A mechanism for coherent radio emission
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* We have now detected multiple coherent radio transients
with P>1000s
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Observations

° MinUte'lOng Jy pUISeS with Lragio > Lspin—down, max
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Observations

* Most likely explanations are extremely magnetised white
dwarf (e.g. AR Sco), or ultra long period magnetar (ULPM)
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Observations

FRB 121102
¥ host galaxy

L B

* Possible connection to repeating FRBs (See talk by Paz
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|dea: Magnetically-powered radio emission from
motivated crustal phenomena and radiation mechanism

L,
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» Magnetar activity (bursts, giant flares, persistent emission,
FRBs?) is most readily explained by crustal displacements

See talk by Tomonori Totani
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» Crustal displacements impart a twist into the magnetosphere:

B? B,
B, = | =2dV = <1
‘ 87T w de

Lander, 2019
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87T dp 4x1011
* Persistent, decaying X-ray pulses have been successfully 3x101!

modelled as untwisting magnetic field lines.

* This occurs on timescales of decades, modulated by pair Lot
production along field lines

See also Wang et al., 2019
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Background

* These twists require current in the same way as rotation does:

cB sin® (0, )V
—17TRNg

~~

] yy

 If these requirements are not met, acceleration gaps form o
dissipating twist and producing pairs Necessary and sufficient for broadband

coherent radio emission
(Timokhin & Arons, 2015)

py > pay x B/ P
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*At B > 1015 G plastic flow likely dominates crustal evolution, akin
to ‘continental drift’, and can twist the magnetic field

Lander et al., 2019
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- Lander et al (2019) show that plastic flow of 1km?2 patches has

velocities of 1-100 cm/yr for months to decades

 Similar twists can also be powered by thermoelectric gradients
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* Younes et al., 2022 attribute pulse peak migration to plastic flow,

requiring higher values of 106 cm/yr
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(1) Plastic motion twists field lines in ~km2 patches

Time

Lander et al., 2019
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- =i
Terit ~ 1 year Py V1o

(2) Twist current requirements exceed GdJ current

8T R,
cP SiIl2 (pr)

"y —4 p—1
Werit = ~ 10 NS.3 pr,—l
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Model: Six steps

Twist dissipation via voltage

(3) Voltage increases rapidly accelerating particles o
(a) Particles bombard surface producing thermal B
0
UV/X-ray counterpart
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(4) Particles produce pairs via RICS or curvature
photons, screening gap
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(5) Radio waves escape the magnetosphere to the
observer
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Tp1 ~ months — decades

(6) Twist hovers around critical value, with stable
dissipation plastic motion duration if ¥, < Ui
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For high temperatures
they produce gamma-
rays via RICS of
thermal photons,
which produces pairs
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For high temperatures
they produce gamma-
rays via RICS of
thermal photons,
which produces pairs
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Particles accelerated
as they cross gap height

If they ‘miss’ RICS tall,
they produce gamma-
ray curvature photons
which produces pairs

logy length scale [cm]




» Deathlines from: Lypair < Ldiss
* Further considerations for

RICS: multiplicity & viable
Intersection

2 2
Lpa,ir . 27Tptwist hgapApr

Laiss ~ V,1B% Rns Agyp /8T
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* Minimum period depending on vpior T

PRrics 2 120 (T/106°5K)_5 SeC
Py = 150 (Vp1/103 cim yr_l)_7/6 Sec



* Pulsed X-ray/UV counterpart due to
return current bombardment
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» Generically 2 pulse peaks per patch
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* RICS pair production also occurs for
rotationally powered E-fields
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* Plastic motion can impart twist which produces magnetic coherent radio emission
* This occurs via RICS or CR only for long period, highly magnetised neutron stars

* Deep soft X-ray/UV observations may confirm this picture

Alex Cooper
Postdoctoral Fellow
University of Oxford, UK
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