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Introduction

QED is an extremely successful theory, but largely untested in the
non-perturbative regime.

By colliding intense laser pulses with electron beams one can
investigate this area for the first time.

I will first introduce the theory of strong field QED in the context of
laser/electron beam interactions.

I will then talk in more detail about potential SFQED experiments at
Daresbury Laboratory.

I will present simulations I have carried out and discuss the
implications of these for future experiments.
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Compton Scattering
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SFQED in intense laser pulses
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NLC in intense laser pulses
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Calculating NLC rate in a laser pulse
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LCFA and LMA - Strong field approximations to full QED

MR (University of Liverpool) 29/09/22 7 / 17



Probabilities calculated in LCFA and LMA
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Story so far

We can’t calculate full QED results in the non-perturbative regime.

Using SFQED we can obtain predictions but we need to apply
approximations to our laser pulse.

Two main approximations are the LCFA and LMA.

Can we investigate these models experimentally?

The LMA predicts harmonics in the photon emission due to
interference between the envelope and the carrier wave, can we
observe this?

Ptarmigan is a Monte-Carlo code that implements both models, can
be used to simulate potential experiments at DL.
(https://github.com/tgblackburn/ptarmigan)
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Experimental layout - SFQED at FEBE

250MeV FEBE electron beam interacts with high power laser.

Laser intensities from a0 = 0.5, 10 can be probed capturing the
transition from perturbative to non-perturbative QED.

NLC photon and electron spectra can be analysed to compare
classical, perturbative and non-perturbative QED models.
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Simulation parameters

Laser intensity (a0) 1 - 10

Laser beam size w0 (um) 3

Electron beam energy (MeV) 250

Electron beam size (um) 0 - 1

Electron beam charge (pC) 20

Electron beam parameters are based on the stretch/R&D parameters
for FEBE. (Update on FEBE design - E Snedden - 16-06-21)

Scanning through a0 range 1 to 10.

Laser beam given a spot size of 3 microns, could be reviewed.

Electron beam size to be scanned from 0 microns to 1 micron, to
investigate the effect of the transverse laser intensity profile.

Outputs are histograms of emitted photons, both in the LCFA and
LMA.
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250MeV FEBE electron beam - zero size - LMA

Figure: Zero electron beam size, so all electrons experience peak laser intensity.
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Comparing photon emission in the LCFA and LMA
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Story so far

In an experiment, possible at FEBE harmonics predicted by the LMA
could be visible.

The LCFA visibly diverges from the LMA increasingly with decreasing
laser intensity as expected.

We need to account for the transverse variation in laser intensity and
how that effects photon emission.
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250MeV - 1 micron electron beam, 3 micron laser spot
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concluding remarks

Outcomes:

The LMA predicts harmonics in the photon emission spectrum due to
NLC.

The LCFA does not recover the harmonic structure.

An experiment using the FEBE electron beam and a new TW laser
may be able to detect these harmonics, providing a robust test of
QED in the strong field regime.

Future work:

Further work will include simulations below a0=1, comparing leading
order QED calculations to LMA and LCFA simulations.

Analyze electron spectrum for further signatures of non-perturbative
QED effects.

Investigate gamma ray spectrometer requirements.

Use further Monte-Carlo simulations to investigate the effect of jitter.
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Laser intensity vs Peak power
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