lecture 2

supercontinuum generation, numerical error control and measurements

(1) create a pulse

(2) choose parameters

(3) press start

(4) put result to memory

(5) repeat with higher accuracy "

(6) check measurements %

(7) noise and coherence L
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lecture 2

100 fs pulse, temporal windows +/-1.5 ps, 1k datapoints, temporal shift: -1 ps,
energy 1nJ, central wavelength 1060 nm

4 fiberdl =
Pulse Profile and Data Array *
pulse.width=100.058 fs, acwidth=141.426 fs Half 15 “ ps Field
0.0 Intervall M
3.0 FWHM 0.1| % ps
1.0 TempShift 1 -
P 1 ps
% 6.0 T
= 5.0 phase 0|7 rad
= 40
E 3.0 Size |1k (2+10) ~ | Type |Gauss -
2.0
1.0
0.0 L — T T 7T T T T T T T T T T - —
| h 1060 nm
120 0.60 0.00 WE::”F:‘ - 1.20
. order a fe2
Time (ps) spectral phase -
Ird order 0| « fg
specwidth.m=16.817 nm SDECU’U”’I
200 p— 1e-003 |
a- 1&0 average power p.o75 | %
i E
; repettionrate | 75000000 | * Hz| PBC
=, 120'5
H SD- scramble spectral phase
E E add quantum noise (one phaoton per spectral node)
40_; double pulsing
E : : . . : . . . { — ) relative
QIS separation 0 ps TEFrEE 0 I'D 2'4
wa\'ﬂength [”n | create field in data amay 1 create field in data amray 2
add field to data amay 1 add field to data amay 2
position: 0.000 m energy: 1000.000 p) average power|
Apply Cancel reset
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lecture 2

Propagation parameter x

gtandard propagatio «

fiber is: NKT-ZD-975 with 2.9 um MED, all nonlinear waveguide
effects considered, Raman response function is simple g' - i
Lorentz, dispersion preselected.

MFD 3 pm
gamma |0.0268343 1400 m)

Esat 21208 )

Dispersion Setup x
simulation
nth Order Dispersion in case of dual pulse propagation
predefined fibers: [more '] 0 v dispersion | v Raman
more ... )
Taylor S¢ fused silica @1060nm atch® |0 ps/m v spm | " seff-stespening
MKT {core 1.7 pm zD'=770,1250) @ 1030nm
MKT {core 1.7 pm zD'=750,1600) @ 1030nm : i
i} nhy possible without forced
2R air silica approx@730nm arded time frame parameter

Beta?
Dy L I ¥ temporal gain saturation
Betad 7.995¢-5 air silica approx@1060nm (5.0pm=MFD 4. 2pm) ZD@1060nm me frame (betal=betal=0)
MKT LMA 5 {5.0pm=MFD 3.95.m, zD=1035nm) @ 1030nm
Beta4 | ~1.003922-00 MKT LMA 5 {5.0um=MFD 4.2pm, zD=1070nm) @ 1030nm steps 100
air silica approx@800nm (1. 7um=MFD 1.2pm) ZD@E65nm
Betzf | 1.210052-010 air silica approx@800nm (2pm=MFD 2pm) ZD@770nm stepaize 0002 m

Zhu et. al. @800nm (2pm=MFD 2pm) ZD@743nm
Betaf | 403472014 pamian @750nm, 1600nm (MFD 1.6um) ZD@E30nm

distance 02 m
Beta? Cristiani et.al. Opt.Exp. 12, 124 (2004){MFD=3. 47um)ZD @7 10nm
3 ) .
! Dudley et.al. Rev. Mod. Phys., Yal. 78, Mo. 4, (2008) Fig. 3 oy dispersion | live | measure
Betad DLEI\,I'EFtEEh GTI 1000-1080nm - 250f=s @1030nm o] b2
3 Hollow core 1060-02@1030nm s/nm./km] b 2[ps*/m]) w|write fle (100
q 2ero dispersion @ all
Betad copy beta? + group delay 0.00m
Trust region [nm] b2 [ps%m], GD[ps./m] adaptive |~
local emor
from |0 Am to | 20000 i presets: -
random temporal clipping
Cancel arating compressor >3 Save Load
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lecture 2

R I W T fiberdesk - [fiberd1]
MAIN MANIPULATION POSTPROCESSING MULTI-ELEMENT PROPAGATIOMN VIEW WINDOWS
E ,Change pulse energy g, COPY spectrum [wavelength] copy dispersion h 8 @' naise variation l Set M+
# add guantum noise q L copy current view Parser AN l, set B=z=0 SAe Swap M-

Field Undo Start parameter

variation

Compress

second field scramble spectral phase Clear |v| display

Create Edit Propagation Memory

propagate 0.2 m, 100 steps, different accuracy results saved via ,mmemory”>,set”

pulse.width=1.139 ps, ac.width=51.161 fs

Field

8.0
o~ 7.0'
2 6.0
= 5.0
g 4.0
E 3.0-
2.0
1.0
0.0 Y , . . . fac ; r : r r r r r r r 1 r e r T T r . 7 T
-1.20 -0.60 0.00 0.60 1.20
Time (ps)
sped y-axis properties X Spectrum
40.0
nomalized scale
’g 20.0
linear scale
2 o0
= 200 A0dB  ()-70dB
2 20dB -80dB . ) . )
g -0 wae wa | double-click y-axis for logarithmic setup
-60.0 A0 dE -100 dB | . . . . . . . e R s A e o
-50 dB -110.dB 0.8 1.2 1.6 2.0 2.4
60 dB -120 dB Wavelength [pm]

fiberdesk

position: 0.200 m enerqgy: 926.328 pJ average power: 69.475 mW roundtrip: 0
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lecture 2

adaptive algorithm is bounded by local error
as we measured everything, it can be analysed in the measurement graph

Measurement
Copy ASCIll | Copy BMP | Save BMP || Zoom Out
position - log x

adaptive.local_error_min - logy

BE-007 H |

TE-007 -

GE-007 | , |

error min

5e-007 ||| H |

1

4E-007 +

3E-007

2E-007 —| ﬂ :

1E-007 || | A | x, . :
il A e AN Example: supercontinuum

e WATLA' A AT
AN _~ LAY »

| l".J . -
0 n.lnz 0.54 D.lI}E D.:]S 011 u.llz u.|14 U.:Ilﬁ u.lls nl.z geﬂeratiOﬂ Wlth |Oca|
position (m) error <le-6

adaptive.local

0
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lecture 2

Measurements allow for more detailed analysis:

Measurement
Copy ASCIl | Copy BMFP | Save BMP

position
pulse.energy
9.96E-010 | ™
9.86E-010 |
N
9 76E-010
9.66E-010

9.56E-010

pulse.energy (J)

9.46E-010

9.36E-010 4

9.26E-010 . !

Zoom Out

-

0 002 0.04

T
006

0.08 01 012

position (m)

014

016

fiberdesk

Example: supercontinuum
generation energy drop due to
intrapulse Raman shift of the
soliton, once it is ,created”
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lecture 2

N o s Wl WS

E_Change pulse energy

MANIPULATION

POSTPROCESSING MULTI-ELEMENT PROPAGATION

copy spectrum [wavelength] copy dispersion

# add guantum noise copy current view Parser

fiberdesk - [fiberdl]

4 noise variation I Set M=
* | setB=z=0 *Ae Swap M-

VIEW ANDOWS

> o

Field . Undo Start |parameter Compress .
second field scramble spectral phase variation Clear |v| display
Create Edit Propagation Memory
noise and coherence: same starting pulse as before but with quantum noise
. " " . . " . . . .
added, use ,propagation”>“parameter variation” dialog with iterating pulse
creation
Pulse Profile and Data Array x Parameter Variation *
Half - Copy BMP
iterval b2 s 30787 Copy ASCII
FWHM 0.1 Zps 507.6 Save BMP
TempShift 1| T ps E 507.4 4 Zoom Out
£
phase 0| 2 rad = 5072+
% surface
Size |1k{2710) - | Type |Gauss - T 507 | series
. statistic
E 506.8 - loge
wavelength 1060 nm 8_ 506.6 -| logy
2nd order 0|« g2 “
spectral phase 506.4 o | Legend
3rd order 0| « g
- 506-2 T T T T T T T T T T T T T 1
. 1 15 2 25 3 35 4 45 5 55 [ 6.5 7 75 8
ey le-009 | *
. . swap
average power 0.075 | * w iteration number Ny
repetition rate 75000000 | © Hz| PEC &r from to datapoints  log steps
in | global paramete wads value = x
double pulsing
’ 0 relative 0
separation ps magnitude | save to file C:Ysers\admin\Desktop\tutorial\supercontinuum\noise. pvf select base file
| create field in data amay 1 create field in data amay 2 Result = M21¥1e8 || ypdate | oruse |M21-spec.width_rms.m -
add field to data amay 1 add field to data amay 2 auto misx | iteration number
Apply Cancel reset stat auto sy | spectral width (nm)
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nonlinear pulse propagation
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T e B W T S fiberdesk - [fiberdi]

PMAATN MANIPULATION POSTPROCESSING MLLTL- WINDOWS
&% | £ £ £ €
e . ' AL v
i g

lecture 2 55 m0n

4
single replay endlessly AVT ASCH  Python average average avgergge |  avera ge coherence | measuremen it get RMS 20 parame ter
slice once Movie matrix intensity fields ax ecfrum RIM vq z | Spectrumvs. z V5. Z of BPF file change variation
Load Conversion to ... ion frpm EFF file evaluation

the saved file is now used for average spectrum and coherence calcualation via
Postprocessing > coherence

Postprocessing > average intensity

past both results to clipboard and display in e.g. MS Excel

[EnY

_'—”V -

o o
) [

Coherence / Intensity
o
D

(E/(DE,(4))
\/<‘E1 (}L)‘2><‘E2 (/1)‘2> 650 850 1050 1250 1450 1650 1850

Wavelength (nm)

|g12 (/1)| =
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