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Outline  

 
- Gamma-ray pulsars 

 

- Magnetospheric winds as carriers of spin-down power  

 

- GeV/TeV Sources powered by PSRs and their Winds:  

 

        a) Pulsar Wind Nebulae                                     

                                                               

          b) GeV/TeV binaries 

 

          c) Globular clusters  
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Fermi LAT, E > 100MeV 
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Gamma-ray pulsars 

 (red and blue)  

as of 2010. 



 

Why do pulsars radiate 

  

in high energy domain? 

 

1) Rotating, strongly  

    magnetized neutron stars -> 

                                         unipolar inductors 

        

2) Maximum potential drop (for vacuum rotator) 

 

          Vmax    6  1012 B12 P
-2 Volts,  

 

     i.e. for young pulsars Vmax can exceed 1016 Volts. 

 

                  Realistic potential drops are much smaller,  

                  but high enough 

                  to accelerate particles to ultrarelativistic energies. 
 

Dyks &R 2003 
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Young, energetic „outer-gap” pulsars  

are likely 

to be VHE gamma-ray pulsars 

 

 

          The case of the Crab pulsar  



Before  the VHE discoveries by VERITAS and MAGIC        

 

 The Crab Pulsar and 3D Outer Gap Model                                      Hirotani, 2009  

  = 60 deg 

 = 113 deg 

                               Synchro-curvature  + ICS (pairs with IR) 
                    Intrinsic: black lines                      Escaping: red line  

                                                          

MAGIC @ 

25 GeV 
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CTA 



 The Crab Pulsar and 3D Outer Gap Model – 3 yrs later  
 

MAGIC Coll.+  Hirotani (Aleksic et al. 2011) 



Slot Gaps and Outer Gaps 
 

( example for the Crab parameters) 

 

      The rate of  e -pairs   

       in cold, ultrarelativistic wind: 

 

      Me dNGJ /dt   3 1038 s-1 

           Multiplicities:  

         Me ~ 104 - 105  
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Aharonian, Bogovalov 2002 

Pulsed 

inside LC 

Pulsed 

outside LC 

Unpulsed 
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Spectral energy distribution in HE-VHE of the Crab Nebula (PWN) 

and its surprises at HE          

Super flare on 2011 April 15-16 

AGILE  
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Aharonian et al. 2012, Nature 

Generating pulsed VHE emission within the wind zone 
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The online catalog TeVCat  as of Nov 2011 
 

(based on H.E.S.S., MAGIC, VERITAS) 
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de Ona-Wilhelmi et al. 2013 Red dots: PWNe in VHE and their LAT pulsars 

Blue dots: other LAT pulsars 



 

HESS J0632+057   321±5d    0.83         B0pe               ?                       

 

1FGL J1018.6-5856   16.6 d       ?           O6V                ?                   

   

Five confirmed Gamma-ray Binaries 
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             HESS Collaboration (Abramowski et al.  2013) 

 

PSR B1259-63/LS 2883  
      by HESS and Fermi 

at periastron passage in 2010/2011  

Conclusion:  

                    Very likely, the HE emission (LAT) and the VHE emission (HESS) 

                    are not connected to each other, i.e. they are due to different processes 
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? 
? 

Potential diagnostic tools to study Pulsar Wind Zones 

at small scales (~100 – 1000 R_LC) 

LS5039 

LS I+61 303 
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Hadasch et al. 2012 LS 5039: HE-VHE energy distribution 

 around INFC and SUPC 

To observer 

INFC 

SUPC 



HESS J0632+057 by VERITAS and SWIFT  

G.Maier for VERITAS Collab.,2012  

folded with P = 315 d 



HESS J0632+057 by VERITAS and HESS  

G.Maier for VERITAS and J.Skilton for HESS.,2011 

folded with P = 321 d 



 

HESS J0632+057  - TeV/X-ray binary  

 

No detection at ~ GeV even during the periastron passage    

  
(Caliandro & Hill on behalf of Fermi-LAT Collab.) 

 

 1FGL J1018.6-5856  - GeV/X-ray binary 

  
  (Fermi-LAT Collab, Science, 2012) 

 

  Positionally coincident with HESS J1018-589  
 

   (de Ona-Wilhelmi, 2010)  
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 Globular Clusters contain many MSPs  

(e.g. 33 MSPs in Ter 5) 

 

=>  are expected to be 

the sources of pulsed and unpulsed VHE radiation 
 

 

 

                   Basic characteristics to be inferred  

                               from observations: 
 

                    - spatial extent of the VHE emission, 

 

                    - the shape of the VHE spectrum, 

 

                    - its relation to the HE emission, 
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Abdo et al. 2009; Webb & Knoedlseder 2010 

 

 

 

 

 

 

 

 

 

                        = 1.3  0.3 

 

                     Ecutoff = 2.5 +1.6 -0.8 GeV 

Globular Clusters in gamma rays 

(13  + 5 candidates ) 

47 Tucanae                                                                                       Terzan 5 
Kong et al. 2010 

 

 

 

 

 

 

 

 

= 1.9  0.2 

 

Ecutoff = 3.8 1.2GeV 



        HESS Collaboration (Abramowski et al. 2011) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                 = 2.5  0.3 

 

                      

Discovery of VHE emission from the direction of Terzan 5 

half-mass radius – black 

tidal radius - cyan 



Search for VHE gamma-ray emission from Galactic globular 

                        clusters with H.E.S.S.                          Abramowski et al.2013 

LAT 

LAT 



Zajczyk, Bednarek, R, 2013 

One of several models for Ter 5 covering the range HE-VHE 

Fermi LAT 

points 

HESS points 

BGC:  0.3 µG (black), 3 µG (light green), 30 µG (brown) 



Fermi LAT Collab., 2011 

The first gamma-ray pulsar 

found in a globular cluster  

 

PSR J1823-3021A 

 

in NGC 6624 

 

(P = 5 ms) 



SUMMARY 

 
- Gamma-ray pulsars are a dominant class of galactic GeV sources 

 

- Pulsar Wind Nebulae are a dominant class of galactic TeV sources 

 

- GeV/TeV binaries with putative^* pulsars as compact objects offer an     

                       opportunity to study colliding winds and wind-disk collisions 

  

- Globular clusters found to be GeV sources (14); expected TeV emission 

  not found so far (the status of Ter 5 detection by H.E.S.S. still unclear) 

 

 
 

         

  ^* except for PSR B1259-63       


