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Image courtesy:
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STScI; Infrared: NASA-JPL-Caltech and ESA, CTIO, NRAO/VLA, HESS.
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https://en.wikipedia.org/w/index.php?title=LL_Orionis&action=edit&redlink=1

Nonthermal sources: acceleration mechanism

@ Emission spectra follow power-law

‘ Thermal explanations do not work

@ Highly energetic charged particles are required

Enrico Fermi

‘ Possible mechanisms: Fermi Acceleration (Fermi, 1949)

Diffusive shock Acceleration, Magnetic reconnection

Axford et al. 1977; Bell 1978; Blandford & Ostriker 1978;
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‘ Normalization

Observations

@ Spectral index Ma, Ms, Ush, 0Bn
‘ Maximum energy

‘ Different species (e.g. protons, electrons heavier ions)
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‘ Reflection at shock

Self-consistent investigation

‘ Electromagnetic turbulence is necessary
@ Energization at shock foot Fully Kinetic Simulation

‘ Injection into DSA
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Shocks from First Principles

Current and Charge
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Electric and
Magnetic fields

Lorentz force

Tristan-MP (Spitkovsky 2008)

O Define E, B fields

O Populate cells with charged particles

T =1Tg B:Pg/PB

O Evolve particles based on Lorenz force

© Estimate current

O Solve Maxwell equations
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Shocks from First Principles (1D)
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Shocks from First Principles (1D)
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Shocks from First Principles (2D)

t=119.0 [w;']

x[di]

O Shock modifies the initial magnetic orientation

O 1D quasi-parallel shock contains the key ingredients
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Proton reflection
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Extensively investigated using
Hybrid PIC simulations
(Gupta, Caprioli, Spitkovsky, in prep) (ion-particle+fluid electrons)
(e.g., Gargaté+12,Caprioli+14)
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Electron reflection
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Reflection of test particle protons and electrons
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© Shock is a not sharp surface

O Proton reflection: regulated by the strength of the shock barrier and inclination of B field
(specular reflection — Caprioli, Pop, Spitkovsky 2015)

O Electron reflection: apparently messy. (Gupta, Caprioli, & Spitkovsky, in prep)
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4 What can drive EM turbulence: =

Pp

IS crucial
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What balances the ion current

() Proton beam
(driving resonant/non-resonant instab.)
(e.g., Bell & Lucek 2001, Bell 2004, Amato & Blasi 2009)
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(Gupta, Caprioli, Spitkovsky, in prep)
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Electrons DO NOT become nonthermal easily

@ Electrons are lighter than protons: more or less all plasma processes impact on dynamics

instabilities at the shock foot
magnetic reconnection
Not limited to shock drift acceleration

shock surfing acceleration

It is important to figure out which one is more effective
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Shock Drift Acceleration: Revisited

Shock Drift Acceleration
Ye
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Magnetic gradient
24+
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O Incoming particles see magnetic gradient LGo 05 1o 15 20

tlwg'l

Q Acceleration due to motional field E, = _Yet B = S ety

O Single SDA cycle is rare (Diffusive SDA Park+2015, Stochastic SDA Katou & Amino 2019)
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Shock Drift Acceleration: Revisited

Shock Drift Acceleration
Ye
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f We develop analytic framework to quantify SDA gain SG, Caprioli, Spitkovsky in prep. 1§
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Survey of full PIC nonrelativistic quasi-parallel shocks
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260 270 280

Thermal Electrons
Upstream

Theoretical Ingredients
(Including Reflection, SDA, DSA)

Downstream

Synthetic spectra

2 2 M CPU hr simulation —10 mins in 1 CPU

SG, Caprioli, Spitkovsky in prep.
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Takehome messages

A survey of quasi-parallel nonrelativistic shock
simulations: vUsn, Ma , Mg and m;/me

Reflection at shock

Electron reflection:
apparently messy, but follows a pattern

g What balances the ion current:

Electromagnetic turbulence
electrons?

Electron energization:

SDA is efficient, multiple cycles are required

Energization at shock foot Electron to proton ratio:

first time for different shock environments

Minimal model:

ER . | synthetic spectra agree with simulation
Injection into DSA

Gupta, Caprioli, & Spitkovsky a,b in prep

Thank you!
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