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Enhanced-sensitivity version of
the Baryscan technique

A promising alternative to the
widespread Z-scan technique has
been recently proposed. This
technique, named Baryscan, is
based upon the use of a Position
Sensitive Detector (PSD) and is

Phién ban ting cwong do nhay
cua ky thuat Baryscan

Gan déy, ching t6i da dé xuat
mét phién ban thay thé day hua
hen cho ky thuat Z-scan noi
tiéng. Ky thuat nay co tén la
Baryscan dung Detector Nhay
Vi Tri (PSD) va c¢6 do nhay lon
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about 170 times more sensitive
than the Z-scan technique while
preserving its simple theoretical
scheme and ease of
implementation. In this paper,
we demonstrate both numerically
and experimentally that inserting
a phase plate before the PSD and
setting an opaque disk as close
as possible to its active area
results in a substantial sensitivity
enhancement of the Baryscan
technique.

1. Introduction

Within the field of weak index of
refraction change measurements,
the success of the Z-scan
technique [1] is unquestionable.
Indeed, its  simplicity of
implemen-tation both
theoretically and experimentally
IS @ major advantage compared
to the other existing techniques
[2]. A nonlinear sample is
translated along the optical axis
of a focused Gaussian beam; the
transmission of a circular
aperture set in the far field
allows us to monitor the induced
lensing effect. The sensitivity of
this technique is about A/300,
where A is the wavelength of the
beam. From this point, plenty of
variants of this technique have
been carried out in order to
stretch this limit, which is an
obvious necessity to investigate
nonlinearities met in the thinnest
media or to reduce the excitation

beam power. These
enhancements can be classified
into four main categories:

change in the incident beam
shape [3-5], optimization of the

hon khoang 170 lan ky thuat Z-
scan trong khi van giit nguyén
co s ly thuyét don gian caa né
va dé trién khai thuc nghiém.
Trong bai bdo nay, ching toi
trinh bay ca khia canh sé va
thuc nghi¢m phuong phao chén
ban song trudc PSD va dat dia
mo duc gan dién tich hiéu dung
ctia n6 hét mac co thé dan dén
ting dang ké do6 nhay cua
Baryscan.

1.Gidi thiéu

Trong linh vuc do su thay doi
chiét suat yéu, su thanh céng
cua ky thuat Z-scan [1] da qua
rd rang. Thuc su, tinh don gian
ca vé mat ly thuyét va thuc
nghiém cua n6 1a mot vu diém
I6n so vai nhitng ky thuat khac
[2]. Mau phi tuyén dugc dich
theo truc quang hoc cuta chum
Gauss diéu tiéu; cudng d6 anh
sang truyén qua khe tron dit o
trrong xa cho phép chdng ta
giam sat hiéu tng thau kinh cam
ung. Do nhay cua ky thuat nay
khoang 3%, trong d6 A 1la budc
séng cua chum. Tir thoi diém
nay, c6 nhiéu bién thé cua k¥
thuat nay ra doi dé mo rong gioi
han nay, diéu nay tat hién la can
thiét dé nghién ctu tinh chat phi
tuyén trong moi truong mong
nhat hodc giam céng suat chum
kich thich. Nhitng phuong phap
tang cuong nay co thé chia lam
bon loai chinh: thay d6i hinh
dang chum téi [3-5], tdi vu hoa
ly thuyét [6-9], thay ddi hé
théng phat hién hoic thay doi
toan bo bd tri thi nghiém [10-
16]. Z-scan nhat thyc (EZ-scan)




theory [6-9], change in the
detection system or global
modification of the setup

geometry [10-16]. The eclipsing
Z-scan (EZ-scan) [10], which
consists of replacing the circular
aperture with an opaque disk, is
probably the most popular one
and brings a large improvement.
Another technique has been
proposed recently by the authors
[11] (sen-sitivity increased by a
factor of 400) in which a phase
object is introduced in order to
amplify the non- linearly-
induced divergence dynamic of
the beam.

Nevertheless, in both studies, the
intensity of the measured signal
dramatically  decreases  and
makes the improvements very
questionable through the fact
that enhancements are usually
given in terms of normalized
transmission [11,12], knowing
that transmitted signals are weak.
From these considerations, the
authors have pro-posed a new
method called Baryscan [17]
based on the use of a Position
Sensitive Detector (PSD) able to
measure beam displacements
with  a  nanometer  scale
resolution [18]. The simple Z-
scan geometry is pre-served but
the detection system is changed
by replacing the photodiode with
a PSD. The latter records the
barycenter position of the beam
half-truncated by a razor blade.
The evolution of the barycenter
position with the nonlinear
sample position looks like a
usual Z-scan plot and thus

[10] thay thé khia tron bang dia
mo duc, cé I€ la phuong phap
phd biét nhat va cé sy cai thién
dang ké. Mot ky thuat khac
dugc dé xuat gan day bai cac
tac gia [11] (ting d6 nhay dén
400 lan) trong d6 ngudi ta dua
vao ban song dé khuéch dai su
phan ky cam tng phi tuyén cua
chum.

Tuy nhién, trong ca hai nghién
ctru, cuong do cua tin hiéu do
duoc giam dang ké va lam cho
nhitng bién phap cai thién nay
rat dang ngd mac dd muc do
tang cuong thuong duoc Xxét
theo hé sb truyén qua chuan
hoa[11,12], biét rang tin hiéu
truyén qua yéu.

Tu nhitng nhan xét nay, cac tac
gia da dé xuat mot phuong phap
ma&i cO tén la Baryscan [17]
dung Detector Nhay Vi Tri
(PSD) dé do su dich chuyén
chum véi do phan giai thang
nano mét [18]. Chlng t6i van
gitt nguyén bd tri thi nghiém
don gian nhu thay thé
photodiode bing PSD. PSD ghi
nhan vi tri trong tdm chum bi
cat cut phan nuta béi ludi dao
cao. Su thay doi vi tri trong tam
chum theo thoi gian voi vi tri
mau phi tuyén c6 dang gidng
nhu d6 thi Z-scan thong thudng
va do d6 co thé dé dang rat ra
cbng thuc giai tich. Bén canh




analytical formulas can easily be
derived. Besides, the signal
delivered by the PSD is
significant as it is proportional to
the truncated beam barycenter
and has no need to be
normalized. From this work, the
authors naturally propose to
investigate the solution explored
in [11] in order to improve the
Baryscan sensitivity. A
combination of a phase plate (set
after the nonlinear medium) and
an opaque mask (set close to the
PSD) is used in order to increase
the amplitude of the Baryscan
signal. Considering that the
number of possible combinations
of parameters for both optics is
significant, we propose to
determine the optimal
parameters thanks to a model
based on the Gaussian Beam
Expansion Method (GBEM)
[19], which is able to give an
analytical expression for the
travel of the beam though
different optics. This makes
possible the use of an
optimization process called the
Adaptive Simulated Annealing
(ASA) algorithm [20-22]. This
method has already been used
success—fully to optimize the
properties of a cascade of optics
in order to focus X-rays [23] or
to adjust automatically the
parameters of a cavity containing
phase and amplitude diffractive
optical elements [24]. The aim of
this feasibility study is to
demonstrate the reliability of the
results obtained by the model
through  the  increase  of

d6, tin hiéu ghi nhan duogc bai
PSD rat quan trong vi no ty Ié
Véi trong tam chum chat cut va
khéng can chuian héa. Tur cong
trinh nay, mot cach tu nhién,
c4c tac gia dé xuat khao sét giai
phap duoc khai thac trong [11]
dé cai thién d6 nhay Baryscan.
Su két hop cua ban song (dat
sau moi trudng phi tuyén) va
mat mo duc (dit gan PSD) duogc
dung dé tang cudng do cua tin
hiéu Baryscan. Xét thay rang sé
két hop kha di cac tham sé doi
véi ca hai hé quang hoc la I6n,
chung t6i dé xuat xac dinh cac
tham s6 t6i vu nhd vao mé hinh
dya trén Phuong Phap Khai
Trién Chum Gauss (GBEM)
[19], phuong phap nay co thé
cho biéu thuc giai tich cta chum
lan truyén qua cac hé quang hoc
khac nhau. Piéu nay gitp ching
ta c6 thé dung qua trinh téi uu
c6 yén la thuat toan M6 Phong
Luyén Kim Thich Ung (ASA)
[20-22]. Phuong phap nay da
duoc st dung thanh cong dé toi
wu hoéa cac tinh chat cua hé
quang hoc xép tang dé hoi tu tia
X [23] hoac

Diéu chinh tu dong cac tham sé
cua budng cong hudng chira cac
phan tir quang hoc nhiéu xa pha
va bién do [24]. Muc tiéu cua
nghién ctru kha thi nay la minh
hoa d¢ tin cay cua cac két qua
thu dugc biang mé hinh thong
qua su tang do nhay cua k¥




sensitivity of the Baryscan
technique. The experimental test
case is performed with the ruby
sample used in the original
Baryscan. The  optimization
process leads to an improvement
factor IF ' 4, i.e. our barycenter
technique is about 4 x 170 times
more sensitive than the original
Z-scan, which represents to our
knowledge one of the best
enhancements ever met. An
experimental validation
performed with available phase
plates leads to IF = 3.4.

This paper is structured as
follows. Section 2 presents the
modeling and numerical
optimization set-up. It is worth
noting that this computation only
concerns the last part of the
experiment, i.e. the amplification

of the barycenter dynamic
obtained in [17]. Section 3
reports  optimization  results
suggesting  that the  best

configuration consists of a n-
phase plate combined with an
amplitude mask made of a razor
blade and an opaque half disk.
The experimental validation is
described in Section 4. Finally,
the conclusion is given in
Section 5.

thuat Baryscan. Thi nghiém
kiém chimg duoc tién hanh trén
mau ruby ding trong Baryscan
ban dau. Quy trinh tdi wu cai
thién gap 4 lan, tac 1a k§ thuat
barycenter c6 do nhay gip 4 x
170 k¥ thuat Z-scan ban dau,
theo chung t6i dugc biét thi
mirc d6 cai thién nhu thé 1a tot
nhat tir trudc dén nay. Panh gia
thuc nghiém duogc thuc hién vai
ban séng san c6 cho IF=3.4.

Bai bao nay c6 ciu trac nhu sau.
Phan 2 trinh bay mé hinh hoa va
bd tri hé toi wu hoéa vé phuong
dién s6. Can ch( y rang tinh
toan nay chi lién quan dén phan
trude cua thi nghiém, tuc la tang
cuong dong hoc barycenter
trong [17]. Phan 3 trinh bay két
qua téi wu cho thiy ring ciu
hinh tét nhit gom ban
song....két hop véi tam che
bién d6 lam tur ludi dao cao va
dia nra mo duc. Viéc danh gia
thuc nghiém duoc dua ra trong
phan 4. Cubi cung la phan 5-Két
luan.




