
Galac%c	  Magne%c	  Fields	  



Galactic Magnetic Fields 
•  In equipartition with CRs and interstellar radiation field 

–  n=1 ev/cm3 

•  Align dust grains ->polarized emission from dust 

•  CRs follow B-field lines 

•  Support the ISM 

•  Shklovsky (1953) suggested that synchrotron radiation powers the 
Crab Nebula; optical polarization was found the next year by 
Russian astronomers. 



Motion of particles in B field 
•  as 



Orbital periods and curvature radius 
•  Values for cyclotron freq. (γ=1) are for a 5 µG field: 

–  ωB = 17.6 MHz B for electrons = 88 Hz 
–  ωB = 9.60 KHz B (Z/A) for ions= 0.048 Hz (for protons) 

•  Curvature radii are: v = ωB r ,  using v≈c: 
–  3.4e8 cm for electrons 
–  6.2e11 cm for protons 

•  These are small numbers compared by interstellar standards 
–  Electrons and protons spiral all the time along magnetic field lines !! 



Synchrotron Emission 
•  as 





Polarization 
•  The radiation from an ultra-relativistic particle is mainly polarized in 

the plane of motion: i.e. perpendicular to B 

Radia%on	  is	  almost	  linearly	  polarized	  perpendicular	  to	  B,	  
signature	  of	  synchrotron	  radia%on	  	  







Rotation Measurement 
•  Discovered by Faraday, it allows the measurement of the Magnetic 

field `along’ the line of sight 
•  Linear polarized wave can be decomposed into two circularly 

polarized counter-rotating waves  

•  The left and right rotating waves propagate differently through a 
magnetized plasma 
–  They would experience a different refractive index dependent on whether the 

created magnetic field is parallel or opposite to the ISM B 



Pulsars and RMs 
•  Pulsars emit linearly polarized emission 

Noutsos	  et	  al.	  



Dust Polarization 



Galactic B fields 
•  For the Milky Way: 
•  the field is mainly parallel to the disk midplane, 
•   concentrated in the spiral arms with inter-arm reversals, 
•   The random component may be 50% of the ordered field. 
•   The median total field in the solar neighborhood is 6 µG.  
•  The field increases with decreasing galactic radius, and is about 10 

µG at R = 3 kpc 

•  For external galaxies: 
–  the synchrotron emission studies show the effects of spiral structure, the 

existence of thin and thick disk components, and occasionally inter-arm 
reversals. Typical field values are 10 µG, not all that different than the Milky 
Way. 



Effects on the ISM 
•  In terms of a static disk, the most important force for consideration 

of large scale (kpc) structure is the gravity field generated by the 
stars (with a mass an order of magnitude larger than the ISM). 

•  Cox05 reports the following expression for the vertical gravity 
(exact to 2% in z=[0-10] kpc) 

•  Hydrostatic equilibrium 

disk	  

halo	  stars	  



Hydrostatic equilibrium 
•  Hydrostatic eq. can be solved since we know the density distribution 

of gas and assuming p(10kpc) ~0  

Blue=	  total	  
Red	  =	  warm	  



Non thermal Pressure 
•  P = pth + ( pturb  + pCR + pB  +  pdyn) 

–  Last term includes macroscopic flows 

•  The synchrotron emissivity implies that the cosmic rays and 
magnetic field persist to greater heights than would be inferred from 
the weight distribution of the interstellar matter considered so far 
(Cox05), in agreement with observations from other galaxies 

•  The last three terms are in rough equipartition (turbulence does not 
count much) and solve the `pressure’ problem 



Summary 
•  The magnetic field is an important component of galaxies 

–  In equipartition with CRs and interstellar radiation fields 

•  Studies of polarized synchrotron emission, Faraday Rotation and 
dust polarizations (using background stars) show the magnetic field 
lines 
–  Substantial B fields in the halo 
–  Magnetic reversal  


