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Pulsars.. 



Pulsars in gamma-rays 



Radio and gamma-ray pulsars:  

what have we learned so far 

OUTER GAP 

POLAR CAP 

SLOT GAP 



Radio and gamma-ray pulsars: what 

is left to do 



AGILE data published on 12 Pulsars, including >40% of 

AGILE Team pulsar targets (AO1 & AO2) 

VELA 
CRAB 

GEMINGA 

B1706-44 
J2021+3651 

J2229+6114 
B1509-58 

B1821-24 

J1016-5857 

J1357-6429 

J2043+2740 

J1524-5625 

J0737-3039 

Where were we..? (2011) 

AGILE detected about 20 gamma-ray pulsars 

and tens of candidates from the spatial analysis  



RAS Project: Funded! 

 

“Developement of a software tool to 

study pulsars from radio to gamma-rays 

using multi-telescope data” 

 

P.I. Alessio Trois 



Sardinia Radio Telescope 



Sardinia Radio Telescope 

The radio work described in this presentation is done with SRT  

commissioning data, taken during the Astronomical Validation (AV) 



“Developement of a software tool to study pulsars 

from radio to gamma-rays using multi-telescope 

data” 
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Purpose of the project is a bidirectional approach 

to pulsars study. 

 Gamma-Rays              Radio:  

 

           Look for counterparts of PSRs, PWNe, or 

UnID in radio data 

 

            Look for new gamma-ray pulsars from 

SRT new discoveries and use SRT observations 

to time pulsars for gamma-ray observations 



A multi-wavelength pulsar database 

- complete 

- not only gamma and radio 

- automatically cross-checked 

- easily accessible 

- web interface   

- Einstein@Home 



What we have: 8 years of AGILE! 



1 ms 

        Pellizzoni et al. 2009a 

Timing noise uncorrected   Timing noise corrected   



Timing noise uncorrected   Timing noise corrected: 

perfect radio-gamma 
matching even for long and 
noisy exposures   

Gamma-ray pulsar period fit  Crab PSR 



Timing noise 
uncorrected 
(dashed)   

Timing noise corrected   

No light-curve “smearing” even in very long observations 

Crab PSR 



P3 is coincident with 
the feature HFC2 that 
appears in the radio 
profile above 4 GHz. 

HFC2 polarization 
suggest that this peak 
may come from a lower 
emission region, near 
polar cap  

 (Moffet & Hankins; 
1996, 1999) 

3.7 s 

Crab 

Pellizzoni et al. 2009a 

P3: low altitude 
cascades? 



Crab pulsar with AGILE: 8 years? 



Crab pulsar with AGILE: 8 years! 



Crab pulsar with AGILE: 8 years! 



Crab pulsar with AGILE: 8 years 



1 ms 

        Pellizzoni et al. 2009a 

Timing noise uncorrected   Timing noise corrected   



How to deal with 8 years' data 

spans 

- Addition of small data spans using JB monthly 

ephemeris (assuming profile stability) 

 

 

 



How to deal with 8 years' data 

spans 

- Addition of small data spans using JB monthly 

ephemeris (assuming profile stability) 

 

- Timing with SRT 

 



The first pulsar observations with SRT 

SRT Astronomical Validation Team 



Hardware development 
 

 

 

 

 

ROACH 2 Boards: 

 

-high time resolution 

- high frequency resolution 

-coherent dedispersion 

 
 

Melis, Concu, Trois 



How to deal with 8 years' data 

spans 

- Addition of small data spans using JB monthly 
ephemeris (assumes profile stability) 

- Timing with SRT 

 

- Timing in gamma-rays? 



From SRT to Fermi to.. AGILE? 

Ray et al. 2011 



In the 30-100 MeV AGILE 
sensitivity is competitive (500 
cm2 eff. Area for timing). 

AGILE    Fermi 

20 MeV – 50 GeV      20 MeV – 300 GeV 

The 1 GeV Fermi sensitivity is much  
better than the AGILE one. 



PSR B1509-58 with AGILE 

Pilia et al. ApJ, 723, 707, 2010 Abdo et al. ApJ, 714, 927, 2010 

Pellizzoni et al. ApJ, 695, L115, 2009  



Interpretation 
Our observations are compatible with emission from the  

polar cap  regions powered by photon splitting cascades. 

 

This likely inerpretation could represent the first  

physical measurement ever made related to the QED  

photon splitting process. 

 

The fact that PC emission at HE appears rare  

might be explained by the requirement that a number of  

conditions concur to have low magnetospere emission, 

e.g. an aligned geometry and high magnetic fields. 

 

New class of “soft” gamma-ray pulsars?  



Detection of the magnetar PSR J1745-2900 with SRT  

(7.3 GHz, 730 MHz, 40 ms int.): ATEL#5053  

(Cagliari Pulsar and Multi-wavelength Group) 



First tests 

Credit Marco Marongiu 



First candidates, continuously 

updating 

Credit Marco Marongiu 



 

IMAGING BACKGROUND: 
 

- Software development and management for 

scientific data analysis (timing and imaging) 

and instrumentation simulation. 

 

- Imaging science: gamma-ray (AGILE, 

Fermi), X-ray (XMM, Chandra), optical 

(ESO), radio (Medicina, SRT, JVLA). 

 

- SRT, total-power, C-K bands, OTF maps 

(and timing). 

Geminga PSR, JVLA Pellizzoni et al., 2010 

Pellizzoni et al., 2011 



3C 58 with LOFAR 

Pilia et al., in prep. 



 

SNR 3C157: 
 

32m Medicina + optical image 

In collaboration with Giuliani, Righini et al. 



Pulsar Wind Nebulae: Imaging with 

SRT 
Early SDI 

applications: 

December 2012, 

SNR W44 at 7 

GHz BWG, 1.5’ bin 

(first resolved 

image of SRT) 

 

Credits:  

Alberto Pellizzoni 

for the AV Team 



Pulsar Wind Nebulae: Imaging with 

SRT 

SNR W44 using  

ROACH 2 Boards. 

C-band, 

Bandwidth = 2048 

# Channels = 2048 

9 dumps/sec 

 

Credits: 

Melis, Concu, Trois 

for the AV Team 



Summary and Conclusions 

 Developement of a software tool for pulsar 

studies using a multi-telescope database 

 Search for radio counterpart of pulsars, PWNe 

and unidentified gamma-ray sources 

 Search for gamma-ray counterpart of pulsars 

and PWNe detected with SRT 

 Providing a multi-wavelength pulsar database 

 Understanding of pulsar emission mechanisms 



Thank you! 


