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through

Infinite-dimensional orthogonal basis:

Clenshaw’s recurrence formula:

can be evaluated just by knowing its Chebyshev coefficients

Chebyshev transform



Implementation scheme



Implementation scheme

Main purpose: create particles whose energies      are distributed between                             according to         



Implementation scheme

Main purpose: create particles whose energies      are distributed between                             according to         

Use the Inverse Transform Sampling (ITS) method



Implementation scheme

Main purpose: create particles whose energies      are distributed between                             according to         

Use the Inverse Transform Sampling (ITS) method



Implementation scheme

Main purpose: create particles whose energies      are distributed between                             according to         

Use the Inverse Transform Sampling (ITS) method

For the Synchrophoton emission:



Implementation scheme

Main purpose: create particles whose energies      are distributed between                             according to         

Use the Inverse Transform Sampling (ITS) method

For the Synchrophoton emission:

Problems:



Implementation scheme

Main purpose: create particles whose energies      are distributed between                             according to         

Use the Inverse Transform Sampling (ITS) method

For the Synchrophoton emission:

Problems:
● Modified Bessel Functions



Implementation scheme

Main purpose: create particles whose energies      are distributed between                             according to         

Use the Inverse Transform Sampling (ITS) method

For the Synchrophoton emission:

Problems:
● Modified Bessel Functions
● Numerical integration



Implementation scheme

Main purpose: create particles whose energies      are distributed between                             according to         

Use the Inverse Transform Sampling (ITS) method

For the Synchrophoton emission:

Problems:
● Modified Bessel Functions
● Numerical integration
● Numerical inversion



Implementation scheme

Main purpose: create particles whose energies      are distributed between                             according to         

Use the Inverse Transform Sampling (ITS) method

For the Synchrophoton emission:

Problems:
● Modified Bessel Functions
● Numerical integration
● Numerical inversion

Use Chebyshev transforms!

Solution:



Implementation scheme

Main purpose: create particles whose energies      are distributed between                             according to         

Use the Inverse Transform Sampling (ITS) method

For the Synchrophoton emission:

Problems:
● Modified Bessel Functions
● Numerical integration
● Numerical inversion

Use Chebyshev transforms!

Solution:



Implementation scheme

Main purpose: create particles whose energies      are distributed between                             according to         

Use the Inverse Transform Sampling (ITS) method

For the Synchrophoton emission:

Problems:
● Modified Bessel Functions
● Numerical integration
● Numerical inversion

Use Chebyshev transforms!

Solution:

Is this always possible???



Implementation scheme

Main purpose: create particles whose energies      are distributed between                             according to         

Use the Inverse Transform Sampling (ITS) method

For the Synchrophoton emission:

Problems:
● Modified Bessel Functions
● Numerical integration
● Numerical inversion

Use Chebyshev transforms!

Solution:

Is this always possible???
Obviously

no



Implementation scheme

Main purpose: create particles whose energies      are distributed between                             according to         

Use the Inverse Transform Sampling (ITS) method

For the Synchrophoton emission:

Problems:
● Modified Bessel Functions
● Numerical integration
● Numerical inversion

Use Chebyshev transforms!

Solution:

Is this always possible???
Obviously

no

Turn to
Asymptotic
expansions



Emission rate



Emission rate (What tells us if the event occurs)



Emission rate

From the Baier-Katkov:

(What tells us if the event occurs)



Emission rate

From the Baier-Katkov:

(What tells us if the event occurs)



Emission rate

From the Baier-Katkov:

(What tells us if the event occurs)



Emission rate

From the Baier-Katkov:

(What tells us if the event occurs)



Emission rate

From the Baier-Katkov:

(What tells us if the event occurs)



Emission rate

From the Baier-Katkov:

(What tells us if the event occurs)



Emission rate

From the Baier-Katkov:

(What tells us if the event occurs)



Emission rate

From the Baier-Katkov:

(What tells us if the event occurs)



Emission rate

From the Baier-Katkov:

(What tells us if the event occurs)

over the range

SFQEDtoolkit is loaded with the coefficients of



Emission rate

From the Baier-Katkov:

(What tells us if the event occurs)

over the range

SFQEDtoolkit is loaded with the coefficients of



Emission rate

From the Baier-Katkov:

(What tells us if the event occurs)

over the range

SFQEDtoolkit is loaded with the coefficients of

Exponentially 
fast 

convergence 
for           
functions
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Accuracy and Results

Value returned directly by the inverse transform sampling algorithm

Value returned by the toolkit

The percentage error                   is well below 0.1%



Improved local-constant-field approximation for strong-field QED 
codes, Di Piazza et al.

Beyond the LCFA
from

Fails at low energies!

electrons Plane wave electrons Plane wave
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Outlook

● Accurate
● Covers all SFQED processes’ spectra
● Determines the energies of the emitted/created particles
● Open source code (Soon Available on github at:

https://github.com/QuantumPlasma/SFQEDtoolkit)
● Finalizing Draft with details on the methodology and tests

● Will account for the full angular distribution
● Will include spin and polarization effects
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