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The Problem of Radiation-Reaction

The rate at which energy is radiated away
from the electron is
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—> an accelerating charge loses energy:. — —

This effect is not included in the Lorentz Force equation. The
rate at which energy-momentum is emitted by radiation:
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The Problem of Selt-Force

Problem #1: Dynamics ot a particle in a known external field

mu® = —eF*Pug well-posed for any external field F27

ext

ext

Problem #2: Dynamics of the field for known currents

0., FP = 4x JP well-posed if 0, J™ =0

Also well-defined for a point particle

JY(x) = —eud(x — z(t))d—T

dt

 Maxwell 1865

Problem #3 = #1 + #2: The coupled system

Mathematically ill-defined




A Plentitude of Models...
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magnetism. We considered a one-parameter-family of solutions to the Maxwell and matter & |

equations (1)-(3) and (7) containing a body that “shrinks down” to zero size, mass, and

charge according to the scaling assumptions of section [II, We found that the lowest-order 7)
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perturbative equations. In the case of negligible spin and electromagnetic dipole moment,

this reduces to the reduced-order ALD equation. )]

More equations: Prigogine-Henin (1962), NodV||< o el ibein 1070 )
Gonzales-Gascon (1976), Petzold-Sorg (19/7), Ford-O'Connell (199 1),
Sokolov et al. (2009), Hammond (201 |), Cabo-Castineiras (201 3), more!?




What Does QED Say?

T Radiation reaction from QED: lightfront 1 Q)JQUO‘}

The Lorentz-Dirac force from QED for linear acceleration

( perturbation theory in a plane wave background
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We investigate the motion of a wave packet of a charged scalar particle linearly accelerated by a
static potential in quantum electrodynamics. We calculate the expectation value of the position of
the charged particle after the acceleration to first order in the fine structure constant in the A — 0
limit. We find that the change in the expectation value of the position (the position shift) due to
radiation reaction agrees exactly with the result obtained using the Lorentz-Dirac force in classical
electrodynamics. We also point out that the one-loop correction to the potential may contribute to
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| consistent with QED. This is consistent with known first-order relations between these three

( équations 8, 9, 27|, and with previous results on the derivation of RR from QED |29, 57|.
Sokolov et al. (2009), Hammond (201 |), Cabo-Castineiras (2013), more!




What Does QED Say?
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Landau-Lifshitz (1952)
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More equations: Prigogine-Henin (1962), Nodvik (1964), Teitelboim (1970),
Gonzales-Gascon (1976), Petzold-Sorg (19/7), Ford-O'Connell (199 1),
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What Does QED Say?
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the Landau-Lifshitz equation is solved analytically for an arbitrary (transverse) electromagnetlc

pulse. A comparatlve study of the radiation emission of an electron in a linearly polarized pulse
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Setup

A

Transverse wave: A%(x) = AgRel[e®f (&)] A% = A% /A,

e Polarization vector & Transverse condition: k- € = ()
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Radiation-Reaction Dominated Regime (RRDR)

The rate at which energy is radiated away from the electron is:
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Probing Radiation-Reaction
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Field Lines




Field Lines Curvature




Electric Curvature

The curvature of a curve 7 | -,
d A4 ‘
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For an electric field line:

Coulomb’s law in the

electron’s rest frame




Electromagnetic Geodesics

k() ~ §|Eext<f> -

Never singular, not even
for point-like particles

. 3(At)? | = .

k(T (t + AL)) ~ (2q) B

— () < The charge accelerates along an
“electromagnetic geodesic”

(lines of zero curvature)

Charges accelerate along

trajectories of least electromagnetic curvature
s R EEE=——=™y




Thank you!

read more at
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