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                                                                                                                    Abstract 
Radio pulsars in relativistic binary systems are unique tools to study the curved space-time around massive compact objects. The discovery of a pulsar 
closely orbiting the super-massive black hole at the centre of our Galaxy, Sgr A*, would provide a superb test-bed for gravitational physics. To date, the 
absence of any radio pulsar discoveries within a few arc minutes of Sgr A* has been explained by one principle factor: extreme scattering of radio waves 
caused by inhomogeneities in the ionized component of the interstellar medium within the central 100 pc around Sgr A* (Lazio & Cordes 1998). Scattering, 
which causes temporal broadening of pulses, can only be mitigated by observing at higher frequencies. Here we describe recent searches of the Galactic 
Centre region performed at a frequency of 18.95 GHz with the Effelsberg radio telescope. 
 

   1. Introduction 
 
•  Both theoretical predictions and observational evidence have shown that a 
large population of pulsars should exist in the Galactic Centre (GC) (e.g. 
Pfahl & Loeb 2004, Deneva et al. 2009,Wharton et al. 2012).  

•  The discovery of a pulsar closely orbiting (period < 1 year) the super-
massive black hole at the centre of our Galaxy, Sgr A*, would supersede all 
previous strong field tests of General Relativity! (e.g. Wex & Kopeikin 1999, 
Liu et al. 2012)  

•  Despite many radio pulsar searches that have covered the GC region, a 
remarkable lack of pulsars have been discovered within the central 100 pc. 

•  The lack of pulsar detections is thought to be caused by extreme scattering 
of radio waves due to inhomogeneities in the ionized component of the 
interstellar medium within 100 pc of Sgr A* (Lazio & Cordes 1998). 

•  Scattering causes temporal broadening of pulses that has a strong 
dependence on observing frequency (propt. ν-4), rendering pulsar periodicity 
searches at typical observing frequencies ineffective e.g. the broadening time 
is ~500 seconds at 1.4 GHz; 1000 times the length of a typical pulsar period! 

•  Unlike pulse dispersion, which can be corrected for by the use of 
filterbanks, scatter broadening cannot be compensated by instrumental 
means. As such, pulsar searches of the GC have been performed at 
increasingly high frequencies (Figure 1). 
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Figure 3 (above): Expected detection S/N after a single 18.95 GHz 
observation at Effelsberg plotted against the predicted flux densities of 
the known pulsar population placed at the distance of the GC. The black 
horizontal lines indicate the minimum number of incoherently combined 
observations required to make a detection above our threshold of S/N~10. 
The red line shows our current sensitivity limit based on a combination of 
14 GC observations (see section 3).     

 

Figure 1: Previous pulsar searches that have covered the Galactic Centre region. 

2. Observations & data analysis cont.  

 
Figure 4 (right): Using our test pulsar B2020+28 the stacking algorithm 
has been evaluated. The left hand column shows individual fluctuation 
spectra centered on the pulsar fundamental spin frequency of 2.912 Hz 
from 13 ten minute observations. At the bottom the stacked spectrum is 
displayed. The right hand column shows the spectral S/N of successive 
stack operations. The predicted increase in spectral S/N is displayed by 
the dashed and red lines.  
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2. Observations & data analysis 
 
•  From Effelsberg the Sgr A* region is visible at low elevation for approximately 2 hours and 25 
minutes everyday. For this reason we have opted to make repeated observations and incoherently 
combine the data to improve sensitivity. 

•  Observations are made using the Effelsberg K-band (18-26 GHz) primary focus receiver and the 
new XFFTS digital spectrometer operating in pulsar search mode. Using XFFTS we record dual 
polarizations for 256 spectral channels across a bandwidth of 2 GHz. A test observation of PSR 
B2020+28 using our observing system can be seen in Figure 2. Full parameters of the observational 
set up are given in Table 1. 

  

 
 
 
 

 
Stacking the odds in our favour … 
 
•  Data combination is performed by summing the fluctuation spectra of the dedispersed time series 
from successive GC observations. So called “stack searches” have been used to find isolated 
millisecond pulsars in the globular cluster Terzan 5 (Sulman et al. 2006) and to perform efficient 
acceleration searches in the Parkes multi-beam pulsar survey (Faulkner et al. 2004) 

•  We have investigated the sensitivity of a GC pulsar stack search at Effelsberg by considering the 
following: Assuming the GC pulsars have the same properties as the current known population of 
disk pulsars we have derived their expected flux density at 18.95 GHz assuming an average spectral 
index of -1.8 and placed at the distance of the GC. From these values the expected detection signal-
to-noise ratio (S/N) has been calculated for a single 2 hr 25 min observation. For a stack search, the 
spectral S/N of a real signal scales with the fourth root of the number of spectra added together 
(Brady & Creighton 2001). From statistical considerations the detection threshold for this search 
corresponds to a S/N ~ 10. Therefore for a stack search with n observations, the required threshold S/
N for a single observation becomes ~ 10/n0.25. Figure 3 shows the results of this analysis. It can be 
seen that a number of pulsars would already be possible to detect with a single observation at 18.95 
GHz. The number of pulsars possible to detect increases as more observations are combined.  

Figure 5: Expected line-of-sight acceleration for pulsars in 
eccentric orbits (e = 0.5) around Sgr A*. The inclination 
angle of the orbits are 60°. 

   3. Results & future work 
•  To date 14 successful observations of the GC region have been performed at Effelsberg.  Each 
observation has been independently searched for periodic and impulsive signals in addition to a search 
of the stack of all 14 observations.  

•  In the data taken so far no pulsars have been detected! Assuming minimal atmospheric contributions to 
the system temperature we can place upper limits on the flux density of normal pulsars (10% duty cycle) 
within 1.7 pc of Sgr A* at the observing frequency of 18.95 GHz:  

 
S/N~10 flux density limit of individual observations:   ~ 24 µJy  
S/N~10 flux density limit of 14 stacked observations:  ~ 12 µJy 

 
•  We propose to continue observations of the Sgr A* region, especially since the emission beams of 
pulsars in close orbits could precess into the line of sight on the timescale of years (e.g. Macquart et al. 
2010). 

•  For the target pulsars, those closely orbiting Sgr A*, our stacking algorithm poses a problem. Such 
pulsars may have significant line-of-sight acceleration as they move in the gravitational potential of Sgr 
A* (Figure 6) and thus would show Doppler changes in their pulse frequency. After stacking, Doppler 
shifts could smear the signal and reduce the spectral S/N. 
  
•  To counteract Doppler effects caused by orbital 
motion we are investigating “stack-slide searches” 
where the spectra are added with different trial  
frequency offsets to correct for line-of-sight motion. 
 
•  Our choice of observing frequency and different  
interference environment make this search comple- 
mentary to other on-going high frequency searches 
of the GC (see IAUS 291 talk by Andrew Siemion).  

Figure 2. 15 minute test observation of PSR B2020+28 at a 
frequency of 18.95 GHz using the XFFTS system. The top 
panel displays the integrated profile, and the bottom panel 
shows phase folded subbands across the 2 GHz band.  

   Parameter                                    Value 
 
Integration time                       ~ 2 hrs 25 min 
Sampling interval                          128 µs 
Central observing frequency     18950 MHz 
Bandwidth                                   2000 MHz 
Number of frequency channels     256 
No. polarizations (linear)                  2 
System temperature                    ~ 62 K 
Number of observations                  14 
Beam width                            46" (1.7 pc at GC) 
 
Table 1. Observational parameters of the Effelsberg  
Sgr A* region pulsar search. 
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Expected flux density at 18.95 GHz (mJy)

729 observations, combined

1 observation

9 observations, combined
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