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Abstract— We present results from  study of timing properties  and report the detection of  variable quasi-periodic oscillations (QPO) between 

0.36-0.74 Hz in the transient  Be/X-ray binary pulsar EXO~2030+375  using RXTE/PCA observations. The observations used in the present work 
were carried out during the X-ray outbursts in 2006 (March-May-June-August-September-October-November) and 2011 (January-February-April-
May-June-July-August-September-November-December). The 0.36-0.74 Hz variable  QPOs in EXO~2030+375 were detected in seven Rossi 

Explorer Timing Experiment (RXTE) Proportional Counter Array (PCA) observations during the rising and  declining phase of its giant outburst 
2006 and normal outburst of 2011. However, these QPOs were never detected during other outbursts of the pulsar. Though QPO of  0.2 Hz were 
reported earlier in the pulsar, the 0.36-0.74 Hz variable QPOs were detected for the first time in this pulsar. The results of our analysis of RXTE 

data during two outbursts of the pulsar are presented in the paper. 

 
Index Terms— stars: neutron, pulsars: individual: EXO 2030+375 X-rays: stars 

——————————      —————————— 

1 INTRODUCTION                                                                     

e/X-ray binaries consists the largest subclass of high mass 
X-ray binary systems in which the compact object is gen-

erally a neutron star (pulsar) whereas the companion is a B or 
O-type star. The binary optical companion lies well within the 
Roche lobe. In these binary systems, the objects are typically in 
a wide orbit having moderate eccentricity. The neutron star in 
this type of Be/X-ray binaries accrets matter while passing 
through the circumstellar disk of the companionBe star. Strong 
X-ray outbursts takes place when the abrupt accretion of mat-
ter onto the neutron star while passing through the circumstel-
lar disk of the Be companion or during the periastron passage 
[23] The X-ray emission from the pulsar can be transiently en-
hanced by a factor more than ∼10 during such outbursts. The 
neutron stars in the Be/X-ray binary systems are found to be 
accretion powered X-ray pulsars except a very few cases such 
as LS I+61303 [21].  

When the compact object interacts with the Be star’s circum-
stellar disk following the standard model of a Be/X-ray binary 
ascribes the high-energy radiation to an accreting mechanism,  

gives rise to an X-ray outburst.  
  
Mostly the Be/X-ray binaries are transient systems and their 
out bursts have been classified into two classes: type I and 
type II outbursts.  Type I outbursts define the the X-ray varia-
bility of the transient BeXRB and also known as normal out-
bursts. The type I outbursts are regular and quasi-periodic 
outbursts normally close to periastron passage of the neutron 
star having peak luminosities (Lx ≤ 1037 erg/s-1). The  type II 
outbursts outburst reaching peak luminosities of the order of 
Eddington luminosity for a neutron star (Lx ≈ 1038 erg s-1) [3], 
[9]. Giant outbursts have no consistently preferred orbital 
phase [Wilson et al. 2008].  There are several models to define 
QPOs. According to Beat Frequency Model (BFM), QPOs arise 
from the modulation of accretion flow onto a weakly magnet-
ized, rapidly rotating neutron star [2]. 
 In our case, we studied one giant outburst during 
2006 and another normal outburst during 2011 for the transi-
ent Be/X-Ray binary pulsar EXO~2030+375 and detected vari-
able QPOs.  
 
 
2   Be/X-Ray BINARY PULSAR EXO~2030+375 
 
The HMXRB EXO~2030+375 is an X-ray transient binary sys-
tem that consists of a neutron star orbiting a Be companion. It 
was discovered by EXOSAT in 1985 during a giant (or type II) 
X-ray outburst [24], [25]. This system shows both giant and 
normal outbursts. The pulsar is one of the most regularly 
monitored BeXRBs. The pulsar is extensively studied from the 
discovery date with different satellites CGRO/BATSE [32], 
RXTE [35], SWIFT [10], EXOSAT [32], and INTEGRAL [38]. 
 The spin 42 s and orbital periods of 44.3-48.6 days of 
the pulsar were estimated using the EXOSAT observations in 
1985. Stollberg [32] derived following orbital parameters of the 
binary system: orbital period Porb = 46.02±0.01 days, e = 

B 
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0.36±0.02, ax sin i = 261±14 lt-sec, ω = 223◦ .5 ± 1◦ .8 and time of 
periastron passage τ = 2448936.8 ± 0.3 days while analyzing 
BATSE monitoring data of several consecutive outbursts of the 
pulsar EXO~2030+375 in 1992.  An extensive monitoring cam-
paign of EXO~2030+375 with BAT SE and RXTE showed that 
a normal outburst has been detected for nearly every perias-
tron passage for ~13.5 years [37].  
The counterpart of the pulsar found to be B0 Ve star in follow 
up observations in the optical and infrared bands [13], [20], 
[5]. During the giant outburst, EXO 2030+375 showed a QPO 
phenomenon with a frequency of ∼0.2 Hz [2] interpreted as 
caused by the formation of an accretion disk.  
In the present work, we have investigated the timing proper-
ties of the transient X-ray pulsar  EXO~2030+375 using obser-
vations made with the RXTE and report the detection of  QPO 
features detected during two X-ray outbursts in 2006 and 2011. 
The results obtained from the timing analysis of the 
RXTE/PCA observation are presented in this paper.  
 
 
3 OBSERVATIONS AND DATA ANALYSIS 
 
RXTE was launched on 1995 December 31 and the timing 
studies of celestial X-ray sources was its main objective. It 
made great contributions to our understanding of high energy 
astrophysics by means of its unrivaled timing resolution. We 
have used the RXTE observations of transient Be/X-ray binary 
pulsar EXO~2030+375 during two of its both types of out-
bursts. RXTE, which is now decommissioned, had three sets of 
major instruments classified as: (a) The all sky monitor (ASM), 
(b) PCA (Proportional Counter Array) and (c) High Energy 
Timing Experiment (HEXTE). 
The ASM was sensitive in 1.5-12 keV energy range [19]. The 
PCA, which was consisting of five Xenon filled proportional 
counter detectors, was sensitive in 2-60 keV energy range. The 
effective area, energy resolution and time resolution of PCA 
were 6500 cm2 at 6 keV, 18 % at 6 keV and 1 s, respectively. A 
detailed description of the PCA instrument can be found in 
paper by Jahoda [14]. The third instrument, HEXTE was oper-
ating in 15-250 keV energy range [29].  
 
We used standard 1 mode data, which provided binned data 
with a time resolution of 0.125 s, as all 256 channels were 
combined into one, to calculate the light curve and pulse peri-
ods.   
 

Figure 1 ASM one-day averaged light curve of the transient pulsar 
EXO~2030+375 in 1.5-12 keV energy range from 1996 February 2 (MJD 

50133) to 2012 January 01 (MJD 55927). During entire observing period 

of RXTE, only four major outbursts were detected in the ASM light curve. 

RXTE/PCA observations during 2006 and 2011 outbursts were analyzed 
to investigate the QPO features in the pulsar. 

Figure 1 represents the full RXTE-ASM curve from the begin-
ning of the RXTE mission in 1996 to 2012. There is a big peak 
among the number of small peaks of periodic x-ray bursts of 
slightly varying amplitudes. The big x-ray peak refers to a 
well studied huge x-ray burst of 2006 observed by RXTE for 
EXO~2030+375 pulsars. The huge burst of 2006 is found with 
approximately three times time width and 4 times counting 
rate. This burst is identical to the other small periodic bursts of 
almost the same time width, but with sufficiently larger ampli-
tude. This provides an opportunity for the comparative study 
of the x-ray system EXO~2030+375 with earlier studies. 
 
The RXTE/ASM light curve of EXO~2030+375 from 1996 Feb-
ruary to 2012 January is shown in figure 1. During above du-
ration i.e. entire life time of the RXTE observatory, only one 
major outburst was detected in the pulsar. We used the data of 
2006 and 2011 outbursts, were used in our present analysis.  
We used data from all the PCA observations for our timing 
analysis during the 2006 and 2011 outbursts (as marked in 
figure 1). There were a total of 161 RXTE/PCA observations 
(103 during 2006 outburst and 58 during 2011 outburst). We 
used PCA data from above observations to study the evolu-
tion of QPO in this pulsar. Standard 1 mode data with a time 
resolution of 0.125 s were used in the present analysis. Data 
reduction was carried out by using the software package 
FTOOLS whereas data analysis was done by using the Heasoft 
package (version 6.11). 
Observation detail with date, Modified Julian Days (MJD), 
duration of observation, exposure of observation, the PCUs on 
during the observation and averaged light curve counts with 
error are shown in table 1, 2, 3, 4, 5.  
Using the standard 1 mode PCA data, we extracted light 
curves with a time resolution of 0.125 s from all the RXTE 
pointed observations during the 2006 and 2011 outbursts. We 
generated power-density spectrum (PDS) from each of the 
light curves by using the FTOOLs package. The resulting PDS 
were normalized such that their integral gives the squared rms 
fractional variability. We found varying rms values between 
~4%-17% (as shown in table no. 6). All the PDS were then ex-
amined for the presence/absence of QPOs in a wide frequency 
range (1 mHz to 4 Hz). We found that the 42 s regular pulsa-
tions of the pulsar and its harmonics were present in the PDS 
obtained for all the PCA observations. Apart from these pulsa-
tions and corresponding harmonics, the PDS from some 
RXTE/PCA observations during the two outbursts of the pul-
sar were featureless.  Variable QPOs between ~0.36-0.74 Hz 
(as shown in table no. 6) in the transient pulsar EXO~2030+375 
are detected for the first time here though the QPO at 0.2 Hz 
was reported earlier.  
 
Table 1 : Log of observations during 2006  (March-May-June-
August-September) 
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 Table 2 : Log of observation during  2006 October 
Table 3 : Log of observations during 2006  November 
Table 4 : Log of observations of 2011 (January-February-April-

May-June) 
 
Table 5 : Log of observations during 2011 (July-August-
September-November-December) 
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Figure 2  One-day averaged  RXTE/ASM light curve of the transient Be/X-
ray binary pulsar EXO~2030+375 during 2006 outburst (top panel) and 

2011 outburst (lower panel). The vertical lines at the top of panel indicate 
the RXTE/PCA pointed observations of the pulsar whereas the vertical 
arrows indicate the observations when the QPOs were detected in the 
PCA data. 

 
 One-day averaged 1.5-12.0 keV RXTE/ASM light 
curves of the pulsar during the 2006  (upper panel) and 2011 
(lower panel) outbursts are shown in figure 2. In each panels 
of the figure, the day of RXTE observations are marked with 
vertical lines and the observations in which the QPOs were 
detected are indicated with downward arrow marks in each 
panel. Out of a total of 161 RXTE observations, we found the 
presence of QPOs in 7 observations (as shown in table no. 6). 
The log of observations are given in Table 1, 2, 3, 4, 5. The var-
iable QPO between 0.36-0.74 Hz (as shown in table no. 6) 
seen in the transient pulsar EXO~2030+375 were detected in a 
few of the observation during outbursts of 2006 and 2011. Fig-
ure 3 and figure 4 show QPOs  for outburst of 2006 for differ-
ent observations 92067-01-05-04 & 92067-01-06-00 respectively. Fig-
ure 5 & 6  show  the  representative PDS  for the outburst  of  
2011 for observation IDs  96098-01-01-01 and  96098-01-02-04 re-

spec
tive-

ly. 
 

 

 

 

 

 

 

 

 

 

Figure 3 Representative PDS showing QPO for observation ID 92067-01-
05-04 

(MJD-
54004, 
2006 

Sep-
tem-
ber 
26)  

 

 

IJSER



International Journal of Scientific & Engineering Research, Volume 4, Issue 7, July-2013                                                                    1696 
ISSN 2229-5518 
 

 

IJSER © 2013 

http://www.ijser.org 

 

 

 

 

 

 

 

 

 

Figure 4  Representative PDS showing QPO for observation  92067-01-
06-00 of 2006 outburst (MJD-54007, 2006 September 29) 

 

 

Figure 5 Representative PDS showing QPO for observation  96098-01-01-
01 of 2011 outburst (MJD-55567, 2011 January 06) 

 

Figure 6 Representative PDS showing QPO for observation  96098-01-02-

04 of 2011 outburst (MJD-55665, 2011 April 14) 

 

Table no. 6 Log of results of QPO detected observations for 
Be/X-Ray binary pulsar EXO~2030+375 

 
 
4 DISCUSSIONS  
 In the inner part of the accretion disk, due to the mo-
tion of the inhomogeneously distributed matter, gives rise 
evolution of QPOs in accretion powered X-ray binary pulsars. 
Best useful information on the radius of the inner accretion 
disk and the interaction between the neutron star accretion 
disk can be found from detection of QPOs. According to Psal-
tis [26] the QPO frequency detected in accretion powered X-
ray pulsars falls in the range of 1 mHz to 40 Hz. QPO features 
are detected more in transient sources compared to the persis-
tent ones. Most of the transient Be/X-ray pulsars have detect-
ed QPOs to be transient in nature.  
 In EXO 2030+375, the QPO features were not detected 
in all of the RXTE observations during 2006 and 2011 out-
bursts (present work). Transient HMXB pulsars from which 
QPOs have been detected are KS~1947+300 [15], 
SAX~J2103.5+4545 [12], A0535+262 [8], V0332+53 [33], and 4U 
0115+63 [31], XTE~J1858+034 [22], EXO~2030+375[2], 
XTE~J0111.2-7317 [17], 4U~1901+03 [16], 1A~1118-61 [6] and 
GX~301-4 [7].  
 The QPO features in the accretion powered X-ray pul-
sars has been explained using several models as : (i) Beat fre-
quency model (BFM)  (ii) Keplerian-frequency model (KFM) 
and third one  (iii) magnetic disk precession model  (MDPM).  
 According to the magnetospheric BFM model, the 
observed  QPO frequency (νQPO)  represent the beat between 
the coherent spin frequency of the pulsar (νs)  and the Kepleri-
an frequency (νK)  at the inner disk radius i.e. νQPO = νK (rin) – 
νs,  at the magnetospheric boundary of  the pulsar[ [1][18]. 
 In the KFM model the modulation of the X-rays by 
inhomogeniously distributed matter in the inner accretion 
disk at the Keplerian frequency gives rise to QPOs [34]. The 
observed QPO frequency is same as the frequency of the Kep-
lerian motion at the inner accretion disk (i.e. νQPO = νK(rin). 
When the spin frequency of the pulsar exceeds the Keplerian 
frequency, mass accretion on to the neutron star is stopped at 
the magnetospheric boundary by centrifugal inhibition of ac-
cretion [30]. This results in the onset of propeller effect. Kep-
lerian-frequency model,  therefore, can be applicable only 
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when the QPO frequency is above the neutron star spin fre-
quency, as seen in transient Be/X-ray binary pulsars such as 
EXO~2030+375 [2], A0535+262 [8], XTE~J0111.2−7317 [17] etc. 
However, in case of EXO~2030+375, frequency of all QPOs 
(earlier reported QPOs ~0.2 Hz and newly detected variable 
QPO between  ~0.36-0.74 Hz) are found to be greater than the 
spin frequency of the pulsar. Therefore, the Keplerian-
frequency model is suitable to explain the presence of QPO in 
the transient pulsar EXO~2030+375.  
 The predictions of both models are in good agreement 
with the measured values.  It is not possible to exclude either 
of the two models due to the evident is based on the QPOs 
frequency. 
 The KFM has serious difficulties in accounting for the 
QPOs rms strength of ~4%-17%. In this model the gravitation-
al energy released up to rm avails the most signals to generate 
QPOs. This corresponds to ~0.2% of the source luminosity 
near the maximum of the outburst.  QPOs could be generated 
if “blobs” orbiting near rm quasi periodically obscure the cen-
tral X-ray source in the KFM larger amplitude. This requires 
very high system inclination ((i ≥ 89°) which is not possible for 
EXO~2030+375. Alternatively, a larger amplitude QPOs signal 
at local Keplerian frequency might be generated when the X-
Rays scatter in the direction of the observer at the Ʈ  ~1 sur-
face of an oscillating accretion corona close to rm [4]. In the 
BFM there is no such difficulty. The interaction between the 
magnetosphere and the inner accretion disk regions modu-
lates the accretion rate at the QPOs frequency. In principle 
most of the gravitational energy released at the neutron star 
surface is available to generate the QPOs signal [18]. 
 A number of models for QPOs does not involve the 
presence of a neutron star magnetosphere. QPOs might result 
from instabilities at the boundary between an accretion disk 
and the neutron star surface [11]. In our case of 
EXO~2030+375 these ideas are not applicable to the case of 
EXO 2030+375, where the magnetosphere prevents the for-
mation of an accretion disk close to the neutron star surface. 
The  ~0.36-0.74  Hz frequency of the QPOs from EXO 
2030+375 is likely to be too small to result from non radial g-
mode oscillations in the neutron star envelope. 
 
 

5 CONCLUSION 

In this paper, we performed timing  analysis using the  RXTE 

observation of the Be/X- ray transient pulsar EXO~2030+375 

during the outbursts of 2006 (type I) and  2011 (type II).  

Temporal analysis performed with RXTE/PCA observations 

showed X-ray pulsations. The ~42 s pulsations were detected 

in the light curves. Our best fit period obtained is 41.317±0.001 

s, in excellent agreement with previous results [24], [25], [28], 

[27], [36], [37].  

Using Gaussian model to fit and analyze the PDS of X-ray pul-
sars and investigate their random variability, we have discov-
ered variable QPOs between ~0.36-0.74 Hz of centroid fre-
quency are in excellent agreement with the predictions of the 
BFM. In addition, this model is able to account for the ob-

served ~4% to ~17 % QPOs fractional strength. These results 
provide the first quantitative confirmation of the BFM and 
show that the model can work in the presence of an accretion 
disk interacting with a rotating neutron star magnetosphere. 
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