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Outline 

!  State of the art knowledge of the pulsars and their 
environments 

! Why to look at them at high energies?  

! What did we learn about pulsars in the last years? 

! What did we learn about PWN in the last years? 
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Pulsar wind 
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Pulsar wind 
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Pulsar wind nebula 
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Pulsar wind nebula 
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Pulsar wind nebula 
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Some energetics 
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Why high energies? Theoretically.. 
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Why high energies? Observationally.. 
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Why high energies? Observationally.. 
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HESS preliminary (2015) 



What did we learn about pulsars? 
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Three populations 
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γ rays from outer magnetosphere 
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γ rays from outer magnetosphere 
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γ rays from outer magnetosphere 
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An exception(?): the Crab 
Aliu+ 11 VERITAS 
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Some more? 
Aliu+ 15 VERITAS 

VELA 

HESS preliminary 

Gajdus+15  

GEMINGA 

115 Fermi pulsars stacked 

McCann+15  
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Not stable sources 
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MSP: a new population 
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What did we learn about PWN? 

! ~100 known PWN 

!  70 detected in X-ray 

!  35 detected at VHE (26 in the HESS GPS) 
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The archetypal Crab 
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Meyer+ 2010 

LEFTOVER OF SN 1054 

SYNCHROTRON 
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Most of what we know from the Crab 
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Most of what we know from the Crab 
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σ~1.5 

CHANDRA 2D MHD SIMULATION 

Olmi+14  Weisskopf+ 00 

σ = 0.025 
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Not std candel anymore 
THE FLARING γ-RAY SKY 
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The April 2011 Crab flare 
Buhler+ 12 
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The Crab γ-ray flares 
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The Crab γ-ray flares 
Buhler & Blandford 14 

Γ=1.27 
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Possible explanations 
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Possible explanations 

150 MeV 

1 MeV Cerutti+ 12 
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The TeV PWN population 

H.E.S.S. preliminary (2015) 
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PWN evolution 
MAGIC 14 

23 

TeVPa, Kashiwa 26-30 October 2015 – R. Zanin 

3c58   5 kys 

YOUNG PWN IN FREE EXPANSION 



PWN evolution 

GEMINGA 350 kys 

VELA X 11 kys 

HESS 12 

MAGIC 14 
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PWN evolution 

HAWC 15 

GEMINGA 350 kys 

VELA X 11 kys 

HESS 12 

MAGIC 14 
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3c58   5 kys 

RELIC PWN 

YOUNG PWN IN FREE EXPANSION 

MIDDLE-AGE PWN 

VERITAS 14 

HESS J1908 19 kys 



PWN evolution 
YOUNG RELIC PWN MIDDLE AGE 

Klepser+ 15 
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Conclusions 
!  Three evenly distributed γ-ray pulsar populations 

!  In young pulsars γ rays comes from high altitudes, in MSP probably a 
mixture of low and high altitudes  

!  MSP in spiders showed swing between rotation- and accretion-powered 
states 

!  1st PULSAR SURPRISE: Crab is showing an IC(?) tail above the curvature 
cutoff up to TeV energy: so far the only one 

!  2nd PULSAR SURPRISE: PSR J2021+4026 is variable 

!  3D MHD could be able to describe the whole Crab picture 
(morphology, broad-band spectrum, sub-structure variability) 

!  1st PWN SURPRISE: Crab Nebula flares: synchrotron emission above the 
critical energy, with no counterpart in any wavelength, & hard spectra 
! magnetic reconnection?   

!  The TeV PWN population confirm most of the expected evolution 
signatures (pulsar offset, extension) 

TeVPa, Kashiwa 26-30 October 2015 – R. Zanin 

25 



THANK YOU 
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Primary positron factories 
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LOCAL SNRs: e- 

FAR SNRs: e- 

d>3 kpc 

SECONDARY e± 
FROM SPALLATION 
REACTION OF  
HADRONIC 
CR WITH ISM 

PRIMARY e± FROM  
PULSARS & PWN 

Di Mauro+ 14 



Pulsars – Emission models  



So strange that the Crab is an 
exception? 

Kuiper+ 15 

TeVPa, Kashiwa 26-30 October 2015 – R. Zanin 



Variable pulsar: J2021+4026 
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Variable pulsar: J2021+4026 
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Transitional pulsars 

Stappers+ 13 
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Most of what we know from the Crab 
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Kennel & Coroniti 84 

Bucciantini+ 11 RADIO ORIGIN 

!  RELIC POPULATION excluded! 

!  CONTINUOSLY INJECTED AT THE TS 

!  UNIFORM DISTRIBUTION 
(re-accelerated in turbolence)  

SHOCK ACC 

SIMILAR MAPS 

UNIFORM ACC 

Olmi+ 14 



Extension 

r(GeV) ~ r(GHz)= 5’ 

radio e- X-ray e- 



Extension 

r(GeV) ~ r(GHz)= 5’ 

radio e- X-ray e- 

Albert+ 08 (MAGIC) 



The Crab γ-ray flares 



The Crab γ-ray flares 



The Crab γ-ray flares 

PL + exp cutoff  
Γ=1.27±0.12 
Φ ~ Ecut

3.4±0.8 



TeV PWN a cumulative story 
Kargaltsev+ 15 
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PWN evolution 

MIDDLE 
AGE 

YOUNG RELIC PWN MIDDLE AGE 

H.E.S.S 
preliminary 

Klepser+ 15 20 
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PWN evolution 

MIDDLE 
AGE 

YOUNG RELIC PWN MIDDLE AGE 

Klepser+ 15 
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PWN evolution 

Meyer+ 12 

Acero+ 13 
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Why interesting? 
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