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Which is the objective of AXSIS?

O Electrons accelerated by THz radiation:

Reduced size, cost and complexity

O Objective of i XS | S

N
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Compact X-ray light source using
THz pulses
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Multicycle THz generation: Single pulse

/\ Lithium niobate crystal
B DT EE——— DFG

IR Pulse
IR Pulse
DFG
THy PUlse/\
'Q‘THZ

Frequency ()
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Multicycle THz generation: Single pulse

/\ Lithium niobate crystal
---------------- DFG

IR Pulse

But phase-matching is not satisfied:

Ak = k(Qip + Qryy) — k(Qr) — k(Qry,) # 0

= Quasi phase-matching! (QPM)
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Multicycle THz generation: Single pulse

/\ PPLN: DFG + QPM
................ il

IR Pulse

Ak = k(Qr + Qpp) — k(Qp) — k(Qppy) + kppry =0

QPM fixes THz frequency: Qry, = Qpy = 346 GHz
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Multicycle THz generation: Train of pulses

PPLN: DFG + QPM
'M““““T U o I o 1 Coherent sum

Train of pulses 2, = 2py High THz energy

J\j\ PPLN: DFG + QPM
| Incoherent sum
T EEP LTIt - Low THz energy

Train of pulses 2;, + Qpy
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Multicycle THz generation: Train of pulses

PPLN: DFG + QPM
MT LITILIT L _ | Coherent sum

High THz energy

Train of pulses 2, = Qpy

PPLN: DFG + QPM
MAT LITILIT L b= —____ |Incoherent sum

Train of pulses 24, # 2py Low THz energy
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Experimental setup: Pulse divider

Eight Michelson interferometers: 256 pulses Efficiency as function of £,
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How Is the curve affected by time errors?

The pulses can be displaced by 6t We obtain lower THz efficiency

— Motorized stage Ideal and non-ideal tuning curves
‘ Ax + 6x ‘1
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Application of ML algorithm: Methodology

The input is a non-ideal tuning curve and the output is the set of eight time errors.

ML Eight
— | —
\/L | algorithm —> delays &t; [

Tuning curve (Ninpue) Corrected tuning curve

Fitness(8t;) = \/Zk(nmput,k - nk(Sti))Z The algorithm has to find the minimum
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Application of ML algorithm: DE algorithm

O Starts with an initial population and evolves it using the best individual

Curve to be matched

%

P,

N\
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lteration 1

lteration 10 lteration 100

NN
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Application of ML algorithm: Simulated data

To avoid local minima = two rough scans and a precise scan into each minimum

10_21

Fithess value

10_5?

Evolutionary algorithm: successful run

% 4

e First rough scan
Second rough scan

e Precisescanl
Precise scan 2

e Precise scan 3

0.2 0.4 0.6 0.8 1.0
Distance to correct values (ps)
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Success rate: 70%, but in the other
30% we know the global minimum
was not reached looking at the
fitness, so we can run it again!

Average runtime: 25 minutes,

precise scans can be done in
parallel for faster convergence
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Application of ML algorithm: Experimental data

O First application to experimental curve. Scan range: 300 — 390 GHz

First application of ML algorithm

1.0 A = Experimental curve
-~ =  QObtained curve
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Train frequency Q- (GHz)
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Application of ML algorithm: Experimental data

O Two corrections were applied. Results are not conclusive, more runs have to be done

Measured curve after first correction of delays
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Application of ML algorithm: Experimental data

O Two corrections were applied. Results are not conclusive, more runs have to be done

Second application of ML algorithm
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Application of ML algorithm: Experimental data

O Two corrections were applied. Results are not conclusive, more runs have to be done

Measured curve after second correction of delays
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Conclusions

Simulation of non-ideal tuning curves using eight time errors
Created a ML algorithm able to identify those time delays
Algorithm successfully applied to simulated data

Application to experimental data is promising but not effective yet
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Backup figures
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Intensity

0 A 21\ 3N
crystal length
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(X(gz)) L*Fon(Qpp) to )2
Nraz(L, Q) = j

O, L O, Q0..)dQ
Ttc3egn2(wip) n2(Q) gppin( )gopt( tr)

— 00

2
N pulses

0, = CKppLN 51 — c X Ot
oM n(Qppy) — ng (wir) B 2

DESY. | DESY Summer Student Programme 2024 | Marcos Puerto Matias Page 22



Firststage () dt, Firststage Ot4 Oty
Second stage 0 ot, Oty

iV AVAVAVAVAVAVA
First stage 0 Oty 0 o) t4 0 o) {1 0 o) t1
Secondstage () 0 ot, ot, 0 0 ot, ot,
Third stage 0 0 0 0 Ot3 Otz Otz Oty
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AN AVAR N AVAVAWA
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Tuning curve as function of absorption Tuning curve as function of L and Npyises
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|ldeal curve using n(Qpm),a(Qpy) and n(Q),a(Q) 016 Tuning curve as function of refractive index
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Highly detuned tuning curve
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Efficiency n (norm.)

Different contributions in tuning curve
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FT of train Q¢ =277 GHz FT of train Q¢ = 285 GHz
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Effect of first and second delays
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Effect of first and second delays
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Effect of seventh and eighth delays
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Fitness scan: 1st and 2nd delays

0.1 1

0.0 -

1st time delay (ps)

=02

o Global minimum

-0.2

DESY. | DESY Summer Student Programme 2024 | Marcos Puerto Matias

-0.1 0.0 0.1
2nd time delay (ps)

0.2

0.010

-0.008

0.006

0.004

Fitness values

0.002

0.000

Page 32



Relation between fithess and distance to correct delays

Evolutionary algorithm: unsuccessful run
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Application of ML algorithm: DE algorithm

O Starts with an initial population and evolves it using the best individual

Ilteration 100:

Curve to be matched
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Multicycle THz generation

/\ PPLN: DFG + QPM
________________ T{L|T [T

IR Pulse

DFG

THy Pulse/\
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