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fundamentals

Spectral phase and dispersion

Electric field of the GAUSSIAN shaped optical pulse:

£\ 2

B(t) = o cos(9(t)) - exp [— (2) ] 0

Fourier transform = E(w) = 4/5(w)exp(ip(w)). (2)

TAYLOR-Series expansion of the spectral phase
_ dp(w) 1 d®p(w) 2
o(w) = p(wo) + 9 wo(w —wp) + 5 w2 wo(w —wo)+....
— —_—
Group delay GDD

GDD = Group delay dispersion, [GDD]= fs?
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fundamentals

Spectral phase and dispersion

Similarly the effects of a dispersive medium can be characterized by the
wave number k(w).

Group velocity dispersion: GVD = dZ]zJ(;u ) n (3)
Accumulated phase of a pulse travelling through a medium of length L:
o) = h(w) - L
= GDD(w) = GVD(w) - L (4)
z>0

A P -

Figure: Schematic representation of the pulse stretching during the
propagation in a dispersive medium.
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Spectral interferometry

Spectral interferometry

|E1(w)2/\ \
— <— to |E1 (w) + B2 (w)|?
B ()2 /\—/

Figure: Sketch of spectral interference between two laser pulses with a
G AUSSIAN spectrum, one of which is delayed by .

S(w) = |B1(w) + Ba(w)?
= 25(w) - [1 4 cos(p1(w) — pa(w))]
w272
= 2exp <_T> [1 4 cos(Ap(w) + wtp)] (5)
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Spectral interferometry

spectrum S(w — wo) in a.u.
inverse FT ]-'_1[5'(w — wo)](¢) in a.u.

s

—10 10

frequency w — wop in a.u. time t in a.u.

Figure: Left: Simulated spectrum of two interfering GAUSSIAN pulses for

different delays to. Right: Absolute value of the Fourier transform of
the spectrum.
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Spectral interferometry

GDD estimation

There are three different methods for the determination of the GDD:
o Numerical phase differentiation

o Fitting a high order polynomial to the phase and differentiate
analytically.

e Using the cubic phase function
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Spectral interferometry

Cubic phase function [1]

—W{T—2 +1i[2(p2 + 3p3w) — T]} (7)

N|=

2

e The absolute value of CPF(w,T) peaks along the curve

d2
T = 2(p3 + 3paw) = d‘i)(;" ) _ GDD(W).

e Therefore: GDD(w) = argmax |CPF(w, T)].
T

[1] Zeng et.al: Group delay dispersion measurement from a spectral interferogram
based on the cubic phase function.
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RICIIa A oY EECRAICA AN Experimental setup

Michelson interferometer setup

I I reference
delay
Faraday Glan—l.a.ser _): L_
rotator polarizer : :
‘ u
| I | - |
1
TFP 2/2

spectrometer :

Figure: Experimental setup: A MICHELSON interferometer is used to create a
second pulse, which interferes with the first pulse leading to fringes
in the spectral domain due to the delay between the two pulses.
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Spectral phase stud Experimental setup

LabVIEW application

ViShresourcename upy ielocationfor evalustion

oA Bschdonpekven spetrumdT3 e 1004
Gusso-ocssronore | @)% pektenizp x

Spectrum location Evalustion

D achcSte
\~psmw f1060. = 2200-¢

Spectrum

Phaselocation =5

lon Spektren!

wonn [ ‘
|
FWHM Method )
3 Center [nm]
10345 | o M l ‘
wf“ll u ‘

FWHM fam]
1010 1020 1030 1040

55.6 33

w

Get Spectrum

|
I

avelength in nm

WU‘U i

1050 1060 1070 1080 1090 1100

Spectrlphase D1 |-60436 mean GO0 153 3305

phase inrad

5 558558

Spectrum corection

wavelength in nm

Third Order Dispersion TOD
Spectrum correction? 200000~

0 1015 100 105 103
wavelength n nm

%0 570 9D %80 1000 1010 1020 1030 1040 1050 1060 1070 1080 1050 1100

00 sigma

Fit order ({40

0D 1) fse9nas

05 o0 0 105

lower boundary  upper boundary
105 1110

Save curent
o

00 100 1060 1080 1100 10 10 Ted 1180 1200
delayinau

Group delay.
1500
Rret

timeinfs

1000 1005 1010 1015 1020 1025 1030 1035 1040 1045 1050 1055 1060
wavelength n nm

GODFit[f<]|431  GODNum (7] |49 ==

DD numerial

2000

s s wo s ok o8 0k
e

Sascrane

Dicrnsosern
< B oo™ |
-
C GDD 2D array location
== Dbt
S R

Seve Fourier spectrum FourierTrafo
ook

Sper ‘
a Fourer0330_ref 060.da | L4
¢

November 18th, 2020

11/25



ST Y EECRSAICAAN  Measurement referencing

Measurement referencing
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Figure: GDD measurement of a fused silica for the phase differentiation and
CPF method. The shaded area represents a +1.5 % deviation from
the measured value.
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S) IR NI SEVHSIA Ml Experimental issues

Experimental issues - Spectral calibration
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Figure: Spectral lines of several elements measured with the high-resolution
spectrometer Ocean Optics HR2000+.
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SISTIn N ) EEISIAICA AN Experimental issues

Experimental issues - Spectral resolution
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Figure: Comparison of the density of fringes for different pulse delays ty.
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SISTIn N ) EEISIAICA AN Experimental issues

Experimental issues - Spectral resolution
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Figure: GDD difference measurement of two pulses as a function of the delay
at Ao = 1030 nm. Each value is averaged over 50 individual
measurements. The blue shaded area represents two times the
standard deviation.
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SISTIn N ) EEISIAICA AN Experimental issues

Experimental issues - Noise sensitivity
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Figure: Sensitivity of the retrieved GDD on the window width for different
phase differentiation methods.
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SISTIn N ) EEISIAICA AN Experimental issues

Experimental issues - Frequency sampling
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SISTIn N ) EEISIAICA AN Experimental issues

Experimental issues - Angular dispersion [2]

@ can be described by the dispersion of the propagation angle 6y of
the w-component of the beam.
e d%p

o Angular di ion: — = —5
ngular dispersion: ——5 = =—3

do
—kofz  p=

angular dispersion

undistorted and pulse front tilt

pulse .

[2] Akturk et.al: Pulse-front tilt caused by spatial and temporal chirp.
Martin Beyer Bachelor thesis November 18th, 2020 18 /25




Characterization of a laser amplifier SRS

Setup of the laser amplifier
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(0} ' EVEYCHISTENA ) NI I EXIIRER ) iSstal  Characterization of the optical components

Short pass filter (pump mirror)
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Figure: Phase (top) and GDD measurement (bottom) of three different short
pass filters which are high reflective (HR), high transmissive (HT) or
anti reflective (AR) in certain wavelength ranges.
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Characterization of a laser amplifier

Laser mirror, Yb:FP, and Pockels cell

Characterization of the optical components
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Figure: Phase difference (top) and GDD measurement (bottom) of a curved
laser mirror with R = 5m, a 45° deflection mirror, the Yb:FP glass
and the POCKELS cell in p-polarization and s-polarization.
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(0} ' EVEYCHISTENA ) NI I EXIIRER ) iSstal  Characterization of the optical components

TFP, spectral mirror, half wave plate
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Figure: GDD measurement of a TFP, spectral mirror FP15 with a Gaussian

reflexion profile in p-polarization and s-polarization and a A/2-half
wave plate.
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(0} ' EVEYCHISTENA ) NI I EXIIRER ) iSstal  Characterization of the optical components

Phase dispersion after a whole resonator cycle
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Figure: Summation of the spectral phase difference (top) and GDD (bottom)
of all components (with pump mirror HR 1030-1040 nm) of the laser

amplifier for a single cycle.
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(0} ' EVEYCHISTENA ) NI I EXIIRER ) iSstal  Characterization of the optical components

Phase dispersion after 40 resonator cycles
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Figure: Spectral phase difference (top) and GDD (bottom) of all components
(pump mirror HR, 1030-1040 nm) of the laser amplifier for the whole
amplification (40 resonator cycles, input and output coupling).
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Conclusion
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