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Baryscan: a sensitive and user-
friendly alternative to Z scan for
weak nonlinearities measurements

Baryscan: mot phuong phap nhay va
than thién nguoi dung thay the cho Z-
scan d¢ do su phi tuyen yeu

A new and efficient technique for
measuring weak optical nonlinearities
Is reported. Like Z scan, its
implementation is  basic, both
experimentally and theoretically, but
leads to an improved sensitivity of
1/5.104, which represents, to date, one
of the highest observed

Chung t6i bao cdo mot ky thuat maoi
va hiéu qua dé do sy phi tuyén quang
hoc yéu. Giéng nhu Z- -scan, viéc tién
hanh né don gian ca vé mat thuc
nghiém va ly thuyét, nhung cai thién
d6 nhay dén A/5.10%, hién nay day 1a
d6 nhay cao nhat. Ky thuat nay, thong
qua Viéc st dung detector nhay vi tri,



https://drive.google.com/folderview?id=0B4rAPqlxIMRDNkFJeUpfVUtLbk0&usp=sharing
mailto:thanhlam1910_2006@yahoo.com
mailto:frbwrthes@gmail.com
http://www.mientayvn.com/dich_tieng_anh_chuyen_nghanh.html

enhancements. With this technique,
which is based upon the use of a
position sensitive detector, nonlinear
properties are deduced by monitoring
the barycentric position of a truncated
pump- probe laser beam as the
sample is moved along the optical
axis. The technique is experimentally
validated by measuring the pump-
induced refractive index change and
the underlying polarizability variation
resulting from the excitation of the
Cr3+ ions in ruby.

Measurement of refractive index
changes induced by small optical
nonlinearities or thermal effects is a
chal-lenge that has been widely
investigated. Many papers were
dedicated in the past to that question,
and a list of commonly used
experimental techniques can be
found, for instance, in [1]. Several
groups of methods emerge, however,
from this plethora of possibilities: the
wave mixing methods [2], the
interferometric ones [3,4], and the
distortion techniques based on beam
self-focusing [5]. Even if the
pertinence and the reliability of these
techniques may be unquestionable,
the nearly 3000- times-cited paper by
Sheik-Bahae et al. tends to prove that
the most popular one is the Z-scan
technique [6]. The main reason of this
success is the simplicity of its
experimental implementation and of
its theoretical analysis of the results.
A nonlinear sample is translated
along the optical axis of a focused
and perfectly Gaussian beam (i.e., M2
= 1); during this translation, the
material thus experiences a variable
radial intensity leading to a beam
distortion, which is the signature of

tinh chat phi tuyén duogc suy ra bang
cach giam sat vi tri trong tdm cua
chum laser bom chit cut khi mau di
chuyén doc theo tryc quang hoc. K¥
thuat ndy duoc danh gia vé mat thuc
nghiém bing cach do sy thay doi
chiét suit do chum bom va su bién
dong d6 phan cuc co ban do kich
thich cac ion Cr3+ trong ruby.

Po su thay dbi chiét suat do sy phi
tuyén quang hoc nho hoic cac hiéu
trng nhiét 1a mot van dé khé khan da
dugc cong nhan rong rai. Trudc day,
nhiéu cong trinh da hudng dén viec
giai quyét van dé nay, va c6 mot danh
sach cac ky thuat thuc nghiém phé
bién hay dwoc dung, chang han nhu
trong [1]. Tuy nhién chi co vai
phuong phép ndi troi trong sé nhiing
phuong phap nay nhu : cidc phuong
phap tron song [2], cac k¥ thuat giao
thoa [3,4], va k¥ thuat méo chum dua
trén hién tuong tu hoi tu chum [5].
Cho du su thich hgp va dd tin cay cua
nhitng k¥ thuat nay di duoc khang
dinh, bai bao duoc trich din gan 3000
lan cua Sheik-Bahae va cac cong su
dudng nhu di chang minh rang ky
thuat phd bién nhat 1a k¥ thuat Z-scan
[6]. Ly do chinh cua sy thanh cOng
nay la do tinh don gian trong thuc
nghiém va phan tich Iy thuyét cac két
qua. Mot mau phi tuyén dugc dich
chuyén doc theo tryc quang hoc cua
chum Gauss diéu tiéu va hoan hao
(i.e., M2 = 1); trong sudt qua trinh
dich chuyén, vat liéu chiu tac dong
clia cudng do xuyén tam bién dbi dan
dén su méo chum, tinh chit nay dic
trung cho hiéu ¢ng phi tuyén dang




the investigated nonlinear effect, that
IS monitored through the transmission
of a circular aperture set in the far
field. This trivial setup, studied in
minute detail in [7], allows
measurements of nonlinearly induced
phase distortions with a sensitivity of
about 1/300. Based on this method, a
myriad of variants were studied in

order to bypass this limit, in
particular to investigate  weak
nonlinearities as those met, for

instance, in thin films or to simply
reduce the power of the probe beam.
Several ways were thus explored:
either a change in the incident beam
shape [8,9], a more sophisticated
theoretical treatment [10], a change in
the detection [11-13], or more drastic
modifications of the original
experimental setup geometry [14-17].
This overview can definitely not be
exhaustive, and the number of
proposed useful techniques is still
growing [18]. All these techniques
bring some improvements (with
sensitivities exceeding some /15000
[19]), but most of them imply an
important drawback in terms of
simplicity, making them less
attractive than the original technique.
This is the reason there is still a very
active search in this domain; a search
that is also motivated by the
inaccuracy of the measurements
justifies the ongoing work since even
for reference materials such as CS2
and fused silica a great dispersion is
found between the experimentally
derived nonlinear parameters [20].

We propose another variant of Z scan,
called “bary-scan,” filling two
important requirements: (i) global
simplicity of the original technique,

nghién cuu, va duoc giam sat théng
qua hé sb truyén qua qua mot khe
tron dugc dat ¢ truong xa. B4 tri binh
thuong nay [7] cho phép do su méo
pha cam &ng phi tuyén véi d6 nhay
A/300. Dya trén phuong phap nay,
vO sb céc bién thé cua phuong phap
da duoc nghién ctru dé khic phuc gisi
han nay, dac biét dé khao sat cac hiéu
ttng phi tuyén yéu chang han nhu
trong mang mong hodc don gian 1a dé
giam cong suat cia chum do. Do do
nhiéu phuong phap di duoc khai
thac: hoic thay doi hinh dang chim
tGi [8,9], phan tich Iy thuyét phuc tap
hon [10], thay d6i co ché phat hién
[11-13], hoic thay doi bé tri thi
nghiém ban dau [14-17]. Phan téng
quan & trén c6 thé chua hoan toan day
da, va mot sb ky thuat hitu dung duoc
dé xuat van khong nging phat trién
[18]. Tat ca nhitng k¥ thuat nay co
mét s cai thién (véi d6 nhay 16n hon
i/15000 [19]), nhung da s ching c6
mét s6 nhugc diém vé tinh don gian,
lam cho chung it dugc dung hon so
v6i Ky thuat ban dau. Pay 1a 1y do
khién cho nhirng nghién ctu trong
linh vuc ndy van dang phat trién
manh; nghién ctu cling dugc thuc
day boi su khdng chinh xac cua céc
phép do, thé hién & chd cac tham sb
do dugc ngay ca trén nhirng vat li¢u
tiu chuan nhu CS2 hoic silic dioxit
nung chay cling c6 sy phan tan manh
[20].

Chung t61 d& xuat mot bién thé khac
cua ky thuat z-scan, cé tén la “bary-
scan,” dap ung dugc hai tiéu chi quan
trong: (i) gitt duogc tinh don gian cua




by keeping unchanged the basic Z-
scan hypotheses and overall scheme,
and (i) increased sensitivity by
changing the detection system. The
usual photodiode is indeed replaced
by a position sensitive detector (PSD)
(see Fig. 1) known for its nanometer
scale resolution [21,22].

The trick lies in the way to transform
the focusing (or defocusing) effect
induced by the nonlinearity into a
displacement of the beam centroid,
which does not occur for a pure
symmetrical lensing effect. This
function is achieved by a standard
razor blade set close to the PSD and
truncating half of the probe beam. It
is then obvious that an increase (or a
decrease) of the beam size changes
the position of the beam barycenter
on the PSD (Fig. 2).

Relation (1) gives the relation
between the barycenter position B
and the knife edge position a relative
to the center of the beam:

ky thuat ban dau, bang céach gii
nguyén gia thuyét va toan bo so dd,
va (ii) taing do nhay bang céch thay
d6i hé théng phat hién. Photodiode
thong thuong dugc thay thé bang
detector nhay vi tri (PSD) (xem H.1)
c6 d6 phan giai ¢ thang nano mét [21,
22].

Bi quyét nam & cach chuyén hiéu tng
hoi tu ( hoac phan ky) do phi tuyén
thanh su thay doi vi tri trong tam
chum, diéu nay khong xuat hién dbi
Vi hiéu tng thau kinh dbi xung
thuan tay. Bé thuc hién chac ning
nay chung t6i dung ludi dao cao
chuan dit gan PSd va chan nta chum
do. Thé thi ching ta dé thay rang su
tang (hoac giam) kich thudc chum
lam thay doi vi tri trong tdm chum
trén PSD (H.2).

Hé thuc (1) biéu dién mdi quan hé
gitra vi tri tam chum B va vi tri mép
dao doi vai tdm chum.




