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Motivation: radio emission around clusters

Facts of the case:

e We are interested in understanding the radio emission in and around clusters (Haloes, Relics,
etc.)

Theoretical Question(s):
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Motivation: radio emission around clusters

Facts of the case:

e We are interested in understanding the radio emission in and around clusters (Haloes, Relics,
etc.)

e The plasma is (mostly) high-6 = fluid motions engender microscale instabilities (mirror/
firehose /ion-cyclotron)

Theoretical Question(s):

e How do CRs behave in a medium infested with small-scale
instabilities?

— Can vanilla (or vanilla +) MHD keep a halo bright?
— What transport properties would CRs have?
Conceits:

e Clusters are homogeneous periodic boxes (preferably resolved
at 10245)

e CRs never feedback
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Patchiness & acceleration
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What does vanilla MHD energisation look like?

e A cosmic ray will change its energy when it scatters off a large-amplitude
fluctuation in the magnetic field.

e If the large-amplitude fluctuation in the magnetic field is associated with a

fluid velocity wu, then the cosmic ray gets an energy kick ~ u/c.
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e Assume that you encounter such a field reversal at a scale similar to Louter A
(it’s more subtle than this, see talk by Kempski)
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Q: Can you sneak out through a tunnel?
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Escape time (CR jail break)

Q: Can you sneak out through a tunnel?
A: But this is sensitive to the details of magnetic-field line

wandering.
When reflected, you are not on precisely the same field line, and you
separate perpendicular to your previous field line. Your separation
Ar, grows with a so-called Richardson scaling.
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Escape time (CR jail break)

Q: Can you do the time? (i.e., escape by eddy turnover)

A: If you're in a trap of size [}, Alfvenic motions will tear it
apart on a time scale ~ [) /Vj.
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I've told you how to calculate the escape time .
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Velocity differences along field lines mins g

e There is some precedent for this to scale as du (1)) ~ lﬁ/2 (by
analogy with RMHD).

e On the flip side, this is ezactly the thing that magneto-
immutability should be reducing.

825: Vu ~ kq“YUH

e The simplest thing to do is just go into the simulation and
measure it.

See talks by
Kunz

Majeski
(coming up)
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Patch-size distribution.

e There is essentially no precedent for understanding what this
1s.

e You could perhaps appeal to a steep parallel spectrum of pres-
sure fluctuations, which would create increments that scale

as 0AP ~ li/ . Then perhaps you could use something like
the Sparre Andersen theorem to get a prediction.

e Really, you should just measure it.
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Reacceleration

e [ want to know the energy diffusion coefficient.
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Reacceleration

e [ want to know the energy diffusion coefficient.
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Summary

e Creating acceleration better than Fermi II in regular MHD is hard.

e High-3 environments can create regions of micro-unstable plasma that are efficient scatterers.

e If those regions move coherently, it’s easy-ish to construct a scenario where you get Fermi I.
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