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OBJECTIVE

»> Numerical focusing comparison of four types of optical
profiles.
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THE BENEEIT OE > A good focus means obtaining a

maximum intensity in a small a
GOOD FOCUSING region which can be used for various

PUrposes.



1. Numerical process

It consists of numerical simulation in the PyParax module of the propagation of
various beams. The propagation optical system of the optical profile involves:

> The x-axis Is the transverse axis and the axis on which the function is defined.
» Propagation is on the z-axis over a distance of 300 mm.
» The beams are normalised at the maximum value.

Normalised Gaussian Beam irradiance during propagation Unnormalised Gaussian Beam irradiance during propagation
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Optical system of beam propagation:

y

finput system > f output

> finput = Initial condition represented by the input profile
» system =[100, ['l', 75, 0, 0], 300]
> fourpur=the result of the propagation of the initial condition



| Implemented three types of profiles in order to compare their focus. The
Gaussian beam has already been implemented.

a) Ideal Top-hat function b) Lorenz function c) Woods-Saxon function
1, x,0, <x<Xx 1 1
_ min max _ —
ftop—hat(x) — { 3 fLorenz(x) — 2 fWoods—Saxon(x) — |x|-R
0, otherwise a+x Lo
(Andrea Aiello et. al., Observation of concentrating paraxial beams, 2020)
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2. Characterization of Gaussian beam propagation

Comparison of Gauss profile after propagation for the analytical and numerical case
respectively:

5 S

o — 3 _

8 35 ﬂ 2 35

3 o]

3 2

= : @ 3.0+

5 30 g

° c

3 2.5 £ 2.5

3 2

2 T

& 2.0 g 2.0 -

9 (<]

[} -—

E 1.5 1 c_; 1.5 4

3 =

= =

< [&]

O 1.0 1.0

> =

E 3

2 05 2 05-

E E

< 0.0 Z 0.0

T T T T T T T T T
0 250 500 750 1000 1250 1500 1750 2000 0 250 500 750 1000 1250 1500 1750 2000
Number of points Number of points

—k(xo—x)2 —
> max(lfanalitic - fnumericl) =1.24-107"

1 vk e 2iz+2ko2
V2 \iz+ko?

f analitic —




ters values

lame

t beamd

ing inpu

Gausstan beam propagation for the follow

0.03 mm:;

0:

0.02 mm;

G:

0.01 mm;

O':

-4.0

-3.6
-3.2
-2.8
2.4
2.0
-1.6
-1.2
0.8
0.4

0.0
0.4
0.8

e
£

>

1.2
1.6
2.0
2.4
2.8
3.2
3.6

0'00g
0's8¢2
0'0LZ
0'sse
0'0vT
0'szz
0’012
0'S6T
0°08T
0'S9T —,
0°0ST £
0°SET
oozt
0'50T
0'06
0'sL
009
0'sk
0'og
oSt

00

0'00€
[iNs:T4
00LZ
0557
0ore
0z
001z
0's6T
0'08T
0'59T —,
0'0sT £
0'seT
0’071
0'50T
006
0'sL
009
'Sk
008
0'sT
00

0"00¢
0'82
0042
0'65%
0'0%Z
052z
0012
0°G6T
07081
0°69T —
0°0sT £
0°GeT
07021
00T
006
0'sL
009
oSk
0°0g
0'st

00

0.3 mm.

0:

0.2 mm;

0:

0.1 mm:;

O':

-4.0

-4.0

3.6
3.2
2.8
2.4
2.0
-1.6
-1.2
0.8
0.4

-3.6
3.2
2.8
2.4
2.0
-1.6
-1.2
0.8
0.4

£
£

3

£
£
ES

0.0

0.0
0.4
0.8

0.4

0.8

12
16
2.0
2.4
2.8
3.2
3.6

12
16
2.0
2.4
2.8
32
3.6

000
0°6G8Z
0oLE
0°S5¢
0°0FZ
oSz
00T
0°G6T
0081
0°69T
0°0ST
O'GET
0oct
0°S0T
0°06
0'SL
009
oSk
0°0E
0'sT
00

0°00€
0's8e
00L2Z
0'6SZ
oore
0'sZe
001z
0°sel
0081
0°s91
0°0sT
0°GeT
0°0Z1
0°S0T
0'06
0'SL
009
0'sk
0'og
0°sT
00

0'00E
0'68Z
0'0LZ
0'66Z
0'0rZ
0'sZZ
001z
0's6l
0081
0591
0°0sT
0'GET
00zl
0°'s0T
006
0'sL
009
0'Sk
0'0g
0°sT
00

E

£

z{mm]



Establishing the method of obtaining the same value of the
beam width at the input

a) For the Gaussian intensity distribution this only needs to be fixed.

foauss () = ——e 72 (5]
X) = e o
Gauss o271
b) In the case of top-hat intensity distribution it can be determined
analytically.
(1
— —a<x<a

ftop—hat = 5 \/2(1’

. 0, otherwise




¢) For the Lorenz and Woods-Saxon functions | have implemented a function
that takes as arguments the beam diameter | want to have as input and returns

the values of the corresponding function parameters.

| called the numerical :
: . | calculated the : | entered the parameter a until
profile generation ) From the variance | par
) : variance for the - | got the beam diameter
function for different > : : — Obtained the value of > _
values of parameter functions obtained the beam diameter values in the range | was
) P earlier. ' going to interpolate.

Within the function | interpolated
the values of the above beam
diameter according to the
corresponding range for a.

From the interpolation | obtained
only the value of a parameter for a
certain desired beam diameter.

A

A




3. Comparing the focus of several types of profiles

> Numerically, all functions must be centered and decrease towards O.

» It follows that after varying the number of points in the domain of definition, Nx and
the step dx, the beam diameter in the focus should be the same.



» From the value of 1 mm the beam width from the focal point show changes when
varying the mentioned parameters.

» At low number of points and small step, it is higher than the rest of the situations for
the same initial beam diameter.

Graphic representation of the beam diameter in Graphic representation of the beam diameter in
focus in function of the number of points Nx focus in function of the number of points Nx
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For Nx=8000, dx=0.002:

Gaussian distribution in the focus
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b) The beam diameter from the focus in the top-hat distribution-varies to
the second or third decimal place. |

—— Top-hat
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> Top-hat profile approaches the edges of the domain at low counts
(3000 points).

> It shows the existence of side bites at the focal point that cause the
diameter to change.
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4, Comparison of the beam diameter of the focus for the
four profiles

Plot of the evolution of the beam diameter in focus versus the beam diameter
from the input:

Evolution of beam waist in focus as a function of beam waist at
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> The Woods-Saxon profile has the largest coefficient and the smallest
exponent, which is why its beam diameter in focus is the largest.

> According to the equation, the Gauss profile has the smallest
coefficient and is the one with the smallest beam width in focus.

> The beam width in focus of the Lorenz profile is between Gauss and
Woods-Saxon profiles.



5. Comparison of the FWHM of the focus for the
four profiles

| compared how the four profiles focus according to full width at half
maximum(FWHM) for the following reasons:

> Mathematically the beam diameter is not defined for the Lorenz
distribution.

> It Is necessary to check the simulation conditions because at a low
point count domain the mentioned profiles scatter at the lens
entrance.

> The top-hat profile has a larger beam waist than the rest due to the
side hites.
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Graphical representation of FWHM evolution:
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> Following the calculations | obtained that the two graphs intersect at
an initial beam diameter of about 1.73 mm.
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CONCLUSIONS

> After a comparison by beam diameter and FWHM, the Gauss and
Lorenz profiles focus better than the Woods-Saxon and Top-hat.

> The Top-hat has smaller beam waist values when comparing by
FWHM because the side bites do not enter into its calculation, but it is
still below Lorenz and Gauss.

> The Woods-Saxon profile is between Top-hat and the other two In
terms of focus.

> When comparing by beam waist the Gaussian profile focuses better.

> When comparing by full width al half maximum the Lorenz profile
focuses better.



OUTLOOK

The Woods-Saxon profile has a focusing advantage because it
Involves a compromise between Gauss and Top-hat. Since for some
parameters it is close to top-hat, and for others to Lorenz, which is
similar to Gauss, just narrower, it may represent a perspective in beam
focusing.

L0
)5 ! \
0.8 -
2.4 1 c
2 e
g 2 o6
g 1.3 1 RG]
o
3 c
) g
5 T 0.4
B 12+ @
o B
= g
=
0.1 0.2 1
0.0 0.0 1
|oe 420246 e L L S
Domain of the function(mm) Domain of the function (mm)

R=1.2, a=0.06 R=0.7,a=0.19



ACKNOWLEDGEMENT

I’'m extremely grateful to dr. Victor Palea for the support and collaboration.



BIBLIOGRAPHY

10.

David J. Griffiths, Introduction to electrodynamics, Reed College, 1942
https://personal.math.ubc.ca/~feldman/m267/separation.pdf

https://chem.libretexts.org/Courses/Pacific Union College/Quantum Chemistry/02%3A The Cla
ssical Wave Equation/2.02%3A The Method of Separation of Variables

https://dspace.mit.edu/bitstream/handle/1721.1/120336/5-61-fall-2013/contents/lecture-
notes/MIT5 61F13 Lecture4d.pdf

https://www.uobabylon.edu.ig/eprints/publication 3 31694 167.pdf

https://www.uobabylon.edu.ig/eprints/publication 3 31694 167.pdf

H. Kogelnik and T. Li, Laser Beams and Resonators, Proceedings of the ieee, vol. 54, no. 10,
october, 1966

Laures Pierre, Geometrical approach to Gaussian beam propagation, Applied Optics 6.4 (1967),
747-755.

Alda Javier, Laser and Gaussian beam propagation and transformation, Encyclopedia of optical
engineering , 999 (2003), 1013-1013.

Andrea Aiello, Martin Paur, Bohumil Stoklasa, Zdenek™ Hradil, Jaroslav R” Ehacek, Luis L.
Sanchez-Soto, Observation of concentrating paraxial beams, Vol. 3, No. 9,15 September 2020,
OSA Continuum 2387


https://personal.math.ubc.ca/~feldman/m267/separation.pdf
https://chem.libretexts.org/Courses/Pacific_Union_College/Quantum_Chemistry/02%3A_The_Classical_Wave_Equation/2.02%3A_The_Method_of_Separation_of_Variables
https://chem.libretexts.org/Courses/Pacific_Union_College/Quantum_Chemistry/02%3A_The_Classical_Wave_Equation/2.02%3A_The_Method_of_Separation_of_Variables
https://dspace.mit.edu/bitstream/handle/1721.1/120336/5-61-fall-2013/contents/lecture-notes/MIT5_61F13_Lecture4.pdf
https://dspace.mit.edu/bitstream/handle/1721.1/120336/5-61-fall-2013/contents/lecture-notes/MIT5_61F13_Lecture4.pdf
https://www.uobabylon.edu.iq/eprints/publication_3_31694_167.pdf
https://www.uobabylon.edu.iq/eprints/publication_3_31694_167.pdf

\

Thank you for your attention!
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