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The Crab Nebula Modeling the SED Cross Calibration Summary

The Crab Nebula

@ Crab Nebula is part of a supernova remnant
at a distance of d ~ 2 kpc

@ Pulsar loses energy in form of a relativistic
e’ + e~ plasma and magnetic field energy

@ Assume that all particles are injected by the
pulsar and expand into the plerion

@ Relativistic wind terminates at a shockfront at
rs = (0.14 £ 0.01) pc = particles accelerated
up to PeV energies by 1* order Fermi
acceleration

@ Electrons in the nebula emit synchrotron
radiation

@ Photons are upscattered by the inverse .-

Compton (IC) process
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The Crab Nebula

Spectral Energy Distribution (SED)
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Modeling the SED

MHD flow model
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Model assumptions

Evolution of rel. plasma governed by magneto
hydrodynamics (MHD) [6, 12, 13]

Solution requires magnetization parameter o (i.e. ratio of
Poynting to particle flux) as input

B-field depends on distance from the shock z = r/rs

Two electron populations: radio and wind electrons
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Modeling the SED

Const. B-field model
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> Two electron populations (as before) .
@ B-field constant throughout the nebula S
1034 | @ Electron and photon densities to drop radially from the \‘1{
center as a gaussian where the width decreases with <3
energy [9] 1
@ Hold B-field fixed and determine best-fit electron '
populations 5
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Modeling the SED

Modeling of the SED: Const.

B-field model — IC part
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Seed photon fields

Synchrotron
Thermal Dust
Cosmic microwave background

Emission from filaments

Determination of B-field

@ Synchrotron emission fixed, calculate IC emission
@ Calculate X2 of model and Fermi/LAT measurements

@ Increase B-field, start from last slide

UH
.
Universitit Hamburg

Manuel Meyer

University of Hamburg Crab Nebula 6/11



Modeling the SED

Modeling of the SED: Const. B-field model — IC part
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| Best-fit value:

B = (124 + 6 (stat) “I® (sys.)) 1G

Synchrotron

Tnission
Thermal Dust @ Value smaller than previously assumed
Cosmic micrc (~ 300 MG)

Emission fron
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surements

@ Value further away from equipartition




Modeling the SED

B-field model — Best-fit Electron spectra
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@ The electron populations are modeled with powerlaws: dNg /d~y = NO«/_S
@ Powerlaw index of radio electrons cannot be explained by Fermi acceleration
@ Radio electrons injected in an early rapid spin down phase of the pulsar? [5] Acceleration of electrons in
Wisps? [e.g. 7]
@ Wind electrons constantly injected at the shock and cooled due to synchrotron radiation
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Modeling the SED

Comparison of the models

CoTe B Const. B-field model

@ Simplified approach to describe
emission from the nebula

@ Very high energy (and gamma-ray)
observations not included in the fit —
allows for comparison between theory
and experiment

@ Two distinct electron populations have
to be invoked

@ 12 free parameters

@ Describes data remarkably well:
@ ?/d.o.f. =214.5/217 ~ 0.99
@ X?(B)/d.o.f. = 6.37/13 ~ 0.49

MHD flow model o 0 8w m

@ More physical description of the
evolution of injected particles and the
B-field in the nebula

Note: first time that shock radius of
rs = 0.14 pc was used

Overall shape of SED reproduced
7 free parameters

Data not fitted well in detail:
x?/d.o.f. = 397.02/222 ~ 1.79

4 \
1 1 .
UH
Universitit Hamburg s

Manuel Meyer University of Hamburg Crab Nebula 8/11

0=0.0045

200

(]
¥
8

B [uG]
2 Q@) (1)

=
5]




Cross Calibration

Cross Calibration of IACTs with Fermi/LAT
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Cross Calibration

Cross Calibration of IACTs with Fermi/LAT
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The Crab Nebula Modeling the SED I bre Summary

Summary and Outlook

@ Crab Nebula has been observed in every accessible wavelength = ideal candidate for
spectral modeling
@ Two models for the SED presented:
@ Const. B-field model: accurate description of the SED
@ MHD flow model: more physical approach worse description
@ Const. B-field model can be used for a cross calibration between IACTs and Fermi/LAT

Outlook

@ MHD flow model:
@ Extend model: incorporate asymmetric particle flow with varying o
@ Particles at different energies “feel” different magnetic field = possible to measure o

@ Cross calibration:

@ Useful for any multiwavelength observations with Fermi/LAT and ground based air
shower experiments

@ E.g. Dark Matter searches, observations of the galactic center, etc.
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Back up Slides

Application of Cross Calibration: diffuse v-background
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@ Cross calibration can be used if measurements overlap in energy

@ Adjusts measurements to common energyscale, reduces systematic uncertainties

@ Example: measurement of et + e~ spectrum by Fermi/LAT and H.E.S.S.

@ Allows for the determination of upper limit of diffuse ~-ray background
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B-field in the different models
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Flare of the Crab Nebula
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