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BUT perpendicular shock
 

=> 1st order Fermi               
    should NOT work !

Electron acceleration at the TS ?Electron acceleration at the TS ?

→ Spectrum
Nebula (X-rays):

 

nF
n
 a n-0.1

→ Electrons 
up to PeV.

Part. spect.: ~ E~ E-2.2 -2.2 



  

ModelModel

Fluid flow and B field model 
based on Crab MHD simulations 

from Porth et al. (2014, 2016) B
d,0

 = +1mG



  

ModelModel

Jump conditions: B
u,RF

 = (G
d
/3G

u
 )B

d,RF

    + 3D turbulent magnetic
        field on nested grids.



  

ModelModel

→ Integrate the trajectories of individual 
particules in 3D (test particle limit),
  

→ Integrate in the Upstream or Downstream 
RFs; Shock crossing: Do the Lorentz transfo.

→ INJECTION :INJECTION : e.g. 
Giacchè & Kirk (2017):



  

e+ ejected e- confined

z [cm] z [cm]

Numerical simulationsNumerical simulations

AccelerationNo/little acceleration

Positrons : Electrons :

up up downdown

(… or vice versa, depending on the polarity)



  

z [cm] z [cm]

Numerical simulationsNumerical simulations

Positrons : Electrons :

Shock Shock 
driftdrift

        Effects of drift motions on the shock surface

SpeiserSpeiser
 orbits orbits



  

ee++, e, e-- spectra vs Observations spectra vs Observations

power-laws

CENTER         CENTER          
Chandra

Mori et al. (2004)
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NuSTAR                  
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GOOD FITGOOD FITSpectral index ~ -2.4 … -1.8



  

NuSTAR (3 – 78) keV

Synchrotron emission (X-rays)Synchrotron emission (X-rays)

GOOD FITGOOD FIT



  
ission from neighbouring molecular 
clouds (W28, W51C

LHAASO  LHAASO  ((高海拔宇宙线观测站高海拔宇宙线观测站 )    )    
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PeV PeV gg-rays from the Crab Nebula ?-rays from the Crab Nebula ?

Our model will fit the data for some parameters, but not for others.

  => LHAASO will be able to constrain the Crab WIND’s 
       parameters with future > 200TeV measurements.

Low-E Low-E 
cutoffcutoff

Power-law spectrum Power-law spectrum 
up to ~ PeVup to ~ PeV

VHE g-ray spectrum

Θ = 60◦, δBB
d
 = 100 μG, ∝ sinG,  sin∝ sin 4θ

wind, “Komissarov profile”



  

PeV PeV gg-rays from the Crab Nebula ?-rays from the Crab Nebula ?

Our model will fit the data for some parameters, but not for others.

  => LHAASO will be able to constrain the Crab NEBULA’s
       parameters with future > 200TeV measurements.

Θ = 60◦, δBB
d
 = 100 μG, ∝ sinG,  sin∝ sin 4θ

wind, “Komissarov profile”

VHE g-ray spectrum



  

Conclusions & Perspectives:Conclusions & Perspectives:

→ 1st numerical ‘proof’ of e- acceleration to > PeV at pulsar
     wind termination shocks via 1st order Fermi,
 

→ Large-scale anisotropy of the transverse B-field profile 
     allows for efficient particle acceleration close to the eq. plane,

→ Speiser orbits around the eq. Plane; Shock-drift,
 

→ Fits the X-rays and g-rays from the Crab Nebula,
 

→ Soon: New constraints on pulsar winds from PeV data !
 

     => LHAASO will constrain striped pulsar wind parameters,
 

→ Either e-  or  e+ acc. to HE (depending on the pulsar polarity)
 

     => Crucial implications for the positron excess.
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