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Micro-Instabilities Temperature Anisotropy

Temperature Anisotropy:

Rj ≡ T⊥j / T‖j

Anisotropy ⇒ Non-Maxwellian VDF ⇒ Free Energy ⇒ Unstable ⇒
Micro-Instabilities ⇒ Growth rate (γj)
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β‖j ≡
nj kB T‖j
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Micro-Instabilities Solar Wind Observation

Hellinger et al. (GRL, 2006)
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Micro-Instabilities Magnetosheath Observation
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Maruca et al. (ApJ, 2018)

Marginally unstable plasma (γ & 0) exhibits enhancements in:

• Magnetic fluctuations (Bale et al., PRL, 2009)
• Temperature (Maruca et al., PRL, 2011)
• Turbulent structures (PVI) (Osman et al., PRL, 2012; 2013)
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PIC Simulation R, β, JZ

Used similar method of γ calculation on a fully kinetic PIC simulation:

βp = βe = 0.6, Rp = 1, Tp = Te
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PIC Simulation γ
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PIC Simulation R, β, JZ , γ

Qudsi et al. (ApJ, 2019) (submitted)
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MMS Observation FPI (Burst Mode)

MMS observation in Magnetosheath

• Ion data from Fast Plasma Investigator (FPI) aboard MMS.

• In burst mode we get one proton distribution every 150 ms.

• Period analysed: Several burst modes from 2016 and 2018.

• Present results from 12/27/2016. Previously studied by Chasapis
et al. (ApJ, 2017; ApJL, 2018).

RQ (UDel) Arcetri-2019 Workshop February 16, 2021 8 / 13



MMS Observation FPI (Burst Mode)
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MMS Observation FPI (Burst Mode)

1.0

1.5

R p
=

T
p/T

p

100

101

102

p

102

|J|
(n

A/
m

2 )

10
5

10
3

10
1

m
ax

p/
p

cyclotron firehose

06:31 06:34 06:38
Time (UTC) on 2017 December, 26

10
5

10
3

10
1

m
ax

p/
p

mirror firehose

Qudsi et al. (ApJ, 2019)
(submitted)

• β‖p is high

• A lot more unstable VDFs

• Distribution of instabilities
are still intermittent
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Conclusion Comparison

Comparison between PIC and Observation
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Conclusion Comparison

Comparison between PIC and Observation
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Conclusion

Conclusions

• Instability growth rates are intermittently distributed in the
space/time

• Various studies (Osman et al. (PRL, 2011, 2012); Greco et
al. (PRE, 2012) have shown intermittency to be associated with
sharp gradients in magnetic field, thus implying presence of
turbulence in those regions

• Since they lie in the same configuration space, it appears that
temperature anisotropy is driven by turbulence

• The anisotropy gives rise to intermittent microinstablities which
help scatter the energy and restrict the high Rj incursion of
plasma at high β‖
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