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Picosecond nonlinear refraction
measurement in single-beam open Z
scan by charge-coupled device image
processing

We propose a picosecond single-beam
open Z-scan experiment in which the
usual apertured detection scheme is
replaced by a two-dimensional single-
shot CCD camera. This enables us to
extract the two-dimensional transverse
modifications of the whole far-field

Do chict suat phi tuyen pico giay
trong Z-scan mo don chum bang
cach X ly anh CCD

Chung t6i dé xuat phuong phap Z-
scan mo don chum trong d6 so do
phat hién khe thong thuong duogc
thay thé bang camera CCD single-
shot. Phuong phap nay gitp ching
ta cO thé rat ra duoc su thay ddi
bién dang ngang cua toan bo chum
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pattern that are due to nonlinear
refraction as well as to measure the
induced nonlinear phase shift with
Increased sensitivity compared with that
of the conventional

The Z-scan methodl,2 is a highly
sensitive, simple, and  versatile
technique for measuring the sign and
the  magnitude of light-induced
variations of the refractive index of any
type of material and of other x(3)
nonlin—earities (e.q., two-photon
absorption). The technique relies on the
conversion of phase distortion of a
beam fo-cused in a nonlinear sample
into amplitude variations in the far field
as the sample is scanned axially around
the focal region. The sensitivity of the
method,2 typi-cally A/300, is restricted
mainly by the irradiance fluc-tuations
of the low-repetition-rate laser systems
that are generally used. However, some
attempts have been made to enhance
this  sensitivity.3,4  The  recent
demonstration of the so-called eclipsing
Z scan5 has afforded spectacular
improvement of the sensitivity, namely,
A/10,000.

We present another extension of the Z-
scan tech-nique in which the usual
circular- or annular- apertured far-field
detection scheme is replaced by a two-
dimensional single-shot CCD camera.
As a first step and to calibrate the
method, we studied pure refractive
nonlinearity [Re x(3) fi 0 and Im x(3) =
0] by choosing a good lossless Kerr
medium, namely, carbon disulfide
(CS2). We performed an open single-
beam Z scan, which is usually useless
for measuring pure nonlinear
refractions. However, here one can
extract the two-dimensional transverse

& trudng xa do chiét suat phi tuyén
cling nhu do d6 dich pha phi tuyén
cam ung voi do nhay tang so vdi
phuong phap Z-scan truyén théng.

Z-scan la mot phuong phap linh
hoat , don gian va c6 do nhay cao dé
do ddu va do I6n cua su dao dong
chiét suat cam ung anh sang cua bat
ky loai vat li¢u nao va cac hiéu urng
phi tuyén.. khic (chang han nhu
hap thu hai photon). Ky thuat dua
VAo viéc chuyén doi sy méo pha cua
chum hoi tu trong mau phi tuyén
thanh su dao dong bién do ¢ truong
xa khi dich chuyén miu doc theo
truc xung quanh diém hoi tu. Do
nhay cua phuong phap, thuong
khoang A/300, chi yéu bi gidi han
do su dao dong buac xa cua cac hé
laser tan s6 thap thuong duoc ding
trong cac hé théng. Tuy nhién,
nhiéu céng trinh d3 duoc tién hanh
dé ting d0 nhay nay. Gan day
phuong phap Z-scan nhat thuc da
cai thién dang ké d6 nhay, cu thé 1a
A/10,000.

Ching t6i trinh bay mot bién thé
khac cua k¥ thuat Z-scan trong do
so d6 phét hién truong xa bang khe
tron hoac vanh khuyén dugc thay
thé bang camera CCD hai chiéu.
Véi tu cach 1a budc dau tién va dé
hiéu chuan phuong phép, ching toi
nghién cuu vat licu c6 chiét suat phi
tuyén thuan tdy [Re x(3) fi 0 va Im
X(3) = 0] bang cach chon moi
truong Kerr khdng tén hao tét, cu
thé 1a carbon disulfide (CS2).
Chdng t6i thuc hién Z-scan mot
chum m¢ thuong khong thich hop
dé do chiét suat phi tuyén thuan tay.




modifications of the whole far-field
pattern that is due to the Kerr-induced
nonlinear lens by processing all the
pixels of the camera. For a given
position of the cell the induced
nonlinear phase shift AfNL = 2pgLI/A
Is then mea-sured with an increased
sensitivity compared with that of the
conventional Z scan, where g is the
nonlinear coefficient of the refractive
index, L is the length of the nonlinear
sample, | is the pulse intensity, and A is
the radiation wavelength in vacuum.

The principles of the single-beam Z-
scan method have been described in
Refs. 1 and 2. A schematic of our
experiment is shown in Fig. 1. The
linearly polarized TEMOO laser beam at
from a mode-locked Nd:YAG laser. The
Gaussian pulse duration (50 ps FWHM)
is the reciprocal of its spectral
bandwidth. The beam energy is properly
ad-justed by a half-wave plate and a
Glan polarizer. Then the beam is
focused by lens L 1 of focal distance f =
250 mm. The waist radius at the focal
plane (z = 0) is vO = 65 mm,
corresponding to a Rayleigh range z0 =
pvO2/A « 12.5 mm. The CS2 cell of
good optical quality, movable along the
z axis of the focused beam, is 2 mm
thick, i.e., approximately one sixth of
the Rayleigh range. The incident energy
IS measured immediately before the cell
by a calibrated energy meter. A two-
dimensional CCD camera (512 X 512
pixels) operating in single-shot mode
detects the far- field pattern. Lens L2
between the CS2 cell and the camera
serves for adjusting the size of the
pattern to the size of the sensor (8.7 mm
X 5.6 mm) while respecting the far-field
approximation (d « D and v02/AD C 1).

Tuy nhién, ¢ day ching t6i co thé
rt ra sy thay doi bién dang chim
theo phuong ngang do thau kinh
phi tuyen cam ung Kerr bing cach
xir ly tit ca cac pixel cua camera.
Pdi véi mot vi tri nhat dinh cua
mau, d6 dich pha phi tuyén cam
ung....dugc do voi do nhay tang so
voi phuong phap Z-scan truyen
théng, trong d6 g la h¢ s6 phi tuyén
cua chiét suat, L la chiéu dai cua
mau phi tuyén, I 14 cuong do xung,
va A la budc song bic xa trong
chéan khong.

Cac nguyén tic ciia phuong phap Z-
scan don chum da dugc mo ta trong
céc tai liéu tham khao 1 va 2. So d6
bd tri thi nghiém cua chung toi duoc
biéu dién trong H.1. Chim phan cuc
tuyén tinh & budc séng 1.06 um
phat ra tor mét laser Nd; YAG khoéa
mode. Do rong xung Gauss (50 ps
FWHM) bang nghich dao bing
théng pho cta nd. Ning lwong chum
dugc diéu chinh thich hop bang ban
nita budc song va kinh phan cuc
Glan. Sau d6 chum duogc hoi tu
bang thau kinh L1 c6 tiéu cy f = 250
mm. C6 chim tai mit phang tiéu (z
= 0) la vO = 65 mm, tuong ng Voi
khoang Rayleigh z0 = pv02/A «
12.5 mm. Mau CS2 chat lugng tét
c6 thé di chuyén doc theo truc z cua
chim hoi tu day 2 mm, tac 1a bang
khoang mot phan sau khoang
Rayleigh. Nang luong t61 dugc do
ngay trudc mau bang doéng hd nang
luong chuan. CCD camera hai chiéu
(512 X 512 pixels) hoat dong & ché
d6 single-shot phat hién bién do
truong xa. Thau kinh L2 gita mau
CS2 va camera c6 nhiém vu diéu
chinh kich thudc chum phu hop voi
kich thudc cam bién (8.7 mm X 5.6




The pattern is coded on 8 bits (256 gray
levels) for further processing. For every
z po-sition of the CS2 cell this
detection setup is therefore aimed at
measuring the Kerr-induced variations
of the far-field intensity in a systematic
way, i.e., one mea-surement for one
pulse issued from the laser. Also, a
statistical treatment is performed to
account for the pulse-to-pulse energy
fluctuations. For this purpose a small
part EO of the incident energy is
sampled by a beam splitter and directed
toward the camera, which illuminates a
small area of the CCD sensor without
in-terfering with the previous far-field
pattern.

mm) trong khi xét dén gan dung
truong xa (d « D va v02/AD C 1).
Bién dang dugc ma hoa trén 8 bits
(256 muc xam) dé tiép tuc xir Iy.
DBdi vai mdi vi tri z cia mau CS2,
co ché phét hién nay do sy dao dong
cuong do truong xa cam ung Kerr
theo cach c6 hé théng, tic 1a mot
phép do cho mot xung phat ra tu
laser. Tuong tu, Xt ly thong ké
duoc thuc hién dé xét dén su bién
dong ning lwong xung-xung. Vi thé,
mot phan nho niang luong téi EO
duoc lay mau bing bo tach chum va
huéng téi camer, chiéu 1én mot
ving nhé cta cam bién CCD ma
khong anh hudong dén bién dang
truong trude do.




