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ABSTRACT 

We present the results from a search of pulsed emissions 

in low-energy garoma rays from GX 1+4 source observed 

during zenith transit in a balloon experiment in April, 

1982. The observed pulsar period is 120.6 ± 0.2 seconds 

with pulsed emission flux of ~(1.3 ± 0.4) X 10 photons 

-2 - 1 - 1 cm s keV at'an average energy ~342 keV. These 

pulsations, observed at gamma ray energies for the first 

time from any x-ray pulsar, in.conjunction with the 

period determined in x-rays, indicate a spin-down in 

contrast with the spin-up behavior observed by others at 

earlier epochs. 
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1. INTRODUCTION 
• i i 

i 

The galactic binary x-ray source 4U 1728-24 (GX 1+4) is 

* 

a bright galactic center source in the hard x-ray regions. 

The location and the flux variations with period of -2.3 

minutes were first reported by Lewin et al. (1971) from 

balloon data in 1971. Various experiments, both balloon 

and satellite, have confirmed the presence of the pulsed 

component in the entire 1 to 60 keV x-ray energy range. 

However, the period in different experiments has two 

distinct values. The low-energy x-ray (1-20 keV) results 

suggest the true value of the pulsar period to be around 

the nominal value of 2 minutes and the hard x-ray results 

(>20 keV) indicate for the perioJ -4 minutes, or twice the 

low-energy x-ray value (Lewin et al. 1976; Becker et al. 

1976; Rappaport and Joss 1977; Koo and Haymes 1980; 

Strickman et al. 1980; Doty et al. 1981; Ricketts et al'. 

1982; Maurer et al. 1982; Kendziorra et al. 1982; Eisner et 

al. 1985). The pulse period has important implications in 

connection with the geometry of the photon flux beam to the 

observer (White et al. 1983). In an analysis of the periods 

reported by different experimenters in the x-ray regime and 

with an assumption that the hard x-ray -4 minute values 

correspond to a basic period of.2 minutes nominal value, 

Eisner et al. (1985) derived the-characteristic time scale 

for the source GX 1+4 as -40 years. The experiment of Koo 
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and Haymes (1980)' has not detected any pulsations for this 

source at energies Above 60 keV. 

We report herein the observations of pulsations from 

this source at low-energy gamma-rays from an analysis of 

data obtained in a balloon experiment conducted in 1982. 

2. INSTRUMENT AND DATA ANALYSIS • 

The observations presented here utilised the data 

collected by balloon borne detectors flown to measure the 

511 keV line flux emission from the Galactic Center. The 

payload consisted of two 8" X 4" cylindrical Nal (Tl) 

detectors supplied by the Harshaw Chemical Co. They were 

mounted on a platform with no material within a distance' 

of -80 cm, except for Styrofoam insulation. The gamma ray 

energy loss events in each crystal were selected separately 

by two sets of threshold level detectors to cover the 

nominal range -180 keV to 4.65 MeV. These events were then 

acquired in parallel by an integral counter and a 256 -

channel pulse-height analyser separately for the two 

detectors. The integral counts, encoded pulse-height data 

and pressure and temperature da.ta were transmitted to 

ground. 
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Pre-flight calibrations were performed with different 

radioactive sources and the detectors had typical average 

22 
resolution of -142 for the 511 keV line of Na . The 

angular response of the detectors is nearly isotropic within 

~20Z for zenith incidence within 60 -. The payload was flown 

on a stratospheric balloon on April 12, 1982 from Uberaba 

(-19° 44' S and 47° 55' W), Brazil, at 18:36 LT. The balloon 

reached a ceiling pressure altitude of -4*7 mbar and floated 

for -9 hours. The altitude was maintained within -0.5 mbar 

by a ballast system, especially near Galact-ic Center passage 

and throughout the experiment the balloon was tracked by the 

OMEGA system. The performance of the detectors and the ' 

associated electronics during the flight was satisfactory, 

as observed by several indicators: the count rate 

information, th's flux and the channel drift of 0.511 and 

1,46 MeV lines, due to atmospheric origin and detector 

contamination respectively. The pulse-height encoders 

presented problems especially for one detector and as such 

we encountered severe dead-time losses. The pulse-height 

data from one detector provided a 2o upper limit of 

-3 -2 -1 
-2,2 X 10 photons cm s for the Galactic Center 0.511 MeV 
line flux (Jayanthi et al. 1983), consistent with the 2cr 

—3 -2 -1 
upper limit of 1.2 X 10 photons cm s for the epoch 
(Paciesas et al. 1982). 

The nominal period of 120 s and higher harmonics due to 
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pulsations of GX 1+4 is 'suitable-for pulsar search analysis 

of our data and no known source with similar pulsation 

period exists within the range of our detection at the 

transit time of GX 1+4. The analysis for pulsations was 

performed on the integral counts data acquired during the 

transit time of GX 1+4 of -150 minutes duration and we did 

not attempt to analyse the pulse-height data because of 

dead-time losses. The integral counts consist of contributions 

due to events of atmospheric origin and any possible source 

component. Since the experiment .is not equipped for source 

tracking we do not have measurements of background due to 

atmospheric origin concurrently. The altitude variations 

and the near isotropic response of the detectors did not 

permit measurement of background of atmospheric origin with 

sufficient accuracy from data obtained at times far away 

from the source transit, to estimate- the nonpulsed component 

contribution of the source and the modulation due to pulsed 

component. As such we attempted to search for the pulsed 

component in the data consistent with the expected period 

of the source. The lower and upper discriminators defined 

the energy range for integral counts to be within 184 keV 

to 4,65 MeV for detector. I and 211 keV to 4.63 MeV for 

detector II at the time of source transit. The discriminator 

thresholds maintained less than half channel (-10 keV) drift 

for the 511 keV line as noted by the pulse-height analyser 

during the total float time of ~9 hours. The data discussed 
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here consists of -8201 seconds of observa'tions by each 

detector, with equal time segments òn either side of transit. 

• 

The integral counts data and the time code information 

recorded during the flight were utilised to develop one 

second accumulations, and this formed the basic data set 

for analysis. In a preliminary analysis we divided the data 

into 1024 s time segments for each of the detectors and 

performed Fourier analysis to determine the power at 

different frequencies. Later we chose equal time segments 

of 4096 s to improve the statistics and we obsetved 

significant power at a period centred at .120.5 seconds. We 

further subjected the data to a maximum entropy analysis 

to improve the resolution for search of periods P, ranging 

from 100 s to 150 s, taking into consideration the possible 

spin-up effects. From this wè selected three probable 

periods centred at 108.8, 112.8 and 121.2 seconds. We have 

generated light curves for the two 4096 s segments of each 

detector separately. The period folding analysis was 

performed at periods P and 2P at' around the selected 

probable periods. The light curves were used to determine 

the most probable period that maximizes deviations from an 

unmodulated light curve as expressed by chi-square. The 

range of periods tested around each probable period is -2 s 

and at intervals -0,05 s. 
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3. RESULTS AND DISCUSSION 

The chi-square test involved approximately about SO test 

periods for each A096 seconds segments. From the maximization 

of the X2 parameter individually in each detector and in 

each of the time segments on either side of transit of GX 1+4, 

we have decided in favour of a pulsation period P equal to 

120.6 ± 0.2 s in the energy range -184 keV to 4.65 MeV. For 

the sum counts, of both detectors we have obtained reduced x2 

values -4.16 and -2.1 for the post and pre-transit segments 

of duration -4100'seconds respectively. The corresponding 

values for the total duration of -8201 seconds are -4.7 and 

-1.4 for detector 1 and detector II, respectively. The total 

overall reduced chi-square parameter value is -5.1 for the 

entire detector area and for the. entire duration of T • 8201. 

This parameter value dropped to -2.0 at P value differing 

2 -1 from P by i '0.2 s (<P T ), indicating the confidence in 

this period. The individual light curves for the two time 

•egments and the two detectors clearly indicated the presence 

of pulsed phase and fluctuations among them are within 

statistics, although they can be genuine. In Figure I we 

•how the light curves for the individual detectors and for 

the sum counts for the total duration of -8101 s and we 

have repeated the curve for twp cycles. We observe the pulse-. 

phase above the average. The nonpulsed background obtained 

from the three bins outside this pulse-on region, includes 
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atmospheric background events and is indicated by the 

discontinuous line in the figure. The pulsed fractions have 

significance -5.3 o and -2.4 o respectively for det I and 

det II and -5.5 o for the sum of'detectors above the 

background. The observed duty cycle is -0.4 and the shape 

of the light curve is similar to and comparable with the 

light curves derived in x-rays. The statistics do not 

permit discussion of details of the shape. 

The average count rate in det I is higher compared to that 

of det II and this excess is due to the .lower threshold of 

detection (-184 keV in det I compared to -211 keV in det II). 

It is essentially due to the atmospheric background flux 

contribution in the 184 to 211 keV band in det I as inferred 

from the spectral data. We observe positive detection of 

pulsations in det I, as seen from the X2 value and the 

pulsed fraction significance parameter, compared to the 

identical detector II. In respect of operation of these two 

detectors, there exists a difference in the lower threshold 

levels and we believe this explains the positive detection 

in det I, as the lower threshold in det I permits collection 

of larger flux of photons and thereby better statistical 

significance, especially for a source with .steep spectrum at 

low gamma ray energies. The flux calculated from the 

difference in counts between the two detectors, 2a limit at 

-197 keV (as shown later) -in comparison with the flux at 

-342 keV indicates this. 
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From the sum count rates for the duration of -8101 seconds, 
1 -3 

we observe the pulse-on flux as -(1.04 ± 0.24) X 10 
-2 -1 -1 photons cm . s MeV at an average energy of 2.42 ± 2.22 

MeV. The difference in flux at pulse-on phase between the 

two detectors leads to a flux -(9.88 ± 5.78) X 10 photons 

-2 -1 -1 -4 -2 

cm s keV or lo upper limit -1.15 X 10 photons cm 

8 keV~ at 197 ± 13.5 keV. The average flux and pulse-on 

phase flux of GX 1+4 is greater than other binary pulsars 

in hard x-rays (> 30 keV) by factors > 8, as seen from 

spectra compiled by White et al. (1983). As such we can 

assume a high energy cut-off for detection at < 500 keV in 

the low-energy gamma rays. If we attribute the positive 

detection in detector X to contribution of photons between 

184.keV to 500 keV, we obtain for the pulsed state flux 
-5 -2 -1 -1 

-(1.3 ± 0.3) X 10 photons cm s keV at an average 
energy -342 ± 158 keV. These fluxes are shown in Figure 2. 

The average flux obtained for GX 1+4 by Haymes et al. 

(1975) are -10-3 photons cm"2 s"1 MeV"*1 at -2 MeV and 

-(1.49 ± 0.48) X 10~5 photons cm"2 s"1 keV"1 at -200 keV. 

The extrapolations of hard x-ray spectrum of the average 

flux of GX 1+4 observed in the NRL balloon experiment 

(Maurer et al. 1982) and in the A-2 experiment of HEAO-1 

(White et al. 1983), provide flux values -(3.2 ± 0.5) X IO*"5 

and -7 X 10 photons cm" s kév" respectively at -200 

keV. Our pulse-on flux values are comparable with these 
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observations if the modulation is ~1. The*pulsed phase flux 

in the hard x-ray region decreases gradually with increasing 

energy (White et al. 1983) and if extension is made to -200 

-5 -2 -1 -1 
keV, we may infer values -4 X 10 photons cm s keV . 

-5 -2 -1 -1 

So the flux value -(1.3 ± 0.3) X 10 photons cm s keV 

observed by us is consistent with fluxes mentioned above 

for the pulsed phase. There are. no other x-ray binaries with 

low-energy gamma ray emission and for the. radio pulsars Crab 

and Vela the flux is -10 photons cm s keV (Knight et 

al. 1982). 

The x-ray observations of GX 1+4 during the epoch Jp 2,440,876 

to JD 2,444,347 suggest a spin-up with period derivative, 

P - -2.68 ± 0,00?6 s per year and this corresponds to 

'evolution time scale of -40 years. This is the fastest .time 

scale observed among x-ray binaries (Eisner et al. 1985). 

The present observations in the low-energy gamma rays with 

period -120.6 ± 0.2 s at the epoch corresponding to 

JD 2,445,072 in conjunction with the observed x-ray period 

indicate a spin-down with period derivative, P -5.51 s per 

year during 1980-82. The long period binary 4U0900-40 (x-ray 

pulse period P -282.8 s) has shown a similar fast spin-down 

behavior in Hakucho satellite observations (Hayakawa 1981). 

In the disc accretion theory for x-ray pulsars Ghosh and 

Lamb (1979) discuss the spin-up of long period pulsars 

(P > 100 s) and emphasize the importance of magnetic torque 
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coupling in the disk for enhancement of spin-up. These same 

can suffer spin-down as la ccnsequence of recurrent "low-

-states", when -.-<•- accretion rate falls and the star is then 

acted upon by large spin-down torques. 

To conclude, our low-energy gamma ray observations 

indicate the presence of pulsations of GX 1+4 at period 

P -120.6 ± 0.2 s with pulse-on flux of -(1.3 ± 0.3) X IO**5 

-2 -1 -1 photons cm s keV at energy ~342. ± 158 keV. Turther we 

observe a spin-down evolution for this object. It will be 

interesting to make further- observations to confirm these 

results. 

• ' 
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FIGURE CAPTIONS 

F i g u r e 1 '- The gamma ray l i g h t c u r v e s f o r GX 1+4 w i t h 

p e r i o d P • 1 2 0 . 6 ± * 0 . 2 s e c o n d s . The observations 
r o 

made with detector I and detector II for durations 

- 8201 s, are shown, along with the combined 

response 'sum*. The dashed line indicates the 

average of the background due to non-pulsed 

source contribution and atmospheric contributions. 

The cycle is repeated for better representation. 

Figure 2 - The.observed flux /alues discussed in the text 

of the pulse-on phase along with the hard x-ray 

pulsed phase spectrum observed in HEA0-1 

experiment of GX1+4 (ref. White et al. 1983). 

» 
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