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Preface

This is the First National Symposium on Physics Graduate Research (150 NSPG) or-
ganized by the School of Physics, Iustitute of Science, Suranaree University of Technology
(SUT). The symposium brought together graduate students in physics from 11 universi-
ties in Thailand. Over a hundred physicists participated in this sympesium including 87

students and 18 academics.

The 1%t NSPG surpassed expectations. The arrengement of 20 minute presentation
with two parallel sessions allowed the studenis to present their works in a friendly atmo-
sphere. However, no one took it for granted. Many of the research works and presenta-

tions were excellent. Plenary sessions given by invited speakers and a special discussion

in one evening on “Thai Physics: Past, Present and Future” hy distingue physicists
helped to increase the academic atmosphere of the symposium. The social program in
the evening gave ample time for everyone to get to know each other, beneficial for future
collaborations. In addition, the NSPG has proven to be the stage for graduate students
in physics to practice their presentations in front of the audiences whose background in
physics are more or less in the same level, enable them to broaden their physics knowl-
edge in various fields including, condensed matier and material physics, astronomy and
astrophysics, accelerator physics and synchrotron radiation sciences. cosmology and high
energy physics, ion beam and plasma physics, nanoscale physics, nuclear and radiation
physics, optics and photonics, industrial and applied physies, and educational and fun-

daanental physics.

The results of a pilot project concerning with the expected research situation on plys-
ical science of the science faculties of 8 universities supported by the Thailand Research
Fand show that there are very small munbers of Thai physicists and mathematicians
who have potential in canving out research. However, 1t is not too late if we start to do
something now. This symposium s another effort that will help to bring Thai physics to

the better future. Se it is very hnportant that we get supported continually.

In this proceeding, the full papers and abstracts of the presentations are collected.
The organizers, in the name of all participants, wish to express their deep thanks to all

sponsors who helped to make this happen.
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We wish to thank everyene for his contribution to this symposium including, firstly,
Assoc. Prof. Dr. Prasart Suebka, Rector of SUT (the first physicist to become a rector in
Thailand}, for leading us to the success of organizing the 18Y NSPG, secondly, the active
students and staffs of the School of Plysics, Institute of Science, SUT. Especially we want
to thank Dr. Khanchai Khosonthongkee and Ms. Thunyaluck Theerapattaranggoon for
their leading role in organizing this symposium and also a Ph.D. candidate at the School
of Physics, SUT, Mr. Supiya Siranan and My, Ayut Limphirat for their hard working
of formatting this proceeding. Last but by no means least, we would like to thank all

participants for joining the symposium.
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ENSPE

Initial Magnetic Measurements of Soft X-Ray Undulator for
the Siam Photon Source
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SARAYUT SIRIWATTANAPITOON,? APicHAL KWANKASEM,® NATTHAWUT SURADET.Z
Proir KaswsuTTa,” WiNim CHacHAL? and Supacorn Ruamarls2

!School of Physics, Institute of Science, Suranaree Undversity of Technology.
Nakhan Roatchasime, 30000, Thailand

* National Synchrotron Research Center, P. Q. Box 83,
Nakhon Ratchastma, 30000, Thailand

Undulator is an insertion device installed in a synchrofron light sowrce to enhance photon flux.
The UGD is an vndulator, having a magactic period length of 60 mo. designed to gencrate intense
soll serays for the sofl x-ray beamline of the Siam Photon Scurce. A high precision magnetic
measurement systemn has been constructed for magnetic field measurement of the device. Magnetic
field distribution of the U0 bas been measured with Hall probe seans. Measured magnetic fields
are used to caleulate field integrals and phase error of the undulator, in order fo evaluate electron
Lrajectorics and deviation of cleclron path lenglhs in cach magnetic period inside the undulator
field which determine the quality of uncdulator light.
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PACS numbers: 07.85,Qe
Keywords: Insertion Device, Synchretron radiation, Magnetic measurement.

INTRODUCTION However, the synchrotron Heht emitted by bend-
g magnets is not intense enough for more so-
phisticated, higl resolution research. The storage
The Siam Photor Sowrce (SPS) is located in ring of SPS has been designed for ‘Insertion De-
Each of

These de-

the campus of Suranaree University of Technol- vices’, having in four straight sections.
ogy, Nakhon Ratchasima, the North Bastern Part

of Thailand.

the straight section is 5.2 meters long.

The 5P5 is now operating at the  vices consist of magnet blocks of alternating po-

electron beam energy of 1.2 GeV. It has three  larity that repetitively bend clectron beam back

experimental stations which consist of Photoemis-  and forth. Undulator is one type of Tosertion de-

sion speetroscopy (BL-4), Xeray Lithography (BL-
) and X-ray Absorption Spectroscopy (BL-8} [1].
Syachrotron Hght used by all of station is gener-

ated by the bending magnets with synchrotron ra-

diation critical energy of 1.32 keV.

Copyright © 2007 Suranaree University of Technology. All rights reserved.

vices. Due to the constructive interference of the
radiatien emitted by clectron beam at the vari-
ous poles, the opening angle at any given wave-
length of the radiation is decreased by VN, where

APSRS05-1
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N s the number of periods, and radiation inten-
sity per solid angle is proportional to N? [2-0).
Therefore. the undulator radiation is emitted in
narrower cone and more intense than the bending
wagnet radiation.

However, the ntensities of synchrotron light
from real undulators are lower than the theoretical
calculations [7-10]. This fact arises fow magnelic
field errors which can be represented by first and
second Held integrals [9, 11], phase ervor [7, 8] and
crror storage [121 Therefore, the andulator mag-
netic field distribution nwst be measured Lo ob-
tain the first and second field integrals, phase error
and error storage. The most common method of
undulator magnet feld distribution measurements
15 the pomt by point measurement performed by
Hall probe scanning. The integrated field mea-
surements can be performed by the long flipping
coil techniques.

This reporl presents the undulator wnagnelic
field measuvement with Hall probe technique as

well as the results field errors caleulation.

THE UNDULATOR OF THE SPS (Uch)

The general characteristic

The UGH undulator is a pure permanent maguet
planar (PPM) wndulator. 1% is designed to utilize
the radiation in the photon energy range of 27
500 &V,
table 1.

The main parameters are shown in the

The magnetic structure

The magnetic structure of the U684 undulator is
shown in the Figure 1. Figure 1a) shows the U0
undulator, having the total length of 2510 mum.
Figure 1b) shows maguetie structure. It consists
of 46.5 full of full size periods and added by the
end a horizontally magnetized block, This special
end block reduces the field integral variation with

gap.

APSR505-2

1 NSPG,

APSRSUS (2006).

Table I Parameters of the LG,
parameters lata
Magnet material NdFeB

60 min
26200 mmn

Teriod length

Gap distance

Numher of full size periods 4.5
Number of tull size poles 81
Total number of poles 43

Peak Aux density 057483 T

faverage al 26 o gapy)

Transverse roll off {at 26 mm gap):

@ = kb mm (average) 0.072%
o = 210 mm {average) 0.31%
Minimum photon enorgy A7 oV

{26 mmm pap, 1 GeV beam)

The magnetic fleld sinulation

Simudations of the magnetic field of the U60 are
poerformed by using the code RADIA [10]. Fig-
ure 2a} shows the on axis (o = y = 0 mm) mag-
netic field at the minimum gap (26 mm). Fie-
ure 2h} shows the undulator peak magnetic field

as a function of undulator gap.

FIELD DISTRIBUTION MEASUREMENTS
Description

Figure 2a} is the simulated Held distribution of
the U60, the most common techaique for obtaining

delail inlormation about the feld distribution of

an undulator is h} tho Hall pmba sczmmnu A
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Figure 1: (color online}. a) the US0 undulator and b) the magnetic structure, where arrows indicate direction of

magnetization of each magnet block.
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Figure 2: The simulated magnetic field of the U0 undulator () and undulator peak magnetic feld as a function

of undulator gap (h).

Measurment system of the SP8

Hall probe system of the SPS was installed in
2004. Hall was held on the test hench of 3010 mm
longs, The test bench (shown in fig. 3a) consists of
more than ten components accurate positioned by
the Laser tracker during the installation {shown in
fig. 3a and 3b). The Hall probe can be moved in
3-direction, z '(1{31'11;11:11(1%11&11)g a (horizontal) and y
{vertical), independently. At present. it can mea-
sure only the vertical field. The movement in each
direction is driven by the stepping motor and can
be moved only one direction at a time. The z, y
and z positions are measived by a linear encoder
having a accuracy of 1 pn. The lengths of travel
inw, y and = axis ave 254, 250 and 2680 mm, re-
spectively. All motion are controlled by LabVIEW

Proceedings of the First National Symposium on Physics Graduate Research (1% NSPG)

prograyuming on PC,

Hall probe measureinents

A groupd Hall probe, is used at the SPS. Be-
fore measurement the probe was rveset to zero by
zero gauss chamber. Data collection of the fleld
distribution was managed hy the software on PC.
The software controlling the movement of the Hall
probe was set up for continuous scans for the opti-
mal speed. The measured field data were saved ev-
ery } mm and the probe position from the encoder
are recorded along the longitudinal axis. The field
distributions were measured al various undulator

gap.

APSRS05-3
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Figure 3: {color online). Show the Hall probe system and installation.

FIELD ERROR CALCULATIONS

The first and second field integral

A deflection angle of a relativistic electron mov-

ing in a periodic field, B(=")}, is given by

= s () (1)
where I is an electron energy in GeV and where
the first field integral is defined as

I(z) = / B(?) da' 2)

S G
where B is the magnetic field. The trajectory of a

relativistic electron is found as

0.3
#2) = T

where the second field integral is defined asg
J(z) = [ / B
[ EVPr S NS

Phase error {Phase shake)

J(z) (3

"y da" d2’ . {4)

The second parameter of the field error is phase
error which defined as

AT (L-eal - J‘xdcul (5)

where fpem and digen are phase function in real
and ideal case of an electron, respectively. They
are given hy

APSRS05-4
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where 27 B the angular deflection, A, is the reso-

nance condition, defined as

A K
A= oo [ 1 b 5207
T 2ny? ( Pyt )

where K is the wiggler strength, A, is the period
length of the magnetic field, v is the ratio between
kinetic epergy and rest energy of the electron, 8 is
observing angle from the axis and n = 1,2,3,.

is integer.

Equation {3) means that the path length of an
electron in each period will be deviated from an
ideal case, if phase error is not zero. Nonzero phase
error give rise to hnperfect constructive interfer-
ence of the synchrotron radiation emitted from

each period of the undulator.

Error storage

FError storage is another method for representing
the field error [12]. It is defined by the equation

as

Equation (7) teils'fh:b‘\
tion is stored with afiincreasis
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RESULTS AND DISCUSSION

The magnetic field

Figure 4 shows results of the measured vertical
feld, B,4(0,0,z), of the U60 by Hall probe scan-
ning at varicus undulator gap, These field mea-
surement are used to caleulate the parameters to
estintate the field ervors of the T60.

The field integral

The hrst and second feld integrals are shown
in Figure 8b} and 5¢), respectively. Idesally, an
electron is not deflected after passing through an
uncdulator. That requires the lengitudinally inte-
grated vertical field, the first and second field inte-
gral, must vanishe, In addition, an electron enter
on-axis must exit on-axis (the second feld iute-
gral). However, the calculated angle and teajec-
tories show that an electron is deviated from the

axis, which resuited from nonzero field integrals.

Error storage

Figure 5d shows the ervor storage obtained from
field distribution measurements at the different
gap distance. The error storage, given equa-
tion {7), indicates that the accumulated field inte-
gral deviation is increasingly or decreasingly stored
with an increasing pele number. The results in fig-
ure 5d show that the accumulated error of the of

U60 increases with larger pole mumber,

Phase error

The results of phase error shown n Figure Se
are also caleulated [rom field distribution measure-
ments at the difference gap distances. The phase
error, expressed in equation {5), describes the de-
viation of the real path length from the ideal un-
dulator. So il the phase error is zero or small,
the constructive interference of the photon radi-
ated by an electron is excellent. The average of the
RMS phases crror for the fivst harmonie, at zero

Proceedings of the First National Symposium on Physics Graduate Research {1 NSPG)

abserving angle, in figure 5S¢ are 2.5864, 2.5481,
2.1320 and 1.8463 degrees at the wiggler strenglhs
of 29542, 1.9389, 1.4916 and 0.8820, respectively.

CONCLUSION

We have presented measureieuts and calcula-
tions of the UGQ field characteristic. The magnetic
measured field distribution using Hall probe has
been used to calculate the field integrals, phase
errors and error storages. The studies are carried

out to predict the optical performance of the UGO.
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OH Masers Associated with Bipolar Molecular Qutflows
in Onsalal Star-Forming Region~
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*University of Manchester, Jodrell Bank Observalory,
Mecclesfield, Cheshire SK11 9DL, United Kingdom
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The Multi-Blemnent Radio Linked Interferometer Network (MERLIN} polarization measurements
of the OH 1665-MHz masgers emission fromn the bipolar outflow source ON1 are studied. The OH
masers are distributed over a region 3.5 arcsec a side, which is elongated in & north-west-south-east
(NW-SE} direction. The distribution is interpreted in terms of a disc surrounding the source of the
outlow. The main velocities of OF masers are close to the central velocity (15 kms™*). Camparing
the distribution of OH masers with previous work shows close matched in positions with those
determined using the Very Large Array (VLAJ of National Radio Astronomy Observatory (NRAO),
plus 6 new maser features separvated from the other masers. Analysis of the O maser polarization
reveals three Zeeman Pairs, with field strengths —~0.97, —1.4% and ~2.07 mG (directed toward us).
The fields are strong enough to be important in the star formation precess. (lircular polarization
of the OH masers in this source is very strong (~ 94%) while linear polarization is weak {~ 32%).
The linear polarization vectors are predominantly either perpendicular or parallel to the HCO?
outfiow direction. Thus, the OF masers abserved associated with bipolar molecular outfiow,

matnnlralaatusoslansondasise fluudumdan oN1 fanud 1665 MH Talidayauas
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Torsondaanyediald drulng Tadaddosfunmudigudnmaes oN1 15 Alanasdedni)
o niFeudpudayamansnedustsasondamnmodfuma uidiu ihdounind  wuddumnl i
MERLIN Taldifiauazassdfumenisiinlilng VLA 499 NRAO wazwilansandaiisoiinensansn
nduwsianyesin ¢ savacdoyn Zeeman Pairs AT TON 3 § Amnuudwdndy 097, —1.499
was —2.07 mG awddy Fnfushanuedmdnilgl wemeuazdhuiviviidudetunsumainan
Foyalumibadumansnamodlonsendamsoilih  ~ 019  tuvasAlna st da i
~32%  wallnadusudadusadeasandamnra fifameitmsadmndud Mmoo
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Keywords: magnetic fields, masers, polarvization. stars: formation. ISM: individual: OXN1, ISAL jets and
outflows
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INTRODUCTION

Star formation process is an cutstanding and
largely unsolved problem in astrophysics. The role
of the magnetic field is unclear but it is widely con-
sidered to be important at all stages of protostel-
far evolution, from cloud collapse to the ZAMS.
In some hydromagnetic nodels, the magnetic field
may help in removing angular momentum, there-
fore driving accretion and perhaps bipelar molecu-
lar outflows, The Zeeman splitting of components
of the 18 ¢m OH masers lines provides a direct
way of measnring the magnetic field in transverse
and line-of-sight compenents. MERLIN at Jodvell
Bank Observatory, United Kingdom has high sen-
sitivity and resolution necessary for such spectral-
line imaging (see for example [5]). Thercfore, this
rescarch will concentrate on the process of star for-
mation, in particular the physical properties of OH
masers such as energy (in terms of intensity of sig-
nal), location, velocity and magnetic held using
the reduced data at 1665 Mz from MERLIN. The
data were reduced and mapgped hy Suwil Namma-
hachak (Ph.D. student at Department of Physics,
Faeulty of Science, Khon Kaen University, Thai-
land). Onsala 1 or ON1 which is a star-forming re-
gion is chosen for owr study, having a well-defined

bigolar molecular outflow 5, 7, &].

METHODOLOGY

Reduced and mapped data of ON1 star-forming
region arve obtained from MERLIN at Jodrell Bank
Observatory, University of Manchester, United
Kingdom.  The dates of observations were 1-2
March 1996, The data which have been mapped
and analysed using the Astronomical Image Pro-
cessing Svstem (ATPS) from which we can obtain
intensity, location and frecuency of each maser.
The results from AIPS are used to study the kine-
matics of masers by the following procedures, The
intensity is used to identify masers on the map
in order Lo obtain thelr distribution in the region.
The frequency is then used to calculate the ve-
locity with respect to the average group velocity

nsing the principle of Doppler shift effect. In or-
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der to determine the strength of the magnetic held
and to map the feld structure, the pealk signals of
the left-hand and right-hand civenlarly polarized
of the lines and splitting beiween them (in terms
of frequency)} are obtained. Such a splitting is the
result of the Zeeman effect, hence the determina-

tion of the value of the magnoetic fickd.

RESULTS AND DISCUSSION

QH Maser Distribution

‘Fhe

sion are sumunarized in Table 1, which show

results  of chvcularly  polarised  emis-

the veloeity,  position, position  uncertainty.
and penk fux density of cach clrenlarly po-
larised OH maser. The positions related to
the zero-point at RA(J2000) = 201 10™09°.23,
Dece.{(J2000) = 31°31736".37. Maser emissions are
detected from 28 different spectral features. Nine-
teen features are seen in ieft cirenlar polarisation
(LCP} and nine features are seen in right circular
polarisation {RCP). The velocity profiles of each
feature in both RCP and LOP cover the velocity
range of 22 kms™? (from 6 kins™! to 28 kms™!)
which does not mclude another group of OH

maser emissions at the velocity hetween 0 kst

to 6 kms™?

as seen I Argon ef of. [1]. The OII
masers are distributed over a region of 3.5 arcsec
a side. which is elongated in a north west and
south east (NW-SE) direction.

is approximately orthogonal to the projected

The elongation

direction of the bipotar ontflow seen in HCO™T [8],
The distribution is interpreted in terms of a disc
surrounding the source of the outfow. Comparing
the distribution of OH masers with Argon ef al.
11] which show good mateh of positions with VLA
of NRAO and in the southern p’di‘tl from 1.5 to -1
arcsec in RA ofisel.  Willy MERLIN resolution,
six features of LCP are scpamtﬂd from ofher
masers and have weak I.JVZ{.‘lE.}k_.ﬂ:I.l:X_'_:Whi(‘]:l are less
gests that MERLIN
_ positions hetter

than 1 Jy heam ™. This sug
resolution can observe molecular
than the VLA while it hag

the Very-Long-Bageline-

tisitivity less than
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OH Masers Associated with Bipolar Molecular Qutfows in Ounsalal Star-Forming Region

OH Maser Kinematics

Some velocities distributions are similar to the
model of velocity distributions of the 1665 Mz

O masers by Grav et ol [3] where the bluest ve-
locitios appear for masers in the north of the mag,
while the reddest veloeities appear near the cen-
tre and in the southern part of map (see Figure 1).
The main velocities of OH masers are near the cen-
tral velocity {15 kms™"). “Fhus, the OH masers are
possibly slow moving with respect to the center of
ON1,

Magnetic Field in QN1

Analysis of the OH waser polarization reveals
three Zeeman Pairs, with field strengths ranging
from —0.97, —1.49 and -2.07 mG {divected toward
us}h.  Comparing the magnetic pressure B*/2x
with the kinetic energy density pV'2/2, for typical
Ty densitics of 10% e and typical velocitios of
3 tms™! we find that the fields are strong enough
0 be dynamically important in the star formation
process. Clroular polarization of the OH masers
in this source is very strong, ~ 94% while lincar
polarization is weaker, ~ 32% (sce Table 1.

Relation of Masers to Molecular Qutfow

The linear polarization vectors ave predoni-
nantly cither pe‘.rp(.*rldi(':ulm‘ or parallel to the out-
fiow diveetion. The lincar polarization vectors im-
ply that the transverse magnetic field directions
are either parallel or perpendicular to the cutflow,
therefore, supporting the hydromagnetic model
proposed by Uchida and Shibata [8]. ON1 has lin-
ear polarisations, both parallel and orthogonal to
the oulllow direction, while its maser distribution
is orthogonal to the outflow direction. From pre-
vious MERLIN observations in NGCT538 [4], the
linear polarisation vectors are the most organized,
both parallel and orthogonal to the outllow espe-
ctally in Infrared Sources 11 (IRS 11} which the
result of the percentage of polarisation are likely

ON1 (sec Figure 2). Moreover, full polarisation

Proceadings of the First National Symposium on Physics Graduate Research (1°° NSPG)

measurements of the OH emission show systematic
difference betweer: IRS 1, IRS 9 and TRS 11 while
they can trace a possible evolutionary sequence
from oldest (IRS 1) Lo youngest {IRS 11). In this
case, if compare between the polarisations of ON1
with TRS 11, ONI will have the evolution in the

voung old. Thus plotting the diagram is & method

ta analyse the evolution sequence of star forming
region. Cohen [2] suggested that the polarisation
properties are age related with vounger sources be-
ing more highly organized, having stronger polae-
isation and greater alignment with the cutfiow di-
rection.

CONCLUSION

The O masers are distributed over a region of
3.0 avcsee a side, which is elongated i a north-
west-south-cast (NW-SE)} direction. The clonga-
tlon is approximately orthoponal to the projected
direction of the hipolar outflow seen in HCQ™.
The distribution is interpreted inn terms of a dige
surronndding the scurce of the cutflow. The main
velocitios of OH masers are near the central ve-
locity {15 kms™!). Thus the OH masers are pos-
sibly slow moving with respect to tle center of
ONL, Comparing the distribution of OH masers
with previous work shows close matched positions
with those measured wsing the Very Large Ar-
ray {VLA} of National Radio Astronomy Obser-
vatory (NRAQ). We also detected 6 maser fea-
tures that are separated from the other masers.
This suggests that MERLIN resolution can ob-
gerve molecular positions bebter than the VLA
while it has resolation less than that of Very-Long-
Baseline-Interferometry (VLBI). Analvsis of the
OH maser polarization reveals throe Zeeman Pairs,
with field strengths ranging from ~(.97, —1.4% and
=207 mG (directed toward us}. Comparing the
magnetic pressure £22/%r with the kinetie energy

donsity V2 /2, for typical I densities of 108 ¢ —?

1 we find that

and typical veloecities of 3 km s
the fields are strong enough o be dynamically
important in the star formation process. Cirveu-
lar polarization of the OH masers in this source

is very strong, ~ 94% while linear polarization is

AAGL-3
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Figure 1: The distribution of model maser spots in the disc plane at 1665 MHz. Stokes I amplification factor is

indicated by the size of the circles; numbers indicate the ne-of-sight velocity in kms

Gray ot al. {3})

weak, ~ 32%. The lincar polarization vectors arc
predominantly either perpendicular or parailel to
the outflow direction. The linear polarization vee-
tors inply that the transverse magnetic field di-
rections are either paraliel or perpendicalar to the
outflow, therefore, supporting the hydromagnetic
model proposed Ty Uchida and Shibata {9].

SUGGESTIONS

1. In this work the polarisation properties of
the 1665 MHz OH masers have been stud-
ied. However, the polarisation study of other
transitions of OH masers (eg. 1612, 1667,
and 1720 MHz) will help to confirm and com-
plement to the result from this work.

2, Comparing the distribution of OH masers
with Argon ef al [1] which show nearly
match positions with VLA of NRAO. There

AADL-4

1. {Source: Figure 8 of

are G features of masers which are separated
from other masers and have wealk peak flux
being less than 1 Jy beam™". This suggests
that MERLIN has sensitivity more than the
VLA, The observations at higher sensitivity
{such as VLBI) may be able to measure the
polarisations and magnetic fickds of the weak
Esers,

3. Ubscrvations of more samples of OH masers

in Star Forming Regions (SFRs) will belp to
confirm the methad of using polarisation and
ordered of to identify the age of star-forming

regions.
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Table I: Q# mascr features in ON1. Flux weighted mean velocitics and positicns are given for pach feature in
both polarization. The positions are given refated to zero-point at R.A.(J2000) = 20" 10™09%.23, Dec.(J2000) =

31731736747,

Troasition Feature Stokes Velocity® ARAY  ADec! orat Crrec” Peak Aux” Comment
INo. (ks {aresec) (arcsec) (arcsec) (arcsec) (Jy beam™)
1665-LCP:
A 20 G.16 2046 -G.386  0.008 0.010 .37
B 19 11.60 —1.628 1803 0.004 0.0062 0.3G
1 18 11.83 ~2.865 —0.722  0.003 (1.0G2 0.70 2 = 2,07 mG
B - 12.96 —1.962 —1.389  0.040 0.004 0.14
2 - 12.97 -2062 -0.729  (0.01] 0.011 0.27 7
121 15 13.68 ~1.962  -0.862 0013 0.007 1.90 Zo — 097 mG
E2 13 13.93 —1.962 ~0.865 0.011 0.611 2.75 2
F1 - 14.14 —~1.751  —1.915 0.002 0.605 0.60
G1 - 14.22 ~1.850  —1.394 (3,003 G.001 12,30 Zs — 149 mG
H - 14,29 ~2.386  —1.180 G004 0.004 5T
k2 8 14.96 —1.737  -1.899  0.001 0.003 1.07
12 7 19T —1.845  —1.3906 0.002 0.00% 13.64 Py
I 6 14.98 —~1.716  —G884  0.010 0.006 0.57
J G 14.98 ~1165  —=1.572  0.037 0.009 0.29
e ] 15.02 ~2.411  —=0.893  0.009 0.0063 0.22
L 4 15.04 —3.307  —1.606  0.007 (0.010 0.2
M 3 15.23 ~2.835 —0.676 0.031 0.009 0.75
N 2 16.37 ~2.123  —1800 0.8 0.004 0.97
O 1 16.37 —2.233  -1.287  0.015 0,094 6.63
1665-ROP:
cl — 11.75 —2.80% 0767 0.01% (3.82G 0.59 71
2 16 12.83 ~2.903  —0.712 (3.002 (.005 (.46 Z
d 17 12.86 -1.897%  -1.301 {.003 (.001 17.43
el - 13.36 -1.860  —0.851 1.019 0.015 0.98 Z
I id 13.63 ~2.266  —1.28%  0.003 0.008 3.47
gl 11 14,09 ~1.846  —1.396 {.005 0.002 22.57 Za
¥ 12 14,10 =776 G677 {.025 0.018 0.61
h 10 14,18 —-2.388 -1.182 0.012 0.004 8.51
a2 - 14.82 1846 —1.397  0.006 0.0G7 0.39 Ly

“ Velocity with respect to the local standard of rest (LSR). assuring a rest frequency of 1665.402 MHz.
b R.A.and Dec. offsot from zero-point al R.A{J2000) = 20™10™09°.23, Dec.{J2000} = 31°31°36".37.
¢ The positional uneertainties in each feature are caleulated from the standard deviation of the position of the

compeonents in that R.A. and Dec. of each feature.
 Peak fux density in Janskys per bean.
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Table IL: The Stokes parameter flux (1,(,U, V) and the polarization properties of OF maser features in ON1.

The flux weighted mean velocities and positions are given for cach festure.

844 !

Na, Vel. Aot FAt N T Qf P Y oy, me  mT

fkms™") {arcsec) (aresec) (Iyb™?) (Jyb™%) (Jyb™H Iy By b (%) (%) %8y (%)
1 16.37 -2.233  =1.297  3.339 0.007 0.330 -=3.181 0.330 - 9.9 —953 093.8
2 16.35 -27024  —1.797  0.154 ~G.011 0.014  —G12¢ G018 - 115 -804 81.3
3 15.23 -2.836 —0.676 0367 0005 ~0.025 0363 0.025 - 39 059 991
4 15.06 —-3.284 —~1.588 0,132 —-0.017  —0.002 -0.027 0017 - 128 203 240
5 15.01 —2408 -—-0.8%8  9.119 —0.013 0.008 D085 0.015 — 127 -—-TL2 723
§ 14,99 -1.767 -0.883  0.224 0.606 0.016 -0.266 0.017 w75 1144 1347
7 14.97 ~1.846 —1.39G  9.56] —0.360 3.031 8973 3.052 48 318 -839 991
8 14.67 —-1.741  ~1.899 0.526 0.020 0,129 —0.505 0131 — 248 =860 99t
9 14.95 —1.127 ~1.5682 0.168 —0.018 0014 -0.088  0.023 — 134 -h2.46 543
10 14.23 -2.386 L1181  7.295 -2.722 -4.162 L6536 4973  ~62 68.2 2.7 719
11 14,13 -1.847 ~1.395 17411 -13.061 5620 5,453 14222 78 SLT 370 897
i2 14.06 -2.791 0683  0.362 -0.138  —0.0645 0,158  (L1ds —81 40.0 436 59.2
13 13.86 —-1.972  —0.851 1.663 —(.538 0.542 —(.59G  0.764 68 476 —36.8 060.2
14 13.64 ~2.268 —1.286 1828 0.142 0.196 1.832  (.24% 28 132 100.2 1013
15 13.56 -1.965 ~0.862 1,225 —{L391 0446 -0.521  0.594 Gh 484  —425 615
16 12.88 -2.919 0716 9375 —0.002 .008 0.002  0.008 - 22 245 24.6
17 12.86 —-1.9%6 ~1.381 8.847 —0.67% ~0.622 9372 0626 48 1.1 105.9 106.2
1s 11.8% —-2.943  ~(L738  (LG60H 0042 0016 0038  0.045 — 7.5 0,2 9.7
19 11.60 —-1.626 1805 G122 —0.007 0009 —0.131 .01 - 88 —1070 1074
20 6.16 -2.041 0592 0.17% 0.005 0.00¢  -0.153  0.005 - 2.6 -83.2 832

© Angular offsets on the sky of the maser from the zero point toward fhe east (B.A}

and north {Dec.).

F Peak flux intensity in Stokes I and use the position of the T peak to measure peak flux in Stokes Q. U and V

respectively.
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Figure 2: Percentage of linear versus circular polar-
ization of each featwe in NGC 7638, Circles, squares
and triangles represent the 1665-, 1667- and 1720-MHz
maser features, respoctively. The degree of polariza-
tion increases from [RS 1 throngh IRS 9 to IRS 11.
{Source: Figure 11(c) of Hutawarakorn and Cohen [4])
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Electron Spin Resonance Study of Gd*" in Zircon
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This research work, the X-band ESR spectra of the untreated zircon al room temperature wilh
the applied magnetic field directions approximately perpendicular to the [100] and [001] directions
have been studied. The ESIU spectra were generated from the microwave energy absorptions due
to the transitions hetween the spin states of gadolinium ions (Gd™, § = 7/2), which were the
impurity ions in the natwral zivcon, This effect can be proved by the study of fine structure of
Clel®.
Dag, hence the Ge

Angular variation of pesk positions reflecied that the symmetry surrounding of Gd% is
lﬁ-r

replrced for the Ze?% in the lattice.

L oasr oA ar o ) o w ad oo = «
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ooE ~ P A o - P s Vo e =
duinesauaiiuapaniinddivnlessu (Ga*t, § = 772y dieFunadumisiiAadyanadamangusdn
wuhmiladifigueziidnvnramminy Dy Auluaplidhmiaddedessuarllumud e fladion
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PACS numbers: 61,721, 61.72.Ji
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INTRODUCTION

Zireom is found in igneous rocks and sediments,
[t i3 a host mineral for radioaciive elements such
as uraninm and thorium in the earth’s crust and
is a natural candidate for usage as a nuclear waste
storage material. 1t has a wide variety of impu-
rity lons, rare-carth lons and several other tran-
sition ions.  Zircon is used as a gemstone be-
cause of its good optical guality and resistance
to chemical attack [1]. It has a high refractive
index (about 1.833-1.992) which responsible for
its diameond-like appearance. Zircon has a specific
gravity about 4.7 and a hardoess of 7.5 on the
Mohs' scale.

Zircon is a crystal of zirconium silicate hav-
ing an cmpirical formula of Ze5i0; and molec-
ular weight of 183.28. ZrSi0y comprises an ar-
rangement of 310, tetrahedrons and ZrQy dodec-

Copyright & 2007 Suranaree University of Technology. All rights reserved.

ahedron; two different arrangements correspond-
ing to two distinet phases are observed depending
on the presswre. ZrSi0, has a tetragonal body-
centered Bravias lattice with 12 atoms in the unit
cell (Fig. 1). The space group is L4y /amd (D))
andd the unit cell containg four Si()_j4 ard four
2:;0;12 groups. The four groups within each set
have the saise geometry and different orvientations.
The $i0; groups are distorted tetraledral elon-
gated along a 2-fold z-axis parallel to the ¢ crys

tallographic axis and their symmetry is Dag [2].

METHODOLOGY

An ESR spectrum is due to electronic transi-
tions between electronic-spin levels which are havd
to caleuiate from the total Hamiltonian of an atom
surrounded by neighbor atoms, especially in low

site symmetry. A solution of the probiem lie in the

CMMPO2-1
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Figure

dodecabedron along the 4 axis {3].

use of a phenomenological Hamiltonian calied the
spin Hamiltonian (SH), It is related to an effective
spin S for the ground state such that the number

of level is 25 +

[4] may be wrilten as

H=pB.g.-§+ Z Z BIO!

q=—k

1. The require spin Hamiltonian

= - —

+§-A.I+I.P-1, (1)

Where
interaction due to the external applied maguetic

the first term correspond to the Zeeman

field. The Zeeman term. 3, B, g and § are the
Bohr magneton, magnetic field, gyromagnetic ten-
sor, the spin aperators S, 5y and S; respectively.

The second term is related to the e structure
interaction and reflects the local symmetry of the
crystal, this term is called zero field splitting term,
The Of" are Stevens's operators and Bff'f {8 asso-
clated real Stevens constant. Operators with odd
i value are not considered because they are not

inv. manl with time reversal.

L L BIOT term is fimited by the electronic
k guek

CMMPO02-2

1: (colar onling). Portion of the zircon unit celt showing interconnection of si0,"

The summation of
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Zirconium
Silicon
Oxygen

Long Zr-0O bond
s Short Z1-0 bond
Si-0 bend

tetrahedral and ZrQy

configuration of the transition metal ion. The re-
quired k value is equal to 2£, where € is the indi-
vidual electron’s angular momentwm number. Fox
example, the transition metal ion in f-block (£ = 3}
hence the highest order of k is 6. The superseript
q is reflected to the symmetry, the presence of Bé”f
will be depended on the appreciable syrmetyy.

The thivd term is hyperfine interaction due to
the interaciion hetween electron spin and nuclear
spin with spin T, A and F are the nuclear spin
tensor and the nuclear-spin operator in the (24 4
1-dimension space, respectively.

The last term is the nuclear guadrupole interac-
tion, where P are nuclear quadrupole tensor [5].

It has been known that crystalline electric fields
izlicract weakly with the SST/Z ground state of
CGd™. The crystal field splitting for Gd™ is gen-
grally smaller than that prodiieed h}-’ the Zeeman
interaction in X-band ESR experinients. The ESR
spectrum consists of seven anisotropic lines de-
seribed by a spin Haniltonign:incorporating both
erystal field and Zeeman opefé_!tc_)fé- (6]

Proceedings of the First National Symposium on Physics'Gr‘qdﬁ'atfe--_gés"':'__F{:h'{i”‘. NSPG)



Electron Spin Resonance Study of G

+ RO + BROY + BRO3. (2)

A chosen nalural zircon sample of dimension
about 2 x 2 % 5 mmn® was cleaned thoroughly with
acid and solvent to removed stains and other iimpu-
rities on its surface. The ESR spectra of the natu-
ral zircon crystal were measured abt room temper-
ature by the ESR spectrometer in the microwave
range of X-band (~ 9.86 GHz).

monnted on & glass sampie holder which conld ro-

The sample was

tate about its axis. The ESR spectra were mea-
sured with the c-axis of the crystal both perpen-
dicutar and parallel to the applied maguetic field
and were recorded in the range of O to 180 degrees

for overy 15 degrees of rotation angle.
3 5

RESULTS, DISCUSSION AND
CONCLUSION

The rotation patlerns of ESR peak positions in
the ESR spectra with the different applied mag-
netic field directions will reflect the fmparity ion
SItC Symmenry.

Sinee most of the ESR spectra are generally very
complicated and some of them are not clearly re-
solved, then it is not casy to comprehend the ESR
information. However at cne distinctive angle of
the magnetic fleld direction: perpendicular to the
[LO0] and 001] divection, ESR spectrum in Fig. 2
and 3 clearly cxhibits seven poaks of fine struciure
that are symmetric relative to the central resonant
fleld { B = 354.31 'L, 333.75 mT}.

The spectrum s genmerated only from the
microwave-energy transitions between the states
within the paramagnetic spin system of § = 7/2
and the ESR spectra shown in Fig. 1 indicated
that the applied magnetic field is more or less par-
allel to the principal divection. This direction s
theoretically taken as an axis of quanlizaiion {(or
z-axis) which coincides with the c-axis of zircon
lagtice. Therefore, whenever the principal direc-
tion (or z-axis) of ESR system is identified. ESR
spectra analysis will become more convenien! o
understand by using the concept of trasfornia.
tlon (l.e. rotation), Applying an external mag-

netic field parallel to the principal direction will

Proceedings of the First National Symposium on Physics Graduate Research (1% NSPG)
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resuli in the ESR spectra being symnetric with
respect to the central peak and having the maxi-
murmn separation between the adjacent peaks. The
angulayr variation plot of ESR spectra as shown in
Fig. 4 and 5 reflects that the crystal field symme-
try of the swroundings arcund the paramagnetic
ion is Dag. Le. the point-symmetry at the 7t

site.

* Faline: onam Yadgie
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Characterization of different types of natural diamonds with Electron Spin Resonance (ESR)
spectroscopy reveals absorption spectrum. The ESR spectra exhibit the detail of impurities and
point defect. In natural diamond, nitrogen is major impurity. The P1 center is one of paramagnetic
center in natural type I diamonds. The ESR spectra of this center consists three strong lines. These
lines. generated from a coupling between the electron spin {s = 1/2) and the nuclear spin {7 = 1)
of the nitrogen atom, exhibited the hyperfine splitting phenomena. Ir addition, the position of
isolated substitutional nitrogen (Pl center) was al {0,0,0) of unit cell. Because the ESR specira
obtained at ¢ = 0, 90 and 180 degree were the same lne shape.
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Impurities in Natural Diamond Observed by ESR Spectroscopy

PACS numbers: TL.76.Ch, V1.70.Ej, 73.20.Hb
Kevwords:

INTRODUCTION

Diamonds ave specifically gemns, which is very
popudar and highly expensive due to its scarcity.
beauty, and durability. Diamend can be highly
valued though it is small in size. According to
these factors, diamond has been made and known
as precious object for a long time. Generally, clar-
ity, color, cut, and carat or quality indicate value
or price of diamond.

The value of a diamond is determined by what
are commonly referred to as the 4Cs, Color is one
of four Cs and is used throughout the world to clas-
sify the rarity of diamonds. Colored diamonds con-

tain imprrities or structural defects that canse the

eolovation, while pure or nearly pure diamonds are -

transparent and colorless. Most diamond inpuri-
ties replace a carbon atom in the crystal lattice,

The most common impurity in diamond crystal is

Copyright @ 2007 Suranaree University of Technology. Al rights reserved.

SR, Natural Diamound, Nitrogen Impurity, Hyperfing Structure

nitrogen in which it causes a shight to strong yvellow
coloration depending upon the type and concen-
tration of nitrogen present. The defects (Le. sub-
stitutional Impurities) can be detected by different
types of spectroscopy, including ESR, pliotohumni-
nescence in ultraviolet light, and absorption of -
frared light. The resulting absorption spectrum
can then he analyzed, identified, and used to sepa-
rate natural from syithetic or enhanced diamonds,
The nitrogen can comprise upto 1% of a diamond
by weight. Nitrogen as a diamond impurity was
firet identified in 1559 by Kalser and Bond of Bell
Tetephone [1]. In this work, we measured nalural
type 1 diamonds by ESR spectroscopy. This tech-
nique was erployed for patural diamond crystal or
powder measurement, Because the ESR technigque
can specify impurities position in crystal lattice

1, 2. 3]

Diamonds tvpically crystallize i the [ace-

CMMPO3-1
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centered cublc crystal systent,  The unit cell
of diamond has two atom basis at (0,0,0) and
(1/4,1/4,1/4). But in natural diamond, the tetra-
hedral or oclahedral are pormally formed. The
group symimetry of natural diamond is tetrabedral,
Ty The tetrabedral arvangement of atoms in a di-
amond erystal is the source of many of dismond’s
properties. Tn this researcly work, TSR spectra of
diamond wete described based on hasic quanium

mechanics.

EXPERIMENTAL

The measured samples were natural type 1 di-
amonds. The samples were not cut and polished
its surface. Due to the polish make to detericrate
plane of crystal samples. The good samples were
cubic shape. We were cleaned thoroughly with
acid and solvent to remove stains and other inpu-
rities on its surface. The ESR spectra of nalural
diamond crystal were measured at room temper-
ature by ESR spectroscopy ln microwave range of
K-band (9.34 GHz).

Subsequently it was mounted on a sample holder
with the c.axis [00L) perpendicular to magnetic
field direction and was inserted into a goriometer
to control the orientation of the crystal axis with
respect to the external applied magnetic field di-
rection, as shown in Figure 1. From Figure 1, 6 is
the angle between magnetic field direction and x-
axis and ¢ is the angle belween projeclion of mag-
netic field on @y plane and w-axis. In this paper,
the magnetic fields were along z-axis, and hence 4
and ¢ arc zere. The magnetic field was varied from
3440 to 3560 Gauss. Then, the ESR spectra were
measured at every 90 degree of rotation phi angle
{(¢) of diamond about c-axis from 0180 degree.

RESULTS AND DISCUSSION

The result of ESR spectra of one diamond sam-
ple is shown in Figure 2, when the magnetic field
was applied in the direction perpendicular to o«
We can in-

axis. There are three strong lines.

terpret these spectra by considering substitutional

CMMPO3-2

z

Figuve 1: Divection of magnetic ficld.

nitrogen in diamond. Bach one of nitrogen atom
replaces a carbon atom to form covalent bend with
-arbon atom (G0N bond} and one unpaived elec-
tron was remained in C-N bornel. In nature. sub-
stitutional nitrogen comprise of nearly 100% VN,
with nuclear spin, I = 1 12, 3, 4. When we ap-
plied magnetic field into aton:, the single unpaired
clectron energy level of nitrogen atom splitted into
two cnergy levels [5], spin up {+1/2) and spin
down{—1/2), as shown in Figure 3. The nuclear
spin (f = 1 for N} is interaction with electron
spin (s = 1/2) which the encrgy levels were split-
ted six level. The energy level of clectrons sphitted
by interaction with nuclear spin, was called the
auclear hyperfine interaction. The transition be-
tween sublevels is under selection rule (Am, = %1,

Amy =) as shown in Figure 3.

We rotated erystal sample about c-axis of crys-
tal through phi angle from ¢ to 90 and 180 degree.
The results of ESR spectra are shown in Figure 4.
Tt is seen that the ESR spectra at phi 0, 90 and 180
degree are exactly tle same line shapes with three
strong lines, due to the symmetry of diamond crys-
tal is tetrahedral and unit cell is faced-center cubic.
Mereoves, when we rolate the crystal sample every
00 degree in which the angle between position of
substitutional nitrogen and direction of wmagnetic

field is the same.

Proceedings of the First National Symposium on Physics Graduate Ressarch (1% NSPG)
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Figure 3: Hyperfine splitting for s = 1/2 and [ = 1.
CONCLUSION spectra for all phi angles is comparably similay due

The characterization of paramagnetic center in
diamond hag been studied by ESR spectroscopy.
The results of ESR spectra ohtained were three
lines at phi angles of ¢ = 0, 80 and 180 degrees.
These peaks, generated rom a coupling between
the electron spin {& = 1/2} and the nuclear spin
(I = 1; of the nitrogen atom, exhibited the hyper-
fine splitting phenomena which prove the nitrogen
impurity in the diamond of type I. Since the ESR

Proceedings of the First National Symposium on Physics Graduate Research (1" NSPG)

to the angles between subtitutional nitrogen and

magnetic field were the similarisy,
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Effect of Annealing Ambient on Structural, Electrical
and Optical Properties of ITO Films
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Indium tin oxide (ITQ) films have heen <eposited on glass substrate without heating by DC
maguneiron sputfering using an IngOs~5n0s {90-10 wt%} target. The varions oxygen pas flow
rates (0-2.0 scam} of FTO fims coating changed the crystal orientation to (222) peak. The I'TO
films prepared. have been compared of structwral, electrical and optical properties for as-deposited,
annealed i alr, and annealed in vacuum (2 % 1077 mbar) at 300 °C for 1 hour. Alter annealed,
the JTO films Increased their crystalline structure, as revealed by XRD analysis. The ITO film
has a lowest resistivity of 2.89 % 107% Q cm after annealed in vecuum, and the filn has a lower
transmission in NIR than the Glms which annealed in air, or as-deposited.
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INTRODUCTION

Indinm tin oxide {ITO) thin files have been
widely used in many applications for optoelec-
tronic device such as gas sensors 1. 2], hetero-
function solar cell 3], electrode in a dry-sensitized
solar cell [4], eathode in transparent organic light-
emitting diode [5], ferroelectric photoconductor
storage devices {6], and some other applications
for architectural and automotive glass {fow-¢ coat-
ings) {7]. Because ITO thin films have a good elec-
trical conduction and high transparence in visible
region, which in fact ITO is an n-type semicon-
ductor with a wide band gap (E, =~ 4 &V} [§].

Copyright @ 2007 Suranares University of Technology. All rights reserved.

High quality ITO thin filins have been prepared
by various deposition methods such as sputter-
ing {9, 10, 11, 120 L3], sol-gel {14], chemical vapor
deposition {CVD) [15], and electron heam evap-
oration [16]. Due to a high sputtering rate and
good flm performance, DC-magnetron sputtering
is widely used. In this work, we deposited IT0
thin flms on glass substrate by DC-magnetron
sputtering without substrate extra heating and in-
vestigated the effect of annealing in air and in vac-
man to determine the effect of changes in struc-

tural, clectrical and optical properties.

CMMPO04-1
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EXPERIMENTAL DETAILS

The target used in this work was a 80 wt'% Iny Oy
and 10 wi% SnQq {purity 99.99% diameter 3 and
thickness 0.25"), The glass substrate was ultrason-
ically cleaned in acctone, rinse in deionized water
and allowed to dry in alr before deposition.

The sputtering was performed in a mixed Ar- Oy
{(prrity 99.99% and 99.99%) which was separately
controlled by mass fow controllers. The gas flow
rate of argon was fixed at 50 scem and oxygen was
aried in the tange of 0-2.0 seewn, The distance
between the ITO target and the glass substrate
was 8.6 em, and the DC power was kept constant
at 50 W, A turbo-molecular pump coupled with a
rotary pump was nsed to achieve a base pressure
of 6 % 107% mbar before introducing gas mixtures
and working prossure of ahowt 5% 1079 mbar. The
fitms prepared at room temperature were then an-
nealed at 300 °C in difierent ambient conditions.
one i air and the ather m vacuum {2 1077 mbar)
for 1 h.

The films thickness was measured with a spec-
troscopic ellipsometry.  In this work, the mea-
surements were performed on the films having the
thickness about 230 nm. The x-ray diffractometer
was used to study the crystallinity and crystal ori-
entation of ITO thin films. The optical transmis-
sion spectra of films in UV-Vis-NIR region were
recorded by a spectrophotometer. The electrical
resistivity was measuredd by four point-probes in

van der Pauw configuration.

RESULTS AND DISCUSSION

The effect of oxygen gas flow

Fig. 1 shows the XRID patterns of ITO films pre-
pared at DC power of 50 W, argon gas How 50 scem
an time coated 600 s (230 nm thick) at room tem-
perature for various oxygen gas flow in the range
of 0-2.0 scain. kb could be seen that the intensity
ratio of (222}/(408) peak inercased with increasing
the oxvgen gas flow rate. However, only the small
amount of ITO films showed orystalline stracture.

Fig. 2 shows transmission spectra of ITO thin

CMMP34-2
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fitrn at various vxygen gas How rates prepared at
DC power of 50 W, argon gas flow rate 50 scem
and time coated 600 5 {230 nm thick) at room
temperature in the range of 190 pm Lo 2106 nm. Tt
could be seen that the filins had high transparence
in visible region {78%) and near infrared region.
The transmission at ultraviolet region of ITO films
rapidly decreased due to absorption at the energy
band gap (&)

The effect of annealing arabient

A study of the effect of annealing ambient we
prepared the 1TO filims at DC power of 50 W,
gas flow rates of argon and oxygen were 54 and
0.5 scem, respectively and time coated GO0 s
{230 nm thick) al room temperature. Fig. 3 shows
the XRD patterns for specimens of as-deposited,
annealed in air and annealed in vacunm at 300 °C
for 1 h.
ITO films became crystalline after anneating, The
dominate intensity of the four peak, (222). (400),

It could be seen the XRD patierns of

{440} and (622}, were significautly affected by an-
The intensity ratio of (222)/{400) peak

for specimen after annealing in air is higher than

nealing.

annealing in vacuun.

Fig. 4 show the electrical resistivity of 1TO pre-
pared at 50 W, gas flow rates of argon and oxygen
were 50 and (.5 scem, respectively. The resistivity
decreased [rom specimens as-depostied, annealed
in air, and annealed i vacmun [~ 2 1079 mbar),
respectively. The specimens annealed both in vac-
uum and in air show Ligher crystallinity, but the
one annealed in air should be oxidized fo form sto-
iclicanetric oxide with high resistivity, while the
one annealed in vacuum, no oxygen, should have
more oxygen vacancies that provide the film with
lower resistivity [17]. :

Fig. 5 show Transmission spectra of ITO for
specimens as-deposited, annealed in air, and an-
nealed in vacuwm ab 30{)_°C_‘:. for L hi. The transmis-
sion in visible range we;‘e' h:igh:i_'n both anmncaled
cases, but the transmission: i'l}-:i.li_é-' near infrared
range of the specimen 'aym'(_?é_mi_(—z_d.' i vacuum was
lower than annealed in él'ii; mz'(_'l g@s-_c:lé;‘)(’)sit.ed. Con-

sider transmission at ultraviolet fange of ali films,

Proceedings of the First National Symposiurm on_Physécs:G_{adgiéﬁ'e".'Rggé_afc'§1 (1% NSPG)
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Figure 2: Transmission spectra of ITO thin filin at various oxygen gas flow rates.

the edge of absorption was shift to the lower wave-
length for annealed in vacuum, snnealed in air and
as-dleposited, respectively. The change of the band
gap energy of films after annealing has been re-
ported as a Moss-Burstein shift [18].

CONCLUSIONS

The sputtering of ITO with fixed argon fow
rates of 58 scemt and varied oxygen flow rates of 0-
2 scern. The as-deposited fibm on glass substrate
form small amount of crystalline structure with
preferred orientation in (400} plane in case of no

Proceedings of the First National Symposium on Physics Graduate Research {™ NSPG)

oxygen flow rate, but the orlemation changed to
{222) plane when oxygen flow rate increased. The
ITO film with oxygen How rate (1.5 scom, after an-
nealed at 300 °C for 1 hour, both in air and in vac-
nam, showed that the Blm erystallinity increased.
The one annealed in vacuum showed lower inten-
sity ratio of (222)/(400} than annealed in air due
Lo more oxygen vacancies and resulled in lower
resistivity,  This lower resistivity of vacuun an-
nealing provided lower infrared transmission due

to heat mirror effect of lower resistivity.
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Titanium dioxide has been extensively studied for optically active transmission films due to
its high index of refraction and transparency across the visible range. Film characterization
based on variable-angie spectroscopic ellipsometry (VASE) is desirable in order Lo understand
physical and eptical characteristics of the films. A number of thin il samples were deposited by
ion-assisted electron-beam evaporation, and eventually annealed in air atmosphere. The crystalline
structures of as-deposited (ASD) and annealed flms were deduced hy VASE, and supported by
Xeray diffractometry (XBRD). The optical properties of the flns were examined by VASE. Several

SE models, calegorized by physical and optical models, were proposed based on the “stmpler-

better’ rule. Curve-fits were generated and compared to experimental data using regression analysis,

mannldunualnmdiediasesledidTuenuals deamnmemidilinngsasdianulaiugg
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PACS numbers: 68,055k, 68.60.-p, 78.20..¢

Keywordg: Ty, Evaporation, Spectroscopic Bllipsometry.

INTRODUCTION

Titanium diocide thin filn: has been widely stud-
ied for optical applications due to its high index of
refraction and transparency [i, 21 The electron-
heam evaporation is ene of the preferred methods
for T10; film deposition to achieve high-quality
optical thin Blms [, Limit controls of the depo-
sition process may however yield inhomogeneous
transparent films that are in need of annealing for
encouraging results [1, 2]

Although TiOp iz recognized of having three
phases (anatase, rutile and brookite), only amor-
phous, anatase and vutile films have been exten-
sively observed. Post-deposition annealing is the
key factor to modify microstructure of amorphous
Ti0y Blms [2]. Therefore, film characterization by
VASE is therefore appreciated in order to under-
stand the effects of annealing to physical and op-

Copyright @ 2007 Suranaree University of Technology. All rights reserved.

tical properties of the films.

FILM CHARACTERIZATION

The Ti0y thin fhns were prepared by ion-
assisted electron-beam evaporation with operat-
ing pressure of ~5.0 % 1077 Tory in oxveen atine-
sphere. The 68.09% pure Ti0, tablets were used
as a source, while pure oxygen was being supplied
into the chamber via a cold-cathode fon source.
The substrates were polished St wafers (100} and
micre slides, maintained at 250 °C. The nominal
film thickness was configured at 200 nm at 2.0 A /s
deposition rate. Afler deposition. the cooled-down
filin samples were annealed and allowed to cool
overnight and stored in alr atmosphere. .

The physical strueture and optical constants
of the films were determined by J. A, Woolam

CMMPG9-1
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variable-angle  spectroscopic ellipsometer. The
proposed physical model corresponding to cach
filir sample was generated based on appropriate

generalized oscillalor lor the optical dispersion,

and eventually curve-titted with the experimental
data. The goal is, by a regression algorithin for
the ellipsometry eguation, to minimize the mean

gguare error function:

N . i oxgr
) 1 g (pl_noc_i — \l’:,f‘hvl’ Amod AL {
MSE = 9N AT Z : X : + : X : (])
IN - M — (T‘p!! T
f

where N is the number of measured ¥ and 2 pairs,
M is the total number of variable parameters and
o i the standard deviations. The ‘med’ means
the theoretical calculation, and the ‘eap’ means
the gxperimentaily measured data,

The film crystalline structures were also exanm-
ined by a Bruker X-ray diffractometer operating
with CwKay1- The XRD results were to be ana-
Iyzed in comparison with the VASE results,

Physical Modeling

A physical model was constructed in order to
describe physically possible TiO, filins, The films,
assumed to be ideally homogeneons, were frst de-
scribed by a single-layer model (Figure 1a). The
second proposal was a double-layer film with a
dense TiOg layer and a surface roughness atop
{(Figure 1b), based on the island film formation.
Generally. inhomogeneity was particularly consid-
ered for the island Alm growth which optically rep-
resented a mixture of dense material and void [3].
Therefore, the third proposal was to include a
heterogeneous mistwre layer of TiOy and exces-
sive material (Figure 1o}, The additional nix-
ture would be identified as a voided layer, using
the Bruggeman effective medium approximation
(BIEMA) for the estimated percentage of the mix-
ture,

These three proposed physical models were then
curve-fitted in comparison with experimental data
(Figure 2). Ewven though the single-layer and
double-laver models offered reasonable curve-fits

CMMP09-2

in low photon energy range, they tailed to deseribe
the fits in high photon energy range, Obviously,
the triple-layer physical model proposed the best
curve-fits,

Optical Modeling

The Caunchy {CH) dispersion is a simple for-
munlation to describe the refractive index and the
Urhach absorption formulation was intreduced for
the extinction coefficient. The Cauchy dispersion
is therefore represented by [4):

; By Ch, 3.
R(z\) = A” + —/\—2" +- —A—I (42(!-}
EEY = %oxp (b J;:fb) . (21)
he
E= % . (2¢)

where A,, 2, (. Eg and E) are the Canchy pa-
rameters. This optical model is generally suitable
in visible and infrared regions. However, it cannot
well deseribe optical dispersion in the UV region,
for which it is a model of choice for insulator and
dielectrics.

The Lorentz oscillator was considered in an as-
tempt 1o describe the optical constants for semi-
conductor, by using a ¢lassical spring-mass syslem
of dipole oscillation. Recalling that the Lorentzian
diclectric function: & = (.~ k) = £; 4 tza. the
refractive index can be ideally obtained as [3);

{3a)
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®

Figure 1 {color online). Schematic representation of the proposed (a) single-layer, (b} double-layer and {¢) triple-

tayer physical models for the SE-macdeling procedure.
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Figure 2: {coler online). Hustration of generated and experimental data. curve-fited with three physical models:

{a) fittings on T, {b) fittings on A al 70° incident angle.
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L

ME) = \/ -
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The Lorentz oscillator is an ideal formulation to
clagsically describe dipole oscillation in an alom.
For semiconductor TiOs, quantum-size effect and

JlEnC (E T

Band gaps ave essentially important. Therefore,
the Taue-Lerentz (TL) dispersion has been pro-
posed by combining the Tane band edge with the

classical Lorentz broadening function:

E)F 1

E > By,

(E2 — Eg)'-2 - CRE2| L

where A is the amplitude, Ey is the peak transi-
tlon energy, € is the broadening constant, and f,
is the band gap. Applying the Kramers-Kronig
relations, then ¢ can be derived:

*galf)

‘ggw[f) o (5)

ef{E) = g1{o0) + ;rz— P
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The TL optical model, however, has explicit re-
striction of g4 to be zero for encrgles less than the
band gap. The Cody-Lorentz (CL) dispersion was
preposed to offer a contribution above the band
edge, by parameterizing transition energy in the
transparent and interband transition regions. This
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pives {6, 7]:

By, (E - F
e | EX) |
5 )PP TR,

ga(E) =

). 0< B FE,

(6)

A E{) I'E

GIE)

where £) s a transition ecnergy between the Ur-
bach tail and band-to-hand transitions, B, repre-
sents the extent of broadening, G{E} represents
the joint density-ofstates, and Ly is a transition
enerey for the absorption onset.

Examples of Hlustrations of the geperated and
experimental data are shown in Figure 3 for the
optical model comparison, where the CL optical

model offered the best curve-fits.

RESULTS AND DISCUSSION

Based on the film characterization, the ASD film
was initially represented hy a double-layer madel,
was close to that of
360 °C, the film could
only be represented by a triple-layer model, with
That
is. the ASD (ilm was actually a metallic sub-oxide
Ti0, film.

ever, resulted in oxygen diffusion into the

whose its refractive index

anatase. After anmealing at

a significant drop of the refractive index.

Annealing in air atmosphere, how-
dense
Dar-

incor-

film layer. possibly at inferstitial vacancy.
ing annealing. cxygen molecules may have
porated with the material to form an amorplous
Ti02 structure,

Further increase in annenling temperatires up

Lo 500 °C resulted in a slghl decrease in ihe

BEMA layer, and a slight increase in the dense
Gl laver {Figwre 4). The merease in the refractive
mdex means that the amorphous-fo-anatase phase
transition has been detected. From Figure bb, the
500 °C amnealed-filn demonstrated an index -
crease very close to that of anatase, corvesponding

to several reports (81

CMMPOS-4
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Anmncaling treatment at 600 °C and 700 °C re-
sulted in vet again a decrease in the refractive in-
dex. while the fihn's physical wodel continued to
Lave an increasing BIEMA laver thickness and a
decrcasing dense TiOs layer thickness (Figure 4).
The film began to deteriorate and became appar-
ently swollen. The peeled-ofl fiim layer logically
resuited in decrease n the refractive index, Alto-
gether, this leads to inercasing total il thickness,
in which it corresponds o previeus work [8].

from IMgure 4b, the XRD patterns showed
phase variation from annealing. The ASD film
was supposedly amorphous, whereas annealed Him
at 300 °C-400 °C illustrated a slight inerease in
analase phase. Annealing temperatwre at 500 °C,
however, caused phase trausitions from anorphous
or anatase to ratile phase. At 700 °C, R(101) was
considered the preferred orientation, while 2{110)
has a comparable intensity. Annealing at 500 °C-
600 °C 18 possibly the critical phase-transition tem-
perature for anatase-to-rutile structure,

Evidently. the XRD measurcments on the film
support the lm characterization rom VASE anal-

ysis. The ASD filu, with amorphous phase and

high refractive index, is said to be & metallic Ti0,
film, possibly cansed hy less chomical reaction he-

tween Ti0y evaporants and reactive oxygen ions.

CONCLUSION

The ASD Ti0y {ims were lound to be an inho-
mogenecus, double-layer, sub-oxide film, The film
characterization demonstrated that the double-

ayver film bhecame the triple-layer film immedi-

Praceedings of the First National Sympaosium on Physics Graduate Research {17 NSPG}
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Figure 4:
the TiCa flin sample. prior and after annealing,

alély after annealing. The mixture of TiO2 and
voids became significant., Furthermore, annealing
temperatures caused an increase in the dense filin
laver, and a decrease in the voided layer. The to-
tal film thickness increased with increasing anneal-
iug temperatures and resulted in the swelling. At
700 °C, the Blms suffered from deformity and failed

to maintain their optical characteristics.

All in all, the VASE measurements, integrat-
ing with the XRD measurements, can extensively
characterize the [ling' physical and optical prop-
erties, whereas the VASE analysis is more practi-
cal and informative. The developed SE-modeling
procedure is supposedly capable of characterizing
TiOy thin films prepared by either sputiering or

evaporation processes. Ideally, SE analysis can

Proceedings of the First National Symposium on Physics Graduate Research (3% NSPG)
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(color online). {a} Mustrations of sub-layer thickness evolution and {b) X-ray diffraction paiterns of

also characterize other metal-oxide thin films, us-
ing similar physical model approaches and optical

model considerations,

This study was techunically supported by the Na-
tional Electronics and Computer Technology Cen-
ter (NECTEC), and the Depariment of Chem-
itry. Mahidol University.
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Pentaguark Production in Neutron—Proton Collisions
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The production of the pentaquark 6% in the np - AnK™ reaction is simulated in the UrQMD

model. A narrow peale around 1540 MéV is found in the nK™ invariant mass spectrum. Qur study

feads to positive results towards the existence of the pentaquark €7,

nzznumnfaunzenin 07 halffin np - A%Kt gatwedlavliuriiaess GiOMD

wuhidifiauaug sounta 1540 Mev luadnafinalusiues oKt

mafiemuazanin of

PACSE nurbers: 12,381, 13.75.0s, 12.85 . Hd

Keywords: Quark, Pentaquark, Exotic Baryon, GrQMD

INTRODUCTION

Normal hadrons are classified into two groups,
that are, mesons, quark-antiguark pairs {(qf) and
baryons, three quarks system (qqq). A large num-
ber of such particles have been confirmed in ex-
periments.  As prosently understood, QCL does
not forbid the existence of multiquark states other
than quark-antiquark and three-quark systers as
long as they form color singlets. Multiquark states
other than quark-antiquark and three-quark sys-
tems are called exotic hadrons, exotic mesons {i.e

qde. gtqq; and exctic barvons {Le. qqooi).

The exotic baryon known as “pentaguark”
{qqqqt) has attracted strong interests both in the-
oretical and experimental sectors. The first pre-
diction is suggested in 1097 by Diakonov. Petrov
and Polyakov using the chiral quark soliton model
It was predicted that the exotic barvon posses
spin 172, isospin 0, strangeness +1 and has a
relative low mass of about 1530 MeV with to-
tal width less than 15 MéV [1]. The LEPS Col-
lahoration at SPring-8 reported in 2003 [2] the
first evidence of the lightest pentaquark. called
% in yn — K"K¥a reaction. The existence
of the pentagquark ©F was later confinned by
the CLAS. SAPHIR, DIANA and HERMES Col-
laborations. O is considered to be an uudds
state with strangencss (§ = +1), barvon number

Capyright © 2007 Suranares University of Technology. All rights reserved.
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(B = +1}, charge {Q = +1}) and mass of around
15340 MeV [3-6].

In experiments, the @F is observed as a narrow
peak in nK* invariant mass spectrum. The defi-

nition of Invariant mass is

MoKt = \/ (Eo+ Eg+ ) — (B +Bic-)* (1)

where M (nIK7), & and 7 are the mass of ©7F, en-
ergy and momentun: respectively. Shown in Fig. 1
is the diagram of the reaction yd ~— KTK™pn in
the CLAS experiment [3], where the collision be-
tween the photon. y, and the nentron, n, in the
deuteron target produces K7 oand @7 which de-
cays to nlKT. Displayed in Fig. 2 is the final nK+
invariant mass spectrum, A (K1), of CLAS ex-

periment.,

d p

IMigure 1: Diagram of the reaction yd — K"K pn at
CLAS experiment [3] and the decay of the pentaquark
&% tankt.

The Brst round of observations of pentacuark

CHEPO1-1
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Figure 2: Invarianl mass of the uk? spectrum shows

a sharp peak at the mass of 1542 MeV [3].

candidates looked on the one hand very prowis-
ing. but on the other hand all suffered from the
low stasistical significance. Moreover, there is a
list of experiments which id not find any narrow
structure in the region of interest, These resulis
come from ecither electron-positron coliisions {7] or
high energy reactions vsing a hadron beam [8, Y].
Very recently a series of high statistic experiments
and refined analysis have been started to claify
the situation. The actual vesult is still conflusing.

The pentaquark 8% may be produced in non-
strange particle reactions [10] such as yN, NN and
7N collisions. However, up to now, most exper-
iments have studied only the vN reaction. It i
interesting to study the existence of the 6% in
the NN reaction.

lation [11] shows that the maximun cross sec-

Because of theoretical calcu-

i

N

of mass energy of 3.4

tion: o for the NN collision is around the center

V.o In this work, the
np — APnK* reactions are simulated by using
the Ultra-relativistic Quantun Molecular Dynam-
ics model {(UrQMD) to check the existence of nK*

I@sOTances stemn.

THE UrQMD MODEL

The Ultra-relativistic Quantum Molecular Dy-
namics {UrQMD) model has been developed over
ten years by hundreds of physicists since it was
itiated by Frankfurt Heavy-Ton Group, Institute
for Theoretical Physics, Frankfurt University, The
main goals are to gain understandings, within a
single transport model, of the foltowing physical
phenomena such ast creation of dense hadronie
matter at high temperatures; properties of nuclear

matter, delia and resonance mat creation of

mesenic matter and of anti-matter; creation and
transport of rare particles in hadvonic matter: cre-
ation. modification and destraction of strangeness
in matter: emission ol electromagnetic probes.
The model describe the relativistic Leavy lon col-
lHsions in the energy range from AGS (Alternat-
ing Gradient Synchrotron, Brookhaven) up to 5PS
{Super Proton Synchrotron, CERN} and RHIC
{Relativistic Heavy fon Collider, Brookhaven).

T the TrQMD model [12, 13}, the projectile and
target baryon arve expressed in terms of Gaussian

shaped density distributions,

iy ey & . " R .
EACINIES o EXp g T ["31 - ""J(t)] a “fipy(” IR (2}

The wave function of projectile and target are
just the product of wave function from each single

barvon Gaussian,

® =] [ (& 85.0)- )
i
CHEP01-2

The Interactions emploved are Skyrme potential,
Yukawa potential, Pauli potential and Coulomb
potential. The UrQMD Hamiltonian take the form

Proceedings of the First Nationat Symposium on Physics Graduate Research (1" NSPG)
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N N N

. 1 " . “ S i
. § —kiu 2 E oak2 sYukaws | pConlorb 4 prPauliy E E z
_[{UI'QMD - EJ + :_): (Eﬂ.‘ + Ej.’n -1 Lj',‘: + 'L’ﬂ-: ) -t 6 .

demi ge=i k=1

s i 5k2
where B, E5E,

E}}}:ll—mwe\, Eﬁéndomb: Eﬁi\uli
and E;’E‘f are kinetic encrgy, fwo body Skyrme,
Yukawa, Conlomb, Pauli and three body Skyrme
potential energy respectively.

In heavy ion collisions, a large number of parii-
cles are produced. The UrQMD model has capa-
bility to identify 55 different baryon species (-
cluding mcleon, defta, hyperon amd their reso-
pances} and 32 different meson species {including
strange meson and its resonances).  Their anti-
particles and sospin-projected states can also be

determined,

RESULTS AND DISCUSSION

The np ~ AYnlKt reactions are simulated in
the UrQMD model.

simulations of np — A'nKT reactions for 1 mil-

The first step work s the

Yon events at each center-of-mass-energy /s which
varies from 2.7 GeV t0 3.2 GeV with astep 0.1 GeV,
“The invariant masses of nKT system are calcu-
Iated by using Eq. (1), The number of events
with A®nK¥ in final state ave counted as frequency
count with the corresponding invariant mass range
of 20 MeV.

&0

70+ —-Li ..rmi

60 -

i1l

30+

Na, of Events.

¢ T T T T T T ¥ ¥ T T
140 145 150 155 160 465 170 175 18} 185 180 195

invariant mass of i’ {GeV}

nK*t invariant mass in the np — A’nK™
reaction at /s = 3.0 CéV for 1 million events.

Fighre 3:
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d=1 k=t dasd

Presented in Fig. 3 s the niC™ invariant mass
spectrm in the np — A%pK™T reaction at /s =
3.0 GV for 1 million events, which clearly shows
a nartow peak avound 1540 MeV while the others
center-of-mass-energy are not found.

One may argue thal the resonance peak may be
the pentaquark ©7. To coufirm the evidence of
OF in np — APuK™T reaction at /5 = 3.0 GeV, we
have alse simulated the reaction np - A“nK™ for
2, 3 and 4 millions events. Fig. 1, 5 and 6 show the
ulCY imvariant mass spectra in the np — APpKT

reaction for 2, 3 and 4 willion events, respectively.

60 LAARAL RAARE ALY T Freery ¥ aas:
48

120+

1004

B0 -

Mo. of Events

B0

20 - s i

o . T TP T T Eaana
140 145 50 155 1B0 185 170 V5 180 185 180 195

invariant mass of nK {BeV)

Figure 4@ nK? invariant mass in the np — A%nK™

reackion at /3 = 3.0 G&V for 2 million events.

It is found that with higher statistics the narrow
peak around 1540 MV in the aKT invariant mass

speclrum is still seen clearly.

CONCLUSION

The simulation of the np - AnK* reactions
using the UrQMD model at /s = 3.0 GV for 1

to 4 million events shows that there exits a narrow

peak around 1540 MéV in the nK¥ invarianl mass
spectra. The narrow peak may be luterpreted as
the pentaquark ©7{1540) with the quark configu-

ration undds.
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Figure 5:

A Lampdirat, Proc. 17 NSPG, CHEPOL (2004).
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Israel Junction Conditions on Hypersurface from
Variational Principle Approach
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Fundamental Physics & Cosmology Research Unit,
The Tah Pov Academic Institute (TPTP), Department of Physics.
Naresuon University, Platsanulok 65000, Thailand

Einstein’s feld equation can be derived using variational with bonndary term that vanishes at
infinity. In case of bounded spacetime, we can inclade boundary terms inte gravitational action.
The result is Isracl junction conditions on a hypersurface. The method has been widely applicd to
brageworld gravity and braneworld cosmology.

aunsmnmeslardalashungiddadonilthmeuideimanmiall aunsagnidlagldizng
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anszgndlfadiisvsnaslunguiannlfudnuvuasuseuazdnimainnuunrey

PACS numnbers: 02420 Fy

Keywourds: Isracl junction conditions, variational principle, gravitational action, hypersur{ace.

INTRODUCTION METHODOLOGY

Among several variational principles used in We start by reviewing the standard derivation of
general relativity, the most common one is to  Einstein's field equation from the Einstein-Hilbert
use the Emstein-Hilbert action which an integral  action.

over the invariant four-vohume to the Ricel scalar

{curvature scalar).  The structure of the varia-
tion can be split inte two partss one viells Fin-
stein's field equation in vacuum {excluding matier
term}, and another, with a four-divergence form
resulting a swrface term known as the Gibhons—
Hawking boundary term. In general, surface tering
are neglected in derivation of field eguation rom
an action. But in this case, our manifokd {space-
time} is bounded. A action considered here is the
Hinstein-Hilbert action with sugface term. When
“our manifold is bounded, it antomatically splits
into two parts. They are called a bulk and a hy-
persurface. Variation of surface terms is done with
respect to an induced metric on hypersurface, not
the metric on the manifold. The result leads to
the Tsrael jurction conditions, if malter action is

included on hypersurface.

Copyright & 2007 Suranaree University of Technology. All rights reserved.

1 .
Slﬁl‘l £ f/ Vol I (14.1'. (”‘
ZH J

where A denotes the manifold, g is & determi-
nant of the meirie g, which has a signature of
R is the Rieci

Varving this action with

(=, 4,4, +) I our convention,
scalar and £ = 8w7G.

respect to the metric, we get
. HE , . ‘
5Sin = - / Vg Gl 8™ A 4 85y, (2)
“h Ad

where G, is the Einstein tensor and 855 is a sur-

face term, It Las the lollowing form
. L[ o= s
Sy = / Vb K &, {3
Ry

2 denotes the hypersurface or owr boundary of
the manifold, f is the determinant of the induced
metric on X and K is the trace of the exirinsic
curvature of that houndsry. We can define the
epergy-momentun bensor in the usual way,

2 85a

T = =75 g

CHEP92-1
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where Sy denotes the matter action. The full ac-
tion i8 5 = Sgu + Sy, which does not lead to
the Einstein’s ficld equation since our manifold is
assumned to be a restrictive spacetime. The sur-
face term therefore cannot be set to zero, I the
dertvation of gravitational action, the metric and
incluced metrie do not vary on the boundary such
that 8¢, = 0 and 8l = 0. (Tlere we use Greek
mdices {(geor.. ..} which ran from 0 to 3 to de-
note ceordinates on the manifold, and Latin n-
dices {a,b,...) which run from | to 3 to denote
coordinates on 5.} We generalize the equation (2)

1
(SSC}i'i\Vity =57
i

NSPG, CHIEPG2 (2008).

by naming the first texm as the variation of gravi-

tational action, and get the result

. 1 )
bGruv}L_\-’ = 9_.'1 I:[ V/::_(; R (11.'['
=0 LA

+ 2 / V-h K d%} L)

This action is used to derive of Israel condition,
Hereafter, we will not fix the moetric and the in-
duced metric on X for this derivation. The varia-

tion then gives three terms as follows,

[] V=g Gy bgh &l + 2] Vol (Kan = hap &) 80 d*a
Y b

o+ / Vol Dy (P, 8n) c?i]:} . {5)

Dy in the Jast term dencles a covariant derivative
associated with the hypersurface 2, and n® is the

norinal unit vector to X, whose nermalizagion con-

f

term in the equation (3) is a divergence term. It
vanishes by using Stoke’s theorem with a bonndary
on X at infinity. Finally, the variation of gravita-

dition is n,n® = —| for X is spacelike [3]. The last  tlonal action is
|
1 b e Lo . : .
OSGavity = = ) [/ V=g G by’ A% 4 / V=i (I\dh — R} sht %l (6}
RO v B

The energy -momentwn tensor,
2 85t
/-h Shet

i inchwded on X by adding an action for matter,

toy =

S\iat, 0 the gravitational action. The Einstein
tensor, (5., in the bulk vanishes hecause {4, is
only included on 2. Therefore, the total action,
SGeavity = Spn+ S+ e gives the Tsrael junction
condilions

Koy ~ hapdC = —87C o (7)

The energy-momenium tenser on a hypersurface
does nol necessarily conserve because energy can

CHEPG2-2

fiow from the hypersurface to the bulk, This can
be seen by taking the divergence of the Israel junc-
tiom conclitions:
Dot == me DK™ - D (WY (8)
gnld ‘

The right side can be evaluated wsing Gauss-

Codacel relations [2], giving

, 1 .
Tt — e R nth®
aLr

_Tcd 'H'uh‘dbe (9)

i

where Thg is the bulk energy-momentum teusor,
This equation describes comservation of energy
when T.q moves from the bulk to the boundary.

Praceedings of the First National Symposium an Physics Graduate Research (1% NSPG)
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CONCLUSION

Usually, in deriving the Einstein's field equation

using the vartational principle, we use a hound-

ary term that vanishes at infinity. But because of

an attempt to explain bounded manifolds or space-
timnes, e.g. black holes, & boundary ferm cannot be
set wero. By varving this teyrns, the Israel junction
condition on a hypersurface is obtained. I acts as
a connection between the events side and on the
boundary, There is wide application of the Isracl
Junetion condition to cosmology, and to the idea

of Braneworlk] gravity and Braneworld cosmology.
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Cosmological Dynamics from Modified f(R) Gravity
in Einstein Frame:*
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In this paper, we investigate and analyze the cosmmological dviamics of the universe which is

an effect of modified f{R) gravily emerging at cosmelogical scale. 'We choose Einstein frame as a

physical frame. We consider phase portraits at present and late time of the universe from modified

F(R) model gravity. This result yields an acceleration phase of the universe without existence of

dark coergy.
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Reywords: alternative theory of gravity, accelerating universe, cosmological dynamics, conformal transfor-

mation, Binstein frame.

INTRODUCTION

The alternative explanation to solve Dark Eno-
ergy problem s modification of Einstein gravity
theory to be sowrce of aceeleration universe. Car-
roll et al {1} purposed of modified nodel of gray-
ity by adding inverse power of Ricel scalar into
Einstein-Hilbert action giving deviation from gen-
eral relativity at small curvature and causing ac-
ceferation at large seale. This happens either with
de Sitter and anti de Sitter solutions in vacuum
case which provides purely gravitation driven ac-
celerating universe and good agreement for test-
ing in current cosmological observation data. The
modified f{RR) gravity model i3 very interesting
because it was shown i can be derived from
string/M-theory [3].

pects and extends this model. We will consider

Many works on various as-

cosmological dynamics of modified graviey like

{1, 21 but we use metric variation formalisms in

“ef. arXiv: astro-ph/0606612.

Copyright © 2007 Suranaree University of Technalogy. All rights reserved.

Einstein frame phase portraits diagrams, We con-
sider this scenario in [Binstein frame as the physi-
cal frame and this frame gives ug to self gravity of

gealar feld effective potential V(@) [4, 5, 6].

METHODOLOGY

In this section we review the conformal trans-
formation method follow [4, 5, 6], The action for
SUR) gravity of Jordan frame without matier field

can be written in forms,
. NY. .
5y = e /j(h’.) V=g dte {(n
R

where 17 = 87G. The field equation frora (1) in
Jordan frame gives us the fourth order and very
complicate to solve [l 21 We choose Einstein
frame as physical Dame for i€ s simplicity, We de-
fine the conformal transformation between Jordan

and Einstein frame as [13]
£ 2 :
Yab = et Hub- (2)

where ¢ = In f/{R)}. We ohtain action in Finstein

frame by use conformal transformation i (2) ie.

CHERP04-1
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Hab — e(ﬁ.'guf: 13» 4, ‘51 6]
¥ E 3 Rwi
Sg = — R 3 Vo0 ¥

2
- V(@] V-Fgdle  (3)

2K

- 1l ¢ . .
LRab Y Lytlb LR =3V, Vg ~

and when varving respect 1o ¢, we gel the Klein-
Gordon equation

V.V + % e (5)

where Vi, &= dV/dg. Now we consider present uni-
verse based on FRW metric which is spatially flat,

ds? = —di? + a7 (0 [da? + dy + AP {6)

where alt) is scale factor of universe.

Now we calculate the modified Friedman equa-
tion in Einstein frame from line element (6}, the
{0,0) component of field equation (4} the Friedman

equation and the Klein-Gordon eguation become

2 1oy VI9) ;
F . L LA
H 70T {7
S VN
¢)+3H¢+—3’—=0. (8)

where H = a/c is Hubble parameter and ¢ =
da/dt. We also abtain the time derivative of Hub-
ble parameter by using (7) and (8)

He-2d )
4
Next seetion we will consider cosmological dynam-
ics in phase portrait in some particular types of
J(R} gravity model.

We consider scalar field domwinate the late uni-
verse. The aceeleration can happen when the feld
at late time moves very slow. Therefore we can use
the stow-roll approximation in this phase [8] Le.
é = 0and ¢ « V. Usivg the slow-roll approx-
Lmation condition directly to the Friedman equa-
tion in equation of motion of scalar field (8). we

CHEPO4-2

where V(@) is effective potential which de-
pends on choice of f{R) models determined by
Vo= [Rf(B) -~ FR]/AF(R)? where f'(R) =
df(R/dR. We vary action {3) with respect to

E ab

%0, e got

Yo [—i 9% Vet Vaoo + V() ()

get the late thne trajectory of scalar field evolv-
ing to approach an asvmptotic attractor solution

in phase space as {14]

N 1'[:,?)
¢~ (1

We define a new variables as
Xwag, Y=¢, Z=V. {11y

Using new variables m (11} substitute into (8) and

(9 we obtain autonamons systemn,

Vo= g (12)
. 3., -,
I7 = _5} (13)
Wi B dZ

Next we will investigate and analyze the phase
space portraits for some types of the effective po-
tential V{¢) which: depends on choices of f(R)
models of gravity. By using autonomous system
of equations in {12}, {13} and (14).

RESULTS, DISCUSSION AND
CONCLUSION

1. The f{R) = R — 20/ R" model was
proposed by [1. 2] {(for n = 1}. In this model
the effective potential {at the late time, R is very
small) in Einstein frame is 7]

Vi) =~ »»2;(1“(3/2}9’3. (1%
1 .

This polential in our approximation look like the
power law inflation, which gives scale factor in-
crease proportion to a ~ /% We note that po-

tential increases when curvature is minimum and

Proceedings of the First National Symposium on Ph'y'sic':s'_'GraaL':'ate Resgarch (1% NSPG)
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Filgure 1: The phase portrait of ¢ vs ¢ in the modified
L/ R gravity maodel, when o= 1.

0%

U
i

Figure 2. The phase portrait of @ vs ¢ in the modified

In R gravity model, when o= 1.

therefore the universe begins to have the power
law expansion. We also congider phase space por-
trait of sealar fields of modified 1/ R gravity model,
which presents atlracior in phase plane as Fig-
ure 1,

2. The f{R) = R+ aln(R/y?) model was
purposed by [0]. The effective potential in (at the
late time, It is very small) Kinstein frame is [9)]

V{g) ~ ae g, (16)

We note that when the curvalure rolls slow down
until reaching local minimum (R # 0) the curva-
ture stay here. This may correspond fo the present

aceelerating universe 9. This potential can be

. Proceedings of the First National Symposium on Physics Graduate Research (17 NSPG)

shown to have w — —1{where w is the eyuation
of state) by Ane-tuning parameters, We also con-
sider phase space portrait of scalar felds of mod-
fied m R gravily model, which has altractor in
phase plane as Figure 2.

Let we discuss from above phase space portraits
both 1/R and In R gravity model, hoth models give
late time attractor. These results mean our uni-
verse is in accelerating expansion. The evolution
when scalar ficld is at some given point on the po-
tential has Lo be independent of any initial condi-
tions, It is surprised our analysis in Einstein frame
givos similar result as in [11. 12] which chooses
Jordan frame as physical frarwe. They was shown
that 1/R model gravity has lale time attractor on
phase space portrait. Both Jordan and Linstein
frame are analyzed similarly 1/R gravity model.
We gtill can not fell which one is physical frame.

This work is still engoing.
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Sigma Meson Production in Heavy Ion Collisions at
Intermediate Energies
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The praduction of the sigma meson is investigated in the Quantum Moelecular Dynamics (QMD)
transport model for the p + A reactious with the nuclet A being (**C, °Ca and *™Pb) at the
incident proton energies 7, = 0.85 and L350 GV, TFhe QMD simulaticn results indicates a
distinetive A dependence of the sigma production. that is. the increase of A i followed by an
increase of the production cross sections. It is also found that the o meson production in heavy-ion
collisions Is strongly medium-dependent, and the produced ¢ mesons decaying in a denser medium
experience a stronger mass shift towards lower masses. This mass shift is an experimentally
aceessible observable in the final state pion paivs which did not sufler reabsorption and rescattering
by the surrounding nucleons. It may be pointed out that the ratio of measured sigma mesons from
various reactions opens the possibility 1o address experimentally the mass shift of the o in a dense
nucleus environrment,
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INTRODUCTION

The experimental situation for the o meson,
which is responsible for the mid-range nucleon
nucleon attraction (1] and pays an important role
n the Quantum Hadrodynamics (QHD) (2, 3] and
the nounlinear sigma model [4], is not so clear.
What we know well is that the ¢ meson is & broad
scalar resonance and that it mainly decays into two
plons in free space. The pole mass of the ¢ meson
has not been precisely determined so far. There-
fore, the o meson is very difficult to identify from

Copyright @ 2007 Suranaree University of Technology. Alf rights reserved.

the experimental side. The ¢ meson production
has not yet been measured in heavy ion reactions.

Recently theoretical studies show that the o
mass {my) and width (g} decrease dramatically
with Inereading of the nuclear density {p) [5]. This
means that the sigma meson may exist in a dense
nuclear environment. There are alse number of ex-
perimental efforts to explore the existence of the
sighia meson by pion and photon induced reactions
on mucled [6-12].

The sigma meson can not be detected divectly

in an experimental setup, but there are indications

CHEPO07-1
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towards its existence through the information col-
lectedt from two pions that are measured in co-
incidence. In the Quantum Molecular Dynamies
{(QMD) stimulations every sigma and pion thal are
ereated are stored i some arravs and their eve-
lutions are fellowed through the end of the reac-
tion, So we are able to get the whole muntber of
o meson and 70T Pairs that are a divect product of
the sigma decay. The primary interest is directed
to the study of the o meson dynamics in mclear
matter. The simulations are examined on nucled

in order to determine the effects of medium mod-

ificalions on the Ar-syslem. The lotal ¢ meson
distributions span the total energy nterval avail-
able to the {p,77} reaction, which ranges from
2my € My £ 0.70 GoV. The propertics of the
sigina meson are highlighled by means of invariant
mass, density. decay thme, crogs section. ete.

The results of the QMD maodel for the descrip-
tion of the sigma meson production in p4 4 veac-
tions with A being nuclel 12C, PCa and 27D at

incident proton energies £, = L350 GeV scem to

where 7 is the time dependent center of the Gaus-
sian wave packet in coordinate space. The width
L is kept constant, which means that one does not
Oth-

erwise, the whole nucleus would spread in coor-

aflow the spreading of the wave function.

dinate space as & function of time. L i set to

i e 2 .
he L = 1.08 fm” corresponding to a root meas

S exp [.‘ﬁt) (F - ﬁ-'}} BAp {_

NSPG, CHEDPOT {2006).

confirin the importance of the 20 final state inter-

action in the scalar—isoscalar ¢ ehannpel,

QUANTUM MOLECULAR DYNAMICS
MODEYL

4 is known that the classical molecular dynam-
ics is a N-hody theory, all information about the
svstem is contained in the solution of the ¥ hody
Liouville equation [L3]. lmportant guantum fea-
tuves are included in the QMDD approach {1410
collisions aunong nieleons sre Pauli Blocked when
the scattered nucleons would enter already occu-
pied or partially occupied phase space regions.
Furthermore, the scattering amplitude does not re-
late the scattering angle with the impact paramoe.
ter in an unique way: the square of the scattering
amplilicde is idenlilid as a probability distribu-
tion.

Tn the QMDY model each nucleon is representedd
by a coberent state of the form {we set h.c=1)

(7 — 7o)
45

souare radius of the nucleons of 1.8 fin. To keep
the formulation as close as possible to the classical
transport theory, one uses Wigner density instead
of working with wave function.

The Wigner transformation of the coherent
states Is Gaussiaus in momentun and coomdinate

space. Then, the Wigner density reads

The N body Wigner density is the direct product of the Wigner densities of & coherent states

N

—

j‘N(Tls cee

i=1

CHEPOT-2

o — l
NP P ) = H;ﬁt‘f\'i’
i

(3)

{# Fi’"%fﬁ LB = Bio)? 24 } .
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The Wigner representation of our Gaussian wave packets obeys the uncertainty relation Ar, Ap, = Bf2.

The density in coordinate space is given by the momentun: integral over the Wigner density,

N

o = Yo d =7 [ P

D1

2L

To initialize the ground state of nucleus A, one
first determine the posttion of the nucleons i a
sphere of the rading r = L1243 by drawing
random numbers but rejecting those which would
position the centers of two nucleons closer than
ain = 1.5 o The next step is to determine the
local potential U(r) generated by all the other nu-
cleons at the conters of the Gaussians, The iocal
Fermi momentum is delernined by the relation
grlrin) = /2ml{rg) where U{rg) 1s the poten-
tial energy of particle /. Finally the momenta of
all particles ave chosen randomly between zero and
the local Fermi momentwn,  We then reject all
random munbers which vield twe particles clogser
in phase space than (r; —~ )% (pi = p;)* = diin -

Nuclel which have been sucecssfully initialized
are then hoosted towards each other with the
proper center of mass velocity using relativistic
kinematics. Decause we keep the width of the
Gaussians fixed, the time evolution of the N-body
distribution is determined by the motion of the
centroids of the Caussians (g, P}, which are
propagated by the Polsson brackess

2;3';1) == {Tm‘”iu.H} and g = [P . H} . (5

H is the nuclear Hamiltonian

H :Z\Iﬁ%w{wmf
1

FELUTURY . ©
iy
Here UV s the Cowlomb interaction. U the
nuclear mean feld.
The sigma meson is produced via the decay of
nucleon resonances N™ {N* — Noh. The N*'s can
be created via NBy — BaN* (B, stands N or Q)

and N — N*. In the N* — Nan decay the

. Proceedings of the First National Symposium on Physics Graduate Res_earch {1* NSPG)
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pion pair can occur in an isospin singlet s-wave
state (mmr) 130

wave With cotresponding branching ra-
tio. This state has the same quantum numbers as
the g-meson and is thevefore identified with the o-
meson. The o-mass is randomly chosen according
to the Breit-Wigner distribufion
¥
Ao ln) = o o tile (7)
H

where mi, 1s the pole mass and g the running mass
of the o-meson, [y is the o-width. The normal-
ization consianl o i determined by the available

phase space, Le. the mass of the decaying N* res-

3 WL =~y
L [ Aol | (8)

Zrriy

QUL

where mp I8 the resonance mass and my is the
micleon mass. Here one can see that the o-meson
can be essigned a value between the two-pion-
threshold and the resonance minus nucleon mass,

The resonance decays according to the formula:

N{t) = N{0) e~ T/ ("

RESULTS AND DISCUSSIONS

For the elementary (p, 7t reaction which cou-
ple pions to the sigma meson, we take nucle-
ong and resonances A{1232), N*(1440), N*{1520),
NA(1650) and NT(L680) into account. The ¢ me-
solt is a very broad resonance, its life time is very
siadl. The sigma weson creates during the eol-
liglon, propagates inside the mucleus and decays
after a short time inside the nucleus. The sigma
meson can not be detected divectly in an experi-
menfal setup, but theve are indications towards its

existence through the information collected from

CHEPD7-3
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two pions that are measured in comcidence. In
the QMD simmlations every sigina and pion that
arc created are stored o some arrays and their
evolutions are followed through the end of the re-
action. So we are able to get the whole number of
o meson and 7 that are a direct product of the
sigma doecay.

The solid curves and dot-dashed curves in the
top of Fig. 1 are the produced sigma mesons in *2C
without and with medinm modifications, respec-
tively. We cain see the results of the invariant mass
distribution of sigma meson production, There is
an appreciable shift of strength to the low invari-
ant mass region due to the medium modifications.
The density dependence of the o mass shifts the
curve o the lower mass region when medium effect
is taken into account. The dashed curves and dot
curves in the figare are the measured sigma mesons
without and with mediwn modifications, respec-
tively, We can also see the same resulls for ihe
shift of strength to the lower invariant mass region
due to the medinmn modifications, In the second
and third rows of Fig. 1 oue shows the same results
for 00 and 2" Ph, vespectively, The data points
display a distinctive A dependence: the increase of
A i followed by increase of the production cross
sections.

Shown i Fig, 2 are the ratios of the sigma cross
sections in various reactions. It is found from the
larger vahues of the sisma production ratios afp -+
Pbi/o{p + Ca) and o(p + Ph)/a(p + C} that the
o meson production in p+ A collisions is strongly
medium-dependent, Without additional mediunm
effeets the ratio is almost constant as a hinction of
the invariant g-mass when the shift of the o mass
is taken into account.

The ratios for the measured sigma show a sigaif-
icant enhancement at low invariant masses if the
medium modification is considered. 1t indieates
that the produced o mesons decaying in a denser
medium experience a stronger mass shift towards
lower masses since the medivm is more dense in
a heavier nucleus. It should be stressed thal this
mass shift is an experimentally accessible obsery-
able i the final state pion pairs which did not suf-

fer reabsorption and rescattering by the surround-

CHEPO7-4
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Figure 1: {color online}. The mvarjant-mass distribu-
tion of the sigma mesons produced in the p + A4 re-
actions with A being nuelet (12C, *'Ca and *™Pb) at
the incident energies 1.5 GeV. Solid lines: produced a
without medium modifications of the & meson; dashecl
lines: measured o without mediwg modifications of
the ¢ meson; dot and dashed lines: produced o with
medinm modifications of the ¢ meson; and dot lnes:
measured ¢ with medium modifications of the ¢ me-

S50,

ing nucleons. The ratio of measured sigma mesons
from various reactions opens the possibility to ad-
dress experimentally the mass shiff of the ¢ in a

Preceedings of the First National Symposium on Physics Graduate: Research (1** NSPG)
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Figure 2: {color online}. Ratios of the sigma cross
sections in various collisions. Selid lines: produced o
without medium modifications of the o meson; dashed
lines: measured ¢ without medium modifications of
the o meson: dot and dashed lines: produced o with
medium modifications of the ¢ neson; dot lines: mea-
sured @ with medinm medifications of the @ meson.

dense nucleus environment.
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Sehwinger’s quantwm dynamical principle is used to derive, by an entirely algebraic approach.

gauge transformations of the full vacuum-to-vacuurm transition mnplitude (generating functional)

from the celebrated Coulomb gauge to arbitrary covariant gauges for the Abelian gauge theory
g gl ~ 4 L=l [ 51 B

{quantum electrodynamics) without reconrse to Feynman path-integral method.
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INTRODUCTION

When the quantum state [b. ;) at time £; evolves
to another quantum state |atp) at time 4 (f >
1), the transition amplitude is {a. £ 15, 4. We are
interested in studying the variations of {a.f¢]b, t;)
with respect to some parameter A such as masses,
coupling constants, external sources and so on.

Schwinger’'s quantum dynamical principle is

. t
Sla.trib,ts) :—il? /(li (ate|6H b (1)
JL

where H = H(q(£).p{t1t
ihe Heisenberg representation [1]. 817 i (1} refers
to the change of H (¢(#). p{t), t;
the parameter A, when ¢, p and [ are fixed.

A} is the Hamiltonian in

) with respect to

For some variattons, we may replace the Hamid-
tonian by minus Lagrangian, H — ~I,
5 i Y g
ot |b.ty) = i {o, b 5|0, 1) (2
i

Alse known as quamtum action principle or
Sclrvinger'’s action principle {2, 3]

The aim of this paper is (o derived the expres-
ston for the vacuum-to-vacuum transition ampli-
tude {or vacunm persistence amplitude} in quan-
tum electrodynamics (QED)

{04 ]0.) = . lim (vac, e vac, t;) (3)

[ TR S

Copyright © 2007 Suranares University of Technology. All rights reserved.

gauge transformations, Coulomb gauge

and solved the quantization problem of gauge the-

ories, The stmplicity and the power of this method

is evident and it is expected to be applcable to
non-Abelian gange theories as well as to super-

symmetric gauge theories,

DERIVATION

QED in Coulomb Gauge

The Lagrangian deagity for QED with external

{c-nuraber} sources is

1 [ -
L= = Fp Y — Syt =Ry mghi)
4 3 i
+.2 4 {4
where £}, = d, A, — 8,4, [8],
.fé/]-] = E()E“y‘a il‘{'l,, (rJ)
is the interaction Lagrangian,
g = T by A A JE (6)

is the external source terms, and J# i3 an external
source for the Maxwell (gauge) field A*, while 7
and 7 are the Grassmannian external sources for

Dirac (matter) fields ¥ and 3 respectively.

CHEP09-1
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To obtain the expression for the vacuum-to-
vacmu transition sanplitude {04102}, as the gen-
crator of all the propagators (Green functions) of
the theory in the presence of the external sources,
we work explicitly in the celebrated Coulomb
gauge {as a physical gauge, where the physical
components are clear at the outset) by imposing

the constraint

G A=A =0, k=123 (7
This constraint allows us to solve A7 in terms of
A and A [4]:

A= ()34 a=1,2, (%)

or

AP = (5’*‘3 - 5’“‘%3) AR, 9)

and treat 4%, 4", A% {(not. A%}, anel o as dynamical
variables (later we will see that A" is a dependent

field). The field equations are

i
[”;‘“ (—’ - cuA!L) e 'mo} W=, {10a)}
1

|

From (10¢), we obtain

' L i ai0% i a1 07 - /
RS (.ff’ ~y ) Gass <9" e ) {eowet -+ Jo)

Ve

or

—DF"”’ = (guaaﬂ — g,u.'.r,xau} Gt (F]

Schwinger's quantum dynamical principle reads

3 &
{0410 () bl

and

b
167

i(x)

s (0 0-) = = (04 |0) s

{10b}

— 9,
‘@"“[”"r" (% - f-’nflu) -+ me} =1

and

3:0°
*a,u F""m - (gun _ gm._}(

vg ) (ff()zﬁ’)u’!‘ -+ jt.x) .

{10c)

1t should be noted thai equations {(10a) and
{106} lead 1o

BTy ) = i (T - ) (1

and the Dirac current is conserved in the ab-
sence of the Grassmannian external sources »
and 7. while J, need not be conserved because
4.0, F% = (1 is automatically satisfied for all Jy
[4]. No restriction is set on J, (such as §%J; = 0),
until the entire analvsis s completed, we may vary
the components of J, independently to generate
the full photon propagator if we know the expres-
sion of the vacuum-to-vacunm transition anpli-

tude (generating functional) [5].

NE {12a}
ak " -
e .‘Jﬁk (_é-]%_) {(-'-(! 1.;":“!'(;1.9"' + Ja) - (12}))
(05102 = (04[]0 (13a)
B
= <()+ -q’){;[t)](]_u) . {13h}

7

e

while for non-Grassmannian source, variations of the components of J# may be carvied out independently,

we have

b

Frern (0+10-) = (0+]0-)

CHEP09-2

5
ibJe(a)

P

= (04 [Au(2)j0o) (13c)
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and

.) oy
_‘Uf0<+m “ﬂ[, d;)<

(-1;?.?(::-)7’-*wwma(%jo_>

i b w b 5 ; ‘
= /U W) @ e wae gy 0 10-) (13)

i

where (...} denotes the time-ordered product. Although A% and A® are dependent fields, but ¢ and @
are 1ot dependent, fields, equations (13¢) and (13d) hold true {6} since the functional derivatives in (13¢)
and {13d) is defined with the independent ficlds and their conjugate momenta fixed.

Let (04|00}, denotles the vacuum-to-vacuum iransition amplitude in the presence of Lhe external

sources with eg set equal to zero, (04,10}, = (04 ]0- )I , and salisfies
1t a# P
tin + Mg 5“( 9 01020, = nl2) (051020, {14a)
(g i 5}1 = f
(U+ l(}_h} :l—é;—‘l-(:")" - “‘“1“‘* + iy | o= I'}(.’l') (U+ E{}*')O (3“))
and
5 R Y 7 , ,
[d”ibh( ) -7 i8J,(x) (01020 = (q h ]”W) Jale} (04102 )
r Jpds
ar
& ¥.. a0 ar R ‘ .
—Dm {Gpfos), = (g‘ = B “‘“\:/.“*) Yot (.flj - Eiﬁkhﬁv_ﬁ‘) T () {010y (14d)

=1, we obtain
fpmie J =0

(040, = exp [i [(d;tr)(d.r:’}?}(.l‘) Si{w xh) v;(:r’}]

From (1daj—{1dd), together with the normalization (0, ]0.)

X 0\1){ ](du {dy") July) DE 4} - p{‘y’)} (15)
where
j (dp) —yp 4 Wy .
Selr 2 = piple—s mewwm 162
vl ) J )t p?+mi — i (162)
and
D (?j _Uf} - /(dQ) C!rg(y—«y’) q;,:a . jmfh(l ot J',du P };'i} qrq” 1 (1{”))
(SR (271')1 N q ©® qn qg o i(

are the free electron propagator and the free photon propagater in the Coulomb gauge, respectively.
Eqguation (13d} may be integrated to ghve
5 b &

{010, = exp [ieu ./(d:) 167,{3)”"0 S BTG

)] (04 |0u) = Ze[n ] - (17)

‘Fhe full electron propagator S(x, #'t J) and the full Coulomb-gauge photon propagator D (y, ' J),
in the absence of external Grassmanpian sources n, 7, may be easily generated by taking functional
differentiations [5}:

1 & 5
S(e, 2" Ty =i - s
= 57) I{Zc['u,ﬁﬂf] idn{x’) 187(x)

Ze [-r]._ 7, J]] {18a)

n=FHel
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and

&
DE (yoys Ty =

Quantization Problems of Gauge Field in QED

For gange theories, the dependent fields A% and
A? have no canonical momenta (777 = 0 and
II¥ = 0) and hence we cannot gquantize gauge field
AP by using the naive {egnal-time) commmetation

&
ib I“(r;} 8, (y')

- 11 Z(f[r].ﬁ. J]

n=r=H

(18h)

and A%, the (equal-time) cornmutation relation for
the physical degree of freedom 41 and A% is

[,f’la(;r:), Hb(.’c'}]

L= i E -2, (20
JE —"L’ t

a,b = 1,2, where I7#{x) is the canonical conjugate

relation: momenta to A%{x) defined by
AH{ ) u_:l' :’ S~ X 19 g X .
[A (), T (ar )J i.z:“::v"“ gt E-Z) . (19) () = ‘65 R MF(UI(I) + gykﬂf\ﬂﬂ(.x).
SAL(2) e
We liave to quantize only independent fickds A {21)

It i casily to show that the correct {equal-time) commutation relation is
1) 1 i vk ik iafﬁ vy et 5
[4%(a )H(z)” = ig"g" [ § IR S E - ) (22)
2P’ Jy

not {19},
From {10¢) and (21} we may also write:

; )
F;.:y r) = (q,ﬂﬂ) - HU ;m) Gaid (gda _ ]d,!,{.’() ) ”,n( )
) V2
s [ —
— (""" — g i) -vk,, iu}(,( Dt + i”(z)}

i\ >
+ 5 (88— 6% y) FM (), (23)

which then leads to the {equal-time) commutation relations

[ 41,'1( ) _Fud( )H r ) - é_{]"“ {‘qnfjgiﬂ\ de alk ) [5ih(:i- - .’l'—,“’) (24}
et i
and
Erbeg ety . . ok 30 ak ROE TR
R ) (z')] Ty {(!im.r} T — g7 (g oM — g o)
- ( pqu'k }u{)g_uk) (g.’g’f(-)(.x m t'u o )] M( » i:n’} (25)
f
in terms of the transverse delta function Gauge Transformations

SR(E - ) = (5*“ _ We note that the Lagrangian density & in {4),

oty _
W)o*‘(i—:ﬁ’). {26)

without the external source terms %% is invariant
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undler simultaneous local gauge transformations:

W) — ' (2) = MM () {27a)
P} - B {2 = Bla) oA (27h)

amd
Atle) — AR ) = A%y + 9" M), (27¢)

@

We introduce the: génerating Tinetional
trary covariant gauges

ZI{J,'{J, K G] = exp [i(e(; /(d;:)

18p(z)

o B &
DAY 6K (2)

exp [i / {dry (Y Bla) S - 1) p(;t")]

i f . . .
" exp [5 ] {dy)(dy’) Kl DL — ) K V{y’)] (28)
where the Iree pholon propagator in arbitrary covariant gauges is
P Gy = (dg) ig{u—y") o _ gtq” ! Lty 2 Y
DE w=1) = [(—5;57 ¢ gt roal R + ¢4 g " Glg") (29)
and G} is arbitrary.
Manoukian and Siranan [7] show that
Zelnj, d) = [o”"”z{p, pK; cﬂ {30)
P00, =0
where
= ) ¢ D & & e 0
W= fide) < Hlr)exp | —leed® - + - exp Hept™ ————1 (&
]( ) { i) exp [ - 10!(%(3')} 8Pty 1dpla} P I8R5 {x) i)
+ {(0‘5” - a‘c‘ad)-]a((l’}] —::'“':L (41)
L 16E(w)
l
and CONCLUDING REMARKS

Oy

—~E C‘l\

A Ry
g NE

relating the Coulomb gaunge to arbitrary covariant
gauges. Gauge transformations of all the propa-
gators {Green functions) may be explicitly carried
out frow (303-(31) and this expression s consis-
tent with earlier derivations [5] by different meth-

ods.

~ Proceedings of the First National Symposium on Physics Graduate Research (1™ NSPG)

Schwinger’'s quanine dynamical principle leads
systomatically to the expression for the vacuum-
05]02) and
solves the guantization problem of gauge fields

to-vactium  transition amplitude

witl: no much effort, without the recourse to Feyn-
man’s path integrals. Of course, the path integrals
may be formally derived from the ¢guantum dy-
namical principle {cl. {1, 3, 6]}

The extensions to non-Abelian gauge theory and
supersymimetric gauge theories will be attemnpted

in a fortheoming report.
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The Conceptual Understanding of Light Refraction
of Thai Science Students and High School Physics Teachers
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"Institute for Innovation and Development of Learning Process,
Mealadol University, Banghok, 10400, Thailand
L Department of Physics, Foculty of Science, Mohidol Unjversity,
Bangkok, 10400, Thamland

This research shows the results of an investigation in conceptual understanding of Eght refraction
of 37 science students and 63 high school physics teachers. This is done by using the conceptual
test which comprises of a sevies of opew-ended questions.  The rtesults from the investigation
show that the tendency of stuclents miswncderstandings in light reflection are the same as that of
high school physics teachers. Moreover, some of them can not apply the refraction principle for
light phenomena. The results of this research are useful lor the improvement of seience teaching,
especially in physics. They can be used as a guide to design the apparatus and the appropriate
learning process of refraction of light.
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PACS mumbers: 13.85.1d, 24.10.Jv, 24.85.+p
Keywords: Investigation, Light Relraction, Concepis.

INTRODUCTION

About 30 years ago, plysics lecturers found that their studeits had misunderstanding in some physics
principles: therelore they try to help their students to have betler understanding by using new methods.
Light was one of physics topics which many students had confusion. They were many rescarches that
investigated light misconception of students such as “Children observation, ideas. and the development of
chassroom theories about light (Brick house | NW.1994)7. “Student Difficulties in understanding Image
Formation by plane mirror (MeDermott, 1‘)8{)} All of researches found that college students can not
conuect physics principle to science phenomena. This paper is the beginning of research which helps
Thai students to improve their thinking skills in light refraction concepts. The first step of this vesearch
Is to probe understanding i Hght refraction concepts of students and teachers in order to find out the

Copyright @ 2007 Suranaree University of Technology. All rights reserved. EFP02-1



G4
K. Keawlkhong cf ol, Proc. 1% NSPG, EFPO2 (2006).

appropriate methods for change misconceptions,

Light conceptual test is used for probe an undesstanding of students in light concepts. They were many
researchers whe used this test hefore. This rescarch uses some conceptual questions about refraction from
some researches and constructs some questions from teaching experience Lo test 63 Thal physics teacher

and 37 the first year science student.

METHODOLOGY
The first step of this research is to iuvestigate the works thas have done before. Beside, | use some
wrong student ideas about refraction to design the question series. They ave 3 gquestions for refraction

conceptual fest.

The first question is abont studies students’ idea of refraction and how students perceive water as

a medinm for refraction. This question is chosen from “Malaysian Schosl Children Misconceptions of
Light” by Siti Hendon Binti Sheikh Abdullah and Khatilah Binti Mohd Salleh [1].

e 3

Sarah is looking down info a
bucket. There is a piece of
plasticine on the bottom of the
bucket. In the figure Sarah
cannot see the plasticine. The
bucket is now filled with water.
Sarah is able to see the plasticine
although she has not moved, and
the bucket has remained in the
same place. Explain why Sarah
can see the plasticine now that the
bucket is full of water.

The second question is about refraction index concepts. This question probe students’ idea of

relation between refraction index and the angle of light beams when they pass through the different
medinm. It is chosen from “detion Resenrch end the Light and Optics Conceptuel Broluation” that
devetoped by David Sckeloff {2].

Questions 2.1-2.5 refer to a very narrow beam of light (for example, & Jaser beam) that can be
represented by a single ray. The light is lnitially (raveling from left to right in a transparent medium
of index of refraction ni, and incident on a second transparent medinm of index of refraction ny. The
refiected and relracted rays are as shown in the diagrams below. {If either is missing, it means there js
no reflected or no refracted ray.) Answer each of the questions helow with one of the following choices,
A through F.

A Only H na > ny, D. Can happen with A or C.
B. Only if ns = ny, E. Never possible.
C. Only if na < ny, F. Always possible regardiess of the

relative sizes of the indexes of refraction.

EFP02-2 Proceedings of the First National Symposium or Physics Graduate’ Research (17 NSPG)
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2.} For which condition A through F could the rays be as shown in
the figure?

2.2 For which condition A through F could the rays be as shown in
the figure?

2.3 For which condition A through F could the rays be as shown in
the figure?

2.4 For which condition A through ¥ could the rays be as shown in
the figure?

2.5 For which condition A through F could the rays be as shown in
the figure?

The third question is about vefraction index and refraction angle of different light wavelengths, This

guestion comes from my physics teaching experience. My student believe that refraction index in any
mediums have ouly one value. In fact, it depends on a light wave length,

Questions 3.1-3.2 are the experiments that used laser Leam to pass through air and water
al the same angle. The figure 1 use blue laser, figure 2 use red laser and figure 3 use green laser.
All of experiments, the medinm {water} and vessel are the same.

Blue laser

Red iaser Green laser

Alr

'
t
¥
i

Air :
T
1

Figure; I Figure: 2 Figure: 3
3.1} Order the refraction angle of each experimenis from large £ small,
3.2) Are the refraction index of each experiments the same? Give the reason.
Alf questions are used to test the refraction concepls of 37 the first vear sclence students al Chaingmai

University and 63 high school physics teacher of Thailand for 15 minutes. The data of each group is
analyzed and compared the tendency.
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RESULTS, DISCUSSION AND CONCLUSION

The first question:

The answer of sfudent The answer of {eacher

- 3
3 ¥
24

a & All gomect B Al comect
s B some parts comect 5 @ sceme parts comact
<] pa E)
P o
1 Owrang concent K] £1wrong comect
E £
2 E

answar answear

Although this question is very basgic but it still has wrong answer. The students who had correct
answer are T6% and 83% for teacher. Both student and teacher who had wrong answer arve closely,
13% and 14% respectively. Some stadents confuse hetween refraction and reflection eoncepts, They try
to explain that “the light rays reflect back and forth in the vessel then refract to eyes”. Beside, some

students and teachers try to explain by drawing light rays but they were wrong direction.

The second question:

The answer of student The answer of teacher
H 5
3 5
2 &
G 8
Mz s
° S
x M
@ =
Fa} -
[ E
bl =2
= =
question rumbsr question number

Correct answoer

= Question
Nmber 2.1 2.0 2.3 4 25
People

i
2%

L

student 56% | 48% w% | 8% 10%
tencher 6G7% 679 0% TH 4%

The concepts that use to imply in this part are camplicate than the first question. The question
mmbers which make both of them confused {lower 50%} are 2.3 and 2.5, In 2.3 is a total reflraction
phenomenon, it occurs when a refractive index of the first medium more than the second medium. For
2.5, it ix impossible to occur in this phenomenon becanse when light rays pass the fest medium, an
identical angle and a refracted angle will correspond to Sneil’s law. Noticed that the guestion munber
2.2 still make students confuse more than teacher.
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The third question:
3.1}

The answer of student The answer of teacher

% comsct order
B WIONg order
3 el angle
3o answar

7 corect order
# vagng ardar
r1equat angle

number of student
number of teacher

answer answer

This gquestion uses the concepts that different light wavelengths have different velocity when they pass
through a medium so, if they pass through the same medium and the same identical angle, each wave
length has different refracted angle. The numbers of student and teacher who had a correct answer are
35% and 38% respectively. Most of them can not order a refraction angle, It is very surprise for me for

sowme both of them who answered that each light has an equal refractive angle.

The answer of student The answer of teacher

w2l

‘oormect g corect
some pads comact

Owaong concapt

# some parts comect
O Wrang concant

aumber of student
number of teagher

angaHar ansxwer

Fhis question uses the concepts that different light wavelengths have different velocity in a medium
when they pass through the same medium, So, each wave length has different refraction index, Most of
them imply that “Water has only one refractive index”.

All of results show that That students and Thai physies teacher have misunderstanding concepts in
refraction, especially in refractive index topies. 1t is & big problem in physics teaching of Thailand. This
resubts are data for my next research whicl help Thal student and physics teachers to understand better
in refraction concepts.

el n3am ufag
Email: kwkhng@hotmail.com
[3] 5. IL 8. Abdullah and X. M. Salleh, “Malaysian School Children Misconceplions of Light™, School of Applied
Physics, Universiti Kebangsaan Malaysia, 43600 Bangi, Selangor, Malaysia.
[2] David IR. Sokoloff, “Action Research and the Light ond Optics Conceptual Evelualion™.
[Online]. Available: http://www.ncregon. edu/~sokoleff/ActionResearch.doc.
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A device used for measuring tofal harmonic distordon {THD) of AC voltage has been designed
and built. The device consists of twe microcontrolier boards: 1) the 8-bit MCU for signal capturing
and 2) the 16-bit MCU for Fast Fourier Transforin computing. The AC voltage signal was captured
by a 12-bit analog-to-digital converter. The embedded firmware running on 16-bit hoard computes
128-point FFT. The THD was calculated up to Gdeorder of harmwonic components. We have
recorded the sample measurements of THD for residential and academic building,
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Device for Measuring Total Harmonic Distortion of AC Voltage

i Tdnansufivtayadisdimsia THD fthudasdbuatemsdoulnaninsdy

PACS numbers: 82.80.Nj, 84.30.Jc, 91.25.a

Keywords: Total Harmonic Distortion, THI), Power Guality

INTRODUCTION

Quality of the AC electrical supply plays an im-
portart role of economic development. QOue of the
quality parameters i the waveshape of AC voltage
waveform. Since the power grid provides nearly
perfect sinusoidal voltage source ouiput.  The
waveshape of low voltage distribution lines how-
ever when connected 1o customer’s loads will he
distorted by nenlinear loads. Such load, ep. the
rectifying cireuit built by diode-capacitor, whicl is
commonly used by input cireuit of switching power
supply, has the AC cwrrent drawn only near the
peak voitage. When a number of them are con-
nected to a given voltage feeder, it will flatten the
peak of voliage waveforny, resulting 3 harmonic
appearsd. The other loads that tie in parallel to
the nonlinear load will then be supplying with such
distorted voltage. To measure the waveshape dis-

tortion of fmdamental frequency, Fourier analysis

Copyright @ 2007 Suranaree University of Technology. All rights reserved.

s used to determine the amplitude of harmonic
compoenents. The total harmonic distortion of AC
voltage was defined [1] as the ratio of the sumn of
the BMS voltages of all harmonic components o
the RMS voltage of the fundamental frequency by

the equation

THD = * 100% {n

Where THD is total harmonic distortion in per-
cent, Vi the awmplitude of BRMS voltage. n =
2.3, 4, ... is harmonic component.

The standard Lmit of TIHD [2] for low voltage
distribution lines (< 69 kV) that recommended
by TEEE 512-1892 is 5%. This research devel-
oped a low-cost microcontroller based device that
uses Fast Fourier Transformation for computing
the amplitude of harmonic components of volt-
age waveform and computes THD. The device can
record THED with time, printing the vesult and ap-
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loading data to PC.

HARDWARE DESCRIPTION

The hardware block diagram is shown in Fig. L
The nstrument consists of lwo microcontrotler
The first hoard was built with MCS51

as the front-end eircuit and the second board is

boards.

FFT machine built with Intel 16-bit microproces-
sor, 80CIRBEDR. The AC voltage input is sampled
and converted to digital data by the LT'C1298 SP1
interface 12-bit ADC. The number of sample is 128
points, The time domain data stream is sent to the
16-hit MCU hoard through RS485 port. The 16-
hit board receives the data and transforms to fre-
quency domain by FFT algorithm and computes
THD. The THD is then sent back to the MCS51
for data logging. The spectrum data ean be sent
to the terminal for data graphing. The RTC cir-
cuit on MOS51 board provides real-timne clock for
time stamping when recording THD to RAM. The
LCD display s used to show THD.

SOFTWARE DESCRIPTION

The Armware ruuning on MCS51 was developed
with ¢ langunage., The program was compiled by
Keil compiler. The real-time clock interrupts CPU
every b min. The CTU reads date and time. then
triggers the ADC to convert analog input. The
converked data is saved to RAM frst, and sent
to the LG-bit board. The MC351 wait for THD
calculation by 16-bit board, When calculation is
completed, the value THD will be received and
saved with time stamp. The Grnware on L6-hit
board is mainly FET program developed with ¢
language and compiled by Pacific compiler. The
FFT algorithm [3] is well known and available as
the open source. We modify by adding fanction
that communicates withh MOSS1 through RS485

port.

tAPOL-2

Table I %CTHD hetween 256 and 128 points FT'T,

Harmonic munber| 256 points 128 points
1 128.006 64,000
2 (.000 0.600
3 64,000 32.000
4 (.000 0.G00
5 31.998 16,000
6 (.000 0.600
7 (.000037 OO0 051
& 4.000 0.600
9 (.000 061 0.000002
10 6.000 0.600
11 (.000 066 3000005
STHD 55.901 714590 |55.901 734 220

EXPERIMENTAL RESULTS AND
DISCUSSION

Number of Sample Point Testing

The FFT algorithm running on 16-hit MCU
hoard was tested hy HP-VEE V5.01 softwarve. The
test is to find appropriate number of sample for
FIT caleulation between 256 and 128 points, The
superimposed waveform by three-frequency sine
waves, Le. 50 Iz, 160 Iz and 250 Iz was produced
by HP-VEE with 256 and 128 points. Fig. 2 and
Fig. 3 show the pure sine wave of three ifrequen-
cies, The superposition waveforms are shown in
Fig. 3 aud Fig. 6. Fig. 4 and Fig, 7 show harmonice
spectrnm. We found that the spectrum of three

Table 1
We found
THD computed by 128 and 256 points has shown

frequencies is shown clearly separated.

shows the result of THD caleulation.

no sigaificant difference. Thus to reduce caleula-
tion time, we chose 128 sample points for FFT
caleulation. With the clock frequency of 16 MHz
on 16-bit board, calenlation time for 128 points

takes approx. 28 seeonds.

Test with Square Wave Signal

The square wave signal is used to input to the
harmonic meter, HP-VEER and manual calculation.
Fig. 8 shows the square wave, signal produced by

Proceedings of the First National Symposium on Physics Gradu'até_ Research (1% NSPG)
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Device for Measuring Total Harmonic Distortion of AC Voltage
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Figure 1 Hardware bleck diagram.
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Figwre 2: Three-frequency sine waves [256 paints].
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Figure % Superposition waveform [256 points].

HP-VEE software. The harmouic spectrum plot-

ted by harmenic meter, HP-VEE and mapual-
calcwlation are shown in Fig. 9, 10 and 11, Table TT

stows result of THD caleulation by three methods.

The value by hannosic meter and HP-VEE are

shown nearly the same, 48.3%. By manual caleu-

Proceedings of the First National Symposium on Physics Graduate Research {1 NSPG)
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Figure 41 Harmonic spectvwm of shree-frequency sine

waves [236 points].
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Figure & Three-frequency sine waves [128 points).

lation is shown less than 0.8%. This test confirmed

the aceuracy

of algorithm for FFT calenlation.
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Table Il: %THD by three methods.

Harmonic nunber| Harmonic Meter |HP-VEE FFT [Manual Calculation
1 81.500 81.502 §1.496
2 0.008 0.011 (.4000
3 27.190 27,182 27.165
4 0.002 {.008 0.006
5 16.338 16.326 16.299
G 0.006 (X1} 0.000
7 11.692 11,693 11.643
8 £.006 (¢.003 0.00{3}
it 9.129 $.126 9.055
16 (008 0.006 (0.000
11 7.501 T.498 7.400
STHD 48.318 258 260 148.300 130070 47.527 748 280

1.0
@ @ 05p
D °
z z
g £ aof J
E 2
- s
£ E sl i
< < 85
BEY
0 # 30 ) 30 160 120 &z 4 & & 0 12 14 1w 15 20
Samples Time{ms)
Figure 6: Superposition waveform [128 points]. Figure 8: Square wave test signal,
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0 [i] i
a5 7 08 ¥ 13 15 17 1§ 2 13 5 1 9 1 @ 1B 17 9o
Harmonic Number Harmonic Number
Fignre 7: Harmonic spectrum of three-frequency sine Figure 9: Harmonic spectrum by harmonic Metor,
wave [128 points]. THD = 48.3%.
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Fignre 100 Harmonic spectrum by HP-VEE, THD =
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Figure 11: Harmonic spectrum by manual caleulation.
THD = 47.5%.

Test with Nonlinear Load

The nonlinear load shown in Fig, 12 was buile
with diode-capacitor rectifying cirendt. The circuit
is commonly used in most desktop PC switching
power supply. Oue harmonic eter was configured
to 128 samples FFT. When the load is connected
to the AC supply, the consequent Hatten-top volt-
age waveform is shown in Fig, 13, Fig. 14 shows
harmonic spectrum, we found the amplitude of
3 harmonic is 16% of the fundamental frequency.
The THD is 16.4%,

Sample of THID Measurement

We have recorded THD with time for two loca-
tions, i.e. residential and academic building. The
AC supply at the point of common caupling (PCC)

Proceadings of the First National Symposium on Physics Graduate Research {1™ NSPG)

[P E LT PPy [
: =S
[T
M w0
=
I
-0
2 N)
o
= VAVAV
3 5
= D
a -
2 w
= =
— =3
& £
o] P
7 8]
11
\% !

V1
BRIDGE

Harmonic
Meter

TRANSFORMER
‘b[

@w 220 Vac

o
VOLTAGE SOURCE

Figure 12: Noplinear load: rectifying cireuit built by
dinde-capacitor.

s used to measure. Fig. 13 shows result of data
logging for 24 hours at residential. Bach record
was sampled every 5 minntes. We found that THD
Las changed with time and the value was not larger
than 3%. Fig. 16 shows the result for academic
building. 'We found THD is changed with time
from approx. 1.5% to 3% then fall down to 1.5%.
The peak is quite broad during daytime.
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Amptlitude {Volts}

Time{ms)

Figure 13: Flatten-top voltage waveforin developed
across diode-capacitor circuit.

% of Fund.
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Figure 14: Harmonic spectoam of diode-capacitor load,
3" harmonic appeared THD = 16.4%.
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Figure 15: Sample plot of %THD with time for vesi-
dential.
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Figure 16: Sample plol of %THD with time for aca-
demic building.

CONCLUSION

We have developed a low-cost device for measur-
ing total harmonic distortion of AC voltage, The
deviee is tested with HP-VEE and real signal. The
device can be used for wmeasaring the 3™ harmonic

appeared in electrical power system.

*
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for Alcohol Sensor
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Quartz erystal microbalance systems were developed in-house for detecting the various alcohol
odors. Quartz crystal at frequency of 2.000 MHz for oscillator cirenit was extracted from the
metal cese and copper and zine phihalocyanine as sensing layer were coated on quartz surface
by thermal vacuum evaporation. This quartz was placed into two chammbers with the volume of
11.200 and 2.665 liters which have the coanection te the solenoid valve and electric fan in order
to remove the odor vapor alter the measurement cycle. The constructed oscillator cireuil was also
place in the chamber and the CMOS logic signal is connected to frequency counter circuit eutside,
The Visual Basic and LabVIEW were employed to control the homemade and conmmercial 32-hit
counters and both counter cireuits exhibit about the sare levels of noise. Several aleohol types
including acetone, propane, ethanol, tetra-hydrofuran, methanol, nail washing, 100 pipers whisky
and masterblend whisky were used and the odor concentration dependence was studied by varying
the alcoho! amount of 0.5, 1.0 and 5.0 ml.
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Keywords: Quartz crystal microbalance, phthalocyasine, alcohol sensor.
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INTRODUCTION slaly from & natural or svnihetic crystal of quartz.
The QUM consists of a piezoelectric AT-cut quartz

sandwiched by a pair of electrodes. When the elec-

Quartz Crystal Microbalance {QCM) is well-
known tool for the determination of film thick-
ness during the thermal evaporation. A piezo-
electric quartz crystal resonator is a precisely cut

trodes are connected to an oscillator, the quartz
erystal starts to oscillate ab #s resonance frequency
due to the piezoelectric effect.

Copyright @ 2007 Suranaree University of Technology. All rights reserved. 1APG2-1
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When thin flm was deposited on the crystal sur-
face. the resonant [requency decreases in propor-
tion to the mass of the film, A resonant oscilia-
tion is achieved by including the crystal into an
oscillation cireuit where the electric and the me-
chanical oscillation are near to the fundamental
frequency of the erystal. Fhe fundamental fre-
quency depends on the thickness of the film. Some
parameters are influenced the resonant frequency
including the thickness, the density and the shear
modudus. The resonans frequency decreases pro-
portionally to the mass of the adsorbed layer ac-
cording to the Sauerbrey’s equation [5]

Af = 272 + Am| (1
[A % {pgite)]
where Af is measured frequency shift, fy is reso-
nant frequency of the fundamental mode, Am is
mass change per unié area, 4 is piezoclectrically
active arca, p, is density of quartz, p, is shear
modulus of quartz.

Basic application of QUM is a mass sensing de-
vice with the ability to measure very small mass
changes on a gquartz crystal resonator in real time.
The sensitivity of the QCM is approximately 100
times higher than an electronic fine balance with
a sensitivity of 0.1 pg. It means that the QUM
is capable of measuring mass changes as small as
a fraction of a single-layer of atoms. The high
sensitivity and the real time monitoring of mass
changes on the surface of QCM make it very at-
tractive technigue for a large range of applications.
n this paper the constriction of QUM is described
to make a sensor to detect various alcohol in vapor

phase.

METHODOLOGY

Two QUM systems was coustructed consisting
of a large chamber with the volume of 11.20 1 and
a small chamber with the volume of 2.665 1, the
quartz crvstal at frequency 2.00 MHz for using os-
cillator circuit was extracted. Then deposited thin
filin of copper or zine phthalocyanine as a sensing
layer by thermal vaciunn evaporation. This quartz

was connected to the oscillator cirenit and placed

tAPQ2-2

into the chambers as shown in Fig. 1.

The first system Is a large chamber with two
pott, the top port is connected to solenoid valve 1
and syringe o inject an aleohol and the side port
is comnected to the solencid valve 2 and fan. The
oscillator cireuit was placed inside the chamber
and connected to homemade 32-bit counter which
controfled by ET-RS8255 interface card. The
ET-RS8255 interface card is also used to three re-
This in-
terface card s connected to computer via RS-232

lays connected to fan and fwo valves.

control and collect the data hy developed program
writken by Visual Basic. The second system is a
small chamber with only one port of the top so
valve, fan and syringe are connecled Lo Uhis port.
The 32-bit counter circuit is commercial National
Tnstrument (N1} model PCI-6023E which can he
used to control relay for solenoid valve and fan,
the LabVIEW was used to develop the software
program to control and collect the data.

The based line for measure frequency was set for
a half hours, the alcohol with the various concen-
tration of 0.3, 1 and 5 ml was drop onto the filter
paper for 3 hours to measure frequency change.
After the setting time relay coil is switched on to
open valve and turn on the fan an in order 1o re-
move aleohol vapor. Alcohol used in this experi-
moent were acctone, propaue, ethanol, tetralydro-
furan, methanol, nail remover, 100 pipers whisky

and masterblend whisky.

RESULTS, DISCUSSION AND
CONCLUSION

Both home- made QCM systems were able to ex-
cite phthalocyanine ceated quartz to oscillate and
measure the frequency shift in aleohel vapor with
a desive range. Measuring cycle consists of eval-
nating the stable fundamental frequency for half
hour and three hours after dropping alechol then
recovery period by opening the solenoid valve and
fan for a half hour,

There are counter signal errors cccurring in both
systems ag indicated in Fig. 2. This may be due to
the digital signal error at some bits and at some

short time, However this error ¢an be removed cas-

Proceedings of the First National Symposium on Physics Graduate:Resgarch (1% NSPG)
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Figure 11 {eolor online), Schematic for constructed QUM systems, (a) the first and, (b} the second system.

ily since it s a jump process. Actually the home-
made frequency counter can perform as good as
the commercial NI counter card even the data bus
for the NI card is directly connected to the PCI

computer board.

Normally the base frequency is stable after the
QOM system is on for a while and this frequency
is set 1o be zero therefore the frequency al this
region remain constant about zero in this region.
The several types of aleohol were dropped and nor-
wally the frequency is dramatically decreased and
slighthy decreased after dropping one hour. Until
reach three hours once the solenoid valve and fan
turn on the frequency is suddenly increased back
to the base frequency. This Hlustrates that the al-
cohol vapor is physically attach to the phthalocya-
nine il and detach the lilm when the fan remove
the vapor out of the chamber.

Proceedings of the First National Symposium on Physics Graduate Research (17 NSPG)

The significant different features of response fre-
quency shifts can be observed for varlous tvpes
of alcoliol including masterblend whisky, hundred
pipers whisky, nail remover, methanol, acetone,
ethanol, propane, and tetrahvdrofuran.  From
Fig. 3, four gronps of vapor characteristic can be
categorized. The frequencies of two whisky va-
pors are slowly decrease for the whole period while
the other aleohol vapors exhibit the frequency in-
creases at the heginning and then decrease. Va-
pors of methanol and nail remover have short in-
creasing time and saturate af about two howrs
while the vapors of acetone and tetrahvdrofuran
display the saturate early at only half hour after
dropping. Vapors of ethanol and propane exhibit

the long deceasing time.

in order to investigate the selectivity of each
metal complex in the phthalocyanine Blm. the
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Figure 2: {color anline). Frequency shift as a function of measuring time for CuPe coated quartz with masterblend
whisky vapor of (left) hame-made frequency counter syslem Tat 450 ppin vapor and {vight} commercial NI counter
card system Il at 375 ppm. The spike shape is probably originated from digital noise which occomrring in both

counter systenis.
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Figure 3: {color ouline). Frequency shift as a function of measuring thue of various alcohol vapors at concentration
of 375 ppm including (left} masterblend whisky, hundred pipers whisky, sail remover, methanol and {right)
acetone, ethanol, propane, and tetrahydrofuran represented by cashed line, solid line. dotted line, dashed and

dotted line respectively.

quartz coated with Cu phibalocvanine and “n
phthalocyanine were examined the QUM perfor-
mance al the same type of alecchol. The typical
example for hundred pipers whisky was demon-
strated in Fig. 4. This indicates the same feature
with slhghtly higher sensitivity for Cu phthalocya-
nine flm.

Two home-made QCM  systems were con-
structed for detecting the various lype of alcohol
with phthalocyanine coated guartz, The home-
built 32 bit counter demonstrates the error level ag

much as that in commercial counter PC card. The

1APD2-4

frequency changes oceurs in Cu phthalocyanine
and Zn phthalocyanine films have the same fea-
ture for the various tvpes of aleohol. From the fea-
ture of frequency change the four groups of alcohol
vapor can be classified including 1} masterblend
whisky and hmndred pipers whisky, ) nail re-
mover axl methanol 1) acetone and tetrahydro-
furan [V) ethanot and propane: This feature can
be used to further to identify alcchel vapor Lype.

Proceedings of the First National Symposium on Physics Graduate Résearch (1% NSPG)
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Fabric and Fiber Modification Usmgaadlom‘equency
Plasma Process
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We have studied the hydrophobicity improvement of fabwics using radio-frequency (RF} induc-
tively coupled SIFe plasma, The plasma was generated in the pressure of 0.005-1 torr and with
the RF power of 25-75 watts. A set of fabrics including polyelthylene terephthalate (PET), mixed
Thai silk, Thai silk and cotton are treated under different operating conditions. Treated fabrics
were characterized by scanning electron imdcroscopy. water contact angle and absorption time
measurement as a function of storage time after treatment. The atomic species in SFe plasma
were measured by optical emission spectroscopy {OES), The results show spectrum loe of F Tin
SFs plasma which is believed to increase the hydrephobicity of fabrics, Compared with untreated
fabrics, treated Iabrics inprove the absorption time Fom 0-30 mins to about 200 mins depending
on the types of fabries, and the contact angles significantly increase about two times. The suitable
operating conditions were at pressure of 0.5 torr and RF power of 50 watts.
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Keywords: Hydrophobicity, SFg plasma, RF plasina

INTRODUCTION characteristic unaffected. The mprovement in hy-
drophobic property can be imparted to the fabrics

YL i ) through low temperature plagma treatment em-
At present, the finishing of textiles by plasma . « . -
ploving fluorine-base gas. In this work, SFg is used
processes have advantageously replaced many wet . X )
. L e 1 as plasma gas media and source of fluorine atoms
chemical applications. This is due to the mini- . L .
Do i - . producing Huorination on the sample surface. The
mal eontamination and the high acquiring speed of L . . .
i main aim of this siudy is to optimize plasma con-
the plasma processes. Moreover, most plasia pro- . i k ;
.. ditions lor textile treatments and to improve the
cess only produces minimal gases exhaust, hence, . X .
. . - hydrophobicity of the fabrics.
more environmentally friendly. There arve several

possible activations during the plasma treatment
Le, swrface deposition, polymerization, grafiing.
and etching, These activations can moedify sur-

face properties of the material while leave the bulk

Copyright @ 2007 Suranaree University of Technology. Alt rights reserved. IBPPG1-1
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Figure 1: Schematic diagram of the RF-ICP systern.

EXPERIMENTAL SETUP

Plasma reactor

The schematic diagram of radio-frequency in-
ductively coupled plasma (RF-ICP) is shown in
Fig. 1. The system consists of three main parts;
a} vacuum chamber made from stainless steel in
a cylindrical form, b} power coupling module con-
sists of an RIF generator, an impedance matching
network and a planar coil, and ¢} plasma diagnos-
tie system {OES}. Base pressure of the chamber,
2 3% 107% torr, can he achieved utilizing a turbe
maolecular pump backed by a rotary pump. After
the base pressure is reached, the SFg enters the
chamber via mass flow controller, and the pressure
during the process is monitored by a Pinari gange.
The operating conditions are set at the pressure
of 0.005, 0.05, 0.5 and 1 torr with RF power of
25, 50 and 75 watts. The treatment times is fixed
at 1 minutes. It is observed that at RI" power
higher than 75 watts, the plasma is unstable while
af pressure higher than 1 torr, the fabrics are usu-
ally damaged. The sample fabric is fixed at center

of discharge, 4 cm. below the guartz plate.

Characterization of the treated samples
The simpie method to measure the wettability
of which opposed to the ability to repel water, is

the measurement of water contact angle, a tangent

{BPPOL-2

angle (pointing into the body of liguid) measured
between surface of sample and the liguid droplet
at the contact point. In this work, the water
droplets contact angles are measured by Tantac
CAM-PLUS contact angle meter.
the contact angle also relate to the wok of adhe-

Farthermore,

sion W, defined as work required to separate unit
area of interface between Houid and solid. Higher
contact angle represents lower work of adhesion, in
other words, more ability to vepel water. Due to
large deviation in contact angle measnrement, re-
sulting from the roughness and irregularity of sur-
faces, another method to measure the hydropho-
bicity known as the absorption time measurement
is implemented to correlate with the plasma pa-
rameters. The water droplets (40 nl in voluine) are
dripped on the sample surface using a micropipet
at three random positions of each sample fabrics.
The data of the absorption time are ohtained by
averaging the time used of these three droplets.
The absorption time is restricted to a maximom
of 210 minutes. After this. the water volume lost

is considered mostly due to evaporation.

RESULT ANID DISCUSSION

The contact angle results in Table T show a dra-
matic increase of hydrophobicity in all PET, cot-
ton and mixed Thai silk samples. Prior to the
treatment by plasma process, the water droplet
on these fabrica is rapidly absorbed into the fabric
surface, while after treatment, the water droplet

can be ohserved on the surface with coniact an-

Table I Contact angle of water o PET, roixed Thai
sitk, Thai silk and cotton Fabrics before and after SFg
plasma treatment.

Contact. angle {degree)

Type of fabrics -

Befare treatment After treatment
PET — 139 +1
Mixed Thai silk — 142 4+ 3
Thai silk 0145 P a3
Cotton — e G 4 1

Fabric absorbed water rapidly.

Proceedings of the First National Symposium on Physic'siGféd_t}_a:!_}i:é."?':Rféééich (1* NSPG)
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Figure 2: Water dreplet absorption time on cotton
which were treated for I min at different pressures and

RF powers. Untreated cotion absorbed water rapidly.
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Figure 3: Water droplel absorption time on Thai silk
which were treated for 1 min at different pressures and
RF powers.

gles between 135%145°, In case of Thai silk, a
contact angle after treatment increase from 101°
to 144°, Our study show that these improvement
in hydrophobicity does not depend on operating
condition or the types of fabrics. As a resuit, any
clear trend of the hydrophobicity as a function of
the plasma conditions is not obtained.

All treated fabrics demonstrate increasing of hy-
drophobicity. Fig. 2 and 3 show the results of ab-
sorption time measurement as a function of pres-
sure at different BF power of cotton and Thai silk
respectively. The measurement was performed in-
stantly after I minute treatment of SFy; plasma.

Proceedings of the First National Symposium on Physics Graduate Research (1™ NSPG)
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Figure 1t (color oniine}, Absorption time of PET,
cotton, Thai silk and mixed Thai silk as function of
RF power. Plasma pressure and treatment time are

0.05 torr and 1 min, respectively,

In both fabrics, best lprovement i absorption
time was obtained at the RF power of 50 watts.
At afixed RF power and treatment time, the data
shows that treatwent at pressure higher 0.5 torr
will maximize the absorption time for cotton. Sim-
ilar result was also found for That silk, but rapid
improvement would be abtained at the operating
pressure higher than 0.05 torr. As can be seen
from Fig. 2 and 3, the suitable condition is at the
pressure of 0.5 torr and RF power of 50 watis.

I'ig. 4 shows a comparison of abserption time on
PET, cotton, Thai silk, mixed Thai silk as a func-
tion of RF power at pressure of 0.05 torr and treat-
ment time of 1 min, Again. due to the rapid ab-
sorption of water droplet on untreated PET, cot-
ton and mixed Thai silk, the absorption time on
these samples could not be measured. The result
of untreated Thai silk abserption time is about 40
min. The best hydrophobic property improvenent
is obtained in PET samples.

We have measured the storage time effect on
hydrophobic preperty of all fabries, as shown in
Fig. 5. The results indicate that hydrophobicity
stability after the exposure of 8Fy plasina depend
on the type of fabrics. The best hydrophebicity
stability was obtained in PET samples in which
the maximum limit of absorption time (210 min)
still obtained after 14 days. On the contravy, in

IBPPO1-3
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Figure 5: Absorption time of PET,
catton, Thai silk and mixed Thai silk, ireated for 1

(color online).

min at pressure of 0.05 torr and RF power of 25 watts,
measured at different times after treatment.

case of cotton, the hydrophobicity gradually de-
crease to a minimum at 21 days.

The OES spectrum of 5Fg plasma as iflustrated
in Fig. 6 presents spectra lines of F 1 (excited flu-
orine) which is believed to be the source of hydro-
gen abstracting and attached with carbon compos-
ite in the fiber lead to C-F bonds which increase
the hydrophobicity of the fabrics. The work of
C. W. Kan e al. 9] shows that the hydropho-
bic properties are noi ohserved when the fabric
is treated by nitrogen or oxygen plasma. Fig 7
shows SEM image of Thai silk sample. Tt can
be seen that the surface of treated samples (b) is
roughen by SFy plasma compared with untreated
sampie {a). Primarily, we expect that the change
of sample surface is resulted fron: both etching and
deposition of C-F residue.

CONCLUSION

The wnprovement in hydrophobicity of PET,
mixed Thai silk, Thai silk and cotton were ob-
served with the utilization of SFy plasma treat-
ments. The suitable operating coudition in our
RF-ICP system is obtained at pressure of 0.5 torr

and RF power of 50 watts.

iBPPO1-4
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Figure 6: QOES spectrum of SFs plasma at pressure of
.05 torr and RF power of 25 watts was identified hy
using NISE atomic wavelength table. The F I {excited
Auorine)} peaks are presented range 600-800 nm.
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{a] {b)

Figure 7: SEM photograph of That silk at 5000 {a} untreated, and (b} treated smmple after exposure to Sky

plasma for 1 min at pressure of Q.03 torr and REF power of 25 watts.
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Growth and Characterization of NiFeN Thin Film
by Reactive Gas Timing RF Magnetron Sputtering
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Growth of NiFeN thin films on glass substrate at room lemperature by reactive gas liming rf
magnetron sputtering, with condition on rf power, time period and flow rate of argon and nitrogen
gas, respectively. The crystal structure of thin films was investigated by XRD show feo structure of
NigbeN (200) plane. The lattice constants of thin films increased with increasing of flow rate and
time period of nitrogen gas. The surface morphologies of thin films was investigated by AFM show

grain size range of 30-150 am.
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INTRODUCTION

There ave many methods i growth of NiFeN
thin Glms such as of magnetron sputtering [1, 2, 5).
if diode sputtering 6], d.c. magnetron sputter-
ing [3]. dual ion beam sputiering [3] and de and
rf toroidal discharge [8], ete. The most researches
erephasize on a growth of NiFeN thin filos on glass
substrate and silicon hase using Ar + N» gas mix-
When

nitrogen partial pressure inereased, the diffraction

ture rf magnetron sputtering {2, 4, 5, 8]

peak is slightly shifted a lower side. The lattice
constant 8 also decreased [2} and increased pro-
portional to the vf power [1].

Thiz work is a growth of NikeN thin hhn us
ing veactive gas timing f magnetron sputtering

on glass substrate at roon temperature. The thin

Copyright © 2007 Suranaree University of Technology. All rights reserved.

KR and AFM

filin structures and surfaces were analyzed using
XRD and AFM. respectively.

EXPERIMENTAL METHOD

NiFeN thin filus were prepared by reactive gas
tinzing rf magnetron sputtering on glass substrate
at roewn temperature. Base pressure of the order
of 2% 1% mbar was obtained. The pressure when
releasing Ar and Ny gas into chamber is about
{8.2-4.0) > 167% mbar and {1.5-2.5) > 10~ mbar.
respectively depends upon the growth conditions.
The distance between target to substrate is 5 cm
and rf power is 300 watt. The thin Rhm structures
and surfaces were then analvzed using XRD and
AFM rvespectively. The first condition is no gas

timing control.  The second condition I8 chang-

NPO1-1
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Figure 1: {color enline}. XRI peak of NiFe films pre-
pared with no gas timing.

Figure 2: (color onfine). AFM image of NiFe [iim pre-
pared with no gas timing.

ing a time period of Ar and Ng gas to 25:2, 30:2
and 40:2 seconds. The third condition is changing
the How rate of Ar and Np to 11:4.3, 11:5.0 and
11:5.5 scem. The last condition is changing the rf
power to 200, 300 ard 400 watt.

RESULTS AND DISCUSSION

Structure and surface of thin film with no gas
timing control.

Fig. 1 show XRD pattern of Nile in (111) plane
[1, 6, 7). The lattice constani caleulated from the
(111) pealk, is about 3.5602 engstrom. Fig. 2 show
AFM image of Nife film, the grain size is about

NPO1-2
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Tahle I: Effect of the condition veried a thne period of
Ar and Ny gas (of power is 300 W, flow rate of Ar:Np
gas is 12:5.5 scom).

Time period of Ar and| 26 |Lattice const|Grain size
N3 gas (second) ("} {A) (nm)
20:2 48,32 3.7626 40-60
30:1 49 3.7136 30-40
30:2 48.80)  3.7279 50-60
4002 49.20!  3.6904 30--40

Table Il Effect. of the condition varied fiow rate of No
gas {rf power is 300 W, time period of Ar and Ny gas
is 30:2 second).

Flow rate of Ar and} 26 |Lattice const|Grain size
Nz gas {scem) ") {A) {nm}
11:4.5 40,24 3.6966 50-60
11:5.0 49,12 3.705} 80-150
11:5.5 49 3.7136 40--50

Stracture and surface of thin film with Ar and
Ny gas timing control.

The eflect of changing a time period of Ar and
Nj gas are shown in Table I. When a time period
of Ar and Nz gas changed, the lattice constant and
gain size of thin films changed since the Ny con-
tent of film changed [2, 4, 5, 8]. The XRD) pattern
of the films are given in Fig. 3. All the Rlms had
fec (200) plane. The lattice constant caleulated
from the (200} peak, are also shown in Table I In
Fig. 4, it can be seen that the intensity of fee (200)
peak decreased and the diffraction peak position
is slightly shifted a lower side, the lattice constant
is incressed with the time period of N gas is in-
creased [2]. When a time period of Ar increased,
the diffraction peak position IS Sli’g_htlj’ shifted a
higher side so the lattice constant is decreased.
That peak was broader; Wh.lchmeans the grain
size was smaller, which cdrr_g:spp'ﬁ"(lﬂ{ifith Fig, 4. It
shows the AFM iznage’."Of:_-N_i.I:.*_._‘ei_\'f_'_ﬁll‘i}_s; the grain
size is about 30-60 nm:

rch (1 NSPG)
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Figure 40 (color ontine]. AFM image of MNiFeN films prepared with different time period of Ar and Na gas.

(a) 20:2, (b) 30:1, {(c) 30:2 and (d) 40:2 second.

Table HI; Effect of the condition varied rf power {flow
rate of Ar and Nz is 12:5.5 scom, time period of Ar
and Ny gas is 30:2 second).

7HI Powar] 20
{watt) (" (A {nm})

Lattice const [ Grain sive

200 148.92] AT 70-100
300 [49.08)  3.707Q 50-60
400 {4881  3.7423 40-50

Proceedings of the First National Sympasium on Physics Graduate Research (1% NSPG)

Structure and surface of thin film with Ar:Ng
gas flow rate conirai.

The effect of changing the flow rale of Ar and
N gas are shown in Table IT. When Hlow rate of Ny
gas s increaged, the lattice is also inereased since
the probability of occupation of nitrogen atom at
the interstitial site between Ni and Fe atom in-
creased cause a distortion and expansion of the
unit cell [2]. The XRD patiern of the flms are
given in Fig. 5. The lattice constant of films cal-
culated from the (200} peak. are also in Table IT.
The diffraction peak position is stightlv shifted a

NPC1-3
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lower side, the lattice coustant is increased. Fig, 6
shows the AFM image of of NiFeN films, the grain

size 1s about 40-150 mn.

Structure and surface of thin filma with of
power control,

The effeets of the changing the f power are
shown in Table [I1. Fig. 7 XRD paliern, when
rf power increased from 200 to 300 watt, the lat-
tice constant decreased since Ni increased [4]. Bu
power increased from 300 to 400 W, the lattice
constant increased since NI decreased {1], and Ny
oceupy interstitial sites increased [4). Fig, 8 shows
the AFM image of of NifeN films, the grain size
is about 40-100 nm.

CONCLUSIONS

The influence of sputtering conditions on struc-
fure and sarface morphologies of NilieN filims was
investigated. NiFe film had fee in (111} plane
and NilFeN films had fee structure of NipFoN (200}
plane. The lattice constants was about 3.7136 £
002 A, It iereased with increasing of flow rate
and time period of nitrogen gas. Thin fils had a

grain size was about 30 to 150 nm.
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Figure & {volor online). XRD pattern of NiFaN films prepared with different Ar:iN: gas flow rate.

® (©

Figure ¢ {color online). AFM image of NileN films prepaved with different AriN, gas flow rate (a) 11:4.5,

{(b) 11:5.0 and {c) 15:5.5 scem.
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Figure 7: {color online}, XRI) pattern of NiFeN filins prepaved with different rf power.
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Figure 8 {color onlinc}. AFM image of NiFeN Rlms propared with different of pawer.. (ay 200, (b) 300 and
{c) 400 W,
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The Expansion of the Nd:YAG Slab and The Thermal Lens

Effect in 3 W Single Side Pump Nd:YAG Laser
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In the diode side punped Nd:YAG laser, the laser diode arvay is used as a piunp source. The
diode array does not produce only encrgy for lasing process but it also produces heat to the
laser mediwm. This heat is the main factor that canses the expansion of laser medivim, which
results in the phenomenon called thermal lens effects. In this research the thermal lens effects
are studied in the continuous pumping condition.  During the pumping process the Nd:YAG
slab behaves like a convex lens. The experiments is divided into fwo parts: 1) The measure-

ment of the focal fength of the thermal lens and 2} The study of the expansion of the NAUYAG crystal.
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Keywords: Thermal Lens, Nd:YAG Laser

INTRODUCTION

The study of the thernal lens effects began in
1964 when Gordon ¢t al. ohbserved the changing
of the transient power and beamw divergence of the
output of a hellume-necn Iaser after placing trans-
parent samples i the laser cavity [1]. In 1984,
Eggleston et ol [2] presented the mathematical
mode! of the thermal effects in both rod and slab
lager medium. For the slab model the cooler plates
are placed at the top and the bottom of the slal.
Energy is pumped at the top face of the slab, The
tewnperature gradient is only in the vertical axis
of the slab. The stress can be caleutated from the
temperature gradient. The index of refraction is i
the same form as lens-like medium. Finally the fo-
cal length of thermal lens can be caleulated by ray
optics. In 2003, Brmolaey ef ol [3] published the

paper that diseussed how the focal power of the

Copyright © 2007 Suranaree University of Technology. All rights reserved.

thermal lens, that appears i the active element
of a Nd:YAG laser with transverse pumping by
thirty Bnear laser-ciode arrays having s total op-
tical power of up to 600 W, depends on the pump
power and the temperature of the laser diodes.
The optimum working temperature as a funetion
of the diode current is determined. The power bal-
ance during diode putaping is considered, and the
contributions of various mechanisms to the ther-
wal processes i the cryvstal of the active element
are determined. A practical technigue is described
for caleulating thermal lepses in solid-state lasers

with transverse diode pamping.

According to our works, we set the single diode
side pinp N&'YAQG laser whose laser medium is in
stab geometry. We tried to compare the measured
focal length of the thermal lens in our experiment
with the calenlated one [2] Finally, we studied

the expansion of the laser medium. We wanted

QF01-1
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to know it had a uniform expansion or not, Af-
ter that the result would be compared with the
mathematical model,

METHODOLOGY

The N YAG laser in the experiment is set in
sided-pump configuration. The slab is placed be-
tween the coolant plates as shown in Figure 1, The
laser diode (model ARR31C040W0B0B03A11BE0,
Northrop Grumman Space Technology) is used as
a pump source and is placed at the side of the slab.
The curve mirror which has the radius of curva-
ture of 1.50 m is used as the back mirror. The flat
mirvor which has the reflection 95% is used as the
front mirror. The cavity length is 12,5 e, The
relation between the diode current (1) of the laser
diode and the output power of N&YAG (1064 mm)
when the coclant temperature (70} is set at 22 °C
is measured. Then the laser resonators are re-
moved, The experiment [or the measurement of
the thermal lens is set as shown in Figure 2. HeNe
laser is used as a probe beam and is passed through
the taser medium while laser diede is on. The focal
point i found and the focal length of the thermal
lens i caleulated. Finally, we tried to see the ex-
pansion of the slab then the experiment is set as
shown in Figure 3. The HeNe laser was passed
into Mach-Zehnder interferometer that Nd:YAG
slab is placed at one arm [4]. The parallel beam
of HeNe laser is passed through the slab while it is
heated by laser diode, When the dicde current was
changed the interference pattern would be changed

RESULTS, DISCUSSION ANID)
CONCLUSION

According to the Nd:YAG laser confignration
set up, the relation between the input current of
the kaser diode and the output power of NA:YAG
{1064 nm) when the coolant temperature is set at
22 °C is shown in Figure 4. The threshold current
is about 25 A. The maximum output power of
faser is about 3.2 W.

Using the concept of heat transfer, the stress

OP01-2
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Figure 1: {color online}, Diede-sided pump Nd:YAG
laser in the experiment.

Figure 2: {color online}. The experiment for measure
the foeal length of the thermal lens.

Figure 3: (color online). The experiment for studying
the expansion of the slab, .
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Figure 4: Graph between diode current and the output
£ ! E
power of N&:YAG laser when the coolant temperature
is set at 22 °C,

and strain, the indexes of refraction and the ray
matrix, the focal length of the thermal lens can be

alcutated by [5];

1 1
= and fy = e 1
f nlin, - fy nflay, ()
Where
PO g Q0 QN O %
e == Mo dT( i) " anar Be A G

2 pdn /Q Q : .
ey = oo I:d.T (5‘) - 5. (BJ_ + BE\)} . {2b)

N 2 2
nY = ng + dn (QEL) L B (2¢)
¢

v T\ k) 1AL T
2 fdn /¢ (@)
, T —— —_— — 2
M LIT (2&:) 4 4 @

where f. and f,; are the focal length of the slab for
x and y, respectively, d is the height. of the slab, {
is the length of the slab, & is the thermal conduc-
tivity (Wem ™" K1), (2 is heal generated per unit
volume (W em™). B) and B are stress optic co-
clficient whick give the change in the optical index
for stress applied paraliel and perpendicular 1o the
Lo . . (1~ wik
polarization axis, respectively, M, = m———

is Young's modunlus, 1 is the Poisson’s ratio and o

is the thermal expansion coellicient.

At T, = 22 °C, the relationship between the in-
put current of laser diode and the calculated value
of the focal Jength of the thermal lens as shown in
equation {1) ave shown in Figure 5 a} and the re-

Iationship between the input current of laser diode
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Figure 5 (color online). a) Theoretical relationship
between the focal length of the thermal lens in the
Nd:YAG stab and the input current, b) Graph between
the measured focal length of the thermal lens and the

input current.

and the measured value of the focal length of the
thermal lens is shown in Figure 5 b). When com-
paring the focal length of the thermal lens from the
theory to one from the experhmenis we find that
the theoretical focal lengths are shorter than that
from the experiment. Fhis implies that the heat
generated in the slab is removed faster so that the
temperature of the slab is not high as in the theory.
The stress is reduced as temperature. The index
of refraction of slab is not changed much as that
expected from the theory, Thus the focal lengths
of the thermal lens in the slab are longer than in
the calculations.

When the input current is greater than 35 A,
the tendency of the slope of the graph is changed.
This implies that when the input current is a high
value, the heat generated in the skab increases.
The cooler can not remove heat as the same rate

as when operated with lower input current. There-
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HEREIT W H

Figure 6: {color online). Interference pattern from the
Mach-Zehnder interferometer corresponding to diode
current = 0, 25, 30, 35 and 40 AL

fore the slaly contains more heat leading to the
(el

shorten of the focal length of the thermal lens.

According to the experiment for studying the
expansion of the NLYAG crystal. The Interfer-
ence patterns of HeNe laser from the experiments
when input current s set at 0, 25, 30, 35, and
40 A are shown i Figure 6, When I' = .00 A the
fringes in interference pattern are quite straight.
This means that the refractive index of the slab
is uniform. After increasing the nput current of
the laser diode, fringes in the interference pattern
are not uniform which tinplies that the refractive
index of the slab is not uniform leading 1o the dis-
tortion of the wave front of the HeNe beam which
pass through the slab. The right side of the inter-
ference pattern ringes is wider than the left side.
Analyzing from the laser system the HeNe laser
beamn which produces the wider fringes at the vight
zone passes through the stab at the region near the
laser diode. This means that the expansion of the

GPG1-4

slaly and the thermnal lens effects give a strong ef-
fect at the region which is In contact to the laser
diode. Tt can be concluded that the temperature in
plane xz of the slab is actually not uniform and the
heat is transferved in two dimensions. When heat
is not transferved only in y direction of slab, the
thermal lens effects in y divection will be less than
the effects when the heat is transferved i only ¥
direction. Thus the focal length of the thermal

lens will be longer.

.
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Particle Sizing by Using Absolute Values of
the Wavelet Transform of the Particle Holograms
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SIREWAT SOONTARANON® and JORWONG WiDIAJA
School of Laser Techneology and Photonics. Institute of Science,
Suranaree University of Technology, Nakhon Rafchosime 30000, Thailend

A new method for sizing particles from in-line Fraunhofer holograms by using wavelet transforin
iz proposed. The amplitude transmittance of the holograms is a modulation of a chirp signal with
an envelope function whose minima is proportionally egual to the product of the particle size and
the spatial frequency of the chirp functien. By wavelel transforming the hologram and taking an
absolute value of its resultant transformation, the spatial frequency at the minima positions can
be obtained. The particle size which is merely a function of this frequency can then be calculated.
beasibility study of the proposed method is dene by conducting simulation and experimental
verilications for line object.
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INTRODUCTION

Particle size measurement from in-line particle
holograms by using absolute value of the wavelet
transform (WT) is proposed in order to Improve
accuracy of our previousty proposed method {1].
By illuminating opague or semi-transparent par-
ticles with a collinatled coherent light. a holo-
gram which is an interference pattern between
light waves diffracted from particles and a directly
transmitted Light wave is generated. In a conven-

tional recopstruction process, the hologram is il-

fey=1- 71%3 Cos ( e

where A and z are the wavelength of the illumi-

Copyright © 2007 Suranaree University of Technology, All rights reserved.

ma? &Y [sin(2rar/iz
1 _I) [sm( ar/ )]+

2raxiAz

laninated with the same coherent light. The in-
formation about the particle size can be obtained
by analyzing a reconstructed inage of the particle.
However, in real applications, we may deal with a
huge mumber of particles. As a consequence, the
conventional reconstruction process is very Ledious
and time conswming.

An amplitude  transmittance of the eline
Fraunhofer hologram of a small line object with
a radius of ¢ can be mathematically expressed as
2

4a* [Sin{?wa:r'/,\z) :{ E

Az draxfAz

nating light and the distance between the particle
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Figure 1: Simuiated in-line hologram of a line ohject.

and the recording plane. respectively. The first
term of Eq. {1) corresponds to the directly trans-
mitted light. The second term corresponds to a
modulation between a chirp signal and a sinc func-
tion. The particle size information is encoded inlo
the zero-crossing pesitions of the sine function.
These positions are referred as the minima posi-
tions of the inferference pattern. The third term
is a square of the sinc function whose amplitude
is 1much sialler than the other terms. IFigure 1
shows a computer plot of Eq. {1), from which the
above propertics of three terms can be obviously

observed,

METHODOLOGY

According to Eq. (1} the frequency of the chirp
signal is w/Az, while the minima positions of the
interference patéern appear at 2ax/Az = n where
nis 1,2,3.. ... Thus, the frequencies of the chirp
signal at the minima positions are found to he
1/2a. By taking this into consideration, the size of
particles ean be calculated, provided that the spa-
tial frequencies of the chirp signal at the minimum
positions are known. In the proposed method, the
digitized holograms captured by a charge-coupled

OP(2-2
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device seusor are analyzed by computing the abso-
lute value of its wavelet transformation. The WT
of a signal pattern s{x) is defined as 3]

z -t

Wi, d) = % /_w(j*(w&m-) sixydr,  {(2)

where d and ¢ are the dilation and the transla-
tion parawneters, respectively. Equation (2) can be
considered as a cross correlation between the sig-
nal {2} and the dilated wavelet g(/d). When the
frequency content f of the signal s(«) in the region
subtended by g* ((w—1t}/ d.) matches the center fre-
quency of the dilated wavelet g(z/d), a correlation
peak is generated along the dilation d at the posi-
tion { where Lhe frequency f occurs. This peak is
found te be proportional to the amplitude of the
signal s{x).

In the general case of signals that sz} is an amn-
plitude modulated signal, the amplitudes of the
resultant correlation peaks are determined by the
amplitude of the modulating function. Therefore,
besides its excellent ability of providing the time~
frequency simultaneously, the WT extracts the
medulating information of the signals being an-
alyzed. A further insight into this property may
be gained by analyzing mathematically the mod-
ulated signal on the use of the WT.

For the sake of shmplicity, we consider that a

modulated signal is given by
sla) = cos(2r fu) cos(@x for) (3)

where the first cosine term corresponds to the car-
rier signal while the second one is the modulating
signal. Here, the carrier frequency fy is greater
than the modulating frequency fo. By using a
Morlet wavelet of the form

&

glx) = exp (i27 fyx) exp (——%) (4}

as an analyzing wavelet, the absolute value of the
WT of the signal s{x) is found to be’

earch (1% NSPG)
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2
[ td}l—\/_' exp | =7 (fo ~ f1)? ( T fu)

+oxp | —472(fy + f1)? (f

+ 2cos{dn fot) exp

Eguation {5} consists of the sununation and mal-
tiplication of two Gaussian fanctions which pro-
duced a Gaussian-like flm(‘tirm whose maximur
peak appears at d = f,/fi. This position is re-
garded as the one where the flequency of the i-

lated wavelet f,/d matches the frequency of the

Wi d ‘ A
W r)ldmm

Fequation {6) confirms that the absolute value of

the WT gives the information about the moduiat-
27 fot)]- A

a function of dilation 2a/d. Fig. 2 1llustre.u,e a 3~D
plot for the absolute value of the WT of the Fig. 1

ing signal with ifs absolute value

which is cut along the dilation & = f,/f1. Evi-
dently, the minhma of the absolute value of the WT
output appear at the correct zero-crossing points
of the sine function. By determining the frequen-
cies of the chirp function at these minima, the ab-

ject size can then be caleulated,

RESULTS AND DISCUSSIONS

In a prefiminary verification, the in-lne holo-
gram of an optical fiber with the diameter of
125um was experimentally generated under tHumi-
nation of the coherent light operating at the wave-

length of 543.5nm. The hologram was recorded by

Proceedings of the First National Symposium on Physics Graduate Research (1% NSPG)

h + fu)
2
; 57y 172
—2Tl"(f{} -f—fi]" (d— m) (-r)}

modnlating signal f;. Therefore, the cosine func-
fion In the third term of BEg. (5) is confined by
the Gaussian-fike function centered at the dila-
tion d = f,/fi. When the dilation d = [ /f;
is achieved, Eq. {5} reduces to

s —— i(os ?“J‘U't)‘ {6}

using a CCD camera TAMAMATSU CH948 with
the resolution of 640 x 480 pixels in the area of
8.3 x 6.3 wm.

the errors i mneasurcments of the diameter of the

Figure 3 shows a comparison of

optical fiber, where the circle and cross signs cor-
respond fe Lhe previously proposed envelope re-
construction method and the absolute value of the
WT, respectively. Tt is obvicus from the Ogure
that the errors in measurements using the pro-
posed method are significantly reduced. The rea-
son: of this reduction is that the proposed method
employs only the frequency of the chirp signal at
the miniraum position of the eavelope function for
evaluating the object size, Since the information
of the recording distance is not required as in the
envelope reconstruction method, its measurement
errors do net affect the measurcments in the size

of the object.
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600

Amplitude {a.a)

Figure 2: The 3-D plot of the absolute value of the W'T
of Fig. 1 which is cut along the dilation d == [,/ f1.

CONCLUSION

We have proposed and verified experimentally a
novel method for sizing the particles from the io-
line holograms by using the absolute value of the
WT. The proposed method takes an advantage of
the property of the WT whese absolute valie could
extract the positions of the minima of the envelope
funetion. Since the resultant extracted minima are
funetions of the dilation of the wavelet, the fre-
quencies of the fringes at the minima of the enve-
lope function are measured, The size of the parti-
eles can be finally caleulated from the relationship
between the frequencies with the positions of the
mininia.  Unlike the previous method, the infor-
mation of the recording distance is not used for
determining the object size and, therefore, the er-
rors in measurements do wot affect the accuracy of

the proposed method.
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" Bolno: @3 gunsuu
Email: bom_chonGhotmail . com

[1] 5. Soentaranon, J. Widjaja and T. Asakura, “L-
rect Analysis of In-tine Parificle Hologroms by Us-
ing Wavelet Transform and Envclope Reconstruc-
tion Method”, Optik 113 {11}, 489-494 {2002),

28 G. AL Tyler and B. ). Thompson,
Holography Applied to Parficle Size Analysis, A
Reassessment”, Opt. Acta 23 (9), 685-700 (1976).

31 R, Krenland-Martinet, J. Morlet and A. Gross-

“dnalysis of Sound Patlerns

Wavelet Transforms™, Int. J. Patt. Recog. Artifi-

cial Tntell, 1 (2}, 273302 (1087).

“Fraunhofer

man, Throwgh

Proceedings of the First National Symposium on Physics Graduate Réssarch: (1 NSPG)



{NSPS

13

Praceedings of the First National Symposium on Physics Graduate Research (17! NSPG)
29 June - 1 July 2006, Chulabhorn Dam, Khon San, Chaivaphum, Thailand

Decoherence in Josephson Junction Phase Qubit
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RACHSAK SARDANUPHAR® and SOJIPHONG CHATRAPHORN
Department of Physics, Faculty of Science, Chulelongkorn University,
Buanglkok, 10350, Thailand

Jogephson junciion is a one of promising devices to be used as a ¢quantwm bit or known as qubit
in a quantum computer, The dynamics of a current-bias Josephson junction can be described
by using the Resistively and Capacitively Shmnted Junction (RCST) model, wiich is analogous
Lo the classical motion of a particle in a iilled washboard polential.  In this work, guantum
theory aml approximation methods are used to caleulate and explain quantuin properties of the
Josepson junction. We can see that the energy levels in the washboard potential can be quantum
mechanically quantized, and thus used as a qubit in quantum computation. The wave functions
of the states in the potential well are relatively similar to that of the harmenic oscillator due o

® energy level expeonentially

the shape of the washboard potential. The tunneling rate from the n
increases with bias current and the first excited state is three orders of magnitude morve than the
grownd state, The decoberence thue in a Josephson junction can be found by considering the
Rabi’s oscillation in the presence of curvent noise in the junction. The decoherence time depends
on the magnitude of the current noise. This result can be used to determine the feasibility of nsing

Josephson function as a qubil.
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PACS numbers: 13.80.Hd, 24.10.)v, 24.85,-+p
Keywords: Josephson junction, Quantum Computation. Phase Qubit

INTRODUCTION

Quantum computers are prowmising to solve cer-
Lain difficult problems in computer science, such
as factoring prime vumber, searching algorithms
and running simulations of quantum mechanical
system faster than classical ones. Quantum com-
puters use a quantum system instead of a classical
systemn, storing information as well as operating
computation under the principle of quantum me-

chanics. Today, there are many proposed quan-

Copyright © 2007 Surznaree University of Technaology. All rights reserved.

tuwn systems such as Nuclear Magnetic Resonance
(NMR}, Optical, Solid State, and Superconduct-
ing that are used to build quantum computers [1].
Josephson junction is one of the pronising devices
to be used as a quantum bit {qubit) in a quan-
tam computer. Josephson junction is a supercon-
ducting device, which consists of wo superconduc-
tors separated by a thin msulating barrier such as
Nb/ALO, /Nb and Al/A1O, /AL The behavior of
Josephson junction is described by the Josephson

relations, I, = Losiny and V = {A/2e)dv/di where

Oo1-1
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Figare 1: The equivalent cireuit diagram of Josephson
junction.

I, is the tunneliog current, I is the eritical current
of the Junction.  is the phase different of the su-
perconducting order parameter, and V is Lhe volt-
age across the junction. The Josephson junction
can be considered by using the equivalent circuit
diagram known as the RCST (Resistively and Ca-
pacitively Shunted Junction} model as shown in
Fig. 13 [2]. The system is analogous to the classi-
+al motion of a fictitious particle moving i & tilted

washhoard potential

Wﬂm(

where U{~) is the potential energy and Iy is the

total applied current through the junction. This
potential is the key to study the quanfuin proper-
tics of the Josephson junction such as energy levels
in the potential well (the information states 0 and
} can be stored in the ground state {0} and the
first exeited state |1} of the junction, respectively),
state wave functions of the qubit, the tunneling
rates of the states, and the decoherence times of
the states. These are basic knowledge necessary
for the experimental work n quantum computa-

tion.
METHODOLOGY
In the calculation, the washboard potential can
be approximated by a cubic parabola potential

when the applied hias current is close to the erifi-

0G1-2

cal current. The potential can be rewritten as

U{g) =3y (1) [1 - (ﬂ)} = (2
Yo 3

whore ¢ = 7 — sin™ oo/ o), Uy is the harrier
height and ¢g 1s the position of the maximum as
shown in g, 2. The energy levels and the wave
functions of the cubic parabola potential can be
found by solving the time iudependent Schrddinger
equation namerically. According to the one dimen-
sional Schridinger equation

&,
s moerrereemen T{ v Valn == _‘: - :
I Oat +0 (I) Wn n ( S)

)

the approximation wave Function 'u.'i-’ is consid-

ered in an interval (e, b} under the three conditions
Loay=hjj=123....N~-1

2. ‘.'.L-’_g-“) = ";’1’?1(1‘.’1—}

. (1) {n} . . . Jiv
3wy = wy = O (houndary condition},
where &g = 4, ¥y = b and h is the step

sive defined by b= (b—a}/N.

The interval of the wave [unction is divided to ¥

points and the wave function 2, (x;) at any point
{n}
:

as using the boundary comxdition at the ends of the

x; is approximated by wave function w.™, as well

interval. Following the derivative approximations

. 1oy (;
W Y e RS bt o )
Plle,) = 75 Wi T 2wy + ij} , {4
. i {n} {n1
Wy~ o flh -l (5)

the approsimated wave [unction can be inserled
into the Schrédinger equation, and a system of
equations for solving the eigenvalue problens ean
be obtained. A large number of encrgy eigenvals
ues and eigenfunctions can be Jouad but only the
etgenvalues and the eigenfunctions inside the well
(E < Uy) are used to study the quantmm mechan-
ical behavior of the junction.

The tunneling rates at each energy level of the
Josephson junction can be calculated using the
semiciassical method. According to the WKD for-

th

mala, the tunncling rate from the o' energy level

is

.ln. = 'T"‘——‘(En} exp ["""‘ﬁ '/;2 l[)(..[ [ .(‘:| (6)
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Decoberence in Josephison Junction Phase Qubit
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Figure 2: The cubic parabola potential.

p(x) = \f2m [E - U(x)] ()

where T{E,) is the period of the classical motion
at energy £,. This quantum effect is a problem in
quantum computation because a particle prepared
in a state inside the well can leave the system.
Finally, the decoherence times of the Josephson

junetion in the presence of current noise can be ob-

ﬁ;(f) dE g
2 afdc

I3

e, 8
Y 20w

where £y 18 energy spacing between ground state

anel first excited state. The state of two-level sys-

i

[-ij}(i)) - ewiE{.t,’ﬁ.C,U(t) IU) +e‘m”‘/“c1(t} 1) =

where op{t) and ¢ (#} are the probability am-
plitudes of finding the system in the state |0)
and state |1} at time [, respectively. We insert
the Hamiltonlan and the state of qubit into the
Schrédinger equation ihdj‘g&{ﬁ))/dt = H ]-t,!:(t)),

Proceedings of the First National Symposium on Physics Graduate Research (1% NSPG)

(,iw ot

served by considering the Rabi's oscillations. We
first. current bias the Josephson junetion and keep
only the two-state system of the qubit and add
lwo external current sources, a microwave current
I (t) and noise current [,(1) as perturbations.
The microwave current is the ac current with an-
gular frequency wyg equivalent to the energy spac-
ing between the ground state and the firs¢ excited
state.  The noise current is chosen in a form of
Gausstan random noise. According to the Hamil-
tonian in the interaction picture, M = H% + H'(t),
the unperturbed Hamiltonian can be written in a
matrix notation as

wo= [0 (8)
0 B

and the perturbed Hamiltonian in & matrix nota-
tion is

Illw . ehdmf
20wy

)

& a1 de

o ()

tern can be written in a superposition of the basis

states ) and 113, given by

ﬂmiE,L/.’iCG(”

- 10
(;‘“'I’“‘f'/h(‘,l(l‘) ( }

and solve the ovdinary differential equations nu-
merically by using the 2% order Runge-Kutta

method, i.e. midpoint method.
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Figure 3: (color online). The five state wave function
in the cubie parabola potential.

RESULTS, DISCUSSION AND
CONCLUSION

The energy elgenvalues and the numerical wave

functions of the first five states are shown in Fig. 3.

]

f " dp m 1
T{E) = § <5 dr = 20, [ o —eee
¥ol ?g aE <t T Uy o, =3

where EllipticK is the complete elliptic integral of

the first kind. The Euclidean action across the

&y A\ . 1
/ 11)(;1?” i = S = 2/ mlly %:{:fz\iwgg gFg(wg.
g <

where oF; (12, A, A+ 0, 3) 18 the Gaussian hypergeo-
metric function. The tunneling rates of the ground
state and the first excited state are shown in Fig. 4.
It can he seen that the tunneling rates of the first
excited state arve about 3 orders of magnitude more

than these of the ground state.

For the Josephson junetion, noise current is one
of the cause of decoherence in the qubit. The
Rabi’s oscillations of the two-state system under

001-4

It can be seen that they are somewhat similar to
the wave functions of the harmonic osciliator be-
cause the shape of cubic parabola potential is al-
most stmilar to the parabola potential, The en-
ergy levels inside the well depend on the junction
parameters such as the critical cwrent {(I;) and
the capacitance (C) as well as the applied biag
current (lyo). When the bias current is raised,
the potential well becomes shallow, thus decreas-
ing the number of energy levels. The energy level
spacing between the ground state and the first ex-
cited state is in the range of microwave frequency
(GHz}). A microwave current can be applied as a
perturbation to observe the transition hetween the

two lowest bying states,

The tunneling rate describing the transmission
of the particle through the potential barrier is ex-
ponentially decayed with the action per period of
time. The period of classical motion is

Empucx( iﬁ) ._ (11)

RS K

[

classically forbidden region (region 1) is

ol s

Ty

swﬁ> (12)

the influence of the noise current are used to ab-
serve a decay of the probability of the states. We
found that the probability of Icr.(i)]l and Ic,_( t]!z
oscillate and exponentially decay ‘with time in
range of nanoseconds as shown in Fig. 5. The
microwave current canses t.'ll_e_q'ésc:i_ll:ati'c'm of proba-
bility 1%(%)[2 and [c[{'t)iz an
cillation depends on’ t_he: 'a;liij_l_flf_{l_(le : D.f_ ‘microwase

a p_e-_l_‘l_o:d of the os-

current. The noise current: causes the decay of the
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Decoherence in Josephson Junction Phase (Gubit
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Table I: Decolierence time in Josephson junction with
noise current for a junction parameter [ = 14.12 pA
and ¢ =4 pF.

Nuise current {#A) Decoberence time {ns)

1 21
3 4.2
10 2.0
19 1.4
20 1.0

iy T 3 -
09910 09915 G.5920 0.9923 0.9030 G.0935 0.9940
1./1

de Ty

Figure 4 (color online). The tunneling rates of the
ground state and the lirst excited state,
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Figure 5: The Rabi’s sscillation with current noise am-
plitude 10 nA,

oscillations. We are intervested in the amplitudes of
the noise current that canse the decay of the Rabi's
oscillation. If we increase the noise current ampli-
tude. the probability of inding the state will decay
faster and the decoberence time becomes shorter
s shown in Table. [ Thig vesult is in a good agree-
ment with the experimental results [3].

The quantam properties of Josephson junction
that have been studied are necessary for using the
Joseplison junction as a gquantum bit. The meth-

Proceedings of the First National Symposium on Physics Graduate Research (1% NSPG)

ods used here yield the results that are agree with
the previous result by P. Kopietz et al. [4] and
show that the Josephson junction phase qubit can

be a good candidate for a quantum computer.

* Folne: Ti9dhd fnauniw
mail: chin_phy®hotmail . com

(1} R. Hughes ¢f al, “Quuniun Information Seience
and Technology Roadmapping Project”, (2002).
[Online]. Available: htep://gist.lanl.gov

[2] W. Buckel and R. Kleiner, Superconductivity: Funi-
damentals and Applications, 2™ od., Weinheii,
Wiley-VCIH (2004},

3] A3 Berkley el al., “Decoberence in a Josephson-
Juneltion Qubil”, Phys. Rev, B 68 (6). 060502
(2003}, [wXiv: quant~ph/0303001].

4] . Kopietz and 8. Chakravarty, “Lifelime of

Metastable Voltoge States of Superconducting Tun-

nel Junelions”, Phys. Rev. B 38 (1}, 97-110 {1988).
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X-Ray Absorption Study of TiQ; and TiS; at the Siam
Photon Laboratory

msfAnmnmsganduiidiondves TiO, uay TiS, w WewlFufimsuessey

Darin Onkaw?! Sutassana Na Phattalung! Michael Francis Smith?

Wantana Klysubun? Sulit Limpijumnong!? and Saroj Rujirawat -2

1. School of Physics, Institute of Seience, Suranorce Unzversity of Technology,
Nealhon Ratchasima 30000, Thailand
2. National Synchrotron Research Center, P.O. Box 83,
Nakhon Ratchostma 30000, Thailend
X-ray absorption spectroscopy using synchrotron radiation light source is a powerful tech-
nique to identify local structure around the interested atomic specie. At present, the titanium-
based compounds have got a lot of attention from many research groups for using in several
applications. In this study, we used the Siam Photon Source’s x-ray absorpiion facility {BL-8),
to study the local structure around T atoms in titanium dioxide (TiO2) and titaniun disulfide
(TiS2). The two systems lave a similar chemical formula but different crystal structures, The
x-ray absorption near edge structure (XANES} specira and the extended x-ray absorption fine
- structure (EXAIS) spectra around TiK edge for TiQs and TiSs powders were collected and
compared, using Ti-foil as a standard. The experimental data was analyzed using FEFF code.
The results from theoretical analysis agreed well with the known crystal data. Moreover, it this

found that the caleulated electron partial density of states related nicely to the XANES spectra.

msSaauaniinisganiu $adondTag Wumds duiia us dula sa st Jumadia i annsm e da
Tanifseu | ozaouilinauleldadadilaaniam it malneylnmdonl#unmalann
ngumaiteratswdalumsi idignd ¥ dlunae g dn dniumddoatall sliimeses il
dudsauss o vienifoRmsuasani (BL-8) Lfiaﬁnmnrsm?’smﬁ’mma:mau‘lumﬁnaa’ur] azapelniniiloy
ypsasimndonlnoanled (Tiosy wazlmndlewladaivd (Tisy v‘ﬁémﬁﬁ'ﬁadnﬁmm%ﬁﬂﬁﬁgmmamﬁ
fndantaty uailnssahendnuandiadi mldhmmensadlanoas nlisufouannadiludn x-ray
absorption near edge structure (XANES) 4817 extended x-ray absorption fine structure (EXAFS) Tnoly
alnssunnuislmndonsient dunasguiunaia andehnsanaisammansdlaeldldsunsy
FEFF §ay1h oA wmauireandostudeyalnssendniiinednsinul vensind fuwh sa
mssmnuANEmLauzdesiadiinarouseandoudusdrdivadnaii XANES #ildnmsia

PACS numbers: 61.10.Ht
Keywords: XANES, EXAFS, TiQs, TiSs, Ti-IK edge
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Suppression of Higher-Order Light from VLSPG
Monochromator of BL4 beamline at SPL

Moragote Buddbakala™ Ratchadaporn Supruangnet! Somchai Chumpolkulwong!

Hideki Nakajima® and Prayoon Songsiriritthigul*?

L. School of Physics, Inslitule of Science, Swranarce Universily of Technology,
Nakhon Ratchasima 30000, Thailend

[

National Synchrotron Reseerch Cenler, P.O. Box 93,
Nakhon Reatchaesime 30000, Thailond

This report provides the results abtained from the evaluations of the varied line-spacing
plane grating monochromator of the BL4 beamline at the Siam Photon Laboratory. The avalu-
ations were performed by using photoionizaticn measurement techinique. The menochromator
was design and constructed to meet the demand for the resolving power, E/AE, of 5000 with
sufficient photon flux for angle resolved photoemission experiments (~ 10°-10'" photons/s).
Photoionization spectra saken from the 2,04 resonance of doubly excited helium reveal a re-
solving power ~ 000, However, photon flux at this high resolving power is very low and is
lower than calculation. The effects of the width of the aperture located between the entrance
slit and the focusing mirror, the alignment and position of the exit slit on the performance of

the monochromasor are discussed.

il IdhEuanavesmamanime i manzaiamlssAnimvues Tululasunod o aanil
nRaol BL4 ﬁadﬂﬁﬁ'ﬁﬂﬁuﬁdﬁﬂm “?}JL‘FJ:JHLL‘JJ“U varied line-spacing plane grating monochromator Tng
WwmatrasTnanlnasuildnniinleseluzdn Tululasuisodieonuuvinluiosduifelildm maa
msuenuezhiy 5000 Taefidvlandvaddilnoudmiumamane o Angle resolved photoemission
Yazanns ~ 10°=101 TelaouAnit wazaulnesuanidlnleso ey fldnnmsia o dwmiefia 2,0,
FaRandlruuudusd doubly excited vaIazaanvesfFdBalassannmsudsmmnimaidia g v
anuaeEin o sty visnssnliinnmansaninvedululasumod

¥
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Progress on Electron Beam Profile Measurement at the Siam
Photon Source

amuzvaazuiadnyarvoidididnnson o wissmilnuaiasy

Noppadon Deethact! Supan Boonsuya? Samreang Duangnil? Pikul Prawatsri?

5 . . 9
Pattanapong Janphuang® and Saroj Rujirawat!s

1. Scheol of Physics, Fnstitute of Seience, Suranaree University of Techmology,
Naokhon Ratchasima 30000, Thailand

2. Notioned Synchrotron Research Center, PO, Box 93,
Nakhon Ratchasimo 30000, Thailand

Beam profile is one of the important parameters used in the evaluation of the light source’s
nerformance. An electron beam profile measurement system is under construction at the Siam
Photon Laboratory. The system is designed to work either in visible or %-ray regions. In the
visible range, the cleciron beawt profile would he obtained using projection lens and a CCD camn-
cra. The clectron heam size will be obtained from: light interferometers. In the x-ray range, a
pin hole will be used to project x-vay hrage on a YAG crystal and the heam size will he deduced
from the profile. The system will be installed ai the beam port of bending magnet no. 2 and
named “heam-Hne 27 for the moment. At present, we have constructed the beam-line chambers
and mask using ultra high vacuum technology developed in the laboratory. The vacuum test
is finished and the vacuum level as good as 1 x 10710 Torr is achieved for the NSRC-made
heam-line 2’s chambers. The recent test results and near-future plan will be discussed in this

report.

f-uum“i;@sﬂﬁ3tﬁﬂﬂﬁmuﬂuﬁﬂﬂu%qaﬁ:nﬁuf’iéﬁm Tumrlssfiufsinimnvaandsaiuiinuaadu
Tasnsou sauuindnuazassdddnasouiaglurniansadningioalfiimsurean ¥anoanuuy
1 rufwaduTasasouiilugmuanlniuazewssddnd ludunanind muvosdddnaseuszgn
aanneudllidanuusior € Synnaveadididiansous: a8l 1Finas unn aeelu i fad
ind ndeagfnasafumuiddndiundn YAG uarninavesddiinasonazgnianinauiofadind
#1 suudandnilizfediidondadiun v winiadmui 2 Sordedly “wndudvaumi 20
ﬁwﬁum‘l@fﬁ%’wﬁaaqmﬁgwmﬁﬁm%’uLmﬁnﬁmumﬁ 2 wazmndaumalagtFimaluladqmaimasdugs
wn g Ennduiufealfimmswasann weniminmhmmesey s gaonmeaedlusiuianh
1% 1010 Torr Galunisisldianadoyn nanagoudian maiaussdiiunsiansunluanandiled

PACS numbers: 07.85.Qe
Keywords: SR Beam measurement, X.ray piithole image monitor, SR-Interferometer
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Study of $i{100) 2 x I Surface by Electron Diffraction and
Photoemission Using Synchrotron Radiation

Ratchadaporn Supruangaet”

School of Physics, Institute of Science, Surancree Unwversity of Technology.
Nakhon Ralehustme 30000, Thailand

A ¢4 % 4) reconstruction can be formed on the clean 8i(100) surface by special smface treat-
ment techniques. We have studied the surface reconstruction of this metastable phase, which
is prepared by thermal annealing, using low energy electron diffraction (LEED) and Auger
electron spectroscopy (AES). The surface structure transition between (2 x 1) and c(d x 4}

reconstruction has been observed at annealing temperature range of 450-575 °C.

TumsdamsiadsalmivuiuiivedFinousny (100) e o(d < 4) Hu annsaasmmaaion
YWagerdmmatiamaiini nlfmmsinnmniansiadeadinisapiwiiahneiotaeds e
wila wasSinTisiraminaaodlay da uazeowd Slinason AdulsnduldhinsFunanianldaiesaatha
fufissihagdumys (2 x 1) waz o(4 x 4) figamgieglurie 450-575 asemaiin

Keywords: Reconstruction, LEED

= Foinu: Fuginsel wikdifouuns  Fmail: aufeekim@hotmail.com



113
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First Principles Study of Mn Impurity Location of PbTiO;
AvAnIEYdeYe A Tiie M luans PhTiO,

Adisak Boonchunt!? Michael Francis Smitk? Benya Cherdhirunkorn® and
Sukit Limpijumnong™?
1. Sehool of Physics, Institute of Seience, Sureneree Undversity of Technology,
Nakhon Ratchasimea 30000, Theilond
2. National Synchrotron Resewrch Center, P.O. Box 93,
Nakhon Ratchasima 30000, Thailend

3. Faculty of Science and Technology, Thammasai University,
Bangkok. Theiland

A first principles simulation of Mn dopants in PhTiOy has been done to determine the loca-
tion, charge state, and clectronic structure of the Mn impurity. We find that it is energetically
favorable for the Mn ion to substitute for Ti {as opposed to substituting for Pb, O or intersti-
tial positions) under all thermal equilibrium czystal growth conditions. The charge of the Mn
impurity is determined to be neutral when the Fermi level is near the middle of the bandgap.

i finndumls, Ja ua:lasedionad dansefinvesasFoumemialumnlsznan
PbTiO; Tael¥3amuuanuiliansudifia mavesmsdnuadneldh made Ma flomaunuiily
dumisezaen T ananhishumitezaen Ph, umisezaon o wiownslufidumiafiig nasnns

midgnadsfilh/ld fzduvlesil vinafisnmsgerinsmmdinudsyreimade Mo Wugud

PACS numbers: 31.15.Ar, 61.72.8h, 61.72. Ww
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Wurtzite to Graphite-like Phase Transformation in
ZnO: First Principle Calculations

malavulasansvesdedeen bannlassanauvudsntia
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Kanoknan Sarasamak™ ancd Sukit Limpijumnong!-?
1. School of Physics, Institute of Scienee, Suranarce Unvversity of Technology,
Nakhon Roichasime 30000, Thailand
2. National Synchrotron Rescarch Center, F.0O. Box 85,
Nakhon Ratchasime 30000, Thailand

The transformatiom of Zn( from the wurtzite structure to the ZnO structure with a

graphite-like structure is studied nsing a first principle calculations. The caleulations show

that this structure is the results of a phase transformation this structure is the results of a

phase trapsformation from from the wurtzite structure under uniaxial teusile loading of [0110].

The caleulated transformation barrier between 2 structures is shown by the enthalpy surface

and the sransformation has a low enthalpy barrier of ~ 0.06 &V,

mafa il udiiia on e don mrulfon tassehavsa dad een lad vinTnseaha ww
Asnlantll fulassehaiiafounshin umsdnnnoh msndoulanahedhuasbiluraanusddu
famadordie Tufirmae [0170] wdwesaamsnlfsuiasaiusie 2 s gnuaaslaemsnion
fufiouiatl wasuialusfioefesmaioilaneaddamlsme 0.06 difansouliad

PACS numbers: 61.50.Ks

Keywords: First-principles, phase transformation, ZnQ, wurtzite

* Falng: nunshonl esains  Fmail kanoknans@hotnail . com



CMMP06

Effect of Sintering Behavior on Piezoelectric Properties of
PZT and PZT doped with Pr;Q,,

navesmstumaideantiaiolsdiinuinves PZT uas PZT
i W
AlANAY PryOy,

Krit Koyvanich*and Supreya Trivijitkasem

Bepartrent of Physics, Faculty of Science, Kasetsart University,
Banghok 10900, Thailand

Effect of sintering behavior on physical and piczoclectric properties of two different typoes
of lead zirconate titanate (PZT) ceramics was investigated. Pure PZT and doped PZT with
prasecdymium oxide 3 mol% (PPZT} were sintered at 1200, 1250 and 1300 *C for 1 L. It was
observed that the electrical properties of each system were largely controlled by sintering tem-
perature: the relative permittivity (g,) and dissipation factor (tand) of PPZT were improved
significantly by increasing sintering temperature. A resonance and anti-resonance indentation
technique was employed o determine the coupling factor (k) of the ceramics. It was found
that plannar coupling factor (k) and piezoelectric coefiicient {daz) of PZT were improved with
PrgOyy additive. The k, and ds; of PPZT were between 57.8 61.5% and 470 504 pF, respec-

tively.

msfinumavasgmnfifumaiigamnd 1200, 1250 uaz 1300 °C Wuom | i deauiians
memwaazausiifis Ty Enninvesninaameflaaiaaiua Pz waz PZT Alhudiouailed
ionoanld (Prs01) 3 mot% EPZT) wuhaudfmalltheseaniinudassruuueddvanmaifumas
anEeNENTNE (=) uazmgnduladdnninues PPZT Adumugamaifumediifingu ielfnadiag
Truuntuasuauds i mmdniudneeivesanin vuhmdmlBurlmnefauunswy (k)
was Mdnlaanifielddinnin () %03 PPZT fidnnnniea PZT Taws &, 482 dyy 109 PPZT 04
a9 57.8—61.5% uas 470504 pF A1MaRy

PACS numbers: 76.30.Kg, 77.65.-j, 77.65.Bn, 77.80.D}, 77.22-d, 77.22Ch
Keywords: Piezoelectric, PZT, PrgOy), Sintering Temperature
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Thermal Properties of Degradable High Density
Polvethylene Plastic Film

auifneanniouvsruildnwaradinnedeRdunnumnuiugs
fidamsdasgay
Nattha Thaweegan®and Supreya Trivijitkasem

Pepartment of Physics, Foculty of Science, Kasetsart [niversity,
Bangkok 10900, Thailand

Thermal properties and degradability of high density polyethylene (HDPE) blended with
CaCO3 were studied by Differential Scanning Calorimetry (DSC). Four different heating and
cooling rates B, 10, 15 and 20 °C/min under nitrogen enviromment were performed. In en-
dathermic process, the phage transition peak shifted to lower temperature with the heating
rate ascending. In exothermic process, the results showed similar evolution of crystallinity
temperature and the corresponding enthalpy as the endothermic process. The nonisothermal
erystallization kinetics were investigated by Ozawa method derived from Avrami analysis. The
addition of CaCOy increased Ozawa cxponents m, but decreased logarithm of crystallization
rate constant In Z(7) of pure HDPE-film. Crystallization activation energy of pure HDPE film
calculated from Kissinger cquation was increased as the higher content of CaCOy.

msdnwauidniannuieu ‘uaawaal,aﬁﬁummwmuuugaﬁL%a CaCO; Tulimndiuandiedy &y
iwFed unne wead uy deanna audus Tas Sasimsidin wacan gomniiaadl 4 danfe 5, 10, 15,
waz 20 °C/min meldmelilanaunud unsunmsaaniuanuiey Wedhnms fivaamgilna iy
aamad veenmaazdeu i mapamadi i wazlunszumsmennuiou e danimsangamgi
wndugamgiimdasdn wwdoulimigumgifdiniuazidioudatnady fafishuachondaiy
AszuTumTganduaen Mrnmdmadandvoinszinumeansdniifiunalagds Omwa Feazgngn
PANGUE Aviami veudioTinnl Cacoy ATy MrendTnig Ozawa fidudindu udasmiiinueadh
AISATINMIANKEN Tn Z(T) fdhanas ndanunefufisuaduildn HDPE fannanangus Kissinger
flanfudunaaliina caco, fuiniy
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Keywords: Thermal properties, HDPE

s

* Fainy: 95 nIAUA  Email: kong62628hotnail . con



CMMPO08

A Nitrogen-Carbon Molecule in GaAs: A First Principles
Study
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1. School of Physics. Institule of Science, Suranaree Universily of Technology,
Nokhon Rotchassma 30000, Thailand

2. Notional Synchrotron Rescarch Center, P.O. Bor 93,
Nakhon Rotchasima 30000, Thailand

First-principles calculation shows that NC molecule prefers to occupy the anion (As or P)
site over the interstitial site in GaAs. Both ON molecules occupying the anion site and the in-
terstitial site maintain their molecular characteristics rather well. "FThe C-N hond distances and
vibration: frequencies are comparable to those of a lree molecude. The calculated vibration fre-
quencies of the CN melecules occupying the anion sites in GaAs are in a good agreement (within
a computational error bar) with the recent infrarved spectroscopy measurement [W. Ulricl and
B. Clerjaud, Phys. Rev. B 72, (45203 (2005).].

msAnmnuiflad-wiudidia uanalidiuiluagalulenaw-nfuaudna:llsgunudisumisveaue
ulosau winadimunmiavsateahdlusdnuaainorfinlud luassmumisiuanatulasou-miveu
fpafmnaaanidvealuanaly anuuniuszuazmimivesnrdudiegiutid v feufuluana
gusz 18 anadlumsduiidosddvortumeanalulnsow-muend Wunufsuonisnwlealundnun
deuoiludaonndoatimanismaasimsiadurhsa-aulalasaiatide s 9} [W. Ulrici and B. Clor-
jaud, Phys. Rev, B 72, 045203 (2005} ]
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Effect of the Geometry of Metal-Insulator—-Superconductor
Junction on Its Tunneling Spectroscopy

JUnssvawesdevel lans—awiu—anhniy
witmansznvremanzgiiluseude
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Sehool of Physics, Institute of Science, Suranaree University of Technology,
Nekhon Ratchasima 30000, Thoiland
The width of each layer of a metal-insulator-superconductor junction gives rise to features
in the conductance spectrum of the junction. Tomasch oscillations in the conductance spectrum
are due to the finite superconducting layer in the junction. The period of oscillations depends
on the superconducting gap, the Fermi velocity and the thickness of the superconductor. The
finite layer of metal causes another type of oscillations called McMillan Rowell oscillations.
Similarly, the period of the oscillations depends on the Fermi velocity and the thickness of the

metal.
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PACS numbers: 74.20.-z, 7425 Fy
Keywords: metal-insulator-superconductor junction, the conductance spectrum, Tamasch os-

cillations, McMillan-Rowell oscillations
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First Principles Study of Native Defects in Anatase TiO,
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Sutassana Na Phattalung®! Michael Francis Smith? Kwiseon Kim? Mao-Hua Du?

St-Huai Woi? Shenghai Zhang® and Sukit Limpijumnong??

L. Schaol of Physics, Fastitule of Science, Surenarce University of Technology,
Noklon Rotchesimao 30000, Thailend

2. National Synchrotron Rescarch Center, P.O. Box 93,
Nakhon Rotchasema 30000, Thailend

3. Notional Rencwoble Energy Laboratory, Golden, Colorado, USA

Native point defects in anatase TiO9 are investigated using first-prineiples pseudopotential
calenlations based on density-functional theory. We found that antisite defects, namely Ti-
antisite {Tip) and O-antisite (Oq;), have high formation encrgy and are not stable. Titanium
interstitial {Ti;} is a quadruple donor defect with the lowest formation energy under p-type
conditions. On the other hand, Ti vacancy (V) is a quadruple acceptor defect with the low-
est formation energy under n-type conditions. Oxygen interstitial () spontaneously moves
to bond strongly with a lattice O, leading to a neutral O dimer substituting on an O site.
Tnterestingly, our calculations show that all four findamental native defects (Ti;, Oy, Vipy, and

Vol do not introduce any defect level inside the band gap.
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pD Atom in Paris Potential
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School of Physics, Instifute of Science, Suranarce University of Technology,
Nakhon Rotchasima 30000, Thailand

The D atomic state problem is studied in the latest version of the Paris NN potential. The
small energy shifts and decay widshs resulting frow: the short range strong interaction of the pb
atomic state arc aceurately derived by solving the dynamical equation of the systemn in a suitable
numerical approach based on the Sturmian function, which is able to account for both short
range mclear potential (for both the local and nonlocal} and the long range Coulomb force and

to provide directry the wave function of the P atoms with complex eigenvalue E = Eg +i(I'/2).
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School of Physws, Mstibule of Science, Suranarce University of Technology,
Nakhon Ratchasima 30000, Thailond
[t is found that the reactions of electron position: to hadron antihadron pair is dominated
by the multi-step process, in which the electron~pesition pair annihilates into a virtual photon,
then the virtual photon decays into a quark-antiquark pair, then the primary quark-antiquark
pair forms a vector meson, and finally the vector meson decays into a hadron pair. We would
show, in this work, the evaluation of the reaction of p® to wHn™ in the 3PQ quark model which
has been proved the most suceessful non-relativistic quark model. The work forms one part of

the further study of the reactions clectron-position to hadren—-antihadron.
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Particles Correlations in Quantum Field Theory
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School of Physics. Institute of Science, Suranaree University of Technology,
Nakhon Ratchasima 30000, Thailand
Explicit computations ave carried out of polarization correlations of simultaneous measure-
wments of spin of two particles produced in fundamental processes directly from quantum field
theory. The expression of these polarization correlations, following from these dynamical com-
putations are non-speculation involving no arbitrary input assumptions, are seen to depend
on speed. It is remarkable that these expressions for the polarization correlations show clear

violation of Bell’s test.
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Keywords: Specific caleulations, Experimental tests, Entanglement and quantum nonlocalisy
(c.g. EPR paradox, Bel's inequalities, GHZ states, ote.)
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Closed-Time Path in Quantum Field Theory
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Nakhon Ratchasima 30000, Thailend

The guantum dynamical principle pieneered by Schwingsr has proved to be a most valuable
tool in describing the dynamics of elementary particles and in carrying out endless compuia-
tions i high-energy physics. The guantum dynamical principle allows one to obtain directly
the vacuum-to-vacuum iransision ampiitude, e.g., in posisive sense of time, in field theory or
the transformation function in quantum physics. T will show some calculasion of the closed-time
path in the gquantum field theory by using the Schwinger dynamical principle in describing the
dynamics of spin-0 charged and nncharged particies.
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Conceptual Surveying on Mechanical Wave
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Department of Physics, Feeullty of Seience, Mahidel University,
Bangkaol 10400, Thailand

This study is ahout surveying students’ concepts on mechanical wave by using Wave Ding-
nostic Test (WD), The test was developed by Micheal C. Wittmann at University of Maryland.
It is composed of ten items separated into two parts. The first part is eight free response gues-
tions (FR). The second consists of two-multiple choice multiple response questions, These two
guestions are the same as the first test to ask students for the second time in multiple-choice,
multiple-response (MCMRY) format. There are two main concepls within the test, propagation
and superposition of waves. The sample is Thai physics education students and high school
students. From the results of the study, we found that most students have misconcepsions in
wave concepts for example wave propagation, speed of waves and superposition of waves, When
we compared our results wish the resalts from Wittmann, we found that both results are almost

identical.
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Investigation of Students’ Misconception in Direct Current
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Mahidol University, Bangkok 10400, Thailand

2. Department of Physics, Faculty of Science, Mahido! University.
Bangkok: 10400, Thailand

In this research, we will present the results of the study of misconception of direct cur-
rent by using the Electric Circuits Concept Evaluation (ECCE) with the first year student
of Rajamankala Universty of Techuology Bangkok. The ECCE standardized test, developed
by Ron Thornton and David Sokoloff at Oregon University was used to test students’ under-
standing in the concept of direct cuwrent. The translated version of the ECCE was used with
Thai first year civil engineering and industrial education studenis at Rajamankala University
of Technology Bangkek.

The standardized test was used before and after the traditional teaching on the topic of
direct current. The resulis show that many students have misconception in fundamental topics
such as brightness of bulbs in parallel cireuit, poiential difference across the bulb in series circuit,
and current through hulbs in complex circuit.

The analyzed results from the test show poor student performance. This indicates the need
for new teaching method in the topic of currents to make student gain better nnderstanding in
the topics of the direct current.
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The Use of Interactive Lecture Demonstrations in Force and
Motion to Teach High School-Level Physics
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1. Department of Physics, Faculty of Science, Mahidol University,
Bangkok 10400, Thailand
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This paper presents the results of an experiment using interactive lecture demonstrations
(ILDs) in force and motion to teach high-school students. The microcomputer-base ILDs were
employed with 152 students at Wuatsutti High School, Bangkok, in the second semester of aca-
demic year 2005. The TLDs, developed hy Thoraton and Sokoloff consist of a sequence of simnple
physics experiments on various types of motion. To evaluate this teaching-learning racthod,
the Force and Motion Conceptual Evaluation {(FMCE) test, translated into Thail language, was
given to the students once before the beginning of the course and once after finishing the ILDs.

After using the [LDs it was found shat, in overall, there was a 0.3 normalized gain in stu-
dent’s performance. There were very high gaing in acceleration and Newton’s third law of
mwotion. These results suggest that ILDs can indeed help develop high-school students’ concep-
tual understanding in force and motion.
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Co-Synthesis of Gold Nanoparticles and Singlewalled
Carbon Nanotubes on Quartz Substrates
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Department of Physics, Facully of Sciencs, Chiang Mai University,
Chiong Maz 50200, Thailand
Gold nancparticles and single-walled carbon nanotubes (SWNTs) were co-gynthesized on
guartz substates by alcohol catalytic chemical vapor deposition. The substates were fivst de-
posited with gold thin films and were then coated with Co catalyst by coventional DC sputtering
and dip-coat methods, respectively. The synthesis were carried out at 750 °C for 30 min under
a pressure of 10 Torr. Characterizations of the as-grown product were performed by scanning
clectron microscopy and Raman spectroscopy. The results show that pold nanoparticles are
distributed over SWNT bundles and have a dinmeter in the range of 20 to 100 nm, whereas the
diameter of SWNTs arc in the range of 0.9 to 1.5 mmn. It is clearly scen that the SWNT yield
decreases with the presence of the geld thin films and the mean size of the gold nanoparticles

mcreases with increasing the gold film thickness.
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Optimization of the *?Cf-Based Explosive Detection System
by Monte Carlo Simulation
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1. School of Physics, Institute of Science, Suronoree University of Technology.
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Beijing 102413, People's Republic of China

The optimization of the 2Cf-based Explosive Detection System (EDS) is performed by
using Monte Carlo computer code. The EDS geometry has the rectangular shape with the
inspection cavity swrounded by multi-layer of moderator, neutron and gamma-ray shielding
materiaks. The dimensions of three moederators, namely, heavy water, light water and polyvethy-
lene were used in the optimization. The mazimum thermal neutron flux in the inspection cavity
for each moderator was simulated. LisCOs and Pb were used as neutron and gamma-ray shield-
ing materials, respectively. Their thicknesses were optimized to obtain the minimum total dose
at the outer surfaces of the EDDS walls. The sensitivity and the minimum total dose of the EDS
were estimated.
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Development of a Waveguide-Based Near-Field
Microwave Microscope
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Applied Microwave Research Loboratory, Deportment of Applied Physics,
King Mongkut's Institute of Technology Ladkrabang, Banghkol: 10520, Thailend
A near-field x-band microwave microscope using a probe in the form of open-end rectangu-
far waveguide capped by metallic diaphragm with 2 x 2 mm? rectangular slot was developed.
Images of various flat metallic samples are obtained by measuring the reflected wave signal
corresponded to each 1 mm position as the probe is 2 dimensions automatically scanned over
them. For 1 mum separation befween the probe end and the sample surface, the image resolution

in the direction perpendicular to the slot was 5 mm.
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