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Radiation reaction

High fields environments: 

Schwinger Field: 𝐸𝑐 ≈ 1.32 × 1018V/m

• Astrophysical: pulsars and quasars

• Next generation of lasers By ESO/M. Kornmesser - http://www.eso.org/public/images/eso1122a/, 

CC BY 4.0, https://commons.wikimedia.org/w/index.php?curid=15700804

Apatruno.files.wordpress.com, 2019

R. Ruffini et al 2010, Phys. Rep. 487, 1

J. Sultana et al 2013, Astrophys. J. 779, 16.

I. C. E. Turcu et al. 2016, Romanian reports in Physics 68, S145



Models of radiation reaction

• Classical: predicts higher electron 

beam energy losses compared to 

the stochastic model & predicts 

spectral narrowing

• Stochastic: predicts spectral 

broadening



Two aims:

•Observe radiation reaction

• Did the electron beam experience a net energy loss?

• Does the electron beam experience a change in spectral shape 

which is consistent with radiation reaction having occurred?

• Does the change in the electron spectrum scale with gamma 

radiation yield?

• Identify which model of radiation reaction best 

explains the observed data



Experimental setup



Previous work

Cole et al. PRX, 2018:

Found evidence for radiation reaction with 3𝜎 significance

Concluded data more consistent with stochastic model than classical model, 

to 1𝜎 significance 

Poder et al. PRX, 2018:

Observed signatures of radiation reaction (<
2σ significance), found best agreement with the 

semiclassical model



Shot selection using gamma radiation yield

Nulls: gamma profile yield <1𝜎
Hits: gamma profile yield > 3𝜎

Shots with colliding laser off used to characterise

null population

loglog

linear

linear



Metrics of energy loss in electron spectra: Simulated collision

The mean energy of the electron spectrum is lower for the post-collision spectrum compared to the pre-

collision spectrum.

Note: both pre- and 

post- collision electron 

spectra have been 

normalised such that 

their areas =1



Null hypothesis: hits and nulls were drawn from the same distribution

Two-sample KS test yields p value = 5.03 × 10−7, 5𝜎 significance 

Electron spectrum mean energy: hits vs nulls



Metrics of energy loss in electron spectra

The peak above 70th percentile in pre-collision spectrum not present in the post-collision electron 

spectrum.

The peak charge below the 70th percentile in pre-collision spectrum is higher than the post-collision 

spectrum.

Note: both pre- and 

post- collision electron 

spectra have been 

normalised such that 

their areas =1



Electron spectrum “PEAKINESS” at high and low energies: hits 
vs nulls

Two sample KS test: under null hypothesis, 

P value = 4.12 × 10−12, 7𝜎 significance 



GAMMA YIELD WITH ELECTRON ENERGY LOSS AND 
HEIGHT OF HIGH ENERGY PEAK



Two aims:

•Observe radiation reaction

• Did the electron beam experience a net energy loss?

• Does the electron beam experience a change in spectral shape 

which is consistent with radiation reaction having occurred?

• Does the change in the electron spectrum scale with gamma 

radiation yield?

• Identify which model of radiation reaction best 

explains the observed data



BAYESIAN INFERENCE

M=model,

D=dataP(M | D) =
P(D | M)P(M)

P(D)

Bayesian inference motivation:
• Infer the values of unknown collision parameters

• Bayesian framework naturally provides estimate of the uncertainty on the inferred parameters

• Fold known or “prior” information into the inference 

• Fold in multiple diagnostics

• Compare multiple models via the “Bayes Factor” or equivalent metric

Algorithm: Hamiltonian Monte Carlo.

• HMC efficiently searches multidimensional spaces

Bayes’ Theorem:



BAYES FACTOR

K Interpretation

< 100 Negative (supports M2) 

1 to 3.2 Barely worth mentioning

3.2 to 10 Substantial

10 to 100 Strong 

>100 Decisive

Compare two models, 𝑀1 and 𝑀2 using a 

Bayes factor, K:

𝐾 =
𝑃 𝑀1 𝐷 𝑃(𝑀2)

𝑃 𝑀2 𝐷 𝑃(𝑀1)

Model with evidence closest to +∞ wins



BAYESIAN INFERENCE APPLIED TO RADIATION 
REACTION EXPERIMENTS

M. J. V. Streeter et al. High Power Laser Science and Engineering, vol. 11, e9, 2023.



EXPERIMENTAL DATA; BAYESIAN INFERENCE RESULTS

Inference performed on ten shots, results for the brightest is shown



EXPERIMENTAL DATA, NINE SHOTS; BAYESIAN MODEL 
SELECTION

Total Bayes factor=4.25: substantial evidence to support the stochastic model over the classical model



CONCLUSIONS

• Energy loss & shape change of electron beam observed with 5𝜎 and 7𝜎

significance, respectively.

• Exponential scaling between gamma yield and percentile shots included

• These results are consistent with radiation reaction having taken place

• Bayesian inference on experimental data (ten shots):

oSubstantial evidence to favour the stochastic model over the classical 

model



SIMPLE PARAMETRIC FIT WITH
HAMILTONIAN MONTE CARLO

y=f(x, 𝑎1, 𝑎2, … , 𝑎𝑛)x?

Model 1: 𝑦 = 𝑎2𝑥 + 𝑎1

Bayesian 

HMC

Model 2: 𝑦 = 𝑎3𝑥
2 + 𝑎2𝑥 + 𝑎1



BAYES FACTOR

K Interpretation

< 100 Negative (supports M2) 

1 to 3.2 Barely worth mentioning

3.2 to 10 Substantial

10 to 100 Strong 

>100 Decisive

Compare two models, 𝑀1 and 𝑀2 using a 

Bayes factor, K:

𝐾 =
𝑃 𝑀1 𝐷 𝑃(𝑀2)

𝑃 𝑀2 𝐷 𝑃(𝑀1)

Model with evidence closest to +∞ wins

K=Evidence linear/Evidence 

quadratic=9.0, therefore, there is 

substantial to support the linear model.



TEST CASE: SINGLE SHOT, IDEAL COLLISION; BAYESIAN 
INFERENCE RESULTS

Laser 

propagation 

axis

Laser waist

Electron beam



TEST CASE: SINGLE SHOT, IDEAL COLLISION; BAYESIAN MODEL 
SELECTION

Bayes factor = 7.38, substantial evidence to favour stochastic model

𝜂𝑠 ≈
𝛾

𝛼𝐸𝑐
(𝐸 + Ԧ𝑣 × 𝐵)2



TEST CASE: SINGLE SHOT, NON-IDEAL COLLISION WITH 
STOCHASTIC MODEL; BAYESIAN MODEL SELECTION

Laser 

propagation 

axis

Laser waist

Electron beam



TEST CASE: SINGLE SHOT, NON-IDEAL COLLISION WITH 
STOCHASTIC MODEL; BAYESIAN INFERENCE RESULTS

Bayes factor = 11.00, strong evidence to favour the stochastic model



TEST CASE: SINGLE SHOT, NON-IDEAL COLLISION WITH 
CLASSICAL MODEL; BAYESIAN INFERENCE RESULTS

Laser 

propagation 

axis

Laser waist

Electron beam



TEST CASE: SINGLE SHOT, NON-IDEAL COLLISION WITH 
CLASSICAL MODEL; BAYESIAN MODEL SELECTION

Bayes factor = 3.04, insufficient evidence to favour either model





SHOT 8 VS SHOT 9: 
EXPERIMENTAL DATA

Shot 9

Shot 8

Note that shot 8 was one of 

the brightest shots and shot 9 

was one of the dimmest


