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beams modulated by a small Bessel
profile can increase the Z-scan
sensitivity—obtained using
conventional Gaussian beams—by a
factor of 40 and more.

Optoelectronic materials that exhibit
a nonlinear refractive index are
currently an active area of research
partially because of their applications
to high-speed all-optical switching.
Suitable candidates for all-optical
switches, in addition to yielding little
absorption, must offer a large and fast
response to the inducing pulse.
Consequently, one can envision that,
by changing the refractive index of a
material, the nonlinearities will
modify either the direction of
propagation, phase, or transmission of
another optical pulse through the
device.

Since the wvarious intrinsic and
extrinsic properties of the material
obviously  define its  possible

applications, it has become necessary
to define figures of merit for an
optical switch—depending on which
combination of parameters one
wishes to optimize. For this reason it
IS imperative to make an accurate
determination of the  material
parameters, such as the nonlinear
refractive index contributions.
Depending on the time scale of the
nonlinearity, and on the material, the
physical processes that give rise to a
photoinduced refractive index change

may include inter alia virtual
electronic processes, free carrier
effects, and thermal induced

contributions.
Several experimental techniques have
been developed over the years to

Bessel ¢4 thé ting do nhay-so v&i chum
Gauss thong thuong 40 lan hoac nhiéu
hon.

Nhitng vat liéu quang dién co chiét suat
phi tuyén hién 1a mot linh vuc nghien
ctru day nang dong do nhiing ang dung
cia ching trong chuyén mach toan
quang téc d6 cao. Nhitng ¢ng vién
thich hop cho cac chuyén mach toan
quang, ngoai viéc hap thu it, con phai
c6 dap ung manh va nhanh véi xung
tac dong. Do do, ching ta co thé hinh
dung rang, bang cach thay dbi chiét
suat cua vat ligu, sy phi tuyen s& lam
thay d6i huéng lan truyén, pha, hoac hé
s6 truyen qua cuia xung quang hoc khac
qua thiét bi.

Bai vi nhitng tinh chat ndi tai va bén
ngoai cua vat liéu sé xac dinh cac tng
dung kha di cta n6, ching ta can phai
xac dinh hé s6 pham chat caa mot cong
tic quang hoc-tly thudc vao nhing to
hop tham sé nao ma chidng ta muén tbi
ru. Vi li do ndy, chung ta can phai xac
dinh chinh xac cac tham sb vat liéu,
chang han nhu cac dong gop chiét suat
phi tuyén. TUy thuoc vao thang thoi
gian cua sy phi tuyén, va vao vat liéu,
cac qua trinh vat ly lam nay sinh su
thay doi chiét suit cam tng quang c6
thé do cac qua trinh dién tur thuan tay,
cac hiéu tng hat tai tu do, va cac dong
gop cam &ng nhiét.

Trong vai nam qua, nguoi ta da xay
dung mdot so phuong phap dé xac dinh




determine the refractive dynamics in
optoelectronic materials. One of the
most successful experimental
methods, originated by Hill et al. [1]
and quantitatively developed by Van
Stryland and co-workers [2,3], has
been the sensitive Z -scan technique.
The Z-scan technique exploits the fact
that a spatially Gaussian beam can
induce spatially dependent refractive
index changes, thereby generating an
effective lens that causes the beam to
focus or defocus [4]. The essence of
this technique involves tightly
focusing a single Gaussian laser beam
into a thin sample. The nonlinear
sample consequently imitates a lens
and transmittance changes are
observed in the far field as the sample
iIs moved through the focal plane; this
results in a characteristic peak and
valley as the sample is scanned
through the beam waist. The far-field
diffraction patterns can be
subsequently modeled—by
employing Gaussian beam optics—to
allow the extraction of, for example,

the nonlinear refractive index n2;
common  theoretical  techniques
typically apply the  Gaussian

decomposition method developed by
Weaire et al.[5]. Although the Z-scan
technique spatially and temporally
averages over effects in the beam, it
nevertheless gives quick and useful
estimates of the magnitude and sign
of the refractive index change.

Recently, Improvements and
refinements of the Z-scan technique
have been made, including the
ecliptic Z-scan (EZ-scan) technique
[6], which improves the Z-scan
sensitivity in the post sample optics
by recognizing that the wings of the

dong hoc chiét suat trong cac vat liéu
quang dién ta. Mot trong cac phuong
phép thuc nghiém thanh 6ng nhit do
Hill va cac cong su [1] khdi xudng va
sau d6 dugc Van Stryland va cac cong
su [2,3] phét trién thém 1a k§ thuat Z-
scan nhay. Ky thuat Z-scan khai thac
tinh chit chum c6 bién dang khéng
gian Gauss c6 thé gay ra su thay doi
chiét suat phuy thudc khong gian, qua d6
tao ra mot thau kinh hiéu dung lam cho
chum hoi tu hodc phan ky [4]. Ban chat
ciia k¥ thuat ndy lién quan dén su hoi
tu chat cua chum Gauss vao mau méng.
Do d6, mau phi tuyén dong vai tro nhu
moét thau kinh va sy thay dbi hé sé
truyén qua dugc quan sat trong truong
xa khi mau di chuyén qua mat phang
tiéu; diéu nay dan dén peak va thung
ling dic trung khu mau dich chuyén
qua c6 chum. Do d6, bién dang nhiéu
Xa trudng Xa c6 thé mo hinh hoa bang
quang hoc chim Gauss-dé rt ra chang
han nhu chiét suat phi tuyén n2; nhiing
ki thuat 1y thuyét phd bién thuong ap
dung phuong phap phén tich Gauss do
Weaire va cac cong su [5] phat trién.
Mic di k¥ thuat Z-scan lay trung binh
theo khong gian va thoi gian cac hiéu
rng trong cham, tuy thé né cho ching
ta udc lugng nhanh va hiru ich @6 lon
va dau cua chiét suat phi tuyén.

Gan day, nhiéu nha nghién ctu di cai
tién va tinh chinh k¥ thuat Z-scan, bao
gom Z-scan ellip (EZ-scan) [6] cai
thién do6 nhay Z-scan phia sau mau dua
trén viéc phan ria chim c6 su thay doi
cudng d6 16n nhat trong thau kinh cam
ung; ky thuat Z-scan chum top-hat,




beam suffer the largest relative
irradiance change in an induced lens;
a top-hat beam Z-scan technique,
which increases the sensitivity of the
peak to valley in the Z-scan trace by a
factor of 2.5, compared with that of a
Gaussian beam [7]; the two-color Z-

scan [2], for the study of
nondegenerate  nonlinearities; the
time-resolved Z scan [8]; and

optically thick Z-scan measurements

[9-11].
Previously, we reported a very
efficient  fast-Fourier-  transform

algorithm to model quantitatively the
effects of nonlinear refraction in both
“optically” thin and thick media; in
that work it was demonstrated that
sample thicknesses can have very
strong effects on the output
transmittance [9]. Thus by accounting
for internal and far-field nonlinear
refractive effects, the method allows
one the opportunity to increase
experimental measurement sensitivity
by scanning thicker samples, and the
prediction of, for example, optical
switching under more likely practical

conditions. In this Rapid
Communication, we are not
concerned with the influence of

internal propagation effects in thick
media, but more importantly we are
interested in what role the transverse
profile of the incident beam plays on
the far-field diffraction patterns.
Therefore we may employ the thin-
sample approximation, and a single
discrete fast Fourier transform can be
used in the modeling for any
arbitrarily shaped input beam [9].

Several years ago, new types of
coherent light beams— *‘diffraction-
free beams’’—were predicted

tang d0 nhay cua peak thung liing trong
dudng cong Z-scan 2.5 1an so véi chum
Gauss [7]; Z-scan hai mau [2], dé
nghién cau su phi tuyén khéng suy
bién; Z-scan phan giai thoi gian [8]; va
cac phép do Z-scan day vé mit quang
hoc [9-11].

Trudc day, ching t61 da trinh bay thuét
toan bién d6i Fourier nhanh ¢é md hinh
hoa dinh luong cé&c hiéu tng tan sac phi
tuyén trong ca méi trudng mong va day
“v& mat quang hoc”; trong cong trinh
d6 ching t6i da ching minh rang do
day mau c6 anh huéng rat manh dén hé
sb truyén qua dau ra [9]. Do d6, bang
cach xét dén cac hiéu ung quang hoc
bén trong va cac hiéu trng quang hoc
truong xa, phuong phédp cho phép
chung ta tang d6 nhay cua phép do
bang cach di chuyén mau day hon, va
du doan vé chuyén mach quang hoc
trong nhitng diéu kién thuc té hon.
Trong bai trao dbi nhanh nay, ching toi
khong quan tdm dén anh huéng cua cac
hiéu tng lan truyén bén trong trong
moi truong day, ma quan trong hon,
ching tdi chd trong dén vai tro caa bién
dang chum d6i voi bién dang nhiéu xa
truong xa. Do d6, ching t6i ¢ thé su
dung phép gan dang miu mong, va
ding chuyén d6i Fourier nhanh roi rac
trong qué trinh mé hinh héa chum dau
vao c6 hinh dang tuy y [9].

Vai nam trudc day, mot loai chum sang
két hop-“chum khong nhicu xa’ duoc
tién doan v mat ly thuyét [12] va minh




theoretically [12] and demonstrated
experimentally [13]; these somewhat
peculiar beams have transverse
distributions of the form of a Bessel
function of the first kind and zero
order, and practically they can be
obtained by a simple experimental
arrangement involving diffraction
from a circular slit. Propagation
studies have also been performed for
Gaussian-Bessel (GB) beams that can
be realized experimentally [14] and
also super-Gaussian-Bessel beams
[15]. In the present work we focus
our attention on the GB beam,
because in principle it is easier to
obtain  experimentally, and an
analytical solution of the paraxial
wave equation exists for the
propagating beam. Propagation of
such non-Gaussian shaped beams is
important from both the theoretical
and the experimental viewpoints.
Assuming a GB beam traveling in the
+ z direction, we can write E as
follows [14]:

In summary, the characteristic peak to
valley (A TPV) ob-tained by
employing a Z-scan technique was
found to differ considerably by using
input spatial beams that deviate only
slightly from a Gaussian, in
comparison to that of a perfect
Gaussian beam. Furthermore, the Z
scan obtained by using a particular
Gaussian-Bessel beam was found to
increase the sensitivity of the Z scan
by a factor of 40 and more. One can
also envision applications toward
optical limiting, for ex-ample, by
optimizing the roles of self-enhancing
internal re-fractive and absorptive
nonlinearities in a similar manner to

ching thuc nghiém [13]; nhitng chum
hoi dic biét ndy c6 phan bd theo
phuong ngang c6 dang ham Bessel loai
moét va bac khéng, va trong thuc té
chding ta c6 thé tao ra chiing bang b tri
thuc nghiém don gian dua trén hién
twong nhiéu xa qua mot khe tron. DA co
mot s6 nghién ctu tién hanh phan tich
tinh chat lan truyén caa chum Gauss-
Bessel [14] cling nhu chum siéu Gauss-
Bessel [15]. Trong coOng trinh nay,
chlng toi tap trung vao chum GB, bai
vi vé nguyén tac ching ta c6 thé dé
dang tao ra no tir thuc nghiém, va
nghiém giai tich cua phuong trinh song
ban truc ton tai ddi véi chum lan
truyén. Su lan tryén cia mét chim co
hinh dang phi Gauss nhu thé quan
trong ca vé ly thuyét va thuc nghiém.
Gia str chim GB lan truyén theo huéng
+z, ching ta cé thé biéu dién E nhu sau
[14]:

Tom lai, ching tdi nhan thiy peak-
thung ling dac trung (....) khi dung
chum dau vao cé bién dang hoi léch
chut it so voi chum Gauss hoan hao sé
c6 sy khac biét dang ké. Hon nita, k§
thuat Z-scan dung chum Gaussian-
Bessel dic biét ting d6 nhay 1én dén 40
lan hosc hon. Chung ta c6 thé hinh
ding dén nhitng ¢ng dung gigi han
quang, chang han, bang cach téi wu hoa
vai trd cuia chiét suat noi tu ting cudng
va su phi tuyén hap thu theo céch
twong ty voi TLTK [16]. Chung t0i du
doan va hi vong rang nghién cuu ly
thuyét nay s& sém thuc day mot nghién
ctu thuc nghiém.




that shown in Ref. [16]. We anticipate
and hope that this theoretical study
will prompt an Immediate
experimental in—-vestigation.




