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Based on open Source python codes !

CEMES
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PyM o] DAQ This project aims to provide numerical algorithms for ultrashort laser pulse measurement methods such as frequency

resolved optical gating (FROG), dispersion scan (d-scan), or time-domain ptychography (TDP) and more. Specifically,
[ pypi|v3.0.4 | docs [passing | codecov |unknown provides a reference implementation of the algorithms presented in our paper “Common pulse retrieval algorithm: a
fast and universal method to retrieve ultrashort pulses”.
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Complete interface for :
caves 1) Simulation

B PyMoDAQ Femto Simulator - m}
Parameter Value
l— [J
Show Pulse ﬁ 6 * .*. Q s lﬁ
Show Trace . . .
Show bath e domain frequency domain
Pulse Source: Simulated 2.04 25 1.0 L 75
Al Pulse Settings:
o 05 s
FWHM (fs): 5 1.5 =
Shaping type: Taylor %" L 25 ® %‘- 0.6 - 25
Mpulses: 1 c T £
1.0 u L
v Taylor Phase: % - 50 # pEJ 0.4 - 0
Delay (fs): 0 = -g- = L s
GDD (fs2): 50 0.5 r—=75 0.2 -
TOD (fs3): 500 100 L —50
v Gaussian.Phase: 0.0 A 0.0 } —75
Amplitude (rad): 1 T T T T
T 50 Os 200 fs 500 nm 1 pm
Method: frog -— M .
ML process: pa ~ a® é é .*. Q - l_
:
lambda0 (nm): 750 1.0
Npoints: 1024
Time resolution (fs): 0.5 100 fs 0.8
:
Units: nm . 50 fs 0.6
Autolimits?: ©
Set Limnits?: [l z
Autolimits Threshold: 0.01 0s 0.4
Npts: 512
0.2
—50fs
0.0
400 nm 600 nm 800 nm 1 pm 1.2 pm
Wavelength
L4 >

phase (rad)




Complete interface for :
cawes 2) Acquisition

B PyMoDAQ Dashboard: femto - m} x
W python — [}
File Settings Preset Modes  Overshoot Modes  ROIModes  Rernote/Shortcuts Control  Extensions 7 Scan
Remote controls De]ay File Settings
Parameter Value () el 20 ciot
s =] plo o
Log level DEBUG = 0 E M quit Set Scan InitPositions | | | | [l

hl Loaded presets Actuator:

[ eIpEIE IE ol

Preset file femto.xml ( Parameter Value General Settings
Overshoot file Al Actuators/Detectors Save Settings
Layoutfile hd 2 v detectors Scanner Settings
2021/03/12 23:47:14: Preset mode (femto.xml) has been ICurrent value: ( Spectrometer cer Value
2021/03/12 23:47:23: Spectrometer: Snap
2021/03/12 23:47:30: Spectrometer: Snap 10_ 500000 ‘ -
2021/03/12 23:47:37: Moving Caleulate positions: 5:
2021/03/12 23:47:43: Spectrometer. Snap V¥ Actuators stepes S0
Scan type: ScaniD
Delay Scan1D settings
s 2 Scan subtype: Linear
Losztype
Start: -100
£1 Moves dene? stop: 200
Spectrometer & @ {2 ‘¢— A aye Detections dune?fo Stszz (PR
il BTN NS [—— Load setings
Spectrometer: Snap Actuators positions Save selinas
ameter Value &
Controller Status: Master
~ Simulation settings:
Show Spectrum: [l
Show Trace: O
Pulse Source: Simulated
v Pulse Settings: < >
FWHM (fs): 5
Shaping type: Taylor
Npulses: 1 o - -
£ >

PyMoDAQ’s Dashboard and its PyMoDAQ’s extension : DagScan
control modules



Complete interface for:
cvts 3) Pulse Shape Retrieval

B PyMoDAQ Retriever - O >
Main Dataln
Retrieved Data Settinas
— Started retriever 'copra’ Pararneter Value
H # Options:

Lall, = nemespace (slpha=0.25, FWHM (nm) 75.4392136725
callback= <built-n method Wavelength 5ize 512
emit of Scaling (m) 1e-09
PyQt5. QtCore. pygtBound
Signal object at Al Frocessing
000000 1A943514300 =, . .
maxiter =30, v Grid settings:
status_sig=<bound lambdal (nm): 771092246547
PYQT_SIGNAL status_sig ——
of RetrieverWorker object = . Ao
at Time resclution (fs): 0.5
Ox000001A94770B3A0 =, “ Trace limits:
step_command=<built-in 5
function processEvents =) Crop Trace?: O
Initial trace error R = i 35
1.4744563690e-02 yi: 112
Starting retrieval... width: 342
iteration trace error height: 573
16 33114167126-03% * Substract background:
; ' Substract?: O
~3,5172238543e-03* wi0: 273.97260274
3 wil: 508.219178082

~2,6071494920e-03*
4 Process Spectrum n

~1,6131902239e-03 Process frace

~ gpproximate trace error Process Both
* accepted as best trace

Algo type: copra
Verbose Info:
Max iteration: 30
+ Initial Pulse Guess
FWHM (fs): 100
Phase amp. (rad): 0.1
Start Retrieval

Stop Retrieval




Complete interface:
4) With fine exportable graphs

Retrizver Retrieved Data

CEMES

Data In
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Parameter

bl Data Info
Trace type:
ML process:
+ Trace Info
WIO (nm)
FWHIM (nm)
Param Size
Wavelentgh Size
Scaling (m)
Scaling Parameter
~ Spectrum Info
WIO (nm)
FWHM (nm)
Wavelength Size
Scaling (m)
A4l Processing
v Grid settings:
lambdal (nm):
Mpoints:
Time resclution (fs):
v Trace limits:
Crop Trace?:
w0
y0:
width:
height:
~ Substract background:
Substract?:
wi0:
wil:
Process Spectrum n
Process trace
Process Both
gl Retrieving
Algo type:
Verbose Info:
Max iteration:
~ Initial Pulse Guess
FWHM (fs):
Phase amp. (rad):
Start Retrieval

Stop Retrieval

Value

frog
shg

380,123557042
25.8822547548
4

512

1e-09

le-15

771092245547
76.4892136725
512

1e-02

771092246547
801
0.5

O
35
13
3492
573

O
273.97260274
508.219178082

copra
30

100
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k Developped the PyPret package for Non-linear Trace reconstruction

Sébastien J Weber

Centre d'Elaboration de Matériaux et d'Etudes Structurales
Research Engineer at CEMES-CNRS Toulouse
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PyMoDAQ

Modular Data Acquisition with Python

- PyMoDAQ’s Origins

CEMES
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| want to measure data as a function of varying parameters !
/ e Linear stage
e (Camera e Rotation
» Analog signals » Temperature controller
Detectors e Spectrum Actuators e Current
« .. * Voltage
™ 2 galva mirrors
Camera | i
= @ Translation stage
XY stage
Laser e
wavelength
Need for a modular Spectrometer
Interface
Photomultiplicator




PyMoDAQ

Modular Data Acquisition with Python

PyMoDAQ’s Overview

CEMES

e

Control Modules

EAQ Moye' DAQ Viewer

o et 20
test N A
o B o
| - -

DDDDDDDD

e e M

PID |

Actuator Detector

/S [ Custom ]

Controller ﬁ Dashboard % Extension
DAQ Logger @ Remote
DAQ Scan Manager

!/ Data logging

— ¢ N

t. 0D, 1D, 2D, ND ;Eﬁf{fi‘; Ctrl+X

data acquisition

Online Extension
Data Browsing H5Browser MOdUleS
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. Control Modules

Control Modules

eeeee

DAQ Move : Actuators set/get values

Actuator

Detector

Dashboard

CEMES
5 Form - O i Form - o X
test test
0 0 =] @
Actuator: Actuator: |Mack
| Initialization Initialization | @
W quit HK it
Current value: . Current value: .
0.000000 0.000000
Abs value: £3}Find Home
[ =] | *i*Sethbs
Rel increment: Oset Rel (4)
o F=1| &@setrel(
Wistor 7 Update Value?

B’ Form
test
o = @
Actuator: Mok
| Initialization | G
» quit
Current value: .
0.000000
Abs value: ‘m'Find Home
= “'I"'Set Abs
Rel increment: I’BsetRel (+)
0 ] GasetRel ()
Wstor 7 Update Value?

Parameter Value

Al Main Settings:
Actuator type: Maock

Controller [D: -1
TCP/IP options:
Al Actuator Settings:
v MultiAxes:

is Multiaxes:
Status: Master
Aatis:

Units: whatewver

Epsilon: 0.01

Timeout (ms): 10000
v Bounds:

Set Bounds:  []

Min: 0

Mazx: 1
~ Scaling:

Use scaling: [

Scaling factor: 1
Offset factor: 0

L)

Loy




CEMES

Control modules

Control Modules

“DAQ Move DAQ Viewer
e——— —

LS *:—-"

Actuator Detector

Dashboard

DAQ Viewer: Grab data from detectors (0D, 1D or 2D)

Det 2D Settinas
Det 2D
el W] T[] e
DAQ type: |DAQZD -
Detector: | Mock ~
[] Do Bkg sub. [ ] Take Bkg
7 Sett, ki sett.
Det 2D: Snap
Parameter Value &
DAQ type: DAQZD
Detector type: Mock
Mviewers: 1
Controller D: 2326
Show data and process:
Maverage 1
Show averaging: ]
Live averaging: |
Wait time (ms): 0
Continuous saving: O
TCF/IP options:
Overshoot options:
Axis options:
.
Controller Status: Master
Mimages colors: 1 v

Det 2D Mock2D 0




PyMoDAQ

Modular Data Acquisition with Python

Dashboard example

CEMES

B PyMoDAQ Dashboard: preset_default

File Settings Preset Modes  Overshoot Modes  ROIModes  Actions 7

Loager | vadis [ axis | Det 2D _Settinos
Parameter Value & Yaxis Det 2D
b [
Preset file preset_default.xml Ll =
Overshoot file Stage: |Mack
ROl file preset_default.dock Parameter Value
- -
Kaxis ( =N Current position: @ b4l Detector Settings
faxis { =M Controller Status: Master
pg Detectors Init. v 0'000000 Nimages colors: 1
2020/03/10 14:40:38: Preset mode (preset_defaultxml) h Nimages pannels: 1
Threshold 1
Eool O
rolling
Nz

o > _ ) 7
[ | Det 0D Settinas
Det 1D e Det 0D & |IF

Ll B RS - B M 2

Parameter Value 2 Parameter Value 03

Al Detector Settings Al Detector Settings

Controller Status: Master Controller Status: Master

rolling 1 =N v Mock1
multi — MNpts 200
v Mocki Amp 20
Amp 20 x0 50
x0 125 = dx 20
dx 20 n 1
n 1 amp_noise 0.1
amp_noise 0.1 v Mock2
v Mock2 MNpts 200
Amp 10 Amp 10

x0 325 = v x0 100 o



PyMoDAQ

Modular Data Acquisition with Python

... and its extensions

CEMES
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Control Modules

.DAO‘—MO.VE DAQ Viewer
:3.(6:;000 : V‘" ’
et (1 —_—
PI D | S| X = | eee
gi? Actuator Detector

R [ Custom ]

Controller Dashboard Extension

=] /7 \
| Ly | iI

DAQ Scan Manager

o I
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data acquisition Sy Ctr|+x
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\ J
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DAQ Scan
PyMoDAQ extensions : Scanner oo gt

CEMES

57 python - O x
File Settings
1D plot 20 plot
> quit SetSean | | InitPositions | | [
Parameter Value General Settings
Al Actuators/Detectors Selection Save Settings

W
detectors Scanner Settings

e Parameter Walue
Det 0D

calcul>*
~  Actuators
Theta Axis ,

Yaxis
Kaxis
-2
Moves done? o
. stop: 3
Detections done? @
Step: 0.5
load _sxeml
save_xml

Initializing |11 | [o | @




Scan Examples on the Ultrafast Electron

CEMES

Ultramicroscopy 186 (2018) 128-138 )

Microscope: FemtoTEM

Probe current (Pico-amperemeter) as a

DAQ Scan

0D, 1D, 2D, ND
data acquisition

Probe current (Pico-amperemeter) as a

function of laser polarisation (HWP2)

function of laser pulse displacement, axes
XY mirror M2
a b
Current (pA) & J
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Stay in touch and contribute

CEMES
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Maodular Data tion in Pythan

Docs » Welcome to PyMoDAQ's documentation! View page source

Welcome to PyMoDAQ's documentation!

Contents:

Search docs

« Installation
o Automatic setup
o Manual setup

» Description

Installation
Description o Main Modules

» DAQ_Move
Synthesis Diagram T
Class Diagram i A parserah

» Another paragraph
» DAQ Scan

API documentation




CEMES

PyMoDAQ-Femto: 1) Simulation

57 PyMoDAQ Femto Simulator

Parameter Value
Show Pulse
Show Trace
Show both
Pulse Source: Simulated
Al Pulse Settings:
FWHM (fs): 5
Shaping type: Taylor
Mpulses: 1 E
Pulses separation: 100 b
+ Taylor Phase: E
Delay (fs): ]
GDD (fs2): 50
TOD (fs3): 500
Al Algorithm Options:
Method: frog
ML process: pg
Alpha (rad): 1
Gamma (Hz): n ,
Al Grid settings:
lambda
Mpoints:
Time resol.
- el
Units:
Autolimits?: .
Set LimitsT: O
Autolimits Threshold: 0.01 =
Limit min: 500 8
Limit maz: 1100
Mpts: 512

AEI Q=M

1ez9 time domain

2.0 A

=
(%3]
1

=
[=]
!

o
[5)]
|

100 fs

50 fs

—50fs

400 nm

600 nm

frequencv domain

1.0

. “00

F—23
,I =50
0.0

75

50

F25

o

F—75

wavelength

800 nm 1 pm 1.2 pum
Wavelength

T T T
500 nm750 nm 1 pm 1.25 pm

1.0

0.0

phase (rad)




CEMES

PyMoDAQ-Femto: 2) Acquisition

File Settings Preset Modes

B PyMoDAQ Dashboard: femto

Overshoot Modes

Remote contr
Parameter Value &
Log level DEBUG
hl Loaded presets
Preset file femto. xml
Overshoot file
Layout file v

2021/03/12 23:4
2021/03/12 23:47:
2021/03/12 23:4

: Moving

<

2021/03/12 23:47:14: Preset moede (femtoxml) has been
: Spectrometer: Snap
: Spectrometer: Snap

2021/03/12 23:47:43: Spectrometer: Snap

>

ROIModes  Remote/Shortcuts Control  Extensions 7

Delay

r— )

Actuator:  Mock

Initialization ¢

Quit

Current value: (

10.500000 |

m} x
"7 python
Scan
File Settings
Dplot 2D plat
M quit Set Scan InitPositions | | | |l
LIS IDCIE I o
Parameter Value General Settino= _

hdl Actuators/Detectors Selection Sav

v detectors

Spectrometer )

Spectrometer

Main Settings:

Detector Settings

Controller Status:
~ Simulation settings:
Show Spectrum:
Show Trace:
Pulse Source:
v Pulse Settings:
FWHM (fs):
Shaping type:
Npulses:

| Ll RSN NSRS
Spectrometer: Snap
ameter Value

Simulated

5
Taylor
1

Spectrometer PNPS

SED+ A~

Load settings

Save settings

_oypes Linear
_uss type
Start: -100
stop: 200
Step: L Tl
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Data In

A€ Q=N

time domain

1.0 4 =
0.8 4 -
2 0.6 1
w1
(=
2
£ 0.4+ =
0.2 -
0.0 Mk i
T T T T
—200fs —150fs —100fs -50fs
time
measured ,
=
o :
&
0
—100 fs
0.2
—150 fs
0200 fs -
4 PHz 5 PHz 6 PHz
wavelength

intensity
phase

PyMoDAQ Femto: 3) ReTrieval

frequency domain

|35 104
| 30
0.8 4
|25
L2032 0.6 -
205 2
@ 2
F15 & %
£ E o041
I 10

5 PHz
wavelength

o\

- intensity
hase 20
I\ ‘asurement
l i3 r 10
3 o
o
r—10
F—20
Py
\ I —30
'gi— -40

om

1.®00 fs

T T T
800 nm 1 pm 1.2 ym

waveleaﬁgr}e‘:rence

150 fs
0.8
100 fs -
0.6 50 fs
05
0450 5 -
—100 fs {

0.2
—150 fs

0.005

0.000

—0.005

—0.010

G200 fs

T T
5 PHz 6 PHz

wavelength

T
4 PHz

phase (rad)

Parameter

hdl Data Info
Trace type:
ML process:
 Trace Info
WID (nm)
FWHIM (nm)
Param Size
Wavelentgh Size
Scaling (m)
Scaling Parameter
~ Spectrum Info
WIO (nm)
FWHM (nm)
Wavelength Size
Scaling (m)
bl Processing
v Grid settings:
lambdal (nm):
Mpoints:
Time resclution (fs):
v Trace limits:
Crop Trace?:
w0
y0:
width:
height:
~ Substract background:
Substract?:
wil:
wil:
Process Spectrum n
Process trace

Process Both

Retrieved Data

Value

frog
shg

380123557042
25.8522547548
4

512

1e-09

1e-15

771.092246547
75,4892136725
512

1e-09

771.092246547
801
0.5

O
35
13
392
573

O
273.97260274
508.219178082

-

Algo type:
Verbose Info:
Max iteration:
~ Initial Pulse Guess
FWHM (fs):
Phase amp. (rad):
Start Retrieval

Stop Retrieval

copra
30

100
0.1
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