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magnetar = powered by magnetic energy

(not rotation, as in the ms magnetar model)
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Over-twisted magnetospheres: flares
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Loss of magnetic equilibrium and reconnection

Parfrey et al. (2013)
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FRBs from giant flares?

Lyubarsky 2014; AB 2017



Magnetar-FRB connection: FRB 121102

e repeating ms radio bursts with energies 10°° — 10% erg

* persistent radio counterpart:

L, ~ 10291/1_00 Zerg = N{B ~2x10°° G

particle number

ve ~ 2t5 20~ %/" RS "GHz
Vabs & 102/ 35R_34/ % GHz

— consistent with a magnetar nebula inflated by giant flares
inside a young supernova remnant
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— consistent with the particle number in the nebula.

Huge radio efficiency because of heating by waves
from the variable outflow from the magnetar.
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Source of activity
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Development of unbalanced magnetic stresses:
ambipolar diffusion and Hall drift



Ambipolar diffusion in the magnetar core
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E, ~ (R:B}/6) ~ 2 x 10¥B; 14 erg

Energy output: L ~

~ 10 E, 4 tdmb o €rg/s

tamb ~ 102 (B, /3 x 1016 G)~12k=10 yr

k ~ 2m/R,

— if minimum (MURCA) neutrino cooling,
or faster, if DURCA or Cooper pairing

Factors b(.)O.Sting * fast rotation at birth (=> stronger B)
hyper-activity e« high mass (=> faster cooling)

(both expected when low metallicity)



Lyubarsky’s FRB model
(ruled out for 121102)
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FRB mechanism: blast wave from the flare
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FRB mechanism: blast wave from the flare

£ ~ 10*erg shock

shocked wind
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Expected FRB parameters in the model
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(PIC simulations of shock masers: Gallant et al. 1992)



Magnetar model for FRBs: summary

* energy source: magnetic field rather than rotation
(certainly for bursts, likely for persistent emission)

* flare ejecta form a nebula much different from the Crab,
with huge radio efficiency

* young magnetars are expected to be hyper-active for
~century, because of fast ambipolar diffusion in the core

* Jow progenitor metallicity can boost the activity in two ways:
faster natal rotation => stronger B => more magnetic energy
higher mass => stronger cooling => faster energy release.
“Ordinary” (galactic) magnetars may also produce FRBs.

* burst mechanism: ultra-relativistic blast waves from giant
flares propagating in the magnetar wind



