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Fig. 1 Schematic diagram of the Gaussian beam passing

through the nonlinear medium
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Fig.2 The closed-aperture Z-scan curve without and with

considering nonlinear absorption
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Fig. 3 The relation between the open-aperture Z-scan

curve and the nonlinear phase shift
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curve and the nonlinear absorption

B 4%

ik, R AS B30 T 3 XU TRk 2 8 B R 4
SIFAL Z-HmER B B E 13, ek s
%W R %R e —58 - ARl &
FUER R AN IE TR, B S B
U £ R P T EL A5 B T 2 5 A kR TR W T AL AR
AL ZHEmi g g — AR X RES ZAMER
Touk g i - X RS U7 vkt R BF A TG OE
P L VA T 1 4 P B — B AR A 8 7 1% -

& Lk

1 Sheik-Bahae M, Said A A, Van Stryland E W. High
sensitivity single beam n, measurement. Opt Lett, 1989,
14(17) . 955~957

2 Sheik-Bahae M, Said A A, Wei T H, et al. Sensitive
measurement of optical nonlinearities using a single
beam. TEEE J Quant Electron, 1990,26(4). 760~769

3OEBUR B RO EF ZTHAMEARN . W,
1998, 27(9): 541~533
Wang Q Q, Zhao T Y, Xiong G G, et al. Physics, 1998,
27(9):541~533



1014 T ¥

£t 34 %

Chong H K, Yeung L L, Seong G K. Analysis of

asymmetric Z-scan measurement for large optical

nonlinearities in an amorphous As, S, thin film. J Opt Soc

Am B, 1999,16(4): 600~604

Zhao Kaihua, Zhong Xihua. Optics. 6th Edition, Beijing:
Beijing University Press, 1998. 186~190
BELRA AL B 0. BTSN ZHMER. L
2R, 2002,22(1) :19~23

S BPLIE, B EE. . BEOSHR AL B b B R R AL Yao B L, RenL'Y, Hou X. Acta Optica Sinica, 2002,

1998. 186~ 190 22¢1):19~23
A 7Z-Scan Theory Based on Diffraction Theory with Consideration of
Two-photon Absorption
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Abstract Based on Fresnel-Kirchhoff diffraction theory, a diffraction model of a nonlinear optical medium

to a Gaussian beam is built. The propagation behavior of the Gaussian beam passing through the nonlinear

optical medium is theoretically deduced and numerically simulated, which can explain the Z-scan
phenomenon from a new approach. From this theory, a unified equation is derived, which can describe
both the closed-aperture Z-scan curve and the open-aperture Z-scan curve with consideration of the two-
photon absorption. It provides a new way to calculate the nonlinear refraction index and the two-photon
absorption coefficients. Numeric simulation shows that for the closed-aperture Z-scan considering the two-
photon absorption, the simulation results are well consistent with the conventional theory. For a given
open-aperture Z-scan curve, the two-photon absorption coefficient computed by the new Z-scan theory is
1/3 of the value fitted by the conventional Z-scan theory, whereas other conclusions are identical to the
conventional Z-scan theory. This theory has better accuracy than the conventional Z-scan theory because
the approximate conditions are only thin sample and small nonlinear absorption.
Keywords Z-scan;Nonlinear refractive index; Two-photon absorption;Diffraction;Optical Kerr effect
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