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A precise data processing
method for extracting v(3)
from Z-scan technique

We present a precise data
processing method, in the Z-
scan experiments using a
Gaussian beam and trimmed
Airy  beam, for directly
extracting nonlinear refraction
from the closed aperture Z-scan
trace with the aid of the open

Phwong phap xw ly dir ligu
chinh xac d@é rat ra y® tir
ky thuat Z-scan

Chuing t61 trinh bay phuong
phap xu ly dir liéu chinh xac,
trong cac thi nghiém Z-scan
dung chum Gauss va chum
Airy chat cut, dé rat ra chiét
suit phi tuyén truc tiép tur
duong cong Z-scan khe dong
véi su hd tro cua dudng cong
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aperture Z-scan trace when the
materials  exhibit  nonlinear
refraction and nonlinear
absorption simultaneously. This
method is still applicable when
the nonlinear absorption s
dominant and the closed
aperture Z-scan curve
degenerates into a single valley
configuration, which is a salient
advantage over other methods.
In addition, we give gracefully
empirical formulas with very
high precision, which have good
practicability for characterizing
the optical nonlinearities of
materials by use of the Gaussian
beam and trimmed Airy beam
Z-scan technique, respectively.
1. Introduction

The Z-scan technique devised
by Sheik-Bahae et al. [1,2] has
been an extensively employed
yet effective and popular
technique for characterizing the
optical nonlinearity of
materials, because of some
notable advantages such as sim-
plicity, high sensitivity, and
simultaneous determinations of
signs and magnitudes of optical
nonlinearity. Since the Z-scan
technique was discovered, some
alterative or improved Z-scan
techniques were also developed,
mainly concerning input beam
profiles such as the eclipsing
beam [3], the trimmed Airy
beam [4], the top-hat beam [5],
the near top-hat beam [6], the
Gaussian-Bessel beam [7], the
quasi-one-dimensional slit beam
[8], and the elliptic Gauss-ian
beam [9,10], as well as the off-

z-scan khe mao khi vat liéu vura
c6 tan sic phi tuyén vira c6
hip thu phi tuyén. Phuong
phap nay van c6 thé &p dung
khi hiap thu phi tuyén chiém
wu thé va duong cong Z-scan
khe dong suy bién thanh cau
hinh mét thung liing duy nht,
day ciing 1a loi thé n6i bac hon
S0 V&1 cac phuong phap khac.
Ngoai ra, ching t61 dua ra
nhirng cong thic thuc nghiém
don gian véi do chinh xac cao,
c6 kha nang tng dung thuc té
tt dé xac dinh cac tham sb
phi tuyén cua vat liéu lan luot
dung ky thuat Z-scan chum
Gaus va chum Airy.

1.Gidi thiéu

Ky thuat Z-scan do Sheik-
Bahae va cac cong su [1,2]
phat minh Ia mét ki thuat hiéu
qua va pho bién duoc st dung
rong rai dé xac dinh cac tham
s6 quang phi tuyén cua vat
lieu, do mot s6 wu diém dang
chu y nhu don gian, do nhay
cao, va co thé xac dinh ddng
thoi diu va do6 lon cua cac
tham sé quang phi tuyén. Ké
tur khi ra doi, cac ky thuat Z-
scan bién thé hoac cai thién
cling dugc phét trién, chu yéu
lién qua dén cac bién dang
chum dau vao chang han nhu
chum nhat thuc [3], chum
Airy chat cut [4], chum top-
hat [5], chim gan top-hat [6],
chum Gauss-Bessel [7], chum
hinh khe mot chiéu [8], va
chum Gauss-ellip [9, 10], cing
nhu phuong phap Z-scan Iéch
truc [11], Z-scan hai mau [12],




axis Z-scan [11], the two- color
Z-scan [12], the time-resolved
Z-scan [13], the opti-cally thick
Z-scan measurements [14,15],
the beam radius measurement
Z-scan technique [16,17], the
novel analytical method [18]
and quantum analysis [19] of

the  Z-scan, Z-scan  for
charactering saturable absorber
[20], influence  of  the

photoinduced focal length in the
Z-scan technique [21]. All those
Z-scan techniques [3-17] should
belong to the technical and/or
functional improvements such
as the melioration of sensitivity
and signal-to-noise ratio.
Fur-thermore, many theoretical
models of the Z-scan technique
have been proposed, including
the zeroth order Hankel
transform [22], Fresnel-
Kirchhoff diffraction theory
[23], the fast Fourier transform

[24], Hermite-Gaussian
decom-position  [25], the
Huygens-Fresnel diffraction

integral method [26] and the
Gaussian decomposition
method [27].

In the Z-scan technique, an
extremely important issue is
how to extract accurately the
nonlinear coefficients of the
measured samples from the Z-
scan traces obtained in the
experiments. For this purpose,
some efforts to this subject were
proposed [2,28-34] for the
Gaussian beam Z-scan. For
examples, Sheik-Bahae et al. [2]
proposed a rough processing
method for determining the

Z-scan phéan giai thoi gian
[13], Z-scan day vé mat quang
hoc [14, 15], Z-scan ban kinh
chum [16, 17], phuong phap
phén tich mai la [18] va phan
tich luong to [19] Z-scan, Z-
scan 4p dung cho chét hap thu
bdo hoa [20], anh hudng cua
tiéu cy cam wtng quang trong
ky thuat Z-scan [21]. Tat ca
nhitng k¥ thuat Z-scan do [3-
17] déu thudc dang cai thién
ky thuat va/hoac chtrc nang
ching han nhu cai thién do
nhay Vva ty sb tin hig¢u-nhiéu.
Bén canh d6, nhiéu mé hinh ly
thuyét vé ky thuat Z-scan da
duoc dé xuat, bao gom chuyén
d6i Hankel bac khong [22], ly
thuyét nhidu xa Fresnel-
Kirchhoff, bién do6i Fourier
nhanh  [24], phén tich
Hermite-Gaussian [25],
phuong phap tich phan nhiéu
xa Huygens-Fresnel [26] va
phuong phép phan tich Gauss
[27].

Trong k¥ thuat Z-scan, van dé
cuc ky quan trong 1 cach dé
rat ra dugc mot cach chinh xac
cac hé sb phi tuyén cua mau
tor cac duong cong Z-scan do
dugc trong thuc nghiém. Dé
dat duoc muc dich nay, mot sb
huéng nghién ctu vé van dé
nay di dugc tién hanh cho Z-
scan chum Gauss [2,28-34].
Chang han, Sheik-Bahae va
cac cong su [2] dé& dé xuat
phuong phap thoé so dé xac




contribution of purely nonlinear
refraction  (NLR) in the
Gaussian beam Z-scan, which is
the closed aperture (CA) Z-scan
trace divided by the open
aperture (OA) Z-scan trace.
However, when the coexistence
of the large NLA and the small
NLR in a nonlinear material, the
relative error of the result given
by the division method could
exceed over 50% [28,29]. Based
on the symmetric analysis, Yin
et al. [30] offered a simplified
method to  simultaneously
obtain the contribu-tions of
NLR and NLA by a pinhole
aperture Z-scan trace, but it is
only suitable for a case with a
small nonlinearity. Recently, we

presented the empirical
formulae to accu-rately
determine the nonlinear

coefficients in the top-hat beam
Z-scan [35,36]. Despite the
large amount of effort to
accurately extract the nonlinear
coefficients so far, a very
troublesome problem is how to
precisely extract the NLR
coefficient in the Z-scan when
the measured materials pos—sess
NLR associated with the strong
NLA or the relative high laser
intensity is used.

Here we present a novel data
processing method to pick up
the NLR coefficient when the
material has the NLR associated
with  NLA in the Z-scan
experiments using a Gaussian
beam and a trimmed Airy beam,
respectively. Compared with the
existing methods for

dinh dong goép cua tan sac phi
tuyén thuan tdy (NLR) trong
Z-scan chum Gauss, do 1a chia
duong cong Z-scan khe dong
(CA) cho duong cong Z-scan
khe ma (OA). Tuy nhién, khi
tan sic phi tuyén bac cao va
bac thap cuing ton tai trong vat
licu phi tuyén, sai sb tuong doi
cia két qua thu duoc tur
phuong phép chia c¢6 thé hon
50% [28,29]. Duya trén phuong
phap d6i xung, Yin va cac
cong su [30] da dua ra phuong
phap don gian dé thu duogc
dong thoi dong gop ciia NLR
va NLA qua duong cong Z-
scan khe nho, nhung phuong
phap nay chi thich hop cho
hiéu ang phi tuyén nho. Gan
day, chung t61 da trinh bay cac
cong thic thuc nghiém dé xéac
dinh chinh xac cac hé sé phi
tuyén trong Z-scan chim top-
hat [35,36]. Mic du dén thoi
diém nay da tbn rat nhiéu cong
strc dé rit ra chinh xac xac hé
s6 phi tuyén, moét van dé rat
kho 1a cach dé rut ra chinh xac
hé s6 NLR trong Z-scan khi
mau dang nghién ciru c6 NLR
twong ung voi NLA manh
hoac khi dung cuong do laser
tuong ddi cao.

O day, ching toi trinh bay
phuong phap xu ly dir liéu
méi la dé rat ra dugc hé sb
NLR khi vat liéu c6 NLR
ddng thoi c6 NLA trong cac
thi nghiém Z-scan dung chum
Gauss va chum Airy chat cut.
So vé6i nhirng phuong phap
hién dang dugc dung hién nay




determining NLR coefficient in
the Z-scan technique when
material has NLR and weak
NLA  simultaneously,  our
method possesses very high
accuracy and conve-nience.
This method is also very
valuable and practicable when
the material possesses weak
NLR in presence of strong
NLA.

dé xac dinh hé s6 NLR trong
ky thuat Z-scan khi vat liéu cé
NLR d6ng thoi véi NLA yéu,
phuong phéap cta chung toi co
dd chinh xac va su thuan loi
rat lon. Phuong phap nay ciing
rat ¢d gia tri va co tinh thuc té
khi vat liéu dong thoi c6 NLR
yéu va NLA manh.




