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Measurement of
nondegenerate nonlinearities
using a two-color Z scan

A simple dual-wavelength (two-
color) Z-scan geometry is
demonstrated for measuring
nonlinearities at frequency cop
owing to the presence of light at
a)e. This technique gives the
nondegenerate two-photon
absorp-tion (2PA) coefficient

Po ciac tham sé phi tuyén
khéng suy bién bang ky
thuat Z-scan hai mau

Chung tdi trinh bay hé thdng
Z-scan budc song kép don
gian (hai mau) dé do sy phi
tuyén & tan sé w, nhd vao su
hién dién cua anh sang ¢ tan
s6 w,. Ky thuat nay gidp
ching ta xac dinh hé s hap
thu hai photon khbng suy
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J8(wp; coe) and the
nondegenerate nonlinear
refractive index n2(oip; a>e),
I.e., crossphase modulation. We
demonstrate this technique on
CS2 for n2 and on ZnSe where
2PA  and n2 are present
simultaneously.

The newly developed Z-scan
technique has been used as an
accurate and sensitive tool for
determining nonlinear refraction
and absorption in a singlebeam
single-wavelength  geometry.1
Here we introduce a dual-
wavelength (two-color)
extension of this technique for
measuring changes of refraction
An and absorption A a induced
by a strong excitation beam at
frequency <we on a weak probe
beam at a different frequency
<up; i.e., An(a)p; coe) and
Aa(o>p; o0)e), respectively.2,3
In the lowest-order nonlinearity

such quantities are defined
through the third-order
susceptibility.

Measurements of these
nondegenerate  nonlineari-ties

potentially allow determination
of material parameters not
available from their degenerate
counterparts. For example, it
has been shown4 that the
frequency difference (cop —
(oe) can be exploited to obtain
information about the dynamics
of the nonlinear response with a
time resolution much less than
the laser pulse width. With
ultrashort pulses we can use a
time delay between excitation
and probing pulses to further

bién (2PA) va chiét suat phi
tuyén khdng suy bién....., tic
la su diéu bién pha chéo.
Chung tdi minh hoa ky thuat
nay thdng qua viéc do n2 cua
CS2 va do 2PA va n2 cua
ZnSe cung hién dién dong
thot.

Ky thuat Z-scan méi duogc
phét trién da duoc dung nhu
mot cong cu chinh xac va
nhay dé xac dinh chiét suat
phi tuyén va hé sé hap thu phi
tuyén trong cau hinh mot
budc song don chum. O day,
chung toi trinh bay phién ban
mo rong budc song kép (hai
mau) cua ky thuat nay dé do
do6 thay dbi chiét suat...va

hip  thu....do chum kich
thich manh & tan sé...trén
chum d(‘) yéu & ran s
khac tuc la

Trong ché do phi
tuyen bac thap nhat, nhing
dai luong nhu thé dugc dinh
nghia thong qua d6 cam bac
ba.

Phép do nhitng tham sé phi
tuyén khdng suy bién nay cho
phép ching ta xac dinh cac
tham sé vat liéu khdng cé sian
trong cac d6i tuong suy bién
tuong ung. Chang han, nguoi
ta da chung to rang co thé
khai thac hiéu....dé thu thdng
tin vé cac qua trinh dong hoc
cua dap ung phi tuyén véi do
phan giai thoi gian nho hon
nhiéu so véi d6 rong xung
laser. V&i nhitng xung siéu
ngan, ching ta cé thé dung su
tri hodn thoi gian gitra xung
kich thich va xung do dé thu




give a detailed time- resolved
picture of the nonlinear
interaction. A recent theory
based on the nonlinear
Kramers-Kronig transformation
predicts dispersion relations
between degenerate and
nondegenerate nonresonant
bound-electronic  contributions
of An and Aa.5 Experiments
performed with the single-beam
Z scan strongly support the
dispersion relations for the
degenerate case. The two-color
Z scan enables us to investigate
the  nondegenerate  theory
experimentally.6 From a
practical point of view,
investigating nondegenerate
optical nonlinearities is of
interest in the area of dual-
wavelength all-optical
switching applications in which
cross-phase modulation plays an
essential role.

The two-color Z-scan
experimental arrangement used
in these experiments is shown in
Fig. 1. Pi-cosecond pulses from
a mode-locked Nd:YAG laser
(A = 1.06 fxm) are used as the
excitation beam. The
copropagating probe IS
generated by inserting a 3-mm-
thick, thin KD*P crystal with a
—1% conver-sion efficiency in
the beam path. The two beams
are then focused with an
achromatic lens of focal length f
— 15 cm. The transmitted beam
Is split and sent to two detectors
in the far field that each monitor
“only one wavelength (A =
0.532 or 1.06 fim) as the sample

duogc buc tranh phan giai thoi
gian chi tiét cua tuong tac phi
tuyén. Ly thuyét gan day dua
trén chuyén do6i Kramers-
Kronig phi tuyén di du doan
cac hé thirc tan sic gitra cac
dong gop dién tu lien két
khéng cong huong suy bién
va khéng suy bién cua
....va....Nhtrng thuc nghiém
duoc tién hanh bang ky thuat
Z-scan don chum hd trg cho
truong hop suy bién. Z-scan
hai mau giup ching ta nghién
ctru ly thuyét khong suy bién
vé mit thyc nghiém. T quan
diém thuc té, khdm pha céc
tham s6 quang phi tuyén
khong suy bién lién quan dén
cac tng dung chuyén mach
toan quang budc song kep
trong d6 hiéu tmg diéu bién
pha chéo dong vai trd quan
trong.

B4 tri thi nghiém Z-scan hai
mau trong nhitng thi nghiém
nay duoc biéu dién trong H.1.
Cac xung pico giay tu laser
Nd:YAG (A = 1.06 fxm)
dong vai tro la chum kich
thich. Chim do truyén cung
huéng hinh thanh bang céch
chén mét tinh thé KD*P
mong, c¢6 do dai 3 mm vai
hiéu suat chuyén d6i 1% trén
duong di cia chum. Sau dé
hai chum dugc hoi tu bang
maot thdu kinh tiéu sic cé tiéu
cuc f— 15 cm. Chum truyén
qua duogc tach va gui dén hai
detector trong truong xa ma
moi detector chi nhan mot
budc song (A = 0.532 or 1.06




Is scanned along the Z direction
(propa-gation path) near the
focal plane. Analogous to the
usual single-wavelength Z scan,
with a fully open aperture
(100%  transmittance), the
measurement is only sensitive
to the induced changes .in
absorption, while a partially
closed aperture Z scan displays
the induced refractive changes
as well. In this geometry,
perpendicular polarization
results from the type | phase-
matched second-harmonic
generation. Parallel polarization
is obtained by inserting a cal-
cite  polarizer before the
focusing lens.

In the case of the two-color Z
scan, the field con-sists of a
strong excitation beam at
frequency toe and a weak probe | s
at cop. Thus in the weak-probe
approximation and for thin
samples in the external self-
action geometryl,4 the
propagation of the probe beam
within the sample can be fully
determined using the following
equations: d/

fim) khi mau dich chuyen
theo huong z (huong truyén)
gan mit phang tiéu. Tuong tu
voi k¥ thuat Z-scan mot budc
song thong thuong, khe mo
hoan toan (truyén qua 100%),
phép do chi nhay véi sy thay
ddi hap thu cam ung, trong
khi d6 Z-scan khe dong mot
phan thé hién sy thay doi
chiét suat cam wung. Trong
cau hinh nay, phan cuc vuéng
goc do su phat song hai bac
hai hop pha loai 1. Pé tao
phan cuc song song chung ta
chen mot kinh phan cuc
CaCO3 truéc thau kinh hoi
tu.
Trong truong hop z-scan hai
mau, truong bao géom chum
kich thich manh tai tin sd
...Vé chum do vyéu tin
>....Vi thé trong phép gan
dung truong do yéu va dol
VGi cac mAu mong trong cau
hinh tu hanh bén ngoai, su
lan truyén cua chum do trong
mau c6 thé xac dinh day du
qua cac phuong trinh sau:




