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3 S Attosecond (10*%s) light pulses allow us to observe charge Laser Field Synthesis: Split a pulse into channels, individually
2| | motion on incredibly short timescales in phenomena such manipulate them using nonlinear optical effects, and recombine
as electron tunnelling and photoionisations [1]. into a shaped pulse.
They can be made from femtosecond (101°s) laser _ , ,
oulses using High Harmonic Generation (HHG). We seek to The optimal cha}nnel pallfan_wete.rs are chgllenglng tp predlct_so
improve the attosecond output by shaping the input pulse. we use Bayesian Optimisation (BO): A machine leaming
method for expensive to evaluate black-box functions.
Predict opt.imal
| e metars | (RS E——— Self-Phase Modulation (SPM) is a nonlinear effect in which the
Our Project synt_htesiljeHd Gfield —) . variet(sj/ ofl high intensity of an ultrashort pulse changes the refractive index
Optimise output [ SICSEEOTEREnES of the gas it is propagating through. This induces a phase shift
\Ofone Cha””e'/ and broadens the pulse's frequency spectrum.
Optical Parametric Amplifier
45fs, 1100-2100nm
] ] ] ] Result: BO Tool for Field Synthesisers.
F| el d Syn t h esi|ser S| mu I at| on Example: RMS error minimisation with a ramp:
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1) Define each synthesiser channel with its initial ntensity 06| Fig.2 (below): Output
parameters. wa T meemensy 2l A \ /\ /\ I A after 500 BO iterations.
2) Combine the channels into one laser pulse. 12 o2 Vi) v \/ V Used 15 channels and
3) Define the figure of merit, for example: Lo et —— 60 variable parameters.

Synthesised Field

Intensity
0.4 —— Goal Intensity

0.2 2.0

0.61 Intensities

« Ideal pulse shape
 maximum intensity

o
0

o
o

Electric field / Intensity (a.u.)

e ... 0r any combination! 0.0 .

4) Define the pulse parameters to vary during the 04 oo /\ S
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5) Run Bayesian Optimisation of the synthesised pulse o Toa \/ \/ % 10
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Fig.1 (above): Output after 100 BO iterations.
Used 3 channels and 9 variable parameters
analogous to our physical synthesiser. 6 # @ & s 100
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» Enables prediction of optimal synthesiser parameters.
» With as few as 6 iterations, our maximum output
Intensity increased by a factor of 9.
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Fig.3: Hollow core fibre setup. Figure from [2]. 200 @0 &0 80 oo 100 o0 1800 180 2000
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Fig.4: BO Outcome from the HCF simulation for
maximum bandwidth comparing theoretical optimal
parameters and 100 BO iterations. The input energy,
and the pressure, radius, and fibre length were varied.
The width was determined with a 7% threshold.

In a gas-filled HCF, the pulse undergoes SPM which broadens the frequency
spectrum, allowing it to be compressed in time.

Using Luna (a simulation developed at Heriot-Watt) we seek to maximise this
output frequency bandwidth to achieve the shortest pulse duration. By
experimentally characterising our HCF output and input pulses, we verified the
credibility of Luna.
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Conclusion Further Research
BO can improve the output of the field « QOur BO predictions can be implemented experimentally to produce a greater variety of T
synthesiser in under ten iterations. attosecond pulses with higher photon fluxes and energies. Alternatively, the Oc
experimental HHG output values could be fed into each BO iteration to optimise in real 63D =
Optimising the parameters of the HCF time. @ QI)
allows us to form shorter pulses in time, « Qur flexible and general BO software can optimise present or future synthesisers with =3 §
establishing more flexibility in the any number of channels. O O
synthesiser. Current simulations suggest « Our ‘HCF Simulation - BO’ software is being used by a group at Heriot-Watt to improve =
a bandwidth increase of 26% after BO. their production of solitons from HCFs.
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