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Context

* Basic physics of turbulent plasma involved Iin
(leptonic) gamma-ray production by GRB’s, AGN,
and the Crab Nebula

 Use gamma-rays to constrain GRB progenitor
environment

* Questions about astrophysical conditions
necessary for rapid variability
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Figure 1. Daily y-ray light curve of PKS 1510—089 during the period MJD 55,834-55,903 analyzed in this Letter. 95% flux upper limits are represented by triangles.

Horizontal lines separating the three major flares are chosen arbitrarily just to guide the eye.
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FIG. 3. (Color in online edition) The light curve of GRB
920627. The total duration of the burst is 52 sec, while typical
pulses are 0.8 sec wide. Two quiescent periods lasting ~10 sec
are marked by horizontal solid bold lines.
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Figure 2. Gamma-ray light curves (integral photon flux) of 3C 279 around the three large flares with fine time bins. Top panels: >100 MeV; lower panel: >1 GeV. For

Flares 1 and 2, the bins are equal to two Fermi orbital periods (192 minutes). For Flare 3, during a ToO observation, the bins are equal to one Fermi orbital period
(96 minutes). The vertical bars in data points represent 1o statistical errors and the down arrows indicate 95% confidence level upper limits.
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Fig. 1. Crab Nebula light curves of the total flux detected by AGILE in the energy
range of 100 MeV to 5 GeV during the gamma-ray flaring periods in 2007 and
2010 (units of 1078 photons cm™ s7%). (A) The “spinning” AGILE photon flux
light curve during the period 2 September to 8 October 2010. Time bins are 2.5
days except near the flare peak (2-day binning). Errors are 1 SD, and timeis given ~ band show the average Crab flux and the 3 SD uncertainty range.
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e Critical phenomena (sudden discharge) occurs in
near-equilibrium plasma systems
(magnetospheres)

* Problem: EM outflows strongly out of equilibrium



|s rapidly variable gamma-ray emission
evidence of reconnection / MFrED?

(Note: gamma-ray flares occur within an electromagnetic outflow, far from the
central engine.)



unstable, or metastable

stable equilibrium
flux must be
destroyed to extract

“Residual energy”




volatility

!
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Field configuration






H:—Q/E-BdV

Total helicity still nearly conserved when non-ideal
volumes are small.
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Chaotic streamlines in the ABC flows Dombre, U. Frisch, J. M. Greene, M. Hénon, A. Mehr and A. M. Soward
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Note: simulations are

e Relativistic MHD, or

* Force-free electrodynamics (high-sigma)
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"Plasma relaxes to the lowest energy state allowed
by the total helicity invariant.”

—Taylor (1974)
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Radial profile of magnetic bubble
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Fig. 7.— Top — The magnetic pressure profile of a magnetic
bubble in the dimensionless cylindrical radius » = ar. The blue
shaded region indicates the azimuthal standard deviation at each
radius from the center, and the dashed line shows the best-fit model
parameters for the Gaussian mangetic pressure enhancement given
by Equation 15. Bottom — The azimuthally averaged value of «
along with its predicted value (dashed line) given by Equation 16.
The top and bottom insets show two-dimensional relief plots of upg
and «, respectively.



Current layer frequency «, versus initial frequency «, and resolution N
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Fi1G. 5.— Depenency of the current layer frequency a. on the

frequency «g of the initial field configuration (top) and the grid
resolution N (bottom). a. is defined to be the second local maxi-
mum (other than a = 0) in the probability density function P(«),

where o = B -V x B/B2.
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M) = / O(A.(x) — ¥)A - Bda

“Taylor conjecture is satistied only in 3D.”

—/rake & East (2015)



FiG. 1.— Top: Two-dimensional turbulent relaxation in force-free electrodynamics at logarithmically spaced times (¢t =

0.08,0.32,1.28,5.12). The initial condition is the ag = 256 ABC field with By = 1, By = 1, B3 = 0 and grid resolution 30722. Shown
is the out-of-plane magnetic field component scaled linearly between the initial minimum and maximum values. The small red rectangle
overlying the right-most panel is the region shown amplified in Figure 2. The end-state is not a linear force-free equilibrium. Bot-
tom: Three-dimensional turbulent relaxation under the same conditions except that cg = 16, the grid resolution is 5123, and the times
t = 0.625,1.0,3.0,16.0 are chosen to elucidate the sequence of decay epochs. The color mapping accomodates the instantaneous data range,
as it decreases appreciably throughout the decay. The end-state is a linear force-free equilibrium with o = 1.
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A reconnection switch to trigger gamma-ray burst jet dissipation
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Properties of GRB Lightcurves from Magnetic Reconnection
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(unpublished)

“striped wind in co-moving frame”

(really, it's an ABC field with small B and C=0)




This suggests that "MFrED"” could power the
prompt emission, but onset is controlled by
causality, not microphysics.




Conclusions

"Excited” Taylor states are unstable

Current-layers are not generic in highly magnetized plasma without

walls (3D)
2D is very different (we know this)

Magnetic free energy dissipation is universal; no Lundquist

number dependence



Vlore conclusions

e Strongly magnetized plasma promptly attains a

minimally dissipative state, unless forced

 No metastable hydromagnetic equilibria” Is this

true?
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Numerical convergence of helicity conservation Numerical convergence of total magnetic energy
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H(t)/Hp — 1 on symmetric logarithmic axes (to account for anomolous helicity change of either sign) for six different values of the mesh
spacing h. The dashed magneta line shows the Richardson-extrapolated value of Ah(t), which remains constant at roughly 10=3. The
lower panel shows the convergence order of Ah(t) at representative times. Right - Evolution of the total magnetic energy Ug(t) for the
same six values of the mesh spacing. The dashed magenta line on the upper panel shows the Richardson-extrapolated time series of Ug(t),
and the convergence order is shown on the lower panel.



