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Channeling

• Channeling is a phenomenon that takes places when a high 

energy charged particle enters the crystal close to a direction of 

high symmetry.
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• Often employed is the continuum model of the potential.

Channeling
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• Important dynamics is transverse

• Model of the (110) planar potential for Si

electrons positrons

Channeling
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Classical radiation emission

• Two extreme cases of classical radiation emission

Electron/positron 

trajectory

Longitudinal is 

average velocity 

motion.

Transverse the 

remainder

Radiation characteristics 

decided by parameter

• Dipole-regime

• Undulator

• Local constant field regime

• Synchrotron



Jackson 1975 p. 786-798

N2

Lorentz-Abraham-Dirac (LAD) equation

No field, solution to LAD eq.:
(runaway – energy conservation)

Step-fct. field, solution to LAD eq.:
(pre-acceleration - causality)

Classical Radiation Reaction

Larmor

(no radiation)

Possible remedy: ‘Landau-Lifshitz equation’



Significant damping in strong fields

• Landau-Lifshitz equation, “Reduction of order”, valid when

classical for:

which means:

for significant damping

experiment:

A ‘specialty’ of NA63 to address 

strong field phenomena
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What is classical radiation reaction?

• Landau-Lifshitz equation, “Reduction of order”:

or in 3-vector notation:

Schott



In a purely electric field (in the lab frame), ’Landau-Lifshitz’ equation :

Derivative term not 
accessible in laser 
interactions

• Challenging, but the only place where 

there would be a chance to see the 

effect of the derivative term in the LL 

equation. 



For our experimental 
conditions…

… the Schott term is however too small.

few

pct.



MIMOSA-26 detectors
(M. Winter, Strasbourg)

Vertex detectors for CLIC (?)
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Detectors and 

crystal



MIMOSA spectrometer

Danfysik permanent 

magnet (shuntable)
MIMOSAs 3-6
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Crystal planar

alignment

Crystals prealigned 

with x-rays

2017 data

(planar case)

Lindhard critical angle @ 50 GeV: 

23 microrad
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Designing the experiment

• In RR regime, naturally many photons are emitted per incoming charge.. 

• Sufficiently thin converter foil to convert single photon
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The experimental setup
• How does this setup measure photon energies?

• All you know is the position where some charged particles hit the detector

Position sensitive detectors

M1 M2 M3 M4 M5 M6

Crystal
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Designing the experiment.
• How does this setup measure photon energies?

• All you know is the position where some charged particles hit the detector

• Experiment must be simulated

Position sensitive detectors

M1 M2 M3 M4 M5 M6

Crystal

Multiple 

scattering
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‘picture’ with tracked 

e+e- pairs:

MIMOSA



Substitution method takes account of quantum recoil:

Correction for quantum suppression of synchrotron radiation:

confirmed by:



This number shows a compromise: with increase of chi the damping becomes more 

significant, but the validity of the LL becomes more questionable: the fractional 

difference between energy lost according to the (Lorentz-force with LL damping) 

trajectory and energy lost according to the full spectrum increases.
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Example of results, silicon (2017 data)
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Example of results, silicon 

(2017 data)



Example of results, diamond (2018 data)

Another example 

from a total of 22

experimental 

comparisons with 

theory reported 

in the draft for a 

paper.



2 papers ready for submission
(23 NA63 papers published since 2008)

To be submitted to PRX:

To be submitted to PRL:
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2018 data:

2017 data:
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Thank you for listening.



13/6/19 Ulrik Uggerhøj, NA63 28

Xtras
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