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Role of thermal conduction in dilute plasmas

e |[CM plasma is dilute and weakly
magnetized-- charged particles are RDCS 12'59f9:2927' ¥
nearly freely streaming along the lines of
magnetic field.
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¢ Anisotropic conduction alters classic

condition for convection.
(Balbus 00)

[Schwarzschild criterion (0S5/0z > 08 . At "’ - (Credit: NAéA/CXC/SAO)

e \What are the implications for the ICM?



MHD instabilities and overstabllities
(Balbus & Reynolds 10)
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MHD equations of magnetized plasma

ap
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LOC8| WKB perturbatiOﬂS (Wentzel-Kramers-Brillouin)

plane wave disturbances «  exp(ot +ik -r)

dispersion relation  o° +aj0*+axo +az =0

stable solutions require @1 >0, a3>0, aa > as

ap >0 thermal stability (Field criterion)

a3 >0 gstable to thermal/heat flux driven instabilities

aia, > a; Stable to cooling/heat flux driven overstabilities



“Instabllity” vs. “overstability”

small perturbation « exp(of+ik-r)
if ois ...
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Kk =xT/P
diffusivity (cm?/s) in terms

Stablhty Cri’[eria of Spitzer conductivity

thermal stability (Field criterion):

T®T|P + (kb)zK > (),

thermal/heat flux driven instabilities:

y — 1 gdInT
( » ) k(k-b)* ((1 = 262)k7 +2b.bokoke ) "

+ (k . vA)2a1 > 0.

dz

radiative cooling/heat flux driven overstabilities:

TOrp +k(k - b)*R > 0

/

R=1(dInT, dinp) < 1 “reduction factor”




Interplay of thermal stability and overstabillities

TOrp+ (k-b)*k > 0, TO7p+ (k-b)*k < 0,
TOrp +k(k - b)*R > 0. TOrp +k(k - b)*R > 0.
TOrp + (k-b)*k > 0, TOrp + (k-b)*k < 0,

TOrp +k(k - b)*R <0 TOrp +k(k - b)*R <0




Interplay of thermal stability and overstabillities

TOrp+ (k-b)*k > 0, TOrp+ (k-b)*k < 0,
TOrp +k(k - b)*R > 0. TOrp +k(k - b)*R > 0.
v X
TOrp + (k-b)*k > 0, TOrp + (k-b)*k < 0,
TOrp +k(k - b)*R <0 TOrp +k(k - b)*R <0
4 v/




Interplay of thermal stability and overstabillities

TOrp + (k-b)*k > 0,

TOrp +k(k - b)*R <0

v

T@T|p + (kb)ZK < 0,

TOrp +k(k - b)*R <0

v



Heat-flux Driven Overstability (HFO)




Thermally stable and Thermally unstable and
overstable to HFO overstable to HFO

Wdyn > Wcond Wdyn = Wcool > Weond
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HFO growth and dispersion relation

Overstability growth

4

Overstability dispersion relation
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Overstability driven by radiative cooling (RCO)

B an o=

Bl T

hot

IT 1g

cold



Thermally stable and Thermally unstable and
overstable to RCO overstable to RCO

Wcool > Wdyn = Wcond Wcool > Wdyn > Wcond

~4OO tdyn ~1 OO tdyn



RCO growth and dispersion relation

Overstability growth
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Overstability dispersion relation
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Conclusions & prospects

e MHD overstabilities related to the well known MHD instabilities.

e Analytic theory: Need for thorough understanding of plasma processes (e.g.,
anisotropic viscosity).

e Simulations: Understanding the relative importance of individual plasma
instabilities/overstabilities and their connection.

e Observations: Spectro-polarimetric measurements, measurements of
temperature profiles and metallicity in cluster outskirts, measurements of
turbulence, other yet to be realized methods...



