
What has been achieved?

• CHANG-ES has achieved a systematic study of 
edge-on galaxies, their cosmic rays and 
magnetic fields.

• We have had to explain:

• 1. X type fields—we can now expect them to 
be associated with m=0 dynamo modes

• 2. Magnetic spiral arms- we know that these 
are produced by the classic dynamo due to 
Moffat, 1978. Rotating arms are the subject of 
today’s report.



• 3. Parity inversion above the plane and sign changes 
across the galactic disc --check

• 4. spiral structure rising into the halo and spiral arms 
displaced relative to stellar arms—yes and possibly

• 5. importance of winds, rotation, radial motion are 
included ---I emphasize that the fields do not have to 
be ad hoc when fitting data. We have analytic 
solutions.

• How has this been possible? Generalized Scale 
Invariance—we do not have to think of scale invariance 
as an esoteric piece of the set of solutions—complex 
systems, undisturbed externally, evolve to scale 
invariant form.



This was





• So what is new? After Bochum 2016, we  
published  in 2017 several papers on the scale 
invariant steady state. This year we introduced 
axially symmetric dynamo fields with amplitude 
time dependence. Now we introduce rotating 
spiral-symmetric fields also with varying 
amplitude. This is relevant to magnetic field 
evolution.

• Now we are ready to attempt real galaxies—see 
Alex and Jennifer



Rotating Dynamo Magnetic 
Fields

Hiding the magnetic field in Edge-on 
galaxies?



Magnetic Field Rotation

W

h

e=W/h



Classical Dynamo Theory

4 R.N. Henriksen, A. Woodfinden, J.A. Irwin

2 STEADY DYNAMO MAGNETIC FIELDS WITH ZERO RESISTIVE

DIFFUSION?

One may ask whether scale invariant, steady, solutions exist without resistive di↵usion.

This restriction to an infinitely conducting medium allows analytic, non axially symmetric,

solutions to be found (below) with time dependence. However we have found as a general

conclusion that no steady, scale invariant, solutions exist, at least in the absence of global

electric fields. The demonstration follows by writing the steady dynamo equation (equation

(2) with @t = 0) with ⌘ = 0. The terms that remain are a sum of the convective term, which

is perpendicular to the magnetic field, and of the sub-scale dynamo term, which is parallel to

the magnetic field. Clearly there is no non-trivial solution for the magnetic field that makes

the sum equal to zero.

More formally, if we write the steady equation (2) in terms of the scaled magnetic and

velocity fields when ⌘ = 0 (see definitions below), we find that there are no derivatives of

the magnetic field in the resulting three homogeneous equations. Setting the determinant of

these equations equal to zero in order to have a non trivial solution, gives (see the definitions

below)

↵̄2
d + v̄2 = 0, (1)

which has no real solution. The conclusion is the same either with or without axial symmetry.

3 SCALE INVARIANT, TIME DEPENDENT, SPIRALLY SYMMETRIC

DYNAMOS

We refer to the classical mean-field dynamo equations Mo↵at (1978) in the form for the

magnetic vector potential Henriksen (2017b)

@tA = v ^r ^A� ⌘r^r ^A+ ↵dr^A. (2)

In these equations v is the mean velocity, ⌘ is the resistive di↵usivity and ↵d is the magnetic

‘helicity’ resulting from sub-scale magnetohydrodynamic turbulence and A is the potential.

We proceed by setting ⌘ = 0 so that the medium is infinitely conducting.

Under the assumption of temporal scale invariance, the time dependence will simply be a

power law or (in the limit of zero similarity class) an exponential factor. Hence the geometry

of the magnetic field remains ‘self-similar’ over the time evolution, and we can therefore

study the geometry without requiring a fixed epoch. Although we have no way of bringing
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Scale Invariant Variables



Scale Invariant Fields



Rotational, Helicity, Velocity, Diffusivity



B field and reduced equations





45 degrees counter clockwise 



90 degrees counter clockwise 



Three dimensional image



{r,z,m,q,epsilon,w,T,C1,C2,R}=_r,z,1,2.5,
0,2,1,1,0,1.1}



{r,z,m,q,epsilon,w,T,C1,C2,R}={r,z,1,2.5,
0,5,1,1,0,1.1}



{r,phi,z,m,q,epsilon,w,T,C1,C2}={r,phi,0.25
,2,2.5,0,2,1,1,0)



{r,z,m,q,epsilon,w,T,C1,C2,R}={r,z,2,
2.5,0,2,1,1,0,1.1}



{r,z,2,2.5,-0.785,2,1,1,0,1.1}



{r,z,2,2.5,+0.785,2,1,1,0,1.1}



{r,z,2,2.5,0,2,1,1,0,1.1}



{r,z,2,2.5,-0.785,2,1,1,0,1.1}



{r,z,2,2.5,0.785,2,1,1,0,1.1}



{r,phi,z,v,a,m,q,epsilon,C1,C2}={r,ph
i,0.25,1.5,1,1,2.5,-1,0,1}



Poloidal cut over previous arm



{r,z,v,a,m,q,epsilon, 
C1,C2}={r,z,1.5,1,1,2.5,-1,0,1}



{1.5,1,1,2.5,-1,0,1}



{r,z,v,a,m,q,epsilon,C1,C2}={r,z,1.5,
2,2.5,-1,0,1}



Face on Galaxies



RM variation at r=0.25, phi =0..2pi






