Lecture 9: Multi-Pass Cell
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Multi-Pass Cell

The theory follows the hybrid and 1D modell from the publication:

*  Marc Hanna, Nour Daher, Florent Guichard, Xavier Délen, and Patrick Georges, "Hybrid pulse propagation model and quasi-phase-matched four-wave
mixing in multipass cells," J. Opt. Soc. Am. B 37, 2982-2988 (2020)

*  Nour Daher, Florent Guichard, Spencer W. Jolly, Xavier Délen, Fabien Quéré, Marc Hanna, and Patrick Georges, "Multipass cells: 1D numerical model and
investigation of spatio-spectral couplings at high nonlinearity," J. Opt. Soc. Am. B 37, 993-999 (2020)

The beam with a certain size (= mode field diameter) is propagated by Gauss Optics (ABCD formalism) and at each step, the linear
and nonlinear effects are considered according to the current beam size. This is a simple form of beam propagation (BPM).

Therefore, the setup is done via the dialog of ,,mode field diameter® in the standard propagation options, and once you select
,beam propagation® the button outside the dialog changes to ,,using BPM*

Propagation parameter ~ # x e ——— Propagation parameter ~ # x
5 Load w [Hlsave w o 5 Load w Hlsave »
= + beam propagation (focal, multi-pas. include nonlinear focus... eigenmode .
“@ standard propagation I o ; I - “@ standard propagation
input beam diameter | 2500.0 * 1e-6 o — 3000
phase front curvature R ¢ . 5 o
general =) : = Uy — [\ / general
Use inital focusing 5 \ / \ / \ /
2000 / \ /
define free parameters initial focal length: | 2.0 k] \ / \ / \ f define free parameters
s e — E 15001 / \ / \ /
istance ne using | 3.U - /
v| measure and parse 20 N oty S 1000 \/ \ / / +| measure and parse 20 N
write file focal length (F=R/2): | 1.0 . E 500 ' \ write file
distance: | 1.0 - m £ o T v T T T T u 1
waveguide | _— - - - R waveguide
osition (m
loss 00 « i/m steps | 1000 v P {m} loss 00 « i/m
gain 0 v  1m ok Conce gain 0 v  1/m
mode diameter 65 « um using BPM um
gamma 0.005716199¢ l/(W m) gamma 0 l/(W m)
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Multi-Pass Cell

We follow the parameter of the publiation, which come from: L.
Lavenu, M. Natile, F. Guichard, Y. Zaouter, X. Delen, M. Hanna, E.

Mottay, and P. Georges, “Nonlinear pulse compression based on a gas-
filled multipass cell,” Opt. Lett. 43, 2252-2255 (2018).

° S et u p th e mu lti p ass ce ll mode field diameter, focusing, simple beam propagation

550

* Noinital focuing is required

o |nClUde nonlinear fOCUSIng, Of the aCtual peak power Shal.l. be | beam propagation (focal, multi-pas...  |v|include nonlinear focusi... eigenmode
included in the beam propagation. In the dialog, this is shown input beam diemeter  0.00114861 T o ooy e neriesr Goprer]
. . . phase front curvature R " | )
approximately for the current peak power in the field (nf=fat) 3U S =
a
* Once the cavity datais given, the eigenmode can be calculated inial focal length: | 2 2 800
. . distance to next focusing | 3.0 G 6007
togive the input beam and phase front oy S o
* Leave the dialog e e
distance:  0-551 *| m 0

number of passes 10 .
LD position (m)
steps

« Start the propagation with ,,measure and parse“ switched on

p
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(]
data array setup
Multi-Pass Cell e

array center wavelength 1030 ~ | % nm

vacuum length (full interval) 0.00599584916
94 _ ,
. . . Type Gauss v a— — . + ly(]_ — fR)lA(T)l A(T)
We follow the parameter of the publiation, which come from: L. s durston (W) 035+ 2 ps feesspectal vt z

Lavenu, M. Natile, F. Guichard, Y. Zaouter, X. Delen, M. Hanna, E. e -F Y =222 and Ay = %MFD2
ff

phase 0o - : rad c Ae

Mottay, and P. Georges, “Nonlinear pulse compression based on a gas- wevslongh 199 < 2 nm[</same s aay

2nd order spectral 0 +» =+ fs2

filled multipass cell,” Opt. Lett. 43, 2252-2255 (2018). B DO 5 2622 + | myw
energy 150e-6 ~ * 3 fR 0 .

X 0.0 - o,
* Define the pulse as Gaussian with 300 fs and 150 uJ iy M 3. C ™ M

TPA is experimental so far
. . . . scramble spectral phase (random phase
 Setthe dispersion to ,,gas filled hollow core fiber“ and use the Sl 8 saturate SPM
add quantum noise (one photon per spectral node)

dispersion for xenon and a pressur of ~3.8 bar. Also the core saturation power | 1.0 GWjem?

diameter is made large as it is not a waveguide, so no resonances | ——
+|create field in data array 1 create field in data array 2 Ii’ use SPM and TPA l:’ E)(Clude SPM
a p p ear. adld field to data array 1 add field to data array 2 \ )

0K Apply Cancel

« The nonlinearity n2 is set to 2 e-22 m*/W (at 3.8 bar) ) -
.
* Raman can be switched off (or fR=0.0)

predefined more... b . BIAZ . BZAZ . 3312
more... n=
B—C =0 -G

Helium
Argon (Bérzsbnyi et. al. 2008) ‘ Pa
ATCON LBIHEST-TEn Stfal. 198

T0 |273.15
effects

) dispersion B1 0003228

@ SPM / TPA B2 0.00355393 2 59.578
B3 0.0606764 3 11274

O Raman e

H T 27315 K 380000

) self-steepening &=
fiber

D LLE inner structure thickness 100 nm
core diameter 2*R 800 um

oK
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Multi-Pass Cell

After propagation, the result looks like this, including the beam propagation in the measured graph.

Propagation parameter ~ # x Measurements

> Load w ]Save v

9 standard propagation  *

general

define free parameters

| measure and parse =
write file
waveguide
loss 0.0 v 8375
gain 0 ol ym
using BPM o
gamma 1177436709 1/(W m)
effects
(] dispersion
(] SPM / TPA
Raman
M  seif-steepening
LE
numerics
steps. 1001 ~

stepsize 0.00499500499 m
distance 5+ m

adaptive  10-07

resets:
local error B

fiberdesk

nonli gation

user defined measurements >>

Position

| (M0)index = 200
| (M1) current position = 5.510 m
| (M2) accumulated distance = 11.020 m

(M3) counter_loop = 0.000

Data Array

| (M4) datapoints = 1024

] (M5) center wavelength = 1.030 pm

Temporal Field

] (M6) energy = 150.000 3

| (M7)avg_power = 15.000 w

] (M8) repetition rate = 100.000 kHz
| (M9) center offset shift = 9.540 fs
| (M10) FwHM width = 564.780 s
| (M11) RMS width = 179.324 s

] (M12) skewness = -0.0428

]

(M12) b1 irtncie = -0 741
select to show description of item

Measured Graphs

M1 - Position.current position

P7 - NLSE.mode_field_diameter log y

1043.90671

/ um

843.906709 | |

643.906709 | | | |

443.906709

NLSE.mode_field_diameter

243.906709

Position.current position / m

A fiberdesk

nonlinear pulse propagation

Temporal Field.FWHM width=564.780 fs, Autocorrelation.width=645.545fs Field
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= | g 30
| 5 e
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distance: 11.020 m position: 5.510 m energy: 150.000 uJ average power: 15.000 W roundtrip: 0

1.110

9.0

View Properties
= Load View v

a2l

Project
show project title
project title

show project sublitie
project subtitie

View

View

Content

show title

x-Axis

Type

start (ps)

stop (ps)

data scaling
normalized values on
logarithmic

auto scale
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additional data
show real

show imag

show phase

visual

visualize chirp
resolution (fs)

use wavelength inste.
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colormap

Misc

text size zoom (%)
title space

horizontal spit top
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vertical split left
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Save View v
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Multi-Pass Cell

You can add the measurement of the B-Integral.

Please keep in mind that in comparison to the demonstration in lecture 1, in the example, the beam diameter changes and the
calculation needs to be adapted like this:

user defined measurements

mg7 0O - |0 B = L p ( ) d ith - 271'??,2

Mgg A M15%P3/P4 . | 1326476.04523002 ] V| Pear\Z Z{|w! 7= b\ Ae ff

M8g | 2* pi*P5/MS/(_pi*(P7*1e-6/2)"2) . 1.1774367096315e-09 0

Moo  M88*M89 . 0.00156184159010063

Mo1 | Sum("M90") . 13.2176256434415 _ % _ %

e M88 = P, *L / Steps = M15 * P3/P4

e vl st M89 = 2* n *n,/M/(n*(MFD_pm*1e-6/2)2) —

M30 = v Ppes

M9T = Sum(,M90")

.dz = M88*M89

Hints:
- excecution times are slowed down by complex measurements.
- Please check the meanings of the M values, as they might have changed in their number, depending on the actual version of fiberdesk
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Multi-Pass Cell

The result resembles the publication graphs to a very good degree:

Spectral.width.m=60.583 nm Spectrum
—
xeaxis y-1 y-2 y-3 y4 y-5 y-6 y-7 lefty-axis righty-axis Appearance 100.0
550 < yn . = o
pos dth 1.0 shria N Li 1
P al oo ine |+ Al - s s 800—
v|beam propagation (focal, multi-pas... v|include nonlinear focusi.. eigenmode
input beam diameter  0.00114861 v ['m 1200 . el ; b 5
— linear — nonlinear (approx
phase front cu?::;:ﬂealk] 0.3 = g 1200 ; r\ p\ 2 CU 600 ]
Use initial focusing 5 1000 f I "'\ . ~
initial focal length:  2:0 g 800 “ 3 _E_ [ ’{ \ / | 3 a
distance to next focusing | 3.0 & 60| | 3 ,wJ | \ \ \ / '3 g 40.0
Cavity -g 400 \“ E I‘. / \ / \ \ / [ 1 g o
focal length (f=R/2): 0-15 m g 0 2w \ J \/J' \/ / &
/ 4
. 055 Q 9 - . : : : . — ’ . I
dsience; ' m 05 1 15 2 25 3 35 4 45 5 55 o 20.07
number of passes 10 = '
position (m)
steps 1001 N Lo
propagation distance / m 0.0- T T
oK Cancel [ [— - T | P p—— oy | 2omcs || soum . 1.020 1.050 1.080 1.110
|
Wavelength / um
T T T T 1
E06 - —_
E o -
@ g ] @
=04 = =
i © 1 Eost |
i o 2
= B
g 0.2 = 8-
= ]
@ w 7z
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Fig 3 from: Nour Daher, Florent Guichard, Spencer W. Jolly, Xavier Délen, Fabien Quéré, Marc Hanna, and Patrick Georges, "Multipass cells: 1D numerical model and investigation of
spatio-spectral couplings at high nonlinearity," J. Opt. Soc. Am. B 37, 993-999 (2020)
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