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Modeling Cosmic Ray Elect: ons
in the Multiphase ISM
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Zweibel (2013)
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Kim & Ostriker (2017
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Modeling CRs ey
in TIGRESS

See Jiang & Oh (2018) + Armillotta et al. (2021)
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1. Injection around star particles
2. Transport including:

1. Advection with the gas

2. Streaming along magnetic
flelds

3. Diffusion relative to the
magnetic fields

3. Energetic losses through 1%
interactions with the local ISM |
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More details: Armillotta et al. (2021)

Streaming Coefficient

CRs scatter off of Alfvén waves generated by the streaming instability —
the self-confinement model

/_b 1—’stream = 1ﬂdam]p A/\

Depends on local CR properties Either ion-neutral or non-linear
Landau damping, value depends
on local gas properties

Nora Linzer October 24, 2024



More details: Armillotta et al. (2021)

Streaming Coefficient

CRs scatter off of Alfvén waves generated by the streaming instability —
the self-confinement model
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Vertical Profiles

* Horizontal average of the
CRE spectrum at each
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CR Electron Spectrum

« We inject CR electrons with a = K

fixed power law slope, L ! 10 I
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Power Law Slope

—2.2
« Compare power law slope of the U |
simulated spectrum to values _o4- Orlando (2018)
based on observations - Padovani et al. (2018)
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As Is observed, we find the
electron spectrum not to be well
represented by a single power law
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Synchrotron Emission
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Estimated Slope - ,
’ — Simulated Slope
2.7 - -
We estimate the CR spectral : Synchrotron Slope
slope from the radio spectrum:  —2.8-
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Equipartition derivation: Beck and Krause (2005)

Equipartition Estimate
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® Kkpc-scale average

» The equipartition estimate of
magnetic fields is a function:

» Synchrotron intensity
- Radio spectral index
» Scaling factors

» Although the estimate may work sl IR 10!

well on ~kpc scales, it breaks down 154
at smaller scales 100 10!

Area Weighted Count

Nora Linzer October 24, 2024



Conclusions

> We reproduce the observed CR electron spectrum between 1-100
GeV using the self-confinement model of CR transport.

> The CR spectral slope can be recovered from synchrotron
observations.

> Although the equipartition estimate of magnetic fields is a good
approximation on kpc scales, it may not hold on smaller scales.
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