
MONTE MARIO – 11 APRIL 2016 



Perturbation in space-time can be 
detected in timing residuals over a suitable 
long observation time span 

 Sensitivity (rule of thumb, with few caveats): 
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where  
hc(f) is the dimensionless strain at freq  f 
σTOA is the rms uncertainty in Time of Arrival  
T is the duration of the dataspan  
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The frequency of GW emitted by these systems is typically 
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When using only 1 or a handful of pulsars, it is very hard to control 
spurious effects: many pulsars needed for detection of a GWB! 





[ adapted from Manchester ] 

θab 

Hellings & Downs [1983]: correlation that an isotropic and stocastic GWB leaves on the 
timing residuals of 2 pulsars a and b separeted by an angle θab  in sky 
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•    Expected sources: 
      - binary super-massive 
        black holes in early 
        Galaxy evolution 
     -  cosmic strings 
     -  cosmological sources 
•    Types of signals: 
     - stochastic (multiple) 
     - periodic (single) 
     - burst (single) 

[Janssen et a 15] 





University of Manchester, JBO, GB ASTRON,Un.Leiden,Un.Amsterdam NL 

Max-Planck Institut fur Radioastronomie, GER 
INAF Osservatorio Astronomico di Cagliari, ITA Nancay Observatory, FR 



64 m dish designed for 
maximum efficiency at all the 
frequencies btw 0.3-110 GHz 

Equipped so far with 4 receiver 
bands: 0.3-0.4 GHz ; 1.2-1.7 
GHz ; 5-7 GHz ; 18-26 GHz 

 [Stringhetti et al 15; Prandoni et al 16] 



SARDARA:  
the state-of-the-art  
back-end for SRT  



LEAP 
Large European Array for Pulsars  (originally funded by EU grant for 5 years) 

Combining “coherently” all the 5 
major European telescopes, SRT 

is part of the best available 
telescope at 20cm-band for 

timing before SKA era…  

…unique capability of SRT in 
removing interstellar medium 

effects, thanks to the dual band 
0.35+1.40 GHz receiver  

+ 



Arzoumanian et al., 2015:  A <  1.5 x 10-15 

   Shannon  et al., 2015:   
   A < 1.0 x 10-15   [ ΩGW < 2.3 x 10-10 ] 

 Lentati et al., 2015: A <  3 x 10-15   

(robust limit including additional effects) 

 Verbiest et al., 2016: A <  1.7 x 10-15   

(based on relatively old data only) [ L
en

ta
ti 

et
 a

l. 
15

 ] 



[ S
es

an
a 

et
 a

l 1
6]

 

Theoretical amplitude depends on 
merger rate, galaxy evolution and 
cosmology, plus many assumptions 
which are difficult to set “a priori”...  

The present limits have entered 
expected (on 2013) range  

•  SMBHB stalling 
[Arzoumanian et al 16 ] 
•  SMBHB eccentricity 
[ Arzoumanian et al 16 ] 
•  Environmental coupling 
[ Shannon et al. 15] [ S
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•  Bias-high in the relation MSMBH-σ 
( MSMHB vs Velocity Dispersion ) 
[Bernardi et al 07, Shankar et al 16; Sesana et al 16] 
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Tests of the polarization “modes”  
of the GWs 

70 Clifford M. Will
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Gravitational−Wave Polarization

Figure 8: The six polarization modes for gravitational waves permitted in any metric theory of
gravity. Shown is the displacement that each mode induces on a ring of test particles. The wave
propagates in the +z direction. There is no displacement out of the plane of the picture. In (a),
(b), and (c), the wave propagates out of the plane; in (d), (e), and (f), the wave propagates in
the plane. In GR, only (a) and (b) are present; in massless scalar-tensor gravity, (c) may also be
present.
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[ Chamberlin & Siemens 2012 ] 
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