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The GUI

1.1 Overview

The GUI of Chi2D as shown in Fig. 1 is divided into 5 sections:

1. Properties of the involved pulses

2. Settings for phase matching

3. Settings for the considered processes in the simulation

4. Simulation parameters

5. Settings for graphical output, results, and compressible check

If you place the cursor within a text box or a check box, you will get a tool-tip with some

useful information as shown for the pulse energy in figure 1.
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Figure 1: Sectioning of the GUI




1.2 The different parts of the GUI

Pulse properties

— chi2D——— pulse 1
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polarisation e load o_| load o | load file
wavelength 515 750 1900 nm
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In this section the starting conditions of
the involved pulses are set. If less then
three pulses are to be inserted, simply set
the energy of the others to zero. By
clicking the “e” or the “o0” button the
polarization can be switched from ordi-
nary to extraordinary and vice versa. Via
the “load” button experimental data or
results from previous simulations can be

loaded.

The settings for the crystal are set in the
upper part. When changing the material
of the crystal the corresponding transmis-
sion curve will pop up. In the lower part
you have access to the analytical calcu-
lated phase-matching curves via the but-
ton “PM?”. This won’t affect running sim-
ulations. Choose the analytical calculated
phase-matching curves by selecting the non-
linear processes in section 3. You can re-
strict which processes should be displayed
by the check boxes (DFG, SHG, SFG). To
include the resulting mixing processes select
“mix p.”. Set the angle alpha if the pump
pulse is not propagation in the z-direction
(angle OA-crystal towards z-direction =
theta + alpha). The polarization of the in-
volved fields is encoded in the color of the
curves. (red - ordinary, blue - extraordinary,



Nonlinear interaction

In this section the settings concerning the

nonlinear processes for the simulation are

— neniinear interaction——————— set. Particularly it enables to choose which
included X* processes . . .

- type of nonlinear processes will be consid-
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@ 0<00 @ ecee phase-matching and for which polarization).
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) selffoc (re2amm) cess. The noise check-box adds a very weak
wave guide d=| 400 intensity with a random phase for all ele-
ments in ft and fx. For a "times” factor of
one this intensity approximately equals to
one photon per frequency interval. ”"border
suppression” adds a Super-Gaussian filter to suppress mixing products close to the limits
of the spectral fields. "SPM” and ”selfFoc” include intensity dependent phase with respect
to n2. "wave guide” includes total reflection boundary condition at -d/2 and + d/2 to all
involved pulses (!very experimental! - requires very small step sizes in z and x).

Simulation parameters

Select “GPU” if you have a CUDA capable
graphic card in order to speed up a simu-

st —C Gpu lation. L defines the length of the nonlin-
o II% ,Emmg m,‘:% ear crystal and Nz the number of steps. In-
fammin = 409,872 crease this number until the simulation re-

sult does not depend on the step size any-

more. "size” defines the crystal aperture in
x-direction and ”time” the time window. Nt and Nx the respective sampling. Make sure
that all initial and all generated pulses fit into the temporal and the spectral windows.
Especially for signals generated at large angles (noncollinear DFG) and higher frequencies
(parasitic SHG, SFG), a insufficient frequency range in the spectral domain can lead to
artifacts which will change in frequency and angle for a different sampling in x and t. Make
also sure that pulses leaving the temporal window don’t influence the interaction region
anymore.



Post processing and graphical output

The right hand side of the GUI handles
the post processing of the simulation data,
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nal can be saved and re-imported in section
1 for further processing.

@alpha (inf=integrated) [0 If “results” is activated the wvalues for
2: € Ph gD € GDD ; ; ;

. m’;p: oy EEe) Imax, Rx, Ry, B, and 7 will be displayed in

@ map: intensity E(alpha,lambda) the lower right corner of the corresponding

?mﬂpi GD panel. Because of the (2+1) dimensional

map: GDD Imax=688.2 GW/icm?* .

@ resuls Rox=40.5 pm treatment of all involved pulses, for a es-

for Ry=J208 pm RE’:;';’:J'“ timation of the pulse energy, the beam ra-

ooy Eu@sima)=sot s dius in the unconsidered y-dimension has to
(inf->input p1/1.41 3 1

resn o be set in manually. One can set the size

to a certain value # 0, to be the same as
Ry (Ry = 0) , the size given for pulse 1
(Ry=NaN) or to be a factor of v/2 smaller
the size of pulse 1 (Ry=inf). Which one is
the best choice depends on the certain pro-
cess and result. For example, for a broadband parametric amplification with small pump
depletion and a larger seed beam size (Ry=inf) would be the right choice. The same situa-
tion with strong pump depletion would result in a signal beam size in Ry similar to the pump
beam size (Ry=NaN), even if due to walk-off and noncollinear propagation the Rx-value is
much larger.



Pulse compression

i5ix
File
tau(FWHM 104 fs /tau(2sigma) = 823 fs 0 fs*
0 fs"3
1 i 0 N*phase
0 mm of
opti stop

Imax(air) 383  GWiem®

(=]

X iy

-100 0 100 0
t (fs)

0.5

1

save E(fx i) |

The “compress” button in the sec-
tion for post processing will open
a new window. The pulse shown
in the center part is the restricted
output pulse for the selected po-
larization along its one propaga-
tion direction. Above the graph
on its right hand side are the inte-
grated profiles along the time and
the space axis respectively. In the
upper right corner the parameters
which will be used to compress
the pulse can be selected. Fur-
thermore it can be chosen if the
pulse duration or peak intensity or
both should be optimized. Press
“opti” to start the optimization al-

gorithm. The DCM pairs used as default are the “DCM7” distributed by Venteon®. If a
process ends with a fraction of a DCMPair, uncheck it so the value is rounded when the
optimization process is restarted. Any phase distribution can be loaded by pushing the
button right next to the DCM number field (wavelength[nm]|, phase[rad]). In this case this
number is just a multiplier for the loaded phase distribution. The compressed pulse can be
saved and re-imported in section 1 for further processing.



Example 1 - Simulation of an SHG process

Step 1 - Insert the parameters of the pump pulse

— chi2D pulze 1 pulse 2 pulse 3 —(renew
energy 0.3 0 0 | pl
polarisation |[ o | ed [ed file
wavelength 1030 730 1500 nm
Fourier limit 500 5 10 fs
TOD 0 0 0 fa?
GDD 0 50 0 fa®
GD 0 50 0 fz
Phaze 0 0 0 rad
radius 1/ 0.02 0.05 0.05 mm
shift x 0 0 0 mm
alpha 0 25 0 .
slant 0 0 0 =
rad. of cur. 0 0 0 m

Step 2 - Set the phase matching

~ nenlinear crystal™ plane ™

LBO lislhd
phi

J 0
13.69 ;

Choose the settings for the crystal: ma-

[L_PM. (wont affect simi)_]
| @ tam. O freq. |

CDFG L= 2  mm

@ sHG  wavelength
g 1030 nm
L EFG alpha

@) mix.p. 0

Press the button “PM” for the analytical
phase-matching curves. This won’t affect the
simulation. Choose the analytical calculated
phase-matching curves by selecting the non-

B Figure 1: Phasematching
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Insert at least values for the energy, wave-
length, pulse duration and focal size of your
pump into the corresponding panels belong-
ing to pulse 1. The other ones are optional
if known. Define the a second pump pulse
in case of a SFG process, otherwise set the
energy to zero.

terial and orientation of the crystal and
the angle of the optical axis towards the
main propagation direction z. If you don’t
know what settings to use, the programm
SNLO (http://www.as-photonics.com/snlo)
is a useful tool to get an idea.

linear processes in section 3. You can restrict
which processes should be displayed by the
check boxes (DFG, SHG, SFG). To include
the resulting mixing processes select “mix p.”.
Set the angle alpha if the pump pulse is not
propagation in z-direction (angle OA-crystal
towards z-direction = theta + alpha). The
polarization of the involved fields is encoded
in the color of the curves. (red - ordinary,
blue - extraordinary, black - both for Type
II)



The figure shows the phase-matched wave-
lengths and polarization (red: ordinary, blue:
extraordinary, black: both polarisations for
type II phase matching). If the curve does

not fit your requirements, tune the angle
theta until your are satisfied. Use the tools
from the toolbar to zoom in and out.

Step 3 - Select the processes you want to be included by the simulation.

__nonlinear interaction
included X* processes

(¢ e<o00|  o<-ee
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" e<ee ( o0<-00

getf =[085 ]
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whats gonna happen if
" noise -=times [~ 1
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Step 4 - Choose simulation parameters

— simulation—¢~ gpy

Limm)| 2 size(mm) [ 05 time (ps)| 1.4 |

Nz 500 Nx 256 Nt 1024
lam min = 409.872

Set the length of your crystal, the size in the

Select the processes you want to be consid-
ered by the simulation. For a pure type I
SHG in LBO e.g. you just need to activate
“e<—00”. Furthermore, you might want to
check if the given value for dgg is correct.

transversal direction and the time window.
The size in space and time and the respective
sampling should be large enough to all in-
clude input and generated fields in time and
the Fourier domain.



Step 5 - Get the simulation started
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— data analysis- show eachl 700 -|renew|
— ordinary field log scaleJ 0 —
raw data  E(xt) O E(fx,ft)

— analysis - restricted spectral field—

it | 2000 -] 5000 THz
fx | 100 -|180.0 1/mm
save E(fx, ft)

" spectral power density )
@alpha (inf=integrated) 25"
2. € ph € GD C GDD

' map: intensity E(x,t)

& map: i ity E(alpha,lambda;
" map: GD
€ map:GDD  [imax=14.6 GW/iem*
et

y=43 ym
for Ry=R2.0 um £p=0.2 pJ
0 >Ry=Rx) t3u=T14 fs
(NaN->input p1
(inf->input p1/1.41

T iond 256
— extra ord. field log scale] -

raw data " E(xt) & E(fx,ft)
— analysis - restricted spectral field—

ft | 570.0 _| 5950 THz
fx I 600 ~-| 165.0 1/mm
save E(fx, ft)
€ spectral power density )
@alpha (inf=integrated) [0
y2 ©Ph € 6D C GDD
« map: intensity E(x,t)
& _map: intensity E(alpha,lambda
" map: GD
C map:GDD  [Imax=83.6 GWiom®
forRy=E7.2 pm £=0.3 pJ
(0 >Ry=Rx) tau=435 fs
(NaN->input p1
(inf->input p1/1.41

256

— data analysis-show eachl 100 - renew

— ordinary field log scaleJ 0
raw data © E(xt) O E(fx,ft)

— analysis - restricted spectral field—

ft [2850 -[2950 THz
fx | 100 -] 100.0 1/mm
save E(fx, ft)

" spectral power density .
@alpha (inf=integrated) 25
y2. € ph € GD ¢ GDD

' map: intensity E(x,t)
« map: intensity E(alpha,lambda)
' map: GD
€ map:GDD  Imax=14.0 GW/em®
@ results Rx=37.1 pm

Ry=37.1 ym
ifor Ry=| 0 ¥m Ey,;b;,vz w
0 ->Ry=Rx) tau=720 fs
[NaN->input p1
[inf->input p1/1.41

256
— extra ord. field log scale ] 0

raw data  E(xt) O E(fx,ft)
—anarysns - restricted spectral field—
£t [S700 _[ses0  THz
fx | 600 -] 1650 1/mm
save E(fx,ft)

ol spectral power density .
@alpha (inf=integrated) [0
y2: © Ph  GD € GDD

& map: intensity E(x,t)
€ map: intensity E(alpha,lambda)
" map: GD
€ map:GDD  Imax=34.0 GW/em*
@ results Rx=23.1 pm

Ry=23.1 ym
for Ry= Tnf_ pm £p=0.2 pJ
(0 >Ry=Rx) tau=435 fs
(NaN->input p1
(inf->input p1/1.41

256
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Step 6 - Selecting the shown plots and the size in the 3rd spacial dimension

Select the plots you are interested in. If you
check “results”, the numerical values for the
intensity, beam size, pulse energy and pulse
duration will be displayed in the lower right
corner of the associated area of GUI section
5. In order to estimate whether you have a
strong or a negligible pump depletion, you
should mark “map: intensity E(x,t)” for the
field containing the pump. Press the “renew”
button in the upper right corner.

During the simulation just two spacial di-
mensions (the propagation direction z and a
transversal one x) are considered. To esti-
mate the pulse energy, one needs the infor-
mation of the beam size in the 3rd spacial
dimension y. During an x process, the di-
ameter of the generated field is a factor of
V2 smaller then the generating one when the
pump depletion is negligible and about the
same size if depletion is dominant. Choose
therefore Ry = inf if the depletion is negli-
gible and Ry, = NaN in the case depletion is
dominant. For the pump you might want to
choose Ry = 0 which is the equivalent for a
symmetrical beam shape.



Step 7 - Batch processing

) batcn A lalF
variable steps change
radius_x_... |10 3e-06
E_pulsel 7| 0 0
start | stop
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In order to do parameter studies, click on the
"batch processing” button in the GUI. Se-
lect the parameter you want to scan on the
left hand side, choose the number of steps
and the step width according to your wishes.
Please note that the step size is in SI units
and the range is centered around the actual
value set at the GUI.



Example 2 - Simulation of an DFG process

Step 1 - Insert the parameters for the pump

— chi2D pulse 1 pulse 2 pulse 3— repew|
energy 0.2 | 0.001 | o ul
polarisation|| e | load 0 | load | 0 | load file
wavelength 515 750 1900 nm
Fourier limit 500 5 10 fs

TOD 0 0 0 fs*
GDD 0 0 0 fs?
GD 0 0 0 fs
Phase 0 0 0 rad
radius 1/e* 0.04 0.0 0.05 mm
shift x 0 0 0 mm
alpha 0 25 0 .
slant 0 0 0 =
rad. of cur. 0 0 0 m

Step 2 - Select the properties of the

alpha
C omxp. [T 0 :

|— dispersion nonli interaction
nonlinear crystal plane included X* processes
= ] b O occe
" e<eo (" o<-e0
theta
4 >  e<ee " o0<-00
2335 deff=[" 202
Y theta
PM (won't affect sim!) whats gonna happen if
@ lam.  C freq. | " noise ->times [ 1
L7 mm ; no walk-off <§.25=
C sHg  wavelength border suppression
-~ 515 nm C sPM n2=T2
SFG " selffoc (te20m¥w)
-

wave guide d=I400

Select the crystal and its orientation and

Start with inserting the parameters of the
pump to pulse I and choose whether your
pump or your signal is propagation along the
main direction z. In the example it’s the
pump (o = 0).

crystal for phasematching

which type of phase matching and processes
you are interested in. Press the button to
show the phase matching curve and play with
the angle until you are satisfied. The pic-
tures below show the difference in the curve
for tuning the angle from 23.35° to 24.49°.
In the second case you achieve broadband
phasematching for an ordinary polarized sig-
nal from 710 nm to 925 nm prospecting with
angle of 2.5° with respect to the main prop-
agation direction.
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) Figure 1: Phasematching
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Step 3 - Insert the parameters for the signal

pulse 3— renew|

— chi2D pulse 1 pulse 2
energy 0.2 0.001 | o
polarisation T load | 0 load o | load
wavelength 515 750 1900
Fourier limit 500 5 10
TOD 0 0 0
GDD 0 100 " 0
GD 0 o 0
Phase 0 0 0
radius 1/e? 0.04 0.05 | 0.05
shift x 0 0 0
alpha 0 25 0
slant 0 0 0
rad. of cur. 0 0 0

[TA]
file
nm
fs
fs*
fs*
fs
rad
mm
mm
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Insert the parameters of the signal to pulse 2
by considering the phase matching proper-
ties. You may tune the delay of the two
pulses by adjusting the GD
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