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 Here we discuss various experimental methods for measuring the spectra of nonlinear absorption 
(NLA) and the dispersion of nonlinear refraction (NLR) to both rapidly obtain spectra and to be able to 
measure these in dilute solutions and thin films.  Z-scan [1] is a commonly used method for measuring 
NLA and NLR. However, performing spectroscopy can be time-consuming since tuning the light source 
usually requires a complete characterization of the beam parameters (energy, pulsewidth, beam shape) in 
order to determine the irradiance, and most tunable sources, e.g. optical parametric devices, do not have 
everyday reproducible parameters. This characterization usually takes more time than performing the Z-
scans themselves, thus considerably lengthening the time it takes to measure nonlinear spectra/dispersion. 
In order to speed up this process we introduced the White-Light Continuum (WLC) Z-scan which uses a 
spectrally filtered WLC as the optical source for Z-scans. Once characterized we find that the spatial and 
temporal properties of the WLC are stable from day to day thus allowing spectra to be obtained much 
more rapidly.  In addition, the WLC is also useful as the probe in a pump-probe experiment which can 
give the temporal dynamics of the nonlinear response which cannot be obtained from simple Z-scans. 
These complementary techniques are often sufficient for determining the physical processes responsible 
for the NLA and NLR.  However, we often obtain samples from collaborators that are either in low 
concentration solutions or in the form of thin films on thick substrates. Here the NLA can still be 
obtained, but the NLR is problematic since the NLR of the solvent or substrate usually dominates the 
overall NLR of the samples. We developed a differential Z-scan technique employing 2 identical Z-scan 
arms to deal with this problem, the Dual Arm (DA) Z-scan.  In this method, noise from, e.g., beam 
pointing instabilities, are correlated and cancel. In practice this increases the signal-to-noise by an order 
of magnitude allowing us to measure NLR of dilute solutions and thin films. 
 Pump-probe techniques have been used for years to determine the dynamics of nonlinear 
absorption; however, this technique is not well suited for nonlinear refraction. We have borrowed from 
the photothermal deflection technique which has long been used to measure weak absorption by 
monitoring the thermally-induced index change.  We replace cw lasers with pulsed sources and include a 
delay arm to allow the determination of the nonlinear dynamics.[2]  This method is shown in Fig. 1a.  
Advances in bi- and quad-cell detectors with integrated differential amplifiers allow extremely small 
beam deflections to be measured, and we have a demonstrated sensitivity of λ/20,000 induced phase shift 
as shown in Fig. 1b (inset) showing signals from quartz.  

Fig. 1: Left: Beam deflection schematic. a) probe beam b) delay line c) excitation beam d) sample e) deflected beam f) quad cell detector g) quad 
cell detector diagram, h) overlap of excitation and probe beam i) polarization orientation between excitation and probe beams.  Right: h) Index 
change Δn as a function of delay τd in fused silica for co-polarized (1) and cross-polarized cases (2), using ~200 femtosecond pulses.  

[1] M. Sheik-Bahae, et al., "Sensitive Measurement of Optical Nonlinearities Using a Single Beam," IEEE J. Quantum Elect. 26, 760-769 (1990) 
[2] M. Ferdinandus, et al., "Beam deflection measurement of time and polarization resolved ultrafast nonlinear refraction", Opt. Lett. 38, 3518-3521 (2013) . 

(a)

1 2
3 4

Probe Spot

(c)

(i)

Excitation 
Spot

x

y

θ

E
xc

ite

(b) (d)

(e)

(f)

(h) (g)

φ
-0.5 0.0 0.5 1.0

0.0

0.5

1.0

1.5

2.0

2

1
∆

n 
(1

0-5
)

 

 

∆
n 

(1
0-5

)

Delay (ps)

 Co-polarized
 Cross polarized

h) i)

-1.0 -0.5 0.0 0.5

-0.01

0.00

0.01

0.02

 

 

Speaker: Eric Van Stryland
Session: Novel Optics
See program for placement.

PQE-2014 Abstract Processed 24 October 2013 0


