interactions in 

the collimator. 

The use of an active collimator also makes it possible 

to reject events produced by gamma-rays which come down the 

cone of acceptance and interact in the central crystal but 

do not deposit all of their energy. In particular, a gamma- 

ray may interact in the central crystal and produce a K-shell 

X-ray or Compton electron which then escapes and gives a 

scintillation in the collimator. Such events would be 

rejected by the anticoincidence circuitry. Thus the use of 

an actively collimated detector not only tends to improve the 

signal/noise ratio but also rejects many of the events in 

which total energy deposition in the central crystal does 

not occur. 

Complete 4ir steradian protection of the data against 

contamination by charged particles is provided by the active 

collimator and by a sheet of plastic scintillator (1/4M 

thick) that covers the detector aperture. The plastic 

sheet is viewed by photomultiplier tubes and connected in 

anticoincidence with the central detector crystal. 

B. GONDOLA 

The mechanical structure supporting the detector 

assembly and containing essential subsystems has two major 
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components --the inner and outer gondolas. These structures 

are depicted in Figure 5. The inner gondola consists of a 

cradle with a fork-type equatorial mount in which the detec¬ 

tor assembly is secured. The mounting permits a tracking 

accuracy of approximately +_ 1°. The declination axis of the 

mount is coupled to a dc torque motor while a digital stepping 

motor is used to drive the polar axis. The cradle is mounted 

on the outer gondola such that it can rotate freely in 

azimuth. The pulse-height analyzers, telemetry electronics, 

and magnetometers are also mounted on the inner gondola in 

addition to the detector. 

The outer gondola serves primarily as a support struc¬ 

ture for the inner gondola, although it does mount the 

various battery packs that supply power for the pointing 

systems and electronics. Power from the battery packs is 

transferred to the inner gondola by means of copper slip 

rings on the azimuth shaft of the inner gondola. The outer 

gondola is connected to the balloon by equal-tension steel 

cables from each of the four corner posts. These cables 

terminate in a rotating mount designed to decouple the outer 

gondola from the rotation of the balloon. In reality, the 

decoupling is not perfect so that the outer gondola has a 

tendency to rotate. To prevent this rotation from affecting 

the orientation of the detector's polar axis, a torque 

motor mounted coaxially on the inner gondola's azimuth shaft 

was utilized. Magnetometers mounted on the inner gondola 
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Figure 5 

The mechanical structure of the inner and outer 

gondolas which provide support and pointing capability for 

the gamma-ray telescope. Not shown are the battery packs 

which are mounted on the outer gondola and provide power for 

the on-board electronics and pointing system. 
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sensed the direction of the geomagnetic field, and drove the 

torque motor in a direction opposite to the outer gondola's 

rotation so as to maintain proper pointing. 

C. ELECTRONICS 

The energy domain measured by the detector (56 keV to 

12.4 MeV) was covered by two on-board pulse-height analyzers, 

each one having 256 channels. Each analyzer classified only 

events in the central crystal that were not rejected by the 

anticoincidence circuitry and in which the energy deposited 

was within the energy interval appropriate to that analyzer. 

The low-energy analyzer, designated "A", covered the region 

from 56 keV to 1000 keV while the high-energy one, designa¬ 

ted "B", spanned the 1 MeV to 12.4 MeV interval. The 

electronics are so arranged that if a pulse-height is too 

large for the "A", it is automatically routed to the "B." 

Events in which the energy deposited is in excess of 

12.4 MeV are counted and put into the first channel of the 

"B" analyzer. The analyzers incorporate a 4.5 MHz internal 

clock. To allow for closely spaced gamma-ray events 

(those less than 200 y sec apart), three storage registers 

are included to act as buffers. Figure 6 depicts the 

electronics for the two analyzers in block form. Once an 

event has been assigned a pulse-height channel, the channel 

number is digitized into a 9 bit word and telemetered at a 

rate of 5000 bits/sec to the ground station where it is 



33 

Figure 6 

Block diagram of the on-board detector electronics 

showing the two 256 channel pulse-height analyzers. Each 

gamma-ray event in the central detector crystal that is 

not rejected by the anticoincidence circuitry is coded into 

a 9 bit binary word and presented to the telemetry system 

as an asynchronous PCM signal. 
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recorded on magnetic tape. Thus the system is limited to 

transmitting approximately 500 events/sec which represents 

a count rate that is at least an order of magnitude greater 

than that which is actually observed at float altitude 

0 125,000 ft.). 

Also recorded on magnetic tape at the ground station 

was the signal of the US radio station WWV. This was used 

to synchronize a commercial time code generator (accuracy 
O 

1 part in 10 per day). The arrival of the digital word 

corresponding to the channel number of a gamma-ray event 

caused an interruption in the data flow such that the 7 

least significant bits from the 36 bit time code generator 

word were added to the 9 bit word. Thus each gamma-ray 

event is represented by a 16 bit word which specifies channel 

number and time of arrival. The most significant bits in 

the time code generator word are inserted into the data 

stream between gamma-ray events. 

In addition to the gamma-ray count data, 36 important 

"housekeeping" voltages were digitized by the on-board 

electronics into 10 bit words and telemetered at a rate of 

20 x 10 bits/sec. These various voltages provided know¬ 

ledge of the detector pointing, temperature, collimator 

count rates, etc. and are listed in Table I. These house¬ 

keeping voltages were sampled 10 times/sec in a "slowdown" 

mode and recorded on a magnetic tape. These parameters were 

also placed on two commutators where sampling took place 
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Table I. 

The 36 housekeeping voltages that specify the status 

of key on-board systems. Each voltage was digitized into 

a 10 bit word and sampled 10 times/sec. These voltages 

could then be displayed on the housekeeping decommutator 

for real-time monitoring of the system. 
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TABLE I. 

RICE UNIVERSITY 
GAMMASCOPE VI 

PCM COMMUTATOR 

1. (TACH) TACHOMETER MONITOR 

(8) 2. (MAGI) SERVO MAG #1 

3. (MAG2) SERVO MAG #2 

4. (12EB) + 12 V. MON. - EL. BOX 

5. (-6EB) - 6 V MON - EL. BOX 

(7) 6. (ALTI) ALTIMETER 

(2) 7. (SLHA) SLOW HOUR ANGLE POT 

(3) 8. (FSHA) FAST HOUR ANGLE POT 

(4) 9. (SLDC) SLOW DEC. POT 

(5) 10. (FSDC) FAST DEC. POT 

11. (E-W.) EAST-WEST LEVEL 

12. (N-S.) NORTH-SOUTH LEVEL 

13. (TORQ) TORQUE MOTOR CURRENT 

14. (DETT) DETECTOR TEMP. 

(6) 15. (+HV.) CENTRAL HV MONITOR 

16. (DPSW) DETECTOR PRESSURE SW. 

(10)17. (REJC) REJECT RATE *256 

(13)18. (CORM) COLLIMATOR RATEMETER 

(12)19. (GURM) GUARD RATEMETER 

(14)20. (RAHZ) R.A. FREQUENCY 

(9) 21. (PERP) PERPENDICULAR MAG 
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TABLE I. (CONTINUED) 

22. (28RG) + 28 V REG. MONITOR 

23. (28BA) + 28 V BATTERY PACK MONITOR 

24. (5REG) + 5 V. REG. MONITOR 

25. (5BAT) + 5 V UNREGULATED 

26. (EBXT) EL. BOX PRESSURE SW. 8 TEMP. 

27. (GUAR) GUARD RATE / 40960 

00
 

• (COLR) COLLIMATOR RATE / 40960 

(11)29. (CTHR) COLLIMATOR THRESHOLD 

(15)30. (GTHR) GUARD THRESHOLD 

31. (FRNT) FRONT HEATER MONITOR 

32. (REAR) REAR HEATER MONITOR 

33. (-6V.) -6 V MON. - PHA 

34. (+12V) + 12 V MON. - PHA 

35. (EHET) EL. BOX 8 RA MOTOR HEATER MON 

(1) 36. (GND.) GROUND. 

Notes: Order for 15 words on mechanical commutator are in 

( )• 

Four character mnemonics for T1980A are in ( ). 
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every three seconds. By using the housekeeping decommutator 

these values could then be viewed in real time. 

A considerable amount of electronic equipment at the 

telemetry ground station was necessary to receive, decode, 

and record the data. The major components of the ground 

station electronics are represented schematically in 

Figure 7. Of the various items of equipment used three are 

important enough to merit special note. All data were 

recorded on analog tape using a 7-track Ampex tape recorder. 

A Texas Instruments TI980A minicomputer with 8K memory was 

used during the flight to monitor the status of the various 

housekeeping parameters, accumulate spectra, and to compute 

pointing corrections for the instrument. The final item of 

equipment worthy of note is the housekeeping decommutator, 

which permitted display of selected housekeeping parameters 

in real time. This proved invaluable not only in pointing 

the detector at a celestial source but in determining whether 

telemetry commands were being received and acted upon by the 

on-board instrumentation. 

D. SYSTEM CALIBRATION 

Prior to the launch of the gamma-ray detector system, 

a large number of instrumental calibrations were made. 

These were necessary in order that such things as detector 

pointing, altitude, temperature, and analyzer gain be 

determined. Five of the most important calibrations will 
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Figure 7 

Block diagram of the telemetry ground station. The 

equipment is arranged to receive and record gamma-ray pulse 

height data, the arrival times associated with these events 

and housekeeping voltages. Real-time display of the data 

permits monitoring and control of the experiment during the 

flight. 
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be discussed in some detail. 

The gamma-ray axis determination was undertaken to 

define the relation of this axis to the optical or symmetry 

axis of the detector. The results as determined separately 

for the "X" and "Y" axes are shown in Figures 8 and 9, 

respectively. The procedure involved in the determination 

was straightforward. Using a precision levelometer the 

detector was leveled and oriented so that the projection 

of its symmetry axis was normal to a wall some 15 ft. dis¬ 

tant, After locating the projection of this axis on the 

133 wall, a Ba source radiating at 356 keV was placed at 

successive points on the wall such that these points defined 

two mutually orthogonal axes centered on the projection 

point. For each location of the radioactive source, a 

spectrum and the peak counting rate were obtained. In this 

way plots of counting rate versus angular deviation were 

obtained. In addition to defining the relation of the gamma- 

ray axis to the optical axis, this procedure also gave the 

angular response function of the detector at the energy 

measured. It should be noted that since the source was not 

positioned at infinity with respect to the detector, a 

point-source angular response function was not obtained. 

However by extrapolating the results for angles greater 

than about +_ 2° off axis to angles smaller than this 

value, a point-source like response was gained. This was 

necessary since a point-source response is sharply peaked 
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Figure 8 

The determination of the horizontal gamma-ray axis 

of the detector system relative to the symmetry axis. The 

133 counting rate of the Ba source in a 1.0 FWHM interval 

about the line energy of 0.356 MeV was computed as a 

function of angle off axis. Because of the finite distance 

from the source to the detector, the measurements for angles 

greater than +_ 2° off axis had to be extrapolated to yield 

a point-source like response. 
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Figure 9 

The determination of the vertical gamma-ray axis of 

the detector system relative to the symmetry axis. The 

133 counting rate of the Ba source in a 1.0 FWHM interval 

about the line energy of 0.356 MeV was computed as a func¬ 

tion of angle off axis. Because of the finite distance from 

the source to the detector, the measurements for angles 

greater than +_ 2° off axis had to be extrapolated to yield 

a point-source like response. 
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permitting accurate determination of the gamma-ray axis. 

An on-board altimeter that measured the thermal 

conductivity of the air was used to give knowledge of the 

detector's altitude at any given time during the flight. 

The principle behind the operation of this device is simple: 

the thermal conductivity of a gas is a function of its 

density, provided that the gas is sufficiently dilute. 

Given a value for the density, the corresponding altitude in 

the terrestrial atmosphere can then be determined. The 

device is accurate to within 0.06 gm/cm (about 300 ft.) for 

altitudes above ^ 10^ ft. The altimeter was calibrated in 

a test chamber specifically designed for this purpose. By 

tabulating the altimeter output voltage as a function of 

pressure and hence altitude, the calibration plot depicted 

in Figure 10 was obtained. 

To determine the pointing of the detector, knowledge 

of the rotation about the polar and declination axes is 

essential. On the instrument each of these axes was coupled 

to 2 potentiometers, one "slow" and the other "fast" depend¬ 

ing on the gear ratios. Both potentiometers had the same 

voltage range but the difference in gear ratios caused many 

cycles of the fast "pot" to be present in a single cycle of 

the slow one. The value of the slow potentiometer was thus 

used to determine which cycle the fast one was on. Then by 

using the value of the fast potentiometer the declination or 

hour angle could be determined to within 1/4°. In the 
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Figure 10 

Altimeter calibration plot giving output voltage as a 

function of altitude. The altimeter measures the thermal 

conductivity of the air. For altitudes above 100,000 ft., 

the device is accurate to within 0.06 mb. 
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calibration procedure a precision levelometer was used with 

the fast and slow pot values being recorded for every 5° 

change in declination or hour angle. 

The other quantity essential in computing the pointing 

of the gamma-ray telescope is the azimuth. Knowledge of this 

quantity is gained from two fluxgate magnetometers which 

measured the components of the geomagnetic field in a plane 
* 

tangent to the earth's surface. Calibration was accom¬ 

plished by first pointing the detector at true North and 

then rotating it in 10° azimuth increments and tabulating the 

output voltages of the magnetometers. The resulting cali¬ 

bration plot is shown in Figure 11. 

Calibration of the two pulse-height analyzers was 

conducted on three separate occasions with the last such 

taking place just prior to launch. The calibration procedure 

involved accumulating a spectrum for each of a series of 

gamma-ray sources. For a given gamma-ray line energy, the 

response of the instrument was a photopeak of approximately 

gaussian shape centered on the energy of the gamma-ray. 

For each photopeak the channel number corresponding to the 

peak counting rate was determined. In this way a series of 

channel numbers were identified with the corresponding 

source energies. The gamma-ray sources used in the calibra¬ 

tion are listed in Table II. From these measurements plots 

of energy versus channel number were prepared as shown in 

Figures 12 and 13 for the "A" and "B" analyzers, respectively. 
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Figure 11 

Magnetometer calibration plot showing output voltage 

as a function of azimuth. The two magnetometers measure 

the components of the geomagnetic field parallel and 

perpendicular to the horizontal projection of the polar 

axis. The solid curve is that of the "perpendicular” 

magnetometer while the dashed curve corresponds to the 

"parallel" magnetometer. The "plateaus" in the response of 

the parallel magnetometer are due to saturation effects. 
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Table II. 

Gamma-ray sources which were used in the determination 

of the gain and resolution for the "A" and "B" analyzers. 
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TABLE II. 

Gamma-Ray Sources Used In Gain § Resolution Determination 

Source Ey (MeV) Peak Ch. No. No. Ch. in 

Ba133 0.031 'V- 1 

0.080 13.2 6.8 

Am241 0.060 8.3 6.1 

Co57 0.125 23.9 8.5 

Na22 0.511 120.5 19.5 

1.275 269.3 3.0 

Cs137 0.032 -v 1 

1.275 159.0 20.0 

Mn54 0.835 201.0 23.0 

Co69 1.17 267.0 
7.0 

1.33 271.0 

Ra226 1.12 267.5 4.0 

1.76 281.2 

2.20 289.5 

2.44 294.0 
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Figure 12 

Determination of the "A" analyzer gain from pre-flight 

calibrations. For each gamma-ray source measured, the chan¬ 

nel number corresponding to the maximum counting rate was 

determined. The analyzer gain was found to be specified by 

an intercept of 30.0 keV and a slope of 4.03 keV/channel. 
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Figure 13 

Determination of the "B" analyzer gain from pre¬ 

flight calibrations. For each gamma-ray source measured, 

the channel number corresponding to the maximum counting 

rate was determined. The analyzer gain was found to be 

specified by an intercept of 0.682 MeV in channel 257 and 

a slope of 46.1 keV/channel. 
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The plots show both analyzers to display a high degree of 

linearity. From the plots the gains of the two analyzers 

were found to the following: 

"A" analyzer: E(keV) = 30.0 + 4.03 N 

"B" analyzer: E(MeV) = 1.05 + 0.0461x(N-265) 

where N is the channel number ranging from 1-256 for the 

"A" and 257-512 for the "BM. 

From the accumulated spectral data on the gamma-ray 

sources it was also possible to determine the resolution of 

each of the two analyzers. As noted previously, the detector 

response to a monochromatic source of gamma-rays is a photo¬ 

peak of roughly gaussian shape centered on the gamma-ray 

line energy. By convention the resolution is defined as 

follows : 

R (*) = 
AF CFWHM 

Ey 

where AEp^^ is the energy width of the photopeak measured at 

a counting rate that is half the peak counting rate. Ey is 

just the energy of incident monochromatic gamma-rays. By 

determining the quantity AEp^^ from the photopeaks of the 

sources listed in Table II, the resolution characteristics 

of both analyzers were computed. Log-log plots of the 

resolution versus energy showed a power law behavior of the 

following form: 

"A” analyzer R(%) = 0.01 E"’500 (keV) 

"B" analyzer R(%) =0.20 E-’700 (MeV) 
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E. THE FLIGHT 

Because the terrestrial atmosphere is opaque to gamma- 

rays, the observation of celestial gamma-ray sources makes 

it essential that the detector be lifted to altitudes of at 

least 120,000 ft. This corresponds to a residual atmospheric 

depth of less than 5 gm/cm . In the present experiment the 

balloon-borne gamma-ray detector was launched at 0721 CDT 

on May 15, 1973. The launch site was the National Scientific 

Balloon Facility (NSBF) at Palestine, Texas. The balloon 

achieved a float altitude corresponding to an atmospheric 

depth of 4 gm/cm and maintained this for the duration of the 

flight. Sometime between launch and the attainment of float 

altitude a 0.9% gain change occurred in the instrument for 

unknown reasons. This will be discussed in detail in a later 

section. Between 1018 CDT and 1313 CDT the detector observed 

the Perseus cluster of galaxies. The detector was pointed 

at the brightest galaxy in the cluster, NGC 1275, which has 

the following coordinates: 

a (1950) = 03h 16m 35s 

6(1950) = 41° 21* 11" 

During the observation of NGC 1275 the intended proce¬ 

dure was to observe the source for approximately 10 minutes 

and then rotate 180° in azimuth to take a 10 minute back¬ 

ground segment. The cycle would then be repeated. However 

due to telemetry command problems the duration of the 

observing segments was not uniform. In particular,the 
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source segments varied from 2 to 12 minutes in length. A 

total of 7 source segments and 9 background segments were 

obtained representing approximately 61 and 82 minutes of 

data, respectively. Since only the azimuth was changed 

between source and background segments, segments adjacent in 

time were taken at approximately the same zenith angle. 

Finally it should be noted that NGC 1275 was observed while 

it was rising in the sky. Since its transit time was 1359 

CDT and the last source observation segment ended at 1313 

CDT, source data taken at the minimum atmospheric slant depth 

were not obtained. 

From 1344 CDT to 1548 CDT the detector observed the 

Crab Nebula in Taurus. The same type of observational pro¬ 

cedure was employed as with NGC 1275 except that fewer 

problems with the telemetry system were encountered. At 

1548 CDT the command system failed. Thereafter the balloon 

was free to rotate 360° in azimuth at a constant zenith 

angle of 12°. Data obtained between 1548 CDT and flight 

termination at 2300 CDT were used to investigate the depen¬ 

dence of the gamma-ray background upon azimuth at a slant 

depth of 5 gm/cm . After flight termination the detector 

was recovered in good condition. Throughout the course of 

the flight, the balloon's position was monitored by personnel 

of the NSBF. This permitted updates of the balloon's posi¬ 

tion in latitude and longitude to be made available to the 

flight controllers approximately every 15 minutes. 



IV. DATA REDUCTION 

The extraction of a corrected source spectrum from the 

analog flight tapes is a rather lengthy process. It involves 

a number of distinct computer programming steps. These are 

schematically represented in Figure 14. As an accurate and 

carefully executed data reduction process is essential in 

obtaining a final result in which confidence can be placed, 

this process will be reviewed in considerable detail. The 

data reduction process can be viewed as composed of three 

basic parts: an initial set of programs that reformat the 

time and gamma-ray data; a SEGMENT program that accumulates 

an uncorrected spectrum for any designated time interval; 

and a final set of programs that yield a fully corrected 

residual source spectrum. 

A. INITIAL PROGRAMS 

The flight data including the gamma-ray count data, 

the corresponding arrival times for these events, and the 

housekeeping data were all recorded on 7-track analog tape, 

as noted earlier. To get the gamma-ray and time data into a 

more compact and useful format, an analog to digital 

(ATOD) conversion process was run on the SDS 92 A § B com¬ 

puters of the Space Physics and Astronomy Department. The 

analog flight tapes were played back in parallel with the 

62 
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Figure 14 

Block diagram of the complete data reduction and 

analysis procedures. The process begins with the digitiza 

tion of the analog flight tapes recorded at the ground 

station and culminates with the computation of a fully 

corrected source spectrum. 
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Nuclear Data pulse-height analyzer. The ATOD program took 

the input data stream and wrote it on digital tape using a 

format with a fixed record length of 4092 words. Each 

analog tape was taken to define a single file on the digital 

tape. At the end of each analog tape (and digital file), 

the last record generally did not contain the full 4092 

words; the record was completed with zeros by using a 100 kHz 

signal in place of the input data. 

The second step in the initial æquence of programming 

involved the use of a CONVRT program which was also run on 

the SDS computers. The function of this program was to read 

the digital flight tape written by the ATOD program and con¬ 

vert the BCD time code to a 36 bit integer giving the time 

of each gamma-ray event in milliseconds. The result of this 

program was a second digital tape that preserved the file 

and record designations present on the first digital flight 

tape. Normally the time tag in milliseconds on each gamma- 

ray event progressively increases. However due to elec¬ 

tronic problems, bad spots on the analog flight tapes, etc., 

errors in the time data occasionally occur. These errors 

may take several forms including time reversals and dropouts. 

In the former case, the time associated with a given gamma- 

ray event may be less than the time registered for the 

event just preceding it. In the latter case, entire blocks 

of time designation extending over tens to hundreds of 

milliseconds may be completely garbled. 
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To locate these time data errors on the CONVRT tape, a 

CONVRT READ program was run on the SDS 92A. This program 

searched every record of each file on the CONVRT tape for 

time dropouts, reversals, etc. If the data within a given 

record were free of such dropouts or reversals, only the 

channel number and time corresponding to the first and last 

gamma-ray events within that record were printed. However 

if a time error should occur within a record, the entire 

contents of that record are printed out, i.e,, the channel 

number and arrival time in milliseconds for every gamma-ray 

event within the record. By looking through the CONVRT READ 

printout, the time of the last good event preceding a bad 

zone and the time of the first good event immediately follow¬ 

ing such a zone could be readily noted. A tabulation of 

these times for all the source and background segments 

obtained during the observations from 1018 CDT to 1313 CDT 

was made. These time data were transferred to cards which 

were later used to excise gamma-ray data within the "bad" 

zones from accumulation into a SEGMENT spectrum. 

The data on the CONVRT tape were also subjected to an 

s-fold distribution analysis. The objective was to examine 

the time distribution between consecutive gamma-ray events. 

This analysis revealed the existence of high count rate 

"glitches" where all the counts within a time interval on 

the order of 100 milliseconds were in the first several 

channels in the "A" analyzer. The time between events in one 
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of these "glitches" was about 2 milliseconds which corre¬ 

sponds to ^ 500 counts/sec. Since this is the maximum 

counting rate that the instrumental electronics can tele¬ 

meter back to the ground station, the detector can be 

considered saturated for these time intervals. Printouts 

of every record containing such glitches were made. The 

time of the last good gamma-ray event preceding such a high 

count rate interval was noted as was the first good event 

immediately following such an interval. In addition to these 

high count rate regions, intervals of anomalously low count¬ 

ing rate were also identified. With a "normal" counting 

rate at float altitude, one count every 0.02 second was 

expected. However this time interval was found to be as 

much as 1 second between consecutive events. Printouts of 

the CONVRT tape were obtained in the vicinity of each of 

these low count rate intervals with the times of the gamma- 

ray events on either side of the "bad" interval being 

tabulated. In this way the times of "good" gamma-ray 

events bracketing every one of the high or low count rate 

intervals were obtained. These times were then later used 

to excise these suspect intervals from the preparation of 

an uncorrected residual spectrum. 

B. SEGMENT 

This intermediate stage in the data reduction process 

has a twofold task. First, the CONVRT tape must be segmented 
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in time so as to accumulate an uncorrected spectrum for 

each of the source and background segments. A second 

application of this program is to segment the CONVRT tape 

in both time and channel number to obtain normalized count¬ 

ing rates for a given set of channel sums. This latter func¬ 

tion of the SEGMENT program is especially useful in obtain¬ 

ing a preliminary idea of the source spectrum. It is more 

meaningful to compare the accumulated count rate over 1.0 

FWHM channel intervals for source and background segments 

than to compare single channel results. 

Before segmenting the CONVRT tape into source and back¬ 

ground segments, the beginning and end times of these 

segments in milliseconds had to be specified. During the 

73-2 flight, the telemetered output voltages from the magne¬ 

tometers were recorded on a dual pen Hewlett-Packard strip 

chart recorder. Since at various points, the time was noted 

on the strip chart, the beginning and end times of north 

(source) and south (background) pointing segments could be 

determined to within an accuracy of about 30 seconds. How¬ 

ever, a more precise estimate of these times was considered 

desirable. To achieve this, the analog flight tapes were 

played back using the 7-track Ampex tape unit. The magne¬ 

tometer voltages were taken off the tape track containing 

the housekeeping parameters and displayed on the numeric 

readout of the housekeeping decommutator. The corresponding 

time data were obtained from the broadcasts of WWV which 
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were also recorded during the flight. From the resulting 

tabulation of the magnetometer voltages as a function of 

time, the north and south pointing segments were readily 

identified, as were the transition segments where the 

detector was rotating in azimuth. Thus the accuracy with 

which the time segments were known was limited only by the 

frequency of the slowdown sampling of the housekeeping volt¬ 

ages (10 times/sec). The above method,while slow and 

laborious, insured that the source segments were uncontami¬ 

nated by the adjacent transition segments. 

With knowledge of the begin and end times for each 

source and background segment and the location (in time) of 

the high and low count rate intervals, time reversals, drop¬ 

outs, etc., the EXPRESS SEGMENT L. program was run on the 

SDS 92A. For each source and background segment the program 

accumulated a 512 pulse-height channel spectrum. All pre¬ 

viously identified "bad" time intervals within each segment 

were ignored by the program. 

Before proceeding with the conversion of the uncorrected 

segment spectra into a final corrected residual spectrum, the 

SEGMENT program was utilized in preparing time history plots. 

Each such plot consists of the normalized counting rate in 

"Glenns" (counts /5 min) over a 4.0 FWHM channel sum for 

each of the source and background segments. The specifica¬ 

tion of the begin and end channel numbers for each of these 

contiguous channel sums was determined from the gain and 



70 

energy resolution characteristics of the V and'V analyzers. 

This procedure will be discussed in more detail subse¬ 

quently. Five representative time history plots are shown 

in Figures 15a through 15e. An examination of these plots 

indicated that at best NGC 1275 is a very weak source in the 

energy range investigated by the present experiment. The 

time history plots also showed that the last background seg¬ 

ment taken (Background #9) was many standard deviations above 

the mean count rate of the other segments, especially in the 

channel sums taken between channels 27 and 136. This extra¬ 

ordinarily high count rate rendered the segment suspect and 

indicated that a thorough investigation of the housekeeping 

data was in order. 

C. EVALUATION OF DATA QUALITY 

In carrying forward the data reduction for a weak or 

marginally detectable gamma-ray source, it is especially 

important that the data be free from contamination by point¬ 

ing errors, other discrete gamma-ray sources, fluctuations 

in detector performance, and variations in the telemetry 

signal strength. Accordingly, the investigation of each of 

these possibilities will be discussed in some detail. 

During the portion of the flight in which the detector 

was pointed at NGC 1275, a number of pointing difficulties 

were encountered. There was considerable difficulty in get¬ 

ting telemetry commands through so as to have the detector 
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Figures 15a-15e 

Time history plots of uncorrected source and back¬ 

ground segment count rates for five representative 4.0 

FWHM energy intervals. Although a total of seven source 

and nine background segments were obtained in the flight, 

only those segments used in the preparation of the residual 

source spectrum are shown. Segment designations are the 

following : 

+ 
+ 

SOURCE 

BACKGROUND 
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oriented properly in azimuth. If the pointing had been in 

error by several degrees during a source segment then the 

counting rate would have been reduced as indicated by the 

plots used in the gamma-ray axis determination. This, of 

course, assumes that a detectable discrete gamma-ray source 

was being observed. From housekeeping printouts of the hour 

angle and declination pot voltages, the pointing of the 

detector was computed at times corresponding to the midpoints 

of the various source segments. These values were then com¬ 

pared to the predicted values required for the detector to be 

precisely pointed at NGC 1275. The differences were found to 

be within the accuracy of the pointing system (+_ 1°). 

Another possibility that merited consideration was that 

other discrete gamma-ray sources were in the field of view 

during some of the background segments. If such were the 

case, a weak but still detectable source in Perseus could be 

obscured by the increased background count rates. For each 

of the background segments the coordinates right ascension 

and declination were computed for the times corresponding to 

the beginning and end of each segment. The various values 

were then compared with the coordinates of known X-ray 

sources in the 3U catalog. A plot of the background segment 

pointing in galactic coordinates together with the locations 

of the reported 3U discrete X-ray sources is shown in 

Figure 16. In all but two of the background segments no 

known discrete X-ray source was within the detector's field of 
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Figure 16 

Pointing of the first eight background segments in 

galactic coordinates. Only in two of these segments were 

known X-ray sources within the field of view. In both 

cases the discrete X-ray source was considerably weaker than 

NGC 1275 in the Uhuru energy band. Also both sources 

remained about 5° off axis. The positions of the 161 dis¬ 

crete X-ray sources plotted were obtained from the 3U 

catalog. 
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view. However in background segment B3 the source 3U2346+26 

was in the field of view,while in segment B4 the source 

3U0042+32 was observed. In the energy band measured by the 

Uhuru satellite detectors (2.4-6.9 keV) both of these sources 

have counting rates only l/7th of that found for NGC 1275. 

Also since both of these sources remained about 5° off axis, 

it follows that the counting rate would be further reduced to 

less than 10 * of that measured for NGC 1275. An analysis of 

the counting rates of the various background segments in a 

series of 1.0 FWHM energy intervals was undertaken. It was 

found that the counting rates in segments B3 and B4 were often 

below the mean count rate of the other background segments. 

No statistically significant excess in the B3 and B4 count 

rates relative to the mean count rates of the other back¬ 

ground segments was found. Because of the apparently very 

low intensity of these two discrete X-ray sources at gamma- 

ray energies, it was concluded that the background data is 

not measurably contaminated by known discrete sources. 

Fluctuations in crucial on-board systems such as power 

supply regulators, guard and collimator thresholds, etc. 

were another possibility that had to be considered. All 

housekeeping systems listed in Table I were checked for the 

portion of the flight in which NGC 1275 was observed. Thirty- 

two of the 36 systems were found to be stable having volt¬ 

age values within acceptable limits. However, four of the 

systems, the guard and collimator thresholds and their 



respective rate meters, displayed some considerable varia¬ 

tions. A change of 10 keV in the guard threshold was found 

to have occurred between 1024 CDT and 1030 CDT. A similar 

change in the collimator threshold transpired around 

1245 CDT. Since these threshold changes had no statistically 

significant effect on the count rate, the segments in which 

these changes occurred were retained. However, a guard 

threshold change of much greater magnitude than those des¬ 

cribed above occurred at 1320 CDT during the last background 

segment. This was found to be responsible for the very high 

count rates obtained in this segment. This last segment 

was accordingly dropped from further consideration in the 

data reduction process. These various threshold changes were 

not a part of the planned procedure. They were initiated by 

ground-based telemetry in an effort to determine how 

effectively the telemetry command system was operating. 

On several occasions during the flight, the pointing 

of the ground-based tracking antenna had to be adjusted to 

improve telemetry reception. However during the observation 

of NGC 1275 an inspection of the signal strength log showed 

that reception remained uniformly good throughout this time 

interval. Thus with the exception of the last background 

segment it appeared that good quality data had been obtained 

from 1018 CDT to 1313 CDT. 



82 

D. DETERMINATION OF GAIN CHANGE 

Although the time history plots which compared counting 

rates in channel sums for source and background segments 

proved useful, a second type of plot was produced before 

proceeding with the data reduction. Plots of total uncor¬ 

rected source and background count rates as a function of 

channel number were prepared. These are shown in Figures 17 

and 18 for the "AM and "B" analyzers, respectively. This was 

done on a channel-by-channel basis using the following pre¬ 

scription for the total uncorrected count rate in the ith 

channel : 

R. 
l ) 

-1 

where the subscript j refers to the segment number;a.^ is 

the standard deviation corresponding to count rate . In 

the resultant plot, the activation peak at 203 keV due to 

I was clearly evident as was a broad peak centered around 

490 keV. This latter feature was attributed to a combina¬ 

tion of an activation line at 473 keV due to Na^ and the 

511 keV line. These peaks were displaced by approximately 

7 channels from their position predicted on the basis of the 

pre-flight energy calibration of the "A" analyzer. The 

values obtained in this calibration have been noted pre¬ 

viously. Similar plots of total background count rates were 
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Figure 17 

Total uncorrected source and background count rates 

as a function of channel number for the "A" analyzer. Seven 

source and six background segments were averaged to obtain 

the total count rates shown. 
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Figure 18 

Total uncorrected source and background count rates as 

a function of channel number for the "B" analyzer. Seven 

source and six background segments were averaged to obtain 

the total count rates shown. 
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prepared from data taken in later portions of the 73-2 

flight. These corroborated the positions of these peaks as 

determined from the background data taken during the obser¬ 

vation of NGC 1275. As a result of this agreement, it was 

apparent that the gain in the "A" analyzer changed sometime 

between launch and the arrival of the balloon at float alti¬ 

tude. A precise estimate of when the gain change occurred 

was impossible because the activation peaks did not begin 

to develop significantly until near float altitudes were 

achieved. 

To obtain an estimate of what the "A" analyzer energy 

calibration actually was during the flight, it was clear that 

only the two points from the activation peaks could be util¬ 

ized. To make an accurate gain determination it was neces¬ 

sary that the peak channel corresponding to each of the two 

activation features be defined to within +_ 0.5 channel. The 

gamma-ray background spectrum at float altitude exhibits a 

power law behavior, at least over the limited energy range 

from 30 keV to 1.0 MeV. The contribution from this power- 

law will thus modify the shapes of the activation peaks and 

could easily produce errors in the determination of the peak 

channel, if it is not subtracted out. 

Accordingly, a single channel log-log plot of the back¬ 

ground count rate as a function of channel energy was 

prepared. This is shown in Figure 19. A power-law fitting 

subroutine was then applied to selected groups of channels 
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Figure 19 

Total uncorrected background single-channel count 

rates plotted as a function of energy. The energy interval 

shown corresponds to channels 12 through 237 in the "A" 

127 analyzer. The activation peak from I at 203 keV is 

not as well developed as the peak at about 490 keV. This 

24 latter spectral feature is believed to result from Na 

emission at 473 keV and positron annihilation at 511 keV. 
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in the background. Those channels lying under the activa¬ 

tion peaks were not included in the fit. The resulting best 

fit power-law was of the form: 

CR (counts/5 min) « 652 CH-0,63 

where CH is the channel number. The power-law contribution 

to each channel under an activation peak was computed and 

subtracted from the observed counting rate. The resulting 

net count rates represent the counts actually due to 

activation. These results were plotted on a linear scale in 

Figures 20 and 21. After selection of the peak channel 

numbers the gain in the "A" analyzer was readily computed. 

It was found that 

E (keV) = 56.0 + 3.97 N 

where N is the channel number ranging from 1 to 256. The 

new threshold energy for the "A" analyzer is thus 26 keV 

larger than the corresponding value determined from the pre¬ 

flight calibrations. It was not possible to determine the 

gain in the "B" analyzer by this method since no prominent 

activation peaks were found between 1 MeV and 12.4 MeV. 
% 

Because of the relatively large number of keV/channel in the 

"B", a change in several tens of keV in the threshold and 

of only 0.06 keV/channel in the slope can be considered 

insignificant. 

The actual cause of the gain change remains uncertain 

as there are a number of plausible possibilities. One of 

the most likely is that the relatively rough launch affected 
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Figure 20 

127 Net counting rate due to I activation in the energy 

interval around 203 keV. This count rate was obtained by 

subtracting the background continuum (approximated by a 

power-law) from the total background count rate on a channel- 

by-channel basis. 
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RESIDUAL ACTIVATION PEAK ~ 203 KeV 

CHANNEL NO. 

Figure 20 
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Figure 21 

Net counting rate due to Na^ activation at 473 k:eV 

and positron annihilation at 511 keV. This count rate was 

obtained by subtracting the background continuum (approxi¬ 

mated by a power-law) from the total background count rate 

on a channel-by-channel basis. 
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RESIDUAL ACTIVATION PEAK - 490 keV 

Figure 21 
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the optical coupling between the central detector crystal 

and the large phototube viewing it. Perhaps the best con¬ 

firmation of the correctness of the revised energy 

calibration is that its utilization in the data reduction 

for the Crab Nebula produced a spectrum with a power-law 

index very nearly identical to that obtained from previous 

observations of this source with different instruments 

(Walraven £t al^., 1975). 

With an accurate energy calibration available for the 

MA" analyzer it was necessary to recompute the resolution 

curve for this analyzer. This was done simply by multi¬ 

plying the channel width at half the peak counting rate for 

each of the sources listed in Table II by the new gain of 

3.97 keV/channel and dividing by the appropriate gamma-ray 

line energy. A power-law was fit to the recomputed resolu¬ 

tion values to obtain the following relation: 

R {%) = 0.102 E"'
506 (keV) 

E. FINAL DATA REDUCTION PROCEDURES 

The final stage of the data reduction process involves 

the combination of the source and background segments to 

form partial residuals which are then combined with 

appropriate correction factors to yield a final, fully 

corrected residual source spectrum. This spectrum,which is 

in terms of count rate in "Glenns" as a function of channel 

number, is then converted into flux units of photons/ 
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2 
cm -sec-keV. Channel sums are then computed and a power- 

law or exponential fit to the resultant spectrum where 

appropriate. 

The first step is to compute a set of single channel 

"partial residuals," the number of which is equal to the 

number of source segments. A partial residual is computed 

by obtaining a weighted average of the background segments 

on either side of a source segment on a channel-by-channel 

basis. This average background is then subtracted from 

the source segment on a channel-by-channel basis. The 

prescription for this is the following: 

B. . _ B. . _ 
13-1 + i3+l 
2 ~2  

aij -1 °ij -1 

-1 

a 
ij 

1/2 

where is the partial residual count rate in the ith 

channel corresponding to the difference of the ith channel 

count rate in the j.th source segment and the mean ith 

channel count rate of the j-1 and j+1 background segments. 

Before these partial residuals can be combined further, 

atmospheric absorption of gamma-rays reaching the detector 

from the celestial source must be taken into consideration. 

Each source segment represents a different path length 

through the atmosphere for gamma-rays originating in the 

celestial source. To correct for this atmospheric 
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attenuation, the correction factor must include an energy- 

dependent cross-section for the absorption of gamma-rays in 

air and a specification of the effective atmospheric depth. 

A correction factor of the following form was used: 

e6psecZA 

where e is an energy-dependent attenuation coefficient in 

cm /gm, P is the atmospheric pressure in millibars, and ZA 

is the zenith angle. The values of e are tabulated in 

Table III and were taken from a chart prepared from the 39th 

edition of the Handbook of Chemistry and Physics and NBS 

Report No. 1003 (1952) as reproduced in the Radiological 

Health Handbook. The mean value of P was determined for each 

source segment from the altimeter data. This was done simply 

by computing the average value of the altitude for each 

source segment and converting this to a pressure in milli¬ 

bars using tables in the U.S. Standard Atmosphere (1962). 

Finally, the zenith angle was computed at a time corresponding 

to the midpoint of each source segment. Designating the 

atmospheric correction factor for the ith channel of the jth 

partial residual as A.. it follows that 

a * 
ij 

where the * implies correction for atmospheric attenuation. 
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Table III. 

? 
Gamma-ray attenuation coefficients in air in cm /gm. 

These energy-dependent coefficients were used to correct 

for atmospheric attenuation in the source segments. 
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TABLE III. 

Gamma-Ray Attenuation Coefficients In Air 

(MeV) 
? 

0(cm /gm) 

0.030 0.310 

0.040 0.220 

0.050 0.190 

0.060 0.180 

0.070 0.170 

0.080 0.160 

0.090 0.150 

0.100 0.145 

0.200 0.120 

0.300 0.100 

0.400 0.095 

0.500 0.090 

0.600 0.080 

0.700 0.075 

0.800 0.070 

0.900 0.067 

1.000 0.064 

2.000 0.045 

3.000 0.036 

4.000 0.030 

5.000 0.027 

6.000 0.025 
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TABLE III. (CONTINUED) 

Ey (MeV) 
2 

9(cm /gm) 

7.000 • 0.023 

8.000 0.022 

9.000 0.021 

10.000 0.020 
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It should be noted that the value of appropriate to 

each channel was obtained by interpolating in the table of 

6 values and then computing the exponential. A modified 

Lagrange interpolation subprogram accurate to better than 

5 parts in 1000 was utilized for the interpolation. 

The partial residual segments, corrected for atmos¬ 

pheric absorption,were combined using a weighted averaging 

subroutine. The following prescription was used: 

where R is the partially corrected residual count rate in 
i 

the ith channel and a^ is the corresponding standard devia¬ 

tion. Seven partial residuals were combined to yield the 

final residual spectrum. 

To obtain a fully corrected source spectrum it was 

necessary to next build in the energy-dependent correction 

factors that would correct for instrumental absorption, 

intrinsic efficiency, and K X-ray escape from the central 

detector crystal. Because of the considerable importance of 

these correction factors, each of them will be discussed in 

some detail. 

The instrumental absorption, especially important at 

low energies, was determined experimentally. As shown in 
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Figure 22, the detector was oriented with the gamma-ray 

axis perpendicular to the face of a wall some 20 ft. distant. 

A second smaller Nal crystal with attached phototube was 

mounted directly under the main detector housing and 

parallel to the axis of the larger instrument. A gamma-ray 

source was counted for some time interval t^ at position #1 

for the main detector and for time interval t2 at position 

#2 for the smaller crystal. This was done to correct for 

parallax effects. Photopeaks of roughly gaussian shape were 

obtained from both detectors. Under the assumption of a 

gaussian distribution a width corresponding to 1/2 the 

maximum peak counting rate value was taken and all counts 

summed within this energy interval. The only absorption 

effects in the small detector were known to be caused by an 

aluminum plate of 1/16" thickness and a layer of MgO of 0.67 

gm/cm which served as a reflector. The counting rates of 

the small crystal were corrected for these absorption 

effects. Then by correcting for the difference in area of 

the two crystals and the difference in source spectra 

accumulation times, counting rates that were directly com¬ 

parable were obtained. Since the percentage transmission 

of the smaller crystal was measured at a number of 

different energies, the transmission characteristics of the 

larger instrument could then be computed at these same 

energies. From a log-log plot of the percent transmission 

as a function of incident gamma-ray energy, it followed 
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Figure 22 

Orientation of the gamma-ray telescope for instrumental 

absorption measurements. A 3" dia. Nal detector, whose 

absorption characteristics were known, was mounted parallel 

to the axis of the larger instrument. Various radioactive 

sources were counted at positions #1 and #2 for the large 

and small detectors, respectively. 
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that a power-law relationship existed up to an energy of 

approximately 680 keV. Accordingly, a power-law of the 

form 

T (%) = 1.095 E
0,20 (keV) 

was fit to the data. The reciprocal of T was taken as the 

correction factor. Each of the first 154 channels in the 

"A" analyzer was then corrected for instrumental absorption, 

according to the following prescription 

R. 
l 
* = R. 

l 
T. 
l 

a f - 
l 

a. 
l 

T. 
l 

where is the correction factor appropriate to the ith 

channel. A plot of this correction factor as a function of 

energy is shown in Figure 23. For energies corresponding to 

channel numbers above 154, the instrumental absorption was 

negligible and no correction was therefore made. 

Correction factors for the intrinsic efficiency of the 

central detector crystal were computed from results reported 

by Miller et. al^. (1957). The results reported were obtained 

through the use of the Monte Carlo program to simulate gamma- 

ray histories within crystals of Nal having various dimen¬ 

sions. A large number "N" of photon histories was sampled 

(5000 in this case) and the number of events "I" in which a 

primary gamma-ray photon interacts at least once within the 

crystal was recorded. Also counted was the number of photon 

histories "A" for which both the primary and secondary 
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Figure 23 

Instrumental correction factors as a function of gamma- 

ray energy. The total correction factor is shown together 

with those for K X-ray escape, instrumental absorption, and 

photopeak (intrinsic) efficiency. 
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radiation were absorbed within the crystal. The efficiency 

is then given by A/I. The results published by Miller 

et al. (1957) included efficiencies and photofractions for 

Nal crystals 4" and 8" in diameter and 2" thick at five 

different energies. Now the correction factor desired was 

the intrinsic efficiency given by A/N. The values of A/N 

as a function of energy were plotted for the two different 

sized crystals and smooth curves drawn through the points. 

A curve for the central detector crystal which has a 6" 

diameter and a 2" thickness was then interpolated for 

graphically. From this curve the correction factor values 

at a number of different energies were tabulated. The 

resultant correction factor array was referenced by the 

interpolating subprogram to determine the appropriate single 

channel correction factors. If the intrinsic efficiency 

correction factor in the ith channel is then 

f 

R. 
l 

i 
a. 
l 

l l 
R. 
l 

T. 
l 

Y. 
i 

a. 
l 

T. 
l 

Y. 
l 

where is the partially corrected residual count rate in 
t 

the ith channel and is the corresponding standard devia¬ 

tion. A plot of intrinsic efficiency correction factor as 

a function of energy is shown in Figure 23. 

A low energies (32 keV - 100 keV) the effect of K X- 

rays escaping from the surface of the central detector 
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crystal must be considered. To determine the appropriate 

correction factors the article on "The Scintillation Method" 

by Neiler and Bell in K. Siegbahn's Alpha, Beta, and Gamma- 

Ray Spectroscopy (Vol. I) was utilized. Specifically, a plot 

of the quantity Q versus incident gamma-ray energy was used, 

where Q is defined to be the ratio of the number of X-rays 

that leave the crystal to the number of gamma-rays that enter 

it. This plot was digitized to give the correction factor as 

a function of channel number. Interpolation within the 

resultant correction factor array was performed to yield the 

correction factor appropriate to each channel. The prescrip¬ 

tion for the correction of the residual count rates and 

corresponding standard deviations is as follows: 

R.+ = R. Z. = R.T.Y.Z. 
x 11 1111 

a . + = o . 
l l 

Z. 
l 

o.T.Y. 
ill 

Z. 
l 

where Z^ is the K X-ray correction factor for the ith chan¬ 

nel. A plot of the K X-ray correction factor as a function 

of energy is shown in Figure 23. 

With the inclusion of all these correction factors, a 

final, fully corrected spectrum for NGC 1275 resulted. The 

spectrum was in the form of single channel count rates in 

"Glenns" with the corresponding single channel standard 

deviations. These count rates were then converted to flux 

2 
units of photons/cm -sec-keV. Large variations were 

observed between adjacent single channel fluxes. To 
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"smooth" out these fluctuations a series of contiguous 

channel sums were computed. For channels in the "A" 

analyzer channel sums corresponding to widths of 1.0 FWHM, 

2.0 FWHM, and 4.0 FWHM were computed. In the "B" analyzer, 

the summing intervals corresponded to 2.0 FWHM, 6.0 FWHM, 

and 8.0 FWHM energy widths. For a given width such as 1.0 

FWHM, the beginning and end channel numbers for a set of 

contiguous intervals spanning the "A" and "B" analyzers were 

computed by an interative procedure. The results of this 

analysis will be discussed in the next section. 



V. RESULTS AND THEIR SIGNIFICANCE 

A. RESULTS 

Examination of the single channel flux values for the 

corrected residual spectrum showed that these values tended 

to fluctuate around zero. This phenomenon was present even 

at the lowest energies. If a detectable discrete source had 

been observed, one would expect the largest positive fluxes 

to be present at the lowest energies. Instead, in the single 

channel spectrum it was found that individual channels or 

small groups of channels were alternatively positive or 

negative. Negative fluxes simply imply that for this parti¬ 

cular channel or group of channels the background dominated 

the "source" counting rate. This oscillatory behavior is 

thus evidence that a detectable gamma-ray source was not 

observed. 

Additional evidence for the absence of a detectable 

gamma-ray flux was provided by an investigation of the fre¬ 

quency distribution of the flux/standard deviation ratios 

(F/a) . A bin sorting program was used in which single 

channel F/o ratios were sorted into bins of equal size 

(0.5F/a). This sorting procedure was performed for the 

following groups of channels: 5-128; 129-256; 5-256; 

265-385; 385-512; 265-512. From the resulting plots it 

111 
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could easily be determined if there was a significant change 

in the shape of the frequency distribution in going from one 

channel group to another. No such change was found. The 

distributions are symmetric about zero as Figure 24 indicates. 

As noted previously a series of channel sums corres¬ 

ponding to different multiples of 1.0 FWHM energy widths 

were computed. The summing procedure tended to smooth out 

some of the positive-negative fluctuations but the resultant 

flux sums still displayed a characteristic oscillation about 

zero. Flux sums corresponding to 4.0 FWHM widths in the 

"A" analyzer and 8.0 FWHM widths in the "B" analyzer were 

computed. The flux values are consistent with no detectable 

gamma-ray flux being present. Accordingly, 2a upper limits 

were computed for each of these sums; these upper limits are 

listed in Table IV. These values were then plotted as shown 

in Figure 25 for purposes of comparison with the X-ray data. 

Examination of the Ffa ratios for these sums shows that the 

largest is -1.25. The other values are characteristically 

only several tenths of a standard deviation above or below 

zero. All of the above results indicate that NGC 1275 and 

the entire Perseus cluster do not constitute a detectable 

gamma-ray source in the energy interval measured. 

The possibility exists that a marginally detectable 

source could be swamped by anisotropies in the background 

segment counting rates. From data obtained during the 73-2 

flight, Shelton (1975) investigated the dependence of count 
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Figure 24 

Frequency distribution of single channel F/a ratios 

for channels 5-256. These ratios were computed from the 

fully corrected residual source spectrum. This distribution 

approximates a gaussian centered about a mean of F/a = 0. 
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Table IV. 

Tabulation of 2o upper limits for the gamma-ray flux 

from the Perseus cluster. These upper limits are plotted 

in Figure 25. 
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TABLE IV. 

2a Upper Limits for Perseus Cluster Gamma-Ray Flux 

Energy (MeV) 2o Upper Limit 

Min Max (photons/cm^- ■sec-keV) No. FWHM 

0.075 0.210 1.54 X 10‘5 4, ,00 

0.210 0.420 8.78 X 10"6 4. ,00 

0.420 0.706 6.12 X 10"6 4. .00 

0.706 1.071 6.12 X 10‘6 4, .00 

1.120 2.964 1.92 X IQ’6 8. .00 

2.964 5.315 1.11 X io-6 8, .00 

5.315 8.081 6.80 X 10'7 8, .00 

8.081 12.461 3.22 X IO'7 8, .00 
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Figure 25 

Measured X-ray fluxes from the Perseus cluster 

together with the 2a upper limits set by the present 

experiment. Of the eight upper limits assigned, the first 

four correspond to 4.0 FWHM energy widths while the last 

four represent 8.0 FWHM widths. 
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rate upon azimuth for a constant zenith angle. A statisti¬ 

cally significant anisotropy in the count rate was found 

between 56 keV and 375 keV. For this energy range, assuming 

an azimuth independent count rate gave a reduced x value 

of 1.43 for 23 degrees of freedom. A somewhat smaller 

reduced x value of 1.04 was obtained by fitting a 

sinusoidal variation to the count rate. The amplitude of 

the variation was (1.18 +_ 0.33) % with a maximum in the east¬ 

ward direction. No east-west or other directional asymmetry 

was detected for any energy interval above 375 keV. The 

azimuth variation of count rate in three different energy 

bins is depicted in Figure 26. To investigate the possi¬ 

bility of the occurrence of such effects in the data, a set 

of 1.0 FWHM channel sums was computed for each of the seg¬ 

ments. Then for a given channel sum, the deviation of each 

background segment counting rate from the mean was computed. 

No statistically significant departures were found for the 

segments considered. Clearly such a technique could not 

uniquely identify departures produced by azimuthal aniso¬ 

tropy. However the apparent absence of any such systematic 

effects in the data is reassuring. It would seem that the 

statistical errors dominate any error due to a hypothetical 

azimuthal effect. 

Finally,there is the possibility that the absence of a 

detectable flux is somehow an artifact of the data reduction 

process. This possibility can be dismissed. The preliminary 
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Figure 26 

Counting rate as a function of azimuth at constant 

zenith angle for three different energy intervals. This 

data was obtained after the failure of the telemetry command 

system. 
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data reduction including the ATOD, CONVRT, and SEGMENT pro¬ 

grams was done twice. Comparison of the two sets of runs 

showed that the single channel count rates differed by a 

factor of 0.0% to 0.8%; channel sums different by no more 

than 0.3%. All data reduction programs used subsequent to 

SEGMENT were developed by the author. Each of these pro¬ 

grams was thoroughly tested with sample data and checked 

by hand calculation before being utilized in the data reduc¬ 

tion process. The fundamental correctness of the data 

reduction procedure is shown by the results obtained when 

the same programs were utilized in the reduction and analysis 

of the Crab Nebula data. Analysis of this data, which was 

also obtained during the 73-2 flight, produced a continuum 

spectrum in agreement with previous measurements (Walraven 

et ad.* 1975). Hence it can be stated with certainty that 

NGC 1275 and the Perseus cluster in general do not constitute 

a detectable source of gamma radiation in the 56 keV to 

12.4 MeV energy range. 

B. COMPARISON WITH X-RAY DATA 

The absence of a detectable flux between 56 keV and 

12.4 MeV and the resultant 2a upper limits are entirely 

consistent with the thermal bremsstrahlung fits to the X- 

ray data reported by Davidsen et_ ad. (1974) and Kellogg 

et al. (1974). Due to the rapid exponential decrease of the 

flux with increasing energy, both of these fits predict 
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fluxes that are many orders of magnitude below the threshold 

of detectability for even the lowest energy interval (74 keV 

202 keV) for which a 2a upper limit is given. The results 

from the present experiment are also consistent with an 

-3 0 
extrapolation of the E ’ power-law reported by Fritz et al^ 

- 4 8 
(1971) . Similarly, an extrapolation of the E ' power-law 

reported by Agrawal et^ al. (1974) is also consistent with 

the 2a upper limits. 

The results obtained are not consistent with an extra- 

-2 09 
polation of the E * power-law (Forman et æL.,1972) to 

gamma-ray energies. This power-law predicts a flux approxi¬ 

mately 1.5 times the value of the 2a upper limit set for 

the 74 keV - 202 keV energy interval. The upper limit on 

this interval is also not consistent with the 3a flux value 

reported by Bui-Van et al. (1974) for the 53 keV - 93 keV 

energy interval. The upper limit set by the present experi¬ 

ment is about 15 times smaller than the flux value measured 

by Bui-Van ejt al_. (1974). Even allowing for the fact that 

the two energy intervals do not fully overlap, this is 

serious disagreement. Also the flux measured by the above 

group lies many standard deviations above the spectral fits 

obtained by Davidsen et^ al. (1974) and Kellogg et_ al. (1974) 

Accordingly, this flux value must be considered an 

erroneous measurement. 

On balance it would appear that the upper limits set 

by the present experiment simply do not permit one to 
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determine whether the X-ray emission displays power-law or 

exponential behavior. If the effective threshold energy of 

the "A" analyzer had been 20 keV instead of 56 keV, it is 

possible that information would have been obtained which 

could aid in the resolution of the above question. However, 

this did not transpire and the problem still remains as a 

challenge for the future. 

C. THEORETICAL MODELS 

Although the upper limits set by the present experi¬ 

ment do not permit one to distinguish between an inverse 

Compton or thermal bremsstrahlung origin for the X-ray flux, 

these values do permit the evaluation of models for the 

gamma-ray spectrum of NGC 1275. Two models which both 

predict gamma-ray fluxes produced by the inverse Compton 

mechanism will be discussed. The first to be considered is 

a model developed by Bergeron and Salpeter (1971). This 

model assumes a compact spherical region of radius r near the 

center of the galaxy where randomly oriented magnetic 

fields of strength B are present. Relativistic electrons 

of energy E = ymc are assumed to be injected continuously 

at a rate proportional to y-(n-l). The infrared emission is 

assumed to be synchrotron bremsstrahlung while the gamma-rays 

are produced by the scattering of relativistic electrons 

off these infrared photons. The model is fully determined 

by five parameters: B, r, the electron index n, the 
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the cutoff Ym> and the electron number density ng. Choosing 

B = 67 gauss, r = 6.4 x 10 pc, ng * 1.5 x 10^/cm^, ym = 

2 
2 x 10 , and n = 6 gives a predicted gamma-ray luminosity at 

6.5 MeV of 4 x 10^ ergs/sec. This value for the luminosity 

3 
assumes a distance of 70 Mpc and implies a flux about 10 

times larger than the 2a upper limit. It would appear that 

the model is in no way descriptive of the emission of NGC 

1275 at gamma-ray energies. 

A somewhat different model has been developed by Rieke 

and Weekea(1969). The model assumes a spherical volume 

containing isotropic and uniform distributions of electrons 

and photons. The rate at which Compton collisions take 

place is given by 

dN/dt = VcJJne(Y)nph (v)a (yv)dvdy 

where n (y)dy is the density of electrons with Lorentz 

factor y between y and y+dy,np^(y)dv is the density of 

photons with frequency v between v+dv, and a(yv) is the 

Klein-Nishina cross-section. The gamma-ray flux due to 

the scattering of the jth population of photons by the 

ith population of electrons was then derived using the 

following equation 

J. . N.n.hv CX 
J 1
 c 

J^max p max 

y' V 
y • J v . 
min mm 

l • , i j+1 a(yv)6(K)dvdy 
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d is the distance from the observer, and K = v„- e(y,v) 
L h 

To compute the gamma-ray flux expected from NGC 1275, the 

source diameter was taken to be 450 pc, the magnetic field 

spectrum is roughly a factor of ten smaller than the reported 

upper limits. Accordingly, this model is not inconsistent 

with the assigned upper limits. If the model is correct 

then NGC 1275 is a weak and presently undetectable source of 

gamma-rays arising from the inverse Compton mechanism. 

strength 3 x 10 

7.5 x 

gauss, and the synchrotron spectrum 

between lO^HZ and lO^HZ. The resultant 
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