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Abstract

A combination of molecular dynamics (MD) simulations and :
three-dimensional reference Interaction site model§
(3D-RISM) calculations can provide the solvation :
properties of host and guest molecules. In this study,§
glycine, tryptophan, phenylalanine and their derivatives :

were employed as representatives of guest molecules, : . B o
while cucurbiturils (CBs) of different sizes were used as : ©., ] e gl |

host molecules. We found that the glycine or guest 1 can : :
bind with the CB in different binding modes including : Imf_-}}imbmdmgm&x
inclusion and exclusion binding modes.The CB7-1 and CB&- 1 complexes also provide the unbound state. Moreover, the unbound

state of glycine Is pointed out. :f‘
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Fig. 3 Number of shapshots in each energy range and its cumulative
: number: (a) CB7/—1 and (b) CB8—1 complexes. These 2000 snapshots were
Introduction sampled from the last 1 ys of MD simulations. The axis of abscissa is

o The study of molecular recognition of amino acids via depicted as the relative energy of a complex.

supramolecular host-guest chemistry is an essential and  The ynbound states of CB7—1 and (b) CB8—1 complexes have
challenging task for molecular sensing of biomolecule relatively high energy compared with binding state indicating

and disease diaQ”OS“C fields. | | that the binding state Is more stable than unbound state.
The understanding the nature Interactions between host "; |
W\

CBs and amino acid-based guests would contribute to a

J:{ ll- | "'n\

fascinating concept to Improve the sensitivity and f/&’ﬁ’\ﬁ"ﬁw W“\f \ﬁﬂx 7‘77’?’\\( %(7”7,;&\5«&
selectivity of the molecular sensors. Qp/{"ﬂ 4/# W\J‘Qi ’5\'%( %\?“i* 3\: ,J\e: 4}/
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Fig. 4 Snapshots of binding states for CBn—1 complexes.

The guest 1 that is the smallest guest in this study also provided
Inclusion and exclusion binding complexes.
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Fig. 5 Partial molar volume (V)
and solvation free energy

(G,) Of (2, ¢) CBs and (b, d)
guests, respectively. '
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Fig. 1 (a) Chemical structures of cucurbituril, where n Is
number of glycoluril units of 6-3. (b) and (c) depict the side and
top views of CB6 as examples.
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- The molecular volume of CBs and guest molecules are
Fig. 2 Chemical structures of guest molecules and reasonable because the relatively large molecular size provide

corresponding abbreviations were used In this work. the large value in molecular volume.

= |Conclusions

o Computational calculations can provide the solvation properties of host and guest molecules.
o The Inclusion and exclusion binding modes can be observed from the smallest guest.
o The CB7-1 and CB&-1 complexes also provide the unbound state.
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Thailand is one of the world’s most prominent centers for silver jewelry. The
silver products are systematically developed from a cottace industry to a large-

scale and export-oriented commerce, generating nearly B60,000 million in

Thickness (nm)

exports. Silver naturally tarnishes in the atmosphere due to sulphur, oxides or

carbonates. Tarnishing of the silver forms black or dark grey color as layer or

sport on surface. This reduces the optical properties such as reflectivity of silver.

The tarnishing of silver is important problem in the industry as well as to the end

BD &5

users of the silver products. In this work, we provide a method for preventing Sputterng ime (i)

tarnishine of silver with AN passivation using physical vapor deposition (PVD). The o T o A T S e e e S
thickness of the coating is adjusted by varying time sputterine. The AIN coating | "

serves resistant to sulphur.
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Fig 3 AE of Ag plate samples after AlN coatin

| ing as 1 and 60 days with sputtering time

Substrate (Ag) from 50-100 min.
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AE* (Total Color Difference) is calculated based on delta L%, a%, b* color differences and

@ Aratom @ N, atom represents quantifying the overall color difference between a sample and standard color

« Electron

O Ar* ion AE =/ (AL*)? +(Aa*)?+(Ab*)?

o Target (Al
Plasma

AL* represents a lightness difference between sample and standard colors.

Aa* represents a redness or greenness difference between sample and standard colors.

Ab* represents blueness-yellowness difference between sample and standard colors.

Cathode (-) Chart Title

- e 1". l.- : .I-.I NG ‘_:‘,,- i |
v ¥ < I — To vacuum

Power supply
4H+ l__ g =
3 4.

Fig 1 E}iagr:a m of DA mﬁgﬁ@trﬁﬁ 5ﬁ uttenngrﬁce;ss SPUTTERING FIME {MIN)

=

SPUtEring Paraneiers CORRIKICRS atmosphere testing.

Fig 4 AE of AN coated Ag with sputtering time 0, 70, 80 and 90 min by H S

Based pressure 8.0x10° Pa
Ar flow rate 30 sccm
N, 20 sccm
Current 3A
Temperature 60 °C
Rotational speed 15 rpm

Sputtering time 50 - 100 min
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Rational and Introduction Deposition of [Fe(gqsal-OR),]JNO, on ITO panel

d Spin crossover {(SCO) involves switching between two magnetic states, HS and

LS upon external stimulation and can potentially act as qubits.

(1 Commercial application requires arrays of qubits which can be efficiently J Deposition of [Fe(gsal-OR),]NO; onto
orepared by self-assembly. ITO is readily achieved vig immersive

self-assembly.

G By bl Sy ) J XANES and EXAFS confirm the
Synthesis and structure of [Fe(gsal-OR),]NO, oresence of the Fe(lll) complexes on
N L H AL the panel.
! Long alkyl chains were attached to the gsal ligand platform to create [Fe{gsal-

J The bilayer structure of [Fe{gsal-OC,,H,:),]|NO, suggests effective self-assembly

on surfaces should be possible. _ XANES of ITO/[Fe(gsal-OR},]NO, . k-space EXAFS of ITO/[Fe(gsal-OR),]NO,

-
I % FE{NGE}E Fe(NO,), in MeOH

N" NEt; ' " Elluded with
CH,Cl,:MeOH /,r}, {Q l, THFEtOH
o : e
HO

2. Elluded with Hasal-OR ALO, pad

normalized xu(E)

= Dry load to | _I
THF: EL%H from = flash column —
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H qEEI'G R! [FE{C[S EI'GRHIN GE’ Stirred at RT Filtered under vacuo Reduced to dryness Energ'y' {EV]

R=C12H25, C15H33, R=C12H25, C15H33, for16 h Residue dried in air under vacuo
CaoHys CooHys

Wavenumber (A™")

— ~-= [Fe(qgsal-OC,,H,.},]NC, -~ [Fe(gsal-OC,.H..},]NO, -~~~ [Fe(qgsal-OC,,H,:},]INO,

[Fe(gsal-OC,,H,.),]NO. XAS results of [Fe{gsal-OR),[NO, on ITO panel; XANES (A.), and

Fe(gsal-OCy;H,s),) T wee EXAFS displaying in a k-space (B.
Fe(gsal-OC,H.}, W W\w R P ( )
Felgsal-OC,,H,s),] [Fe(gsal-OC;¢H;,),INO, .. :
| 2214542 elgsa 16 BEV( —W\W SUIfGCE characterization Of the ﬁ.\"ms on 10 by SEM and AFM
AFM (Amplitude Surface height
[Felgsal-OC;,H,5),INO; scan, 1.0%1.0 puM) distribution
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UV-Visible absorption and FT-IR spectra of [Fe(qsal-OR),[NO,
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Asymmetric unit of [Fe(qsal-OC,,H,.),JNO, (A.) and OC5;H,51,INO; = (12.5 nm)
its bilayer solid state packing (B.) (Y | 3

Deposition of [Fe(gsal-OR),]NO., Langmuir film on glass

Glass slide

el d e AFM suggests 3

Langmuir iim -l Deposition of complexes on 3 ... - . monolayer deposition of

oy transferring of Langmuir "‘:ﬂ“iﬁ;}c—f&“‘* ‘*;:;? ?,ﬁ;._*i.;;::: while trilayers re

film. Eﬁﬂ}ﬁﬁ;%ﬁ :' present for the other two
d [Fe{gsal-OC,.H,.),]NO,

exhibited the highest stability

Thin film and can be stacked up to 3
onglass = layers. A schematic illustration of [Fe(qsal-OR),|NO, deposition on ITO panel

1 layer side way 3 layers head-on systems.
deposition deposition

Conclusion & QOutlook

, 1 [Fe(gsal-OR),]NO;; R = C;,H,¢, CicHag, C5oH, e complexes were successfully
S : synthesized. The SCXRD structure reveals a bilayer packing in solid state.
——mono-Fe-C16 . : . | _ . - 7
o= muli-Fe-C12 J Langmuir films of the complexes are easily made with [Fe{qgsal-

OC,.H13),]NO; the most stable and able to stack up to 3 layers.
1 Deposition on ITO panel was achieved via immersion and confirmed by

Up XANES and EXAFS. AFM suggests a monolayer deposition of [Fe{qgsal-
Wavelength, nm Time, s [FE(qsa |‘OC2_2H45)2] N03
. The electronic properties and potential applications will be explored

-

Absorbance
Area, mm?

Langmuir film study of [Fe(gsal-OR),[NO, showing the films” UV-Vis absorption (A.)
and Langmuir film transferring to the glass sutface of [Fe(qsal-OC, H,,},JNO, (B.). next.
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Mid-IR optical fiber sensor for .
*, environment monitoring applications l"

Teerapat Rutirawut, Sorawis Sangtawesin, Wanvisa Talataisong*

School of Physics, Institute of Science, Suranaree University of Technology

Key tasks of project

A key task of this project is to desien and manufacture the microstructured optical fiber (MOF) for the mid-IR suidance. The prototype of a low-cost fiber drawing system in Thailand to

fabricate the polymer-based MOFs will be invented. The demonstration of the mid-IR guidance by using the MOF that fabricated in this project will be performed. The environment (gas)

sensing system based on the hollow-core optical fiber will be demonstrated.

Resonance wavelength (4.6 uym)  Electricfield Electric field
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Thailand is one of the countries in southeast Asia (ASEAN) that air quality especially in ! Z l 120 l 800

pollution level (PM2.5) and greenhouse gas (CO,, CO, NO,) remains at hazardous level in | N P

many areas of Bangkok and the surrounding provinces. Therefore, the research on the Eodi ! 80 | ] § >
- . i = 200

development of air quality monitoring and take mitigatineg actions to reduce air pollution 160 | j 100

are of interest. The monitoring methods based on an optical technique have proven to be i e Bt o el | 450 4100 -50 0 50 100 150 pm
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an ideal method for remote and real-time particles and gas monitorine. i i | }“‘;‘;T:,::‘;, f:f:’fé’.iliL
- - 10

F \ Guided wlndu

" 7\/[ L f
| .1

The above clearly illustrate the need to develop more reliable in situ measurement to
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tackle the ever-increasing effects of the PM2.5 and harmful greenhouse gases on the

clobal health awareness. Thus, the aim of this research project is to develop and desien
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the hollow-core optical fiber for the Greenhouse gas sensing applications.
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Design optimization of the hollow-core MOF for mid-IR guidance

30 35 4.0
Wavelength (um)

The mid-IR gwdance hollow-core Optlcat ﬁber-" tailored for a W&VGLEﬂgth of 3.2 pET crucial Optimized Structure of HC-ARF for guiding the wavelength of 3.2 pm and the simulated spectrum of the

for methane (CHﬂ) gas sensing, is meticulously crafted throush optimization using designed fiber.

Multiphysics simulation software. Drawing insights from existing literature, the hollow-core

Optical fiber extruding and drawing system
antiresonance fiber (HC-ARF) with a cladding tubes structure emerges as the optimal

choice, exhibiting the least confinement loss due to double reflection into the fiber core. The nozzle for HC-ARF fabrication has been desisned and the structure is optimized to
Simulation results indicate that, at 2.2 pm, the number of cladding tubes has no sienificant fit with the drawing system. The solid polymer filament will be fed through the heated

impact on confinement loss, though mode profiles differ between odd and even tube nozzle where the polymer will be heated via the nozzle. The temperature of the nozzle

numbers. must be high enough to heat the polymer to a temperature higher than its glass
1000 4

transition temperature (Te ~110 °C).
The result shows that the temperature at the nozzle bottom is reduced from the
4 tube 6 tube applied temperature of 300.0 °C to 226.3 “C. The outer part of the nozzle is designed to

connect with the nozzle thread, where the heat will be applied, thus the applied heat at

the thread will transfer directly to the outer part of the nozzle throush heat conduction.

Confinement loss (dB/m)

The temperature at the bottom of the nozzle body is lower than the cover for the metal

3D printed nozzle but it is in the acceptable rang of the drawing temperature for

3z 28 4p @ 44 a4 polymer (100 °C to 210 °C).

Wavelength (um)

Maodal analysis of HC-ARF structure for the different numbers of cladding tubes showing the confinement loss and

i

—=— SiO,

—e— PMMA
—a— PET

that of PMMA, making it a fitting 1 T e Conclusion
20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

material for  the surface Wavelength (um)

To achieve the optical fiber with confinement loss of 1.06 dB/m by using PET
functionalization Process Ig Confinement loss as a function of wavelength for different . . . . . .
el material, the HC-ARF is required to have 6 cladding tubes, where the tube thickness is 2
optical fiber gas sensors.

pum, the diameter of the tube is 92 um, the optical fiber core diameter is 128 pm, and the

moade field distribution for nested tube from 4-7 tubes.

In the context of sensing

£

applications, PET was chosen for

optical  fiber  desien  anc

production. Its chemical

——

&
%

—
o

H

compatibility, characterized by

dy BB oyoEow g

resistance to dissolution in basic

. . CAD design of the structured nozzle based on the design of the optical fiber from the simulation results. Heat
chemicals such as isopropyl

transfer simulation of the desiened structured nozzle for hollow-core antiresonance fiber fabrication.

Confinement loss (dB/m)
o
_h—-

alcohol and acetone, surpasses

The simulation reveal that the optimized conficuration for Hollow-Core Antiresonance overall fiber diameter is 340 pm.

Fiber (HC-ARF) in- mid-IR guidance, within the wavelength range of 3-5 pm, involves The structured nozzle for fiber fabrication has been created based on the optimal

employing HC-ARF with 6 cladding tubes. esisn of the optical fiber from the simulation. Heat transfer simulation is done and

- The tube thickness is set at 2 pm. nows the acceptable range of temperature which can be used to draw the optical tiber.

- The tube diameter at 92 pm. Suggestions on the nozzle desien is to run the material flow simulation where the

- The optical fiber core diameter at 128 pm. result from the simulation can provide the possibility to feed the polymer through the

- The overall fiber diameter at 340 um. nozzle while the structure inside the optical fiber remains.

Utilizine PET material results in a confinement loss of 1.06 dB/m. Illustrated in the Acknowledgement
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Enhanced the effectiveness of energy storage system by using quantum technology
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Introduction:

Integrating renewable energy mto microgrids is attracted great attention in mdustrial plants due to the rapid mcrease in electric power consumption. However, such mtegration may affect the stability and safety of the power system, resulting from the complexity
and power discontinuity of the system. This project presents the enhancement energy storage by using quantum technology which 1s divided into two parts. In the first part, we apply the quantum effect of thin films called negative electronic compressibility
(NEC) to enhance the electrical capacity of energy storage systems, mcluding supercapacitor and lithium-ion battery. The second part focuses on the cooperation with partner companies in creating the energy management system to supporting the use of

quantum-mspired algorithm for improving efficiency of microgrids and save the energy costs.

Methods: Results and Discussion:
1. Determining the conditions for thin films coating by using the radio frequently (RF) magnetron sputtering technique 1. Testing the charge/discharge process of energy storage

1.1 The electrode 1s coated by the RF magnetron sputtering as the thin film layer 1s coated on both side of electrode at room As shown in Fig. 6(a), at a constant current density of 0.1 A/g, the supercapacitor comprising NEC coating shows a
temperature. stgnificantly longer time from charge to discharge process, mdicating that the supercapacitor comprising NEC coating has a
1.2 The base pressure in vacuum 18 1.4 Pa and use Argon gas as the dissolved gas for coated pressure at 1.5 Pa with | greater energy capacity than the supercapacitor without NEC. The supercapacitor comprising NEC coating exhibit an energy

alternating current with 80 to 100 W. density of 16.4 £ 0.1 Wh/kg which 1s about 29 % greater than the supercapacitor without NEC (12.7 £ 0.1 Wh/kg) shown m

1.3 A ttme rate for film coating 1s 30 to 60 second, and a distance between sputtering target and substrate 1s 6 to 10 cm. Fig. 6(b).

1.4 After coating the film, an electrode would be weighted which the mcreased weight 1s very small as less than 1%.

M
o

~ without NEC
m with NEC

ki
n

—
-

Without NEC film

Energy density (Wh/kg)

o

@ without NEC
m with NEC

1 I 1 1 1 1 1 ! .:.:'. L 1 1 1

6 8 10 12 14 4 6
Time {min) Cycle

Figure 1. Electrodes without NEC film (a) and electrodes coated with NEC film (b).

2. Design the energy storage and monitoring system (Done by EQ Tech Energy Co. 1L.td. and I participated in the research study)

Battery energy storage system (BESS
ki 4 S ( ) Figure 6. (a) The change of voltage (V) over time (munutes) of a supercapacitor comprising reference electrodes without NEC

coating and exemplary electrode with NEC coating. (b) The change of energy density (Wh/kg) over cycles of

charge/discharge of a supercapacitor comprising reference electrodes without NEC coating and exemplary electrode with

NEC coating.

As shown 1n Fig. 7(a), at a constant current density of 0.035 A/g, the lithtum-1on battery comprising NEC coating shows
a significantly longer time from charge to discharge process, indicating that the lithtum-1on comprising NEC coating has a

greater energy capacity than the lithium-ion without NEC. The lithium-ion battery comprising NEC coating exhibit an energy

density of 275 £ 5 Wh/kg which 1s about 22 % greater than the lithium-ion battery without NEC (225 £ 5 Wh/kg) shown m
Fig. 7(b).

Figure 2. The schematic design of a 100 kWh battery system consisting of a battery module and a control system.

= = = Without NEC

3. Prototype of battery energy storage system (BESS) and energy management system (EMS) (Done by EQ Tech Energy Co. Ltd., with NEC

[ participated in the research study) g ® g 2 B B ©®

.
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Figure 7. (a) The change of voltage (V) over time (minutes) of a lithium-i1on battery comprising reference electrodes without
NEC coating and exemplary electrode with NEC coating. (b) The change of energy density (Wh/kg) over cycles of
charge/discharge of a lithium-ion battery comprising reference electrodes without NEC coating and exemplary electrode with

NEC coating.

2. Testing the capacity of BESS 409.6V 200Ah with module set of 51.2V 200Ah (Done by EQ Tech Energy Co. 1Ltd.,
I participated in the research study)
The BESS 409.6V 200Ah with module set of 51.2V 200Ah can support with the maximum power of the Bi-directional
mverter 100 kW as designed earlier.
Testing parameters:
2.1 Maximum power used for discharging (as designed): 100 kW (approxmmately 212A)
2.2 Maximum power used for discharging (as used m testing): 160 kW (approximately 330A)
2.3 Starting voltage (DC): 408.24 Vdc
2.4 Final voltage before stopping the test (DC): 326.28 Vdc

Figure 4. The screen showing various parameters of the BESS.

2.5 Test duration: 15 minutes

i L] b i 1
4 [ | ¥ i il
e R 1

Figure 5. The connection between BESS, bi-directional inverter, and EMS. Figure 8. The testing results of battery with specification of 409.6V 200Ah.

Conclusion:

1. The research on the mcreasing of effectiveness of energy storage by using quantum technology showed that coating the metal oxide thin films with the NEC onto electrodes of supercapacitors and lithium-i1on batteries can increase the energy density by 29%
and 22%, respectively.

2. The research on the coordination m using quantum-inspired algorithm to mcrease the efficiency of energy management system can develop a prototype of energy storage system (battery energy storage system, BESS) and energy management system (EMS) for

applying to use in industrial scale.
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INTRODUCTION

Neutrino physics is a very interesting field of high energy physics. Its history is rather astonishing and filled with many mystericus clues to the beginning of our Universe. Deciphering these conundrums has kept the high energy physicists
occupied for over a decade or two.

The missing energy in the beta decay experiment led to the contemplation that there is a particle which goes undetectable called neutrino. Wolfgang Pauli and Enrico Fermi were the first to bring it into limelight in around 1930-32. Neutrino is
a neutral elementary particle which is not a part of atomic structure.

They are second in the race in-terms of abundance against photons and were believed to be massless until 1998, However, their existence was experimentally proven by Cowan and Reines in 1954. The other experiments that too have verified
the results are Super-Kamiokande, T2K, SNO, Double-Chooz etc.

A very bizarre behaviour is showcased by neutrine while moving leng distances i.e. they change flavor while propagation. Historically, selar neutrino anomaly and atmospheric neutrinc anomaly confirmed that lepton flavor is viclated in
nature. This was further verified by observation of flavor violation of man-made neutrinos after propagating substantial distances in various reactor and long baseline experiments.

This fascinated the scientific community and made them to think about neutrinos in a new way. Not only neutrino flaver but certain other questions have jolted high energy community, to mention a few, which requires new physics to sweep
in are: Why are they almost but not quite massless, could any neutrinos be Majorana spinors, Is there a fourth kind of neutrine, such as a “sterile” neutrino etc.

After working on it theoretically physicists have arrived at three generation oscillations. If (v,,v oV _) are flavor eigenstates which couples to W= through weak interactions are ccherent superpositions of three mass eigenstates (v, v,, v;} with
= U v, with U being the unitary matrix called the PMINS [Pontecorvo, Maki, Nakagawa Sakata} matrix parametrized by three mixing angles (8,3, 815, 8,3} and é.-p phase.

These neutrino oscillations indicates their are two mass differences and implies that atleast twe of the three species have non-zeroc mass. However, the sign of one of the measured mass splitting is to be decided, after that, one will be sure if
neutrinos achieve normal hierarchy [NH) or inverted hierarchy (IH}.

There are many experiments which have given the values for the mass differences, mixing angles and CP pha.se' i.e. &.p to a 30 accuracy. Hence, theuretically we explore the cases by model bU”diHE and try to explain these experimental
evidences determined so far.

METHODOLOGY FOR MODEL FRAMEWORK

The model framework involves lepton doublets (L}, lepton singlets (E; } and right handed neutrinos (N} ) with two Higgs doublets H,, 4

The uniqueness of this work is that it employs the type-l seesaw mechanism in SUSY to create a two facilitate supersymmetry. Below | present the table for these particles under SU(2), x U(1)y X S3 with k, being the modular
model that explains neutrino oscillation data under 5; modular symmetry.. The Standard Model i

(SM} is supplemented by three RH neutrinos N, to construct the superpotential.

Modular symmetry [1-3] minimizes the use of flaven fields and in addition the modular group is
the group of linear fracticnal transformation acting on a complex variable 7 .

ar+hb

T — VYT —
14 cT+d

where, a,b,c,d € Z, ad—bc=1 and Im(7} > 0. The Yukawa couplings: ¥ = (v,¥,),
transforming as a doublet under S, with lowest modular weight k; = 2 can be expressed in terms
of Dedekind eta-functicn (7 ) and its derivative, given as

e | SUPERPOTENTIAL
(@) = ez [I7,(1— e*™™)

+ The superpotential for the charged lepton sector

; — L 2iThH - ;
DRI T Bt & = el = 1 U represeats the Lpparhall plane) We= a, [(LEf)Yz@)] Hg +ag, [(LEEJYE(E)] Hyq + by [(LEE)YEG)] Hg + vy [(L3553Y2(4)] Hg + X¢ [(LEEE)YS)] Hg

The §; group coensists of all permutations among three objects, (x,,x,, x} an its order is equal to
gy e * The superpotential for the neutrinc sector
o 4 6 6 Lok 4
W, = ap [N oy + ap [@h)YE 1, +vp [anYO 1+ B @Y 1 + x5 [N | 1y + M | (@riv Ny +
It is also the symmet roup of an equilateral triangle, generated by a reflection with respect to i, 4 g &
¥ ry group & gle, g b4 8 = R(NCNE’)YI( ) 3 VR(NgNg)Yl( ) +3R(NCN§)Y2( ]]

an axis crossing a vertex and orthogonal to the opposite side and a 2E rotation arcund the centre.
' & e PP 3 MASS MATRICES

The irreducible representations for the S; symmetry are 1,1', 2 which when squared and sum (4 , (61 r o (4
gives the total number of permutations i.e. 6 in 5; symmetry case and is called the orthogonality t* (Y ) (Y ) Be (Y )

4 / —¢t [(};2(4))1] +al [Yit-i}] o (},(4]) g (},155])2 \
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X . (6) (4) ' 43y 4 6
ITx = (x;) and y = y;) are two doublets then under 5, product rule they yield 0 XFY Y LD (Yz( ))1 Xp (Y( ))2 Y»ﬁ ] )

fA2Vy —Xq1Yq
®(y = (x1y1 + 20201 + oy, — 2oy + (xlyg + 3573}'1)2
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‘ ‘ ‘ / | ; /, * So the neutrino mass formula for the type-l seesaw is given by
i A ; "q\!. _ | y ~ ) - M., = MgMﬁlMD

Reflection around S, Reflection around 5, Ieflection around S 3/ ¥ 12

RESULTS
—I-.

« We numerically diagonalize the neutrino mass matrix through the relation UTMU = dtag(ml,mz, 2) where, M = m,m,, and U being the model PMNS U = UTU from which the neutrino mixing angles can be extracted.

For numerical analysis we consider the NuFIT 5.2 neutrino oscillation data at 3o interval as follows:

NH : Amg,, = [2.428,2.597] x 1073eV?, AmZ,, = [6.82,8.03] x 107°eV?, sin® 8,5 = [0.02029, 0.02391], sin®#8,, = [0.270,0.341], sin®#@,; = [0.406, 0.620].
The below figures are described as follows : | |

a. This figure establishes the correlation between sin” 8,5 and sin® 8,5 and it is evident that they satisfy their respective 3o ranges.
b. This figure establishes the correlation between sin” 8, ; and sin” 8,5 and it is evident that they satisfy their respective 30 ranges.
c. This figure establishes the correlation between the Emw [eV] and the active neutrinc masses [mvl,mvz, mv-g} [eV] and it is evident that it satisfies the normal hierarchy:.

d. This figure shows the correlation between the Jarlskog invariant f-p and mixing angle sin® 85 within their 3¢ ranges.

0.0224 0.0226 0.0228 0.0230 - - 0.30 - - . : : ; . - 0.0224 Eﬂﬂﬂﬁ - 0.0230
sin?@13 sinZ8,; vys My, My, 5in‘@y3

(a) (b) (c) (d)

CONCLUSION

We investigated the type-l seesaw mechanism under modular S; symmetry which has only singlets and a doublet representation making it the simplest permutation group to examine the neutrinc phenomenoclogy. Hence, the mass matrices of the
model so represented acquire a unique structure because of the S, charge assignments and modular weights k;-

As the Yukawa couplings have modular forms expressed in-terms of the Dedekind eta function, hence, we conly have the free parameters which when calibrated by invelving chi-square minimization technique gives the results for the physical
ocbservables in the range that satisfies the experimental data, which makes ocur model testable in the experiments.
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Bunch charge (pC) 50 50

RMS bunch length (Is) 304.3 203.4
Peak current (A) 165.7 245.7
Transverse emittance (mm.mrad) 0.42 0.34
Energy spread (%) 0.23 0.16

Start-to-end computer simulations of an electron beam along the
PCELL THz-FEL beamline by using ASTRA code

Start-to-end computer simulations of an electron beam along the PCELL
THz-FEL beamline were performed using ASTRA code

Properties of the coherence radiation at the undulator exit evaluated using
the SPECTRA code: tunable between 0.1 —3 THz, 0.1 — 100 nJ

Specifications of the undulator for THz-FEL amplification were
investigated

e
R 1 l.'_‘;:;
Stk

o . S NN Additional components have been constructed and mstalled in the PCELL
Number of periods 19.5 NN accelerator

Period length (A 100 . . . . .
gt (4y,) I'Hz-FEL undulator 1s under construction and the optical equipment for
Gap width (g) 15 mm Al B2 [Hz radiation/FEL characterization 1s under discussion

Max. applied current 6

K parameter 0.1-2

Radiation frequency 0.1 -3 THz This research has recerved funding support from the NSRF via the Program

Management Unit for Human Resources & Institutional Development,
Optimized parameters and the 3-D diagram of THz undulator Research and Innovation [grant number B13F660066]
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Introduction & Motivation

A challenge remains to be overcome in the dark energy model that describes
the accelerated expansion of the Universe during the late-time epoch. In this
study, the authors are interested in one of the candidates called holographic
dark energy (HDE). Let us consider the bound in energy of an ordinary quan-
tum system: LAl § Mpy ~ Lir/G, where Ayy, My, and G are the UV
cutoff of the quantum field theory described the system, black hole’s mass and

. Newtonian gravitational constant, respectively. It is obvious that there ex-

. ists a sufficiently large length Lz which does not preserve the aforementioned
~ bound. The energy density for HDE is defined as matter with saturated energy
that does not collapse into a black hole [1]:

1
PHDE ™ 7 (1)
In studying the dynamics of the Universe using HDE model, the length scale
Lir need to be specified. The first attempt is to choose it as the Hubble
radius. Unfortunately, HDE cannot drive the accelerated expansion. It rather
. evolves as a non-relativistic matter. The successful choice is the future particle
horizon. Even though the late-time dynamics of the Universe can be explained,
the model suffers from a theoretical problem of causality. Information in the
future is required in order to describe the present-time phenomena.
Remarkably, the same energy density in Eq. (1) can also be obtained from
the thermodynamic properties of black hole:
3 dMy,  TudSpy (2)
PHDE dV - dV )
Here, the first law of black hole thermodynamics is applied at the second equal-
ity. Ty(~ 1/L), Sgu(~ L?/G) and V(~ L?) are the Hawking temperature,
Bekenstein-Hawking entropy and volume. It is very important to note that the
Spy is constructed based on standard Gibbs-Boltzmann (GB) statistics. How-
ever, the non-extensive nature of the black hole’s entropy is inconsistent with
an extensive property GB entropy. The suitable entropic function of black

/ - hole’s area has been debatable. This study focuses on an alternative Rényi

| entropy:

0.4

SH o= %\-ln(l + ASBH), (3)

where A is the non-extensive parameter
[2]. A significant effect due to the non-
extensivity is to stabilize the black hole as
shown in Fig. 1 which is the diagram be-
tween the Gibbs free energy Gr = My,,— Tr SR
and temperature Tg = (0Myn/0Sr)a. This “¢'00 005 010 015 020 025 030
motivates the authors to construct a dark TaVG

energy via Rényi thermodynamics so-called Figure 1: Phase structure of black
Rényi Holographic dark energy (RHDE). hole

i“. Rényi with A = 0.1

HP transition |

Results

In a very small [y limit, RHDE evolves
identically to the dominant species in the Uni-
verse. The Universe in this scenario cannot
be expanded with acceleration. On the other
hand, the energy density of RHDE is approx-
imately constant. It affects cosmic evolution
in the same way as the cosmological constant
does. By solving the Friedmann equation nu- e
merically, the dynamics of the Hubble horizon SCNST
are illustrated in Fig. 2. This result means
that RHDE behaves as a scaling solution at
early-time epoch and becomes a dominated contribution in driving the accel-
erated expansion at late time.

According to the observations at the early time and present [5], the ratio
of the dark energy in the Universe is constrained corresponding to the viable
range of parameter space: 0 < [y § 0.14. We further determine the preferable
value of [\ using the likelihood analysis with the low-redshift datasets: Cosmic
Chronometer (CC), Baryon Acoustic Oscillations (BAO), and Supernovae (SN)
[6]. The quality in fitting the observational datasets is represented as the lower
Akaike information criterion (AIC). From the results in Fig. 3, the best-fit

- _ cosmological model is obtained when the model
sl \Jﬂﬁ

Ina

Figure 2: Evolution of Ratio lg/ly

parameter is set as [y ~ 0.07. In comparing
e = RHDE to other models, it is slightly better than
the standard ACDM model as seen in Tab. 1.

- Table 1: Estimator of each model compared with
ACDM

1420}

- Models - AIC  AAIC
- —— ACDM 1427386 0
W | RHDE with I aic | 1424.754 -2.632
Figure 3: AIC of RHDE model with ~ AdS-HDE: fixed b | 1429.912 2.526
varying Iy AdS-HDE 1431910  4.524

Methods

e Based on the Rényi description of black hole thermodynamics, the phase
space of the black hole must be reconsidered. The thermodynamic quanti-
ties and relations are modified and the phase space is necessarily extended

13].
deh = TRdSR*I- VRdPR, Mbh = 2TRSR— 2VRPR. (4)

In this consideration, the non-extensive parameter is interpreted as ther-
modynamic pressure: Pg = 3\/(32G?). The volume Vjy is proportional to
the conjugate quantity of A: Vg = (O My/OPR)s..

e According to the stabilization of the Rényi black hole, the energy density
is defined via the change under fixed-A process. To avoid the causality
problem, we construct the cosmological model by choosing the IR length

scale as the Hubble radius
-~ (deh) ~ 9b (5)
PRHDE dVa ), ;
A

o 12 12\1?
167 GE[1+(1-3)In(1+%)]
where b, Iy = Hy/H and [ = Hg\/ G/(w)) are the conventional constant,
dimensionless Hubble radius and non-extensive length, respectively. Hj is
the Hubble parameter at present.

@ A code for cosmological parameter estimation called SimpleMC [4] is used

in constraining the model parameter from various observational datasets.

Conclusion & Discussion

The accelerated expansion of the Universe nowadays can be explained using
the proposed RHDE model without the causality problem. The effect of non-
extensivity due to Rényi entropy can be thought of as the characteristic length
in the context of cosmology (see Fig. 4).

Decelerating phase Accelerating phase

Past Future IH

[
Figure 4: Regimes of ly associated with dynamics of Universe

The Universe is affected by non-extensivity when its size is sufficiently large,
and then transits from decelerating to accelerating phases. Note that it seems
to be impossible in investigating the full perturbation analysis because the field
description of HDE is still ambiguous.

Acknowledgements

This research has received funding support from the NSRF via the Pro-

gram Management Unit for Human Resources & Institutional Development,
Research and Innovation [grant number B13F660066].

References

1| S. D. H. Hsu, Phys. Lett. B 594, 13-16 (2004); M. Li, Phys. Lett. B 603, 1 (2004).
2| A. Rényi, Acta Mathematica Academiae Scientiarum Hungarica 10, 193-215 (1959).
| R. Nakarachinda, C. Promsiri, L. Tannukij and P. Wongjun, [arXiv:2211.05989 [gr-qc]).

| J. A. Vazquez, I. Gémez-Vargas, and A. Slosar, Available in
https://igomezv.github.io/SimpleMC/index.html

5] R. Bean, S. H. Hansen, and A. Melchiorri, Phys. Rev. D 64, 103508 (2001); N. Aghanim
et al. [Planck], Astron. Astrophys. 641, A6 (2020) [erratum: Astron. Astrophys. 652, C4
(2021)].

6] M. Moresco, R. Jimenez, L. Verde, A. Cimatti and L. Pozzetti, Astrophys. J. 898, no.1,
82 (2020); S. Alam et al. [eBOSS|, Phys. Rev. D 103, no.8, 083533 (2021); D. Brout et al.
Astrophys. J. 938, no.2, 110 (2022).

O

O

19

++4




Q Quantum Computing and KM ﬁ QIUIa 'b PMU-B

Information Research Centre U’I‘I‘ Chalalongkorn University

Exploring Holographic Phase Transitions of Black Hole Through Lyapunov Exponent Probes

Chatchai Promsiri!, Weerawit Horinouchi®, Ekapong Hirunsirisawat!? and Norraphat Srimanobhas?
IQuantum Computing and Information Research Centre (QX), Faculty of Science, King Mongkut’s University of Technology Thonburi, Bangkok, Thatland
’Learning Institute, King Mongkut’s University of Technology Thonburi, Bangkok, Thailand
‘Department of Physics, Faculty of Science, Chulalongkorn University, Bangkok, Thailand

+ In holography or AdS/CFT correspondence, the thermodynamic variables of black holes in the bulk Anti-de
Sitter (AdS) space correspond to the thermal states of the conformal field theory (CFT) on its boundary . In
this way, the Smarr formmla that relates the thermal variables of black holes should be matching to the Fuler
relation in the dual CFT. However, it has found that the bulk pressure P which associate to the cosmological A
term and its conjugate variable, namely the bulk volume V does not dual to the boundary pressure p and the
spatial volume v of the field theories.

Bottom Quark Jet Quenching

QCD View AdS View
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b qh::-":bhh )%}“‘70
g AN

e

Quark Gluon e = %, AdS,

-

Plasma 4
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r

Stringﬁ,/ -

s

Black Hole

Figure 1 (Left) The energy loss in quark jet quenching in plasma that 1s holographic dual to a probing string
drag in the background of AdS black hole. (Right) The photon ring of black hole.

This problem can be resolved by assuming both the cosmological constant A and the Newton’s constant G, as
the thermodynamic variable in the Smarr formula. From holography, variation of these variables lead to vary
the central charge C of the dual CFT. The result mmdicates that all the terms in the first law of black hole and
CFT thermodynamics are perfectly dual in the contexts of AdS/CFT correspondence.

In seeking to determine the manifestation of thermal phase transitions in black holes, a common experimental
approach involves the introduction of probes into a system, subsequently analyzing its response.

In the context of this study, we employ this methodology to investigate the gravitational phase transition of
charged AdS black holes that include the new pair of thermodynamic variable, 1.e. € and its chemical potential
1, within the framework of holographic thermodynamics. This 1s achieved by adding probe particles into the

\ bulk and examining their response, specifically focusing on the manifestation of geodesic instability.

/ Methods

Holographic Thermodynamics of Charged AdS Black hole:
The first law of black hole in the bulk

g A CDd( 3 M 4t
C2m  \4Gy tg e n—1 [n-1

KA d(l"1/Gy)
+ (M  BrGy CDQ) In=1/G,

The CFT first law at the boundary

dE = TdS + @dQ — pdv + udC
with u = %(E — TS —®Q)andp = ﬁ%
The first law of these two systems are equivalent when one identified the thermodynamic variables of CFT in

terms of the gravitational theory as follow

Instability of circular geodesics:
The Lyapunov exponent y, 18 a mathematical measure of sensitivity to initial conditions in a dynamic system.

A positive Lyapunov exponent indicates chaotic behavior, meaning that small changes in initial conditions lead
to unpredictable and divergent trajectories.

In the context of particles motion near the black hole, it characterizes the rate at which nearby trajectories
diverge from each other due to small perturbations in the initial conditions of the geodesics.
The Lyapunov exponents for circular motion of massless particle near the black holes 1s given by

ref () -
¥r = J_ ]2 14 (TH)

In a case of massive particles, we have

1
\ v =5V IS () — 2f GV ()

-

Results & Discussion

« Extended canonical ensemble of CFT or fix (Q, v, C) ensemble
CFT phases Color in the figures
Liquid (low entropy state) Small black hole Red
Mixed phases Intermediate black hole Green
Gas (high entropy state) Large black hole Blue

Table 1 The corresponding phases between the thermal states of CFT on the boundary and the charged AdS
black holes in the bulk.

Figure 2 The free energy of CFT as a function of temperature with fix € = 1. (Left) For Q < (., the free

critical point

Figure 3 (Left) The rescaled t — s graph of CFT with g™ = 0.7, the Maxwell equal area law indicate that the first-
order phase transition occurs at t* = 1.072. (Right) Plot t™ against g”, the red pomt represents the critical point of
the ensembles with fix € = 1.

C=C,

-0.5'

Figure 4 The free energy of CFT as a function of temperature with fix ¢ = 1. (Left) For C > C., the free energy
display the swallow tail shape. (Right) The swallow tail shape disappear when the central charge approach to the
critical value.

+ Lyapunov exponents probe the dual black holes phase transition

e B —

005 010 045 O
X

X

Figure 5 (Left) Contour plot of log, 4o ¥; for massless particle in ¢ — x plane with fix €. (Right) Contour plot
of log,q0 v; for massless particle in C — x plane with fix {.

e we N . PP | il 1 PP T . X » N . o T %, H . . - . - . - - - . - - . . - - - - . i
0.2 0.3 0.4 0.5 : . 0.2 0.3 0.4

Figure 6 Plot Lyapunov exponent of null circular orbit against the temperature of black hole for fix € and Q in the
first row and the second row, respectively.

.

Conclusion

« The concept of black hole thermodynamics has been theorized for an extended period, yet it has not been practically
connected to astronomical observations.
This study explores the holographic thermodynamics of charged black holes by using the distinctive characteristics of
photon rings encircling black holes.
Our results exhibits many aspects consistent with those from conventional black hole thermodynamics.
Analyzing through Maxwell’s equal area construction, the results show that the first order phase transition temperature
decreases as the black hole charge 1s larger.

Intriguingly, the black hole phase transition is investigated using Lyapunov exponent, which 1s a measure of sensitivity to
mitial condition of photon trajectories.

energy display the swallow tail shape. (Right) The swallow tail shape disappear when ( approach to the

crifical value. /

« This work 1s 1n progress and will be extended with further calculations on trajectories of massive particles around black
\ holes. The holographic phase transition could be discussed more from the upcoming results.

/ Introduction \ / - \
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Introduction Results and discussion

< Hydrogen applications < Materials for hydrogen-based {—/‘m Limitations of pristine nanomaterials ~ ++ Biphenylene monolayer
e 7

energy storage = High desorption temperatures

}' ‘!-_':# " NespHi '*:-'_::L u nstabl | Ity at h Ig her
'  CARBON BASED '

= High metal clustering

MATERIALS N . .r tempera’[u [es

SOLID STATE

H-STORAGE ANy l\ :
VATERALS R | | Metal decorated nanomaterials L. .

Geometry of biphenylene Possible adsorption sites for metal on BP

Carbon nanotube  Graphene _ _
Adsorption of metal atoms on biphenylene sheet

Adsorption energy (eV)

v Enhances the hydrogen 09
-0.5

- v Can improve H., adsorption
“ Advantages of Hydrogen «» Advantages of biphenylene (BP) 4 ? i

= (Clean fuel = Metallic

storage capacity

= Sustainable = Large surface area 101
A8 i

= Eco-friendly » Abundance + Metal (M) +H, & 20 1

= High energy density « | ow cost M : | 25 1

® ellersalely Light weight BF BP + M + nH, 20

Charge density

-3.5 -

40 1 difference plot
-4.5 -

Objective |- Metal atoms on biphenylene

Adsorption energies of metal atoms on BP

» To study and develop the efficiency of two-dimensional materials in the biphenylene " The stronger binding interaction of BF + M is the charge transter from metal to

(BP) group for hydrogen storage using computer simulation based on the theory of C-2p orbital of biphenylene.

&

density functional theory (DFT). + Hydrogen adsorption on metal-deccrated biphenylene structures

= To investigate the mechanism of hydrogen adsorption on two-dimensional materials Hyeiroge adsaepiion anergy (eV)
0.0

in the biphenylene group with different types of decorated metals. j; - == ] : W
. ‘ Je
-0.3 - |
'T 0-0—0-0—0-0—00

-0.4 A

Computational details a6 il == BP + M + nH,

0.7 =
| E bl Charge density
DFT calculations: VASP 6 f:z: :

difference plot

FPAW and PBE functional Biphenylene structure :1:%-
Metal-decorated biphenylene

Van d | lation: DFT-D3
an aer waal correfation Adsorption energies of H, on BP +M

Energy and force convergence criterion; 1x10% eV and 0.01 eV/A

. . The 3d TM-decorated biphenylene shows strong hydrogen adsorption energies
2 X 2 biphenylene monolayer model: 7 x 7 x 1 k-points; 500 eV cutoff

in the range of -0.2 to - 0.7 eV and charge transfers from metal to H..

Calculation of adsorption energy for BP + M :
The maximum number of H, molecules and gravimetric hydrogen wt% on BPF + M

E .._E — E — E
ads = “tot(BP+M) tot(BP) tot(M) Group Metalson  Adsorbed H Aﬂmd?:;}pﬂon hﬁ:;.;.m& Group  Metals on  Adsorbed H, A\ramm:ﬂnn h;r::;:ﬂam

-0.16 9.20 0.3 6.40
-0.16 7.77
-0.15 6.72
-0.14 4.83
0.31 4.71
-0.05 7.67
-0.23 6,66
-0.20 4.77
-0.17 3.68

-0.42 6.26
-0.63 4,65
-0.50 4.62
-0.56 4.51
-0.52 4.48
-0.84 4.38
-0.54 4.39
-0.24 2.87
-0.09 5.50

Na

Calculation of charge density difference for BP + M : 1A

Ap = p(BP + M) — p(BP) — p(M)

S 5 R U L D P S I 8

Hobh b b aE S B D
2P0 <dY

= (alculation of average adsorption energy for BP + M + H, :

Grou Metals on Adsorbed H Average adsorption Gravimetric
P BP molecules energy (eV) hydrogen wt%

Etot(BP+M+nHy)—Etot(BP+M)—(MEtot (H,)) Y 0.30 2.74

E ads = —/ Zr -0.44 4.67

n Nb -0.75 3.51
-0.94 4.55
-0.92 3.43
-1.00 3.35
-0.58 3.32
-0.55 2.19
-0.11 2.18
-0.09 4.16

= (alculation of charge density difference for BP + M : I

" Ap = p(BP + M +nH,) — p(BP+ M) — p(nH,)

BRNNWWWAWLSESLS

» Calculation of gravimetric hydrogen wt% for BP + M + H,, : The maximum number of adsorbed H, molecules on metal-decorated

(’*"I-H2 X WH;)
(ncxWe) + (nmxWy) + (ng, x Wy,)

biphenylene is 4H,.
H,(wt%) =

x 100% BP + Sc and BP + Ti nanomaterial could perform as superior hydrogen

il

storage material.
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Multi-omics Analysis for Space Agriculture: Investigation of
Biochemical Pathway in Seed Germination Processes in Different
Rice Varieties Using TMT-Based Proteomics
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Introduction

conditions.

Methods

RD22, RD61, PTT,
KDML10S5, and RD18

ﬂ:——ﬁmhhi

High germination rate Low germination rate

1School of Bioinnovation and Bio-Based Product Intelligence, Faculty of Science, Mahidol University, Bangkok, Thailand,

2 National Center for Genetic Engineering and Biotechnology (BIOTEC), National Science and Technology Development Agency (NSTDA), Pathum Thani, Thailand
3 Center of Excellence in Natural Products Chemistry (CENP), Department of Chemistry, Faculty of Science, Chulalongkorn University, Bangkok, Thailand

4 Space Technology Research Center, Geo-Informatics and Space Technology Development Agency (GISTDA), Chonburi, Thailand

Understanding how to grow crops in space is crucial for long-term human survival there. Astronauts depend on freeze-dried food, which may
be inadequate for longer missions, leading to expensive resupply trips and health risks due to nutrient loss over time. Therefore, growing fresh
crops is a sustainable alternative. Rice, a nutritious staple for many, is a good candidate for space farming due to its essential nutrients and
bioactive compounds. This study examines how simulated microgravity affects rice seed germination, utilizing proteomics and metabolomics
to analyze the influence on proteins and plant hormones. The results offer insights into selecting rice varieties that can thrive in space’s unique

"""/\_/'1
Protein extraction /\}/J LC-MS/MS

Rice (Oryza sativa) Microgravity stimulation Germination test

Results & Discussion

Effect of microgravity on germination rate in different
rice varieties

There was no significant difference in %GP between microgravity
and normal gravity conditions across all rice varieties. In terms of
the quantity of germination rate, RD22 exhibited the highest %GP,
followed by RD61. Three rice varieties, namely PTT105, KDML105,
and RD18, displayed %GP values below 50%.

Comparative MDA level in rice seedling between micro-
and normal-gravity condition

B Microgravity [ Control

RD61 PTT105 KDML105 RD18
Rice variety

It was observed that different rice varieties responded variably to
microgravity. Specifically, varieties RD22 and RD61 exhibited
significantly higher MDA levels when grown in microgravity than
under normal gravity conditions. Our proteomic analysis revealed
that Catalase isozyme A had a significant 2.036-fold increase (p-
value < 0.01) under microgravity compared to normal gravity
conditions. This suggests an enhanced antioxidant capacity in the

seeds to manage ROS in these challenging conditions.

Conclusion

Proteome profilling changes

"‘Increasing ROS

RD22
Acknowledgements
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Rice protein preparation 10plex-TMT labeling Data and pathway analysis

Investigating the effect of microgravity on rice seed germination
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(A} PCA of the proteome profiling. (B} The heatmap depicts log2-transformed expression
levels of various proteins (y-axis} across different experimental conditions (x-axis).

The analysis revealed distinct clusters of proteins, indicating similarities
and differences in their expression profiles across the samples.

The protein expression levels in
microgravity conditions were
compared with those in normal gravity
conditions across all rice varieties
examined. An analysis of proteomic
data across all rice varieties revealed
two proteins, TIF3K1 and DPE2,

50" 2¢ - present in two out of five rice varieties

o S iy * ~ studied.

05 0.0
Fold Change (Logs)

Significance (- Logqp)

Tif3k1 protein was significantly up-regulated in the RD22 variety yet
down-regulated in RD18.

The study investigated rice germination under microgravity using a 3D-clinostat. RD22 showed
TT'FBM the highest germination rate and adaptability, with changes in protein regulation and elevated
Tamylase or Amy1.4 gibberellic acid or GA3 levels under microgravity. This suggests RD22's potential for space

-lvDPEz agriculture, warranting further research into its cultivation in extraterrestrial farming systems.
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Introduction
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Methods

Airborne transmission refers to the spread of infectious agents Emission Environment Inhalation and infection

through the air via small respiratory droplets or aerosols. These
airborne particles can travel varying distances and remain for
extended periods, posing a unique challenge for disease control and
prevention. In microgravity conditions, the traditional understanding
of airborne transmission may be altered. Modeling airborne
transmission under microgravity conditions is crucial for ensuring the

viral load inside

health and safety of astronauts and contributes to our broader respiratory tract (v)
understanding of disease transmission in unigue environments. In
this study, we adapt the COVID Airborne Risk Assessment (CARA)

framework [1] to model the airborne transmission of the virus from

viral load
1. Emission rate (E,) E, O D, [1mp Nout ) B

particle emission concentration breathing rate
the point of emission until deposition in the respiratory tract of

g @ 4 & & » & & @ 4 2 & ¢ » & & & & &5 B » ® & & & & & > F & & & & 2 & > O
® 2 @ 2 ® & & & ¢ & @ 9 0 & & & & ¢ & & 4 2 & & © 0 0 4 6 & © O ° & ¢ 4 @

exposed hosts and eventually evaluate the risk of infection. 2. Viral removal rates (1, z5)

L Aorr = Aactr + Ag + Abio +Q
Results & Discussion ventilation dravitation: flltratlon

. . : : blological decay
Emission rates from an infected host engaged In breathing, ' ,

=

W

= T

speaking, and shouting while seated .
Gravitational settlement

s Mean emission rates
ngeaﬂ}ng _. _ (pp o pair)(D)deff
Bl Shouting ) Without mask A, =v. /h V, =—————
- == Mean | o g Y 4 18)”'['1”'
89 virions per hour ® e ©

2384 virions per hour T
number of infected hosts

3. Viral concentration (C(1)) 0C(t) EyNinys Appp C ()

Jt __.

With mask . .
N inward efficiency of
17 virions per hour breathing rate face mask

425 virions per hour C(t)dt f.:nf B fuer (1 — "m)dD
2060 virions per hour

11242 virions per hour

o removal rate
room volume

4. Depositing Dose (D)

0f dema En:;xn fraction in

2Tl t:-, IS5 VIIUS lne es l{}ﬁf fract

5. Infection probabilit
° 2 ) P y host immunity

Emission rate (log,, virions per hour) D, (1— )

: . : . p=1- exp( .U/an ) infectious dose corresponds to a dose
Viral concentration profile over the exposure time and the required to cause infection in 50%

cumulative abscrizgl dosa 1 infecior

—l
o

———  Surgical-type mask § Probability of infection as a function of viral
dpegupants, 1 infector
1.0 .

—
=

J

—= No mask

¢o
=
o

(virions m3
o

&
o

Mean cumulative dose
(infectious virus)

Mean concentration exposure

. - 7.5 _
4 ] A Vcr_it,p{q.ﬁﬁ' 10 IIJ

A Vcrit, p0.05 = 1083 /

=
N

Probability of infection

£
o

Exposure time (h)
104 106 108
Conclusion Viral load (RNA copies)

According to our initial research, we have identified the potential . . . . . . . . e
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Effects of microgravity on biological features and virulence
of the fungal pathogen Cryptococcus neoformans
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Rationale and Significance Results and Discussion

Cryptococcus neoformans is a fungus that causes cryptococcosis. It is an o,st\d conog-&
infection of the lungs and central nervous system known as cryptococcal ) S
meningitis. This type of fungus is commonly found in nature, including on the
surface of soll, trees, and is often found in the droppings of birds such as H99C H990 KN99a
pigeons. In people who are immunocompromised, for example HIV-infected
individuals and organ fransplanted patients, the risk and rate of C.
neoformans Infection often greatly increases. It has been reported that the
condition In spaceflight when human are under microgravity or cosmic
radiation, the human bodies may undergo the imbalance stage of microbiota
and may induce the immunocompromised or immunosuppressed state and
therefore increase this risk of the opportunistic infections.

One of the factors that increase the severity of cryptococcosis is ability of
C. neoformans to change the morphology under different environmental
conditions. The morphological diversity ranging from normal cells, giant or A, S - e a (R 4 condition
: : - ¥ el imass  Lawelilats  livdiaink . heoformans were culture 3 qays a ground condition
D e e s, e o, L e, "=n  Foes v har ot 0% magaictr S . 2

C. neoformans will be Investigated for understanding and improving the India ink exclusion zone
blological satety of human in spaceflight. Growth, antibiotic susceptibility, and stress tolerance of C. neoformans

Minimal media (MM) could induce capsule formation
in C. neoformans compared to synthetic complete (SC)

« Minimal inhibitory concentration (MIC) of antifungal agents against
three strains of C. neoformans are 32 pug/mL for fluconazole, 0.25-
0.5 pyg/mL for amphotericin B, and 32-64 ug/mL for flucytosine.

Lung infection

| ~©©  Increase susceptibility « Examples of stress tolerance in C. neoformans at ground condition
Spaceflight | to infections

J—— L P N H99C H990 KN99«
cosmic radiation =~ == % X ff-"' Cryplocoscal Control @0 & G 00 & = Q0
- 5.2 meningitis PH55 Q@O . O0&: " @O0
pPH7 Q@B - @@%:: - 00 &
pH 8
0O9MNaCl @00 & @900 00 ¢ :
1.2MNaCl @ @ o0 o0
1.5 M NaCl = B .
1mMMHO, 900¢ - 000
2mMH,0, ®0 80 & 00 & 008 « -
3SmMMHO, @& $ o @
0.01% SDS @O0 & o0
il 0.02% SDs © L

H99C H990 KN99q 0.03% SDS
| Giant Cells _ | _ C. neoformans were cultured for 2 days at RT (ground condition)

pH
siress

C. neoformans

Normal immune Compromised
function immune function

1. Strains and culture conditions: H99C, H990, and KN99
representing low, Iintermediate and hypervirulent strains of C.
neoformans, respectively, are used In this study. Cells are
cultured In yeast extract peptone dextrose (YPD), synthetic
complete (SC), or minimal media (MM) where appropriate.

Osmotic
stress

stress

Intermediate

Less virulent Hypervirulent

Membrane Oxidative

Micro Cells _

—— — The microgravity conditions are simulated using a

Relea'sed C‘a‘p_sul:e”s_ | ~ _ 3D-clinostat, which continuously rotates both axes

Clustered Capsules + 7, in the same direction to minimize the cumulative
Modified from Fernandes et al., 2022 gravity vector at the center of the device

2. Growth phenotype, antibiotic susceptibility, and stress tolerance:

-
F
-

¢ |.|.|.’j|‘:;'|u||-|.|

AT
b

e —

Culture C. neoformans Serially dilute to the Spot diluted culture Incubate for 3 days
to stationary phase desired CFU/mL onto the agar plates under microgravity
and ground conditions

Antibiotic susceptibility Stress tolerance
* Fluconazole (FLZ) e (Osmotic stress: 0.9, 1.2, 1.5 M NaCl

* Amphotericin B (AmB) + ROS stress: 1,2, 3 mM H,0, Conclusion and Future Plans
* Flucytosine (5FC)  pH stress: pH 5.5, 7, 8

* Membrane stress: 0.01, 0.02, 0.03% SDS + Assays are verified for both ground and microgravity conditions
*+  Cell wall stress: 0.5, 1, 2 mg/ml Congo red including growth phenotype, antibiotic susceptibility, capsule

formation, melanin synthesis, and different stress tolerance.

Modified from www.en.wikipedia.org/

3. Virulence factors and proteomic analysis:
Experiments related to clinostat and microgravity conditions will

4 . be performed at GISTDA, Sriracha District, Chonburi. The
/ - experiments In this research are expected to be carried out

Observe capsules within February 2024.
> c under light microscope
\ - Acknowledgements
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Mechanism and dynamics of defects generated by air mterruption on hquid crystal films
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Introduction:

Liquid crystal (LC)1s a state of matter that exhibits properties that e mtermediate between regular hiquids and sohd crystals. Liquid crystal possesses the ability to exhibit fluid-like behavior, while
simultaneously mamtaming a molecular arrangement that resembles a crystal lattice. There exists an extensive variety of hquud crystal (LC) phases that can be differentiated based on ther optical
characteristics, specitically therr textures.

Thermotropic LC, its order parameter 1s determined by temperature. Many thermotropic LCs exhibit a variety of phases as

] ) temperature changes. The mvestigation focused on the smectic C phase. k presents various advantages over

\ 7/ 1000/ nematic in terms of facihitating a quantitative analysis of defect interactions, dynamics, and annihilation processes|1 | The mechanism
". 2000/ and dynamic of topology pomnt defects generated by airr mterruption m LC film were studied.

P000¢ | The investigation of interactions between isolated point defects can be constrained to a quasi-two-
dimensional (quasi-2D) system. Pomt defect study is the mitial stage serves as a fundamental component |

(a) Nematic (b) Smectic A (c) Smectic C . o . . . . . .
in achieving the theoretical framework for elucidating mtricate structures and various patterns of defects.

Variety alignment of LC molecule in various phases

LC film captured with a bright ~ The expermmental setup mvolved the combmation of arr shear and pressure quenching methodologies. The task at hand mvolves the
held: muieroscope optimization of the mechanism responsible for generating pairs of pomt defects. The results of this study will provide the basis for the
development of a component withm the "payload”, with the aim of future mstallation on the International Space Station (ISS). Topology defact pair[2] ,

’—----—,
ﬁ----ﬂ’

\------------------------------------------------‘

The rationale of this research:

. o o Prelminary results:
A commonly employed application of liquid crystal (ILC) technology is its utilization i liquid crystal

displays (LCDs). Nowadays, liquid crystal display (.CD) panels have found widespread application i :
various electronic devices, mcluding mobile phones, televisions, and laptops. The consideration of Several islands appear
IC technology applications m space 15 a subject of great fascmation. The "OASIS" project 1s a

pioneering initiative aimed at conducting research and analysis on IC. The collaboration known as

the Thailand Iiquid Crystal in Space (ILC) project emerged from a Memorandum of Understanding Thm film area

(MOU) signed between a United States space team and Kasetsart University. The TLC project is

primarily managed by the liquid crystal laboratory team, which 1s affiliated with the Department of

Physics m the Faculty of Science at Kasetsart University. Collaboration has been established with Thick film area

mstitutes such as the Geo-hhformatics and Space Technology Development Agency (GISTDA) to

facilitate the development of the payload. The term "payload” refers to the collection of Drawing IC film

experimental gadgets that are intended for launch to the International Space Station (ISS). This

study was conducted as a terrestrial nvestigation to fultill a component of the experment withm

the payload. The considerations for the design of the set-up will be mcluded. Moreover, testimg m a

micro-gravity environment also was planned. Upon the mitial creation of a film, it exhibits that

its thickness 1s greatest at the outer edge and
gradually decreases towards the center of the

film.

Alr was injected through needles

Matenal and designed set-up: placed across the film area
Topology defect(S=+1 )in 1sland

In this research, the liquid crystal tilm was drawn across the film holder. MX1 2805 liquid crystal was used | | o , _
to make up the film with phase transition as follows: Iso — 84.7 °C—N*-81.4 °C—- SmA*—66.1 °C— SmCH3 |. TWG needles, ?aCh with a. diameter ::}.f(}.ﬁ n.m.l’ werelp::}mtmn.ed appm}ﬂmate_.y 3 mm E,ibﬂve the
All experiment was set up at room temperature (24-27 °C). A glass covership with a 3 mm hole drilled on 1t film(on each side of the film). After air was mjected mto the film by the needles, the artlow from

with a smooth surface was used as a film holder. The observation results were taken under a reflected light each tip of the needle was sheared due to their arrangement causmg several islands to happen.
microscope with a de-crossing polarizer and analyzer. The mterior of each 1sland is found to typically contam a +1 topological defect in the c-director

tield. This occurrence arises due to the presence of strong orientational anchorng conditions at

the boundaries of the sland[4].

Upright microscope

Solenoid valve
Line defect

‘ LC-film

'. Analyzer

On valve

27t wall Metering valve  PTESSUIE SEmSOr  Solenold vahve
Spreader - l/
F]]JIL generator plate | I

a B 22mm
ME'[EIiI] valve Pressure sensor Salenoid valve W, ;_:-

4_¢

needle

| - . Experimental steps T ]

| However, line defects
Solenoid valve G - always formed in the film
| | | after air mjection.
Moreover, 2 twall can be

found occasionally as well. ©

Blowmng air 2 Air was pumped to film

12ml syringe

Experimental set-up compositions

The application of air pumping causes an mcrease m pressure beneath the fim, leadmg to the
' film in the form of bulging. The abrupt reduction m pressure thereafter mduces the film to swittly
Conclusion and Plan: revert back to its mitial planar configuration. In general, there 1s -1 defect outside the sland[4].

: Once subjected to quick quenching under pressure, the boundaries of the 1sland were relaxed.
Conclusion Further work Defect +1 will be retamed.

*. »

What | have done so far: % Ground-based Plan Detail “  Microgravity Plan and Detail

Literature Review of LC and EXERIRG fan . SR 3 Switch the solenoid valve off
defect inLE # Improvementset-up | d LUsea motor drive examination U How to collect
efect in

: : S syringe/use another data(design set-up}
Experimental design with air pump instead syringe

interruption to film system Film Humination by O Testin clino stat at An output way of the solenoid valve

laser GISDA opens to the atmosphere with the off

i bowing ereates i v e o - mmpzrﬁ Witg path. By switching the solenoid valve
Air blowing created islands with distance between ground-base :

+1 defert point defect VS time results off, quenchmg of pressure occurs.
Pressure quenching caused the RS s Several defect points were observed.
boundary of the island to relax. The annihilation of pomt defect paired
Point defect pairs were found T ——— B ik Gppc}site charge il fulbnn i |
StaEs i account m this study.

measurement

Several points defect

This outcome was extracted from a video
displaving with modified speed x0.5.
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Introduction 2.2  Simulation setup

Liquid crystal (LLC) materials have been increasingly studied and developed 1in both university (a)
and industrial marketing such as Samsung Electronics Co, Ltd, Apple inc, Canon Kk, etc, as shown
in Fig. 1. Because LC matenals are high 1n refractive index and optical anisotropy, hence, they can
be used for many applications such as liquid crystal displays (LCD), optical modulator, and optical
sensor [1-3]. There are many commercial products of LC materials available such as 5CB, E7, and
8CB. One of the most studied materials 1s SCB (4-cyano-4’-pentylbiphenyl) nematic liquad crystal
(NLC). Hence, the behavior of SCB liquid crystal materials have been widely studied such as
photoactive, optical tweezers, and defects. The azo groups are chemical compounds with N=N
linkage that can be applied to other materials to transform them mmto mechanically active materials
under ultraviolet (UV) light irradiation. We are thus focusing on applied azo linkage to NLC so
that mechanical response and optical response can be studied together. Here, we immvestigate the
behavior of NLC droplets based on azo compounds, exhibiting photoactive characteristics when ' _ el
manipulated with optical tweezers. e Wavelength (um)
Additionally, we examine the behavior of electric field (E-field) directions 1n circularly polarized
~ light after 1ts interaction with the NLC droplets, utilizing a 3D Finite-Difference Time-Domain
- (3D-FDTD) simulation. Our findings indicated a notable alteration in the E-field directions of the
LC 1n radial structure compared to the original light source. This change 1s attributed to the

interplay between LC orientation and defect positioning.

Refractive Indices, n. and n,
™

Fig. 4. Schematic of liquid crystal droplets in (a) radial structure, (b) bipolar structure.
(c) Refractive indices versus wavelength of 5CB molecules.

We investigated the E-field directions in circularly polarized light after its mteraction with

the NLC droplets using a 3D Finite-Difference Time-Domain (3D-FDTD) simulation at the ©
(b) optical wavelength of 1064 nm. We first created two types of NLC droplets of radial and i

Patent Documents Over Time ( a )

’ bipolar structures, as shown 1n Fig 4(a) and (b). The refractive indices of NLC molecule m z- =~ y .
- ‘ Canon E=3d EPSON direction (n,) and xy-direction (n,) are 1.7 and 1.52, respectively, as shown in Fig 4(c). p®

P
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Fig.1. (a) Patent documents 1n liquid crystals increases significantly over time (b) top applicants
of liquud crystals [4].

Methods

2.1 Experimental part

Fig.2. Schematic illustration of the optical tweezers and
photoactive behavior setup on a Nikon Eclipse Ti inverted

miCroscope.

| Fig. 5. Series of video frames m the transformation processes (a-c¢) from radial structure to
Polarizer Bottle 1 Boitle 2 bipolar structure under UV irradiation, (d-f) from bipolar structure to radial structure.

light ‘ Vrave i _.- : =, = E Radial structure
“ | B (a) E, (b) E, (e)
Azo-dendrimers + o dro p _ . . . - .
Chloroform 5CB liquid crystal Sﬂ_ Eu-.;]ran-‘l-}gtﬂel; ‘ 4. 4] B

Objective lens ' O, |
(100x) . S S — . —
EEEEN  Analyzer = . - AQ = 0O - O, |

Cell : : :

. . 5CB + DI water Heat the solution at ) 1
Steering mirror s -200 0 200

Bipolar structure x-position (nm)
Fio.3. Schematic diagram showing the
/ / Dielectric mirror . . = (c) E, (d) Ey (f)

steps for Azo-based NLC droplets - 4 . .
e 2% Convex Lens _ A6 = O, - O,
How to prepare the NLC droplets based on azo compounds '
e |5 Convex Lens .
Guarier 1). 1t bottle : 1500 ug of azo compounds + 0.5 ml of chloroform | . -
==
Waveplate 2"¢ bottle : 4500 pg of 5CB + 3 drop of 1 bottle —

< :

2}). Heat 2" bottle for 4 mins at 70 °C | 0
. IR Laser

3). Add 1 ml of DI water to 2% bottle x-position (nm)
4). Insert the solution in 29 bottle into a cell Fig. 6. E-field in x- and y-directions of (a-b) radial and (c-d) bipolar structures. Angle of E,

and E_ ot (e) radial and (1) bipolar structures.

g

Angle (rad)
=]

I
-

4. Conclusion

We 1nvestigated the behavior of NLC droplets based on azo compound exhibiting photoactive characteristics when manipulated with optical tweezers under UV light and circularly polarized
light at the wavelength of 1064 nm. These droplets generate mner topological point defects, which we thoroughly examined. Our experimental observations revealed two types of topological points
defects within the NLC droplets consisting of the hedgehog defect (NLC adopting a radial structure) and the boojum defect (NLC displaying a bipolar structure). The emergence of both structures
15 dependent on UV light irradiation and termination. Azo-based NLC droplets can change from radial structure to bipolar structure under UV light irradiation. We also treated them under low-
intensity circularly polarized light optical tweezers and the hedgehog defect are found rotating and slowly decrease rotation speed and stop completely when the UV changes their structure to
bipolar. Once the UV light 1s deactivated, the droplets revert from a bipolar to a radial structure and interestingly, they regain their mitial behavior to rotate when subjected to circularly polarized
light. Additionally, we demonstrated the E-field direction in circularly polarized light after 1ts interaction with the NLC droplets using 3D-FDTD. We found that the E-field directions of the LC in
radial structure 1s different from the original light source due to LC orientation and defect positioning.
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ntroduction

Liquid crystals (LLCs) are a distinct state of matter that exhibits properties of both liquids e Simulation Conditions
and solids. Their unique characteristics, such as molecular orientation, phase behavior, and ‘ﬁ;‘_" e
conformational features, have led to their widespread application in the manufacturing The united-atoms force fields developed by Zhang
process of Liquid Crystal Displays (LCDs), optical switches, and various optical devices. Of ' | Ll
particularly interest is the phenomenon of solute adsorption at the interface between a bulk Ny T-ensembleat 300 K
LLC and aqueous phases, potentially inducing orientational or anchoring transitions. The 2 2,048 molecules for both SCB or 8CB
interaction of solutes at LC-aqueous interfaces 1s recognized as the mechanism that activates e 4,474 molecules for water/methanol, 3,594
the reorientation of LC upon the addition of different solutes. However, the comprehensive of 4 mﬂlefulels f‘:fr ethmlml i 9’.85 z fﬂr me.thane
the physical principle behind this collective reorientation remains limited. Water Methanol . i l—?:f :;1}?;1;@;? E?Z?Bbsz% :—;;H;;; illi}gsfj RCR
To address this gap, molecular dynamics (MD) simulation emerges as a highly effective 9 o b fe: Th CROMACS 5 19 '
method for studying the behavior of liquid crystals. In this work, we employed atomistic MD J " , f - e PRREEIL
simulations to mvestigate the molecular organization of the most widely used nematic 4- Ethanol ~ Methane iﬁﬁfﬁiﬁ;iﬁfg t}{t%noufﬁﬁgﬂgmls ot
pentyl-4’-cyanobiphenyl (5CB) and smectic 4-octyl-4’-cyanobiphenyl (8CB) 1n presence of 0“‘ ©
solvents and alcohol. The primary focus i1s to comprehend how solvents affect the i
orientational order, molecular conformation, and dynamic diffusion behavior of 5CB and
SCB. This study 1s a part of the Thailand Liquid Crystals i Space project, which 1s
investigating liquid crystals for space technologies. The findings of this research are poised
to facilitate the development of mmnovative liquid crystal materials distinguished by unique
features. This, 1 turn, 1s expected to broaden their application within the realm of space

technologies. Vacuum Water Ethanol Methanol Methane
' 1 I LI LENE BRI I

g S, e P 0 4 I_
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The orientational order of LC molecules can be characterized

1
. . (P2(2)) = - (3cos*8 — 1)
using the Second Legendre polynomial P, (2) 2
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Figure 3 The orientation order parameter <P,(z)> at 300K of 5CB and 8CB 1n different solvents.

:

T A I I T '

EBAESEREEED B

Lod o L by oy 1y
BN L L B B
Illllllllllll

EBAENEREN

|

e - | — _1_:‘. £ |:';."' :1_. - |:';."'.|' i
A = Frooaza ¥ ﬁ el e T T
Angle Distribution

0.03

= WVacuum
- Water
—  Ethanol
= Methanol
- Methane

Probability

-
90 120 150 180 0O 30 90 120 150 180
Angle (degrees) Angle (degrees)

Figure 4 Angle distribution of 8 for 5CB and 8CB at different solvents. All relative to z-axis.

Figure 1 Molecular snapshot comparison of 5CB and S8CB in the presence of water,
ethanol, methanol and methane atter 100ns. Color-coding highlights variations in angle (6) <
from the molecule long axes in the range: 0° < 8 < 60° (purple), 60° < 6 < 120° (yellow) 1.8

{0 < < O r
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Future work may involve exploring solvent dynamics, especially variations in permeability

among different solvents and the diffusion properties of SCB 1n ethanol. Calculations for the

local orientation order parameter within the mterface of the liquid crystal and solvents are of

interest. Additional simulation setups will mvolve 5CB and S8CB 1n diverse solvents at

02 4680246 80 240680 246802468 varying temperatures. There 1s also curiosity about the thermal behavior of the liquid crystal,
= () prompting a study on the transition temperature (T,) across different solvent conditions.
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Introduction

Liquid Crystal (LC) is a fascinating materials with diverse applications, responding to external stimuli such as light, heat and
electric fields. Dendrimers can act as active materials when azo groups are added to their ends. Azodendrimer is a special molecule
that acts like a command surface. When exposed to Ultraviolet (UV) light, it change its phase. This molecule is significant as crucial
interface carriers for liquid crystal, influencing the change mechanisms and directional characteristics of the liquid crystal.

Computer simulation is a useful tool for studying the interaction of Azodendrimer and
Liquid Crystal, providing how molecules arrange and behave in different phases.

In the present study, we use Molecular Dynamics (MD) simulation to explore the

mechanisms that alter the arrangement and direction of Azodendrimer and liquid crystal on

an atomic scale when activate by UV light.

trans-azobenzene cis-azobenzene

In this study, Molecular Dynamics (MD) simulation
are employed to

d Investigate the atomic-level structure of Azodendrimer and
liquid crystal

1 Analyze the interaction of Azodendrimer and Liquid
Crystal through MD simulation

1 Examine the mechanisms influencing the arrangement and
direction of Azodendrimer

1 Explore trans-cis photoisomerization in the context of
Azodendrimer and liquid crystal study

Results and Discussion

d Atomistic MD simulation is employed to investigate the
atomic-level of Azodendrimer, liquid crystal and the

interaction of Azodendrimer and nematic liquid crystal
(5CB)

1 The interaction of Azodendrimer and nematic liquid crystal
(6CB) were analyzed.

d The mechanisms of phase transition and directional
change of both Azodendrimer and nematic liquid crystal
(5CB) were investigated.

Conclusion

Atomistic MD simulation is utilized to investigate the
atomic-level characteristics of Azodendrimer, liquid crystal and
their mutual interaction, specifically focusing on the nematic
liquid crystal (5CB). In addition, the mechanisms governing the
phase transition and directional changes of Azodendrimer and
5CB are comprehensively understood.

Atomistic MD simulation were performed
to explore the interaction of Azodendrimer and
Liquid Crystal. The system preparations and
simulations were done using the Gromacs
software. The system comprises of liquid
crystal (5CB), nematic liquid crystal (NLC),
and Azodendrimer (D2-6Az05).

D2-6Az05

1 Set up the simulation system for Azodendrimer, 5CB and
other solvents, and investigate their interactions, phase
transitions and directional characteristics

1 Change liquid crystal 5CB to 8CB

1 Explore trans-cis photoisomerization in the context of the
arrangement of Azodendrimer and liquid crystal

1 Study the physical properties of the system
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INTRODUCTION:

During gravitational conditions, osteoporosis can arise because of changes in the signal of mechanical receptors on bone cells, which can
be caused by either increasing or decreasing gravity. Additionally, alterations in bone cell stem cells can contribute to osteoporosis because
they also have mechanical receptors. Different tissue cells surrounding the bones or beyond may respond to changes in gravity through
passing out signals Iin different forms. These signals could affect how bone cells function by affecting the release of cytokines, myokines,

adipokines, and neuroendocrine.

There are numerous varieties of mechanical receptors found in tissues, Iincluding Piezo1/2, TRPV4, TRPC1, TRPCG6, and pressure-
sensitive connexin. The force and pressure occurring on all sides of the tissue are impacted by the change in gravity. Moreover, this causes
changes to the volume, size, and form of the cells, which result in a range of responses. On the other hand, osteoporosis is present In
several conditions, including thalassemia, diabetes, obesity, and hypertension

AlIM: To study the effect of mechanical loading from impact exercise on mechanosensitive ion channels (Piezo1 and 2) in high-fat-fed rats
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EFig1: Expression of mechanosensitive channels Piezo1l and 2 in each tissue by western blot technique
Results are expressed as means + SE with individual values. The differences between experimental
.groups were determined by one-way ANOVA. The results not sharing a common superscript letter were
significantly different at P < 0.05.

. Fig2: Representative immunofluorescence staining of mechanosensitive i
. channels Piezo1 of Gastrocnemius, Cecum, and lleum. :

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

'DISCUSSION AND CONCLUSION:

E*:* In this found that the HFV-induced protein expression on Piezo1 in White adipose, Intestine, and pancreas. Administration of calcium as well as

~ exercise decreases Piezo1 expression in HFV conditions.

s Additionally, The expression of Piezo2 showed no significantly different level in all tissues. .

E*:* In conclusion, our study indicated that Piezo1 and Piezo2 play crucial roles in signal transduction and mechanosensation in various organs and
tissues. '
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Animal model

Spontaneously hypertensive
rats: SHR

Hypertension is induced by the pressure exerted on blood vessels and is cne of the
most targeted diseases for mechancbioclogy research. Piezo acts as the long-sought
baroreceptor mechanosensors which are critical for acute blood pressure control. Piezo was
primarily examined mainly in hypertension, with a focus on Piezo1. This research focus on
an important finding that links the mechanosensitive ion channel to hypertension.

Microgravity and partial gravity affect hydrostatic pressure and
gravitational load , which may have an impact on tissues which
regulate calcium homeostasis and bone density.

Wild-type: WT

- @ 13 weeks
Objective:
4) To investigate the function of mechanosensory Brain, great vessel, intestine, muscle, liver, pancreas and
regulate the calcium and bone metabolism both normal white adipose tissue were collected.
and hypertension @
Hypothesis:

The expression of mechanosensitive ion channel such as

: . : Study expression of Piezo 1 protein in hypertension
Piezo 1 proteins on tissues may change due to altered

rat by Western blot and Immunofluorescence staining

RESULTS & DISCUSSION

Effect of hypertension to expression of Piezo 1 protein Effect of hypertension to expression of Piezo 1 protein
by western blotting analysis by iImmunofluorescence staining
2 )
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Figure 1. The expression of Piezo 1 protein in aortic arch, hippocampus,
frontal cortex, soleus muscle, pancreas, liver, duodenum and visceral fat
by Western blotting analysis

In this study, we found that the Piezo1 channel detects mechanical
loading. It is crucial to understand that mechanical loads promote the
development of bone formation by activating on Piezo1 channels in bone
cells. A lower level of Piezo1 was observed in the bone cells found in
osteoporosis, and this was related to a decrease in bone mass. On the
other hand, osteoporosis was associated with hypertension.

Figure 2. The expression of
arch, and liver by immunofluorescence staining

I\/Iechanicallv loading FUTURE WORK

Mechanosensitive ion chanel We will study other mechanosensitive ion chanels such as
l Piezo 2, TRPV4 and TRPC1.

T piezo 1 expression T ACKNOWLEDGEMENT

i . : This research has received funding support from the
. Aort h H <=» Frontal cortex €=p SOl
i ot are f PRUEEEES onial COTex PISHS 1 NSRF via the Program Management Unit for Human

E:’ancreas 1‘ Liver1A Duodenum <@=p Visceral fat@-bi Resources & Institutional Development, Research and
Innovation [grant number B13F660122]

Piezo 1 protein in soleus muscle, aortic

CONCLUSION

" % % % % % R %
B % T T " " W

l'.._."l"l‘l‘l-'l
- % " % % W% W W




. ,'"l
‘ II}{

Synergy of Inorganic Catalyst and Plasma-Assisted V\ﬂ CNU

asnnu

Catalytic C02 Conversion into Valuable Products lJ VIUWSUIAU CHIANG MAI UNIVERSITY

Pimchanok Tapangpan'#, Dheerawan Boonyawan?’, Wassanai Wattanutchariya?#4, Pornchai Rachtanapun?>5, Choncharoen Sawangrat'24
' Agriculture and Bio Plasma Technology Center, Science and Technology Park, Chiang Mai University, Thailand
2 Research Center of Plasma Innovation for Sustainable Quality of Life, Chiang Mai University, Thailand
'#ii@wy 3 Department of Physic and Material Science, Faculty of Science, Chiang Mai University, Thailand

e

A

r(ﬁ' 4 Department of Industrial Engineering, Faculty of Engineering, Chiang Mai University, Thailand
% ° Division of Packaging Technology, Faculty of Agro-Industry, Chiang Mai University,, Thailand
=

5 Center of Excellence in Agro Bio-Circular-Green Industry, Chiang Mai University, Thailand

* E-mail: choncharoen@step.cmu.ac.th and pimchanok tap@cmu.ac.th

Turning global warming gas into value added products

Global warming is considered as an urgent environmental issue, and the major
contributor of greenhouse gases iIs carbon dioxide (CO,) which predominantly
derives from the continuing consumption of fossil fuels worldwide.’ Apart from the
carbon capture and storage (CCS) that require a large space and increasing costs,
CO, conversion and utilization (CCU) provides a more efficient process in terms of
more energy efficient conversion of CO, into value-added products i.e., methane,
carbon monoxide, alcohols, formic acid, and liquid hydrocarbons.?

Plasma technology currently appears as an effective route for CO, conversion
due to the existence of high energetic electrons (1-10 eV) which can initiate the
thermodynamically unfavorable CO, conversion at near ambient conditions.?
Particularly, microwave plasma has a high electric energy utilization efficiency up to
the target efficiency of 60% easily under non-equilibrium conditions. However,
plasma technology still suffered from low vyield and selectivity of the desired
products.” To overcome this limitation, the hybrid systems of plasma and appropriate
catalysts were frequently observed (Fig. 1).°

Non-Thermal Plasma

-9

Metal /| Metal oxide

Fig. 1 An example of chemical reactions of plasma assisted catalyst for CO,

conversion (left) ® and possible products generated from using metal/zeolite
catalysts (right).’

Zeolite is a good catalyst candidate which i1s not only commercially available but
also easy to tune to own properties of high stability under plasma condition.? To
composite the zeolite with metal / metal oxide especially copper (Cu)?, a feasibility of
new catalyst for facile production of alcohols and aromatics iIs observed (Fig.1). An
Interesting target products are platform chemicals which an important feedstock
used in the chemical and petrochemical industry e.g., methanol and ethanol.

Generally, methanol is produced by the hydrogenation of CO, over industrial
Cu/ZnO/Al,O4 catalysts under harsh conditions of 200-320 C and 5-10 MPa.™

Consequently, to obtain milder condition and shorthern reaction time of methanol
synthesis, zeolite with tunable structure with Cu for CO, hydrogenation under
synergy of plasma is suitable to fulfill the challenge interval of methanol synthesis.

Materials and Method

Synthesis and characterization of zeolite 13x from literature and post-synthesis of
Cu/zeolite13X composite via simple cation exchange

.

Optimization of reaction condition by measuring the product yields i.e., methanol
and other products using microwave plasma-only

4

Applying plasma with synthesized catalysts to improve the reaction performance

<

Study the stability of synthesized catalysts after the reaction and their consecutive

usage
L

Scaling up of the selected catalyst and fabrication of prototype to investigate the
utilization of the system in industrial scale

Catalyst column Plasma beam

Fig. 2 Setting of customized 2.4 GHz microwave plasma employed in this study
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The as-synthesized zeolite 13X was characterized by Fourier-transform infrared
spectroscopy (FT-IR) and powder X-Ray diffraction analysis (FPXRD). The FT-IR
pattern indicated the symmetric and as-symmetric stretching modes (v) of T,04 (T
is tetrahedral of Si or Al) at 754 cm-'and 977 cm-'. The bending modes of Al-O and
Si-O were strongly appeared at 452 cm-'. The existence of water molecules within
product reflected through O-H stretching as labeled in FT-IR pattern. The PXRD
pattern of obtained zeolite 13X suggested high crystallinity and purity of product
which Is well mated with JCPDS card no.38-0237. The post-synthetic cation
exchange between Na* and Cu?* was saturated when soaked zeolite 13X in 0.15 M
Cu(NOs), hydrate for 24h and this condition will be selected for further study.
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+ The high crystallinity and purity of zeolite 13X was successfully prepared via
simple hydrothermal technique and characterized by FT-IR and PXRD techniques
showing great quality which was suitable for further post-synthetic cation
exchange between Na* and Cu?*.

The employed microwave plasma possessed great performance to generated
necessary plasma species from CO, (g), H> (g) and mixed CO./H, 1:1 (q).

The study was conducted under the funding of Program Management Unit for
Human Resources & Institutional Development, Research and Innovation (PMU-B)
in the project of “Enhancing competency and capacity of high level manpower in
plasma technology” (B13F660124) and Chiang Mai university. We thanks for
supporting from Research Center of Plasma Innovation for Sustainable Quality of
Life, Chiang Mai University and Plasma And Beam Physics Research Facility,
Chiang Mai University .
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Experiment

The tood industry is a revenue-generating industry that continues
to expand globally, according to the OECD-FAO Agricultural

Outlook 2016-2025 report. The Food and Agriculture Organization

of the United Nations (FAO) examines the tuture of the global - T

livestock situation. Chemical disinfection and pesticide residue 2
also causes residues in the production process that attect the health |

of consumers. Based on the problems mentioned above, |

researchers expect that plasma technology will reduce pathogens

in food the action of reactive oxygen species (ROS) and reactive .

nitrogen species (RNS), as shown in Figure 1.. However, tfood is

thick and complex which compromises its sterilization efticiency. -

Theretore, turther research is needed to enhance the eftectiveness

log, (CFU/mI)

of disinfection and decrease residual in food. To design systems

that utilize PAW and supplementary disinfection techniques to _

reduce common foodborne pathogens, it is necessary to Q 2 S 2 2 _ _
incorporate various aspects of knowledge, such as MNB ¥ Gﬁﬁ Y:!"@ féé Qf?@ \&@@ @Q @Q ,35‘106& ,@‘f& ,gﬁo
(Micro/Nanobubble) technology, UV (Ultraviolet) light, and US ¥ " & = q?' & ol &
(Ultrasonic) methods. This study proposes a method to increase * ¢ Q?;é\
sterilization etticiency using PAW and supplementary technologies W SARES
such as MNB, U\{r and US, in order to enhance the effectiveness of Figure 3. The result shows the surviving population of 5. aureus after ditferent plasma treatment conditions.

disintecting tfood and decrease residual in the tfood industry. || '|

Surface Plot of 5. aureus vs MNB, UV Surface Plot of 5. aureus vs MNB, Ultras Surface Plot of S. aureus vs UV, Ultras
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Figure 1. A schematic of the cold plasma on bacterial cell structure resulting in loss of
functionality and sterillization

10 10
Ultras Ultras

FAW generation

In this study, a PAW system was employed, with a Flyback
Transformer (FBT) powered at 30 watts, operating for 20 minutes PAW'’ Generation Mechanism PAW'
at 25" C. This PAW condition can produce the optimal

concentration of H,O,, which can eftectively deactivate common

foodborne pathogens. To enhance sterilization etticiency, PAW is PAW/MNB . ’ . .0~ HO" > OH +
used in conjunction with MNB, UV, and US. Figure 2 shows a 03(aq)) + H,0, — HO'+HO,+0, (1) s onzater
schematic and photographs of PAW combined with NO™+HO —NO™+HO (2)
supplementary techniques. HO'+HO" — H,0,

Food-borne pathogens inactivation experiment

PAW MNB UV, and US technology, are required to study practical S cayrlipatism atinne viiaths
concerns for improving the eftectiveness ot plasma technology . HLO", &, Hr 4 Hy0

and supplemental disinfection procedures, as shown in Figure 2. | Iy H,0,
Pesticide residue experiment o i3 He He D H

Prepare a solution of Carbaryl in Methanol with a ratio ot 1:1, mix Ty 4\ I the pessnis of oxeen
carbaryl at a concentration of 10 ul/ml in PAW generation it - : 0y+ €50y

solution, then measure the amount of remaining residue using the (Rahman, 2020) . e 0,+ H - HO, &> H" + O
GC-MS technique at a wavelength ot 504-416 nm , as shown in
Figure 2.

F_________________

FAW generation \

Figure 4. Schematic curve and Surtace during plasma treatment at tactor (A) and (B), (A) and (C), (B) and (C) to quantify 5. aureus.

PAW/UV Radiation

Excitation

H,O - HO+ e
H,O + H,O* - H3D+aq + *OH
e +H0->0H + H°

e+ nH,0 —» e, (aqueous electron)

Figure 5. PAW’ generation mechanism for bacterial inactivation

The researcher proposed a method to increase the efficiency of sterilization by
using Plasma-activated water (PAW) together with supplementary technologies,
including Micro/Nanobubbles (MNB), Ultraviolet (UV) Photolysis, and
Ultrasonication (US). The parameters and optimal production contributing to the
reduce residual were evaluated. This research focuses on creating a plasma
\ ' ' system combined with related technology that can reduce residues in order to
obtain an appropriate factor for reducing residues from the plasma system

- F:;;_b; p;gm fnﬂ;mtm_ﬂpg;; T combined with related technology. This research has presented the efficiency of

( the plasma activated water generator together with related technology that is
1| b | : consistent with application in the food industry. From residues found in the food
| o € b | . industry, a mechanism for reducing residues with this system has been
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Introduction Methods

Carbon quantum dots synthesis

Microplasma

I ——————————————————————-
treatment

1-9%v/iv Nanocellulose (NC) 0.25-1.0%w/v carboxymethylcellulose (CMC)

+

+
0.005-0.9 M of NaOH 0.005-0.59 M of NaOH

Cellulose molecules

Carbon quantum dots (CQDs) are a novel type of guantum dots that are composed of a carbon network with

functional groups on the surface. CQDs possess several advantages such as low foxicity, biodegradability, strong

fluorescence, tunable color emission, easy surface functionalization, low cost, high aqueous stability, and photostability DIEHAg A0 SUmIR

1]. CQDs have a wide range of potential applications in energy storage, environmental monitoring, catalysis, ‘
contaminates detection and complex environmental forensics, drug delivery, and other biomedical applications. There Microplasma treatment

are numerous methods to synthesize CQDs such as laser ablation, arc discharge, electrochemical technigues,

microwave-based methods, hydrothermal, and others [Z]. These methods differ in terms of complexity, efficiency, and

the quality of the resulting products. Plasma technology is one of the techniques that uses energetic species in plasma | |

to initiate chemical reactions that can produce or modify nanomaterials. Moreover, plasma can operate at low [/ i | ‘

temperatures and atmospheric pressure, making it suitable for large-scale manufacturing processes [3]. In this __ “ | Characterizations

research, we study on the synthesis of carbon guantum dots (CQDs) using the microplasma technigue which Is a1 . (UV-Vis, PL, FTIR, NMR, TEM, Raman) -
specific type of plasma with a small size and nonequilibrium features that are beneficial for CQDs and advanced L

nanomaterials synthesis. Furthermore, the agriculture wastes, the nanocellulose (NC-B) and carboxymethyl cellulose | | | __'?' T Nanofibrils N7

(CMC-B) from sugarcane bagasse have been used as carbon source for producing valuable CQDs materials. ¥y S Microfibrils
: Cellulose fibril

Results & Discussion

UV-Vis absorption
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Fig. 5. UV-Vis absorption spectra {(a} and

photoluminescent spectra (b} of quantum
Fig. 4. STEM image of nanocellulose (NC-B}, and SEM image of carboxymethyl dots from QNC-B, QCMC and QCMC-B with
cellulose (CMC-B) from bagasse as precursor materials. excitation wavelength at 325 nm.

Fig. 2. The precursor solution before and after
microplasma treatment
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The rising In atmospheric concentration of the two greenhouse gases (GHGs) of carbon dioxide (CO,} and methane (CH,},
stemming primarily from anthropogenic activities, has drawn attention and earnest demand for sustainable technologies 1o
mitigate its atmospheric accumulation. One of the most sustainable concepts is through the utilization of CO, and CH, as carbon
sources for the preparation of high-economic products, e.g. syngas (H, and CO}, to achieve a sustainable low-carbon economy
and carbon-neutral ecosystem. Based on the conventional thermal catalysis ot this CO, and CH, conversion reaction, it often
suffers from high energy consumption, catalyst deactivation, and sintering at high temperatures. Recently, the combined non-
thermal plasma (NTP}, especially microwave plasma, with heterogeneous catalysts (plasma-catalysis) has attracted increasing
INnferest as a promising way to overcome those barriers. The interaction ot plasma with catalyst could generate a synergistic
effect, which could decrease the activation energy barer of catalysts, enhance the reaction performance, and energy
efficiency. Therefore, highly efficient and stable catalysts are very critical for enhancement of the plasma-catalysis performance

in CO, and CH, conversion reactions. Nickel-based catalysts on metal oxides as support materials have been extensively used in

the NTP-catalytic CO, and CH, conversion due 1o the formation of the plasma-catalytic synergy at low temperature, high!
reactivity, and easy availability. Recently, porous materials, especially porous metal oxides derived from metal-organic |
frameworks (MOFs}, was exploited as an ideal candidate for support materials in the CO, and CH, conversion due to their high
surface area and great sacrificed template 1o well disperse active metal sites on it. In this research, we are interested In
investigating the performance of Ni-based catalysts on the porous-Al,O, support material especially Al,O, derived from MOFs,

L.e. MIL-63(Al}, To enhance the microwave plasma-catalytic performance on the CO, and CH, conversion into desired products

at mild conditions. Moreover, a deeper understanding of their role in plasma-catalytic CO, and CH, conversion reactions will be |
gained. This will provide important information for further guidance on the rational design of catalysts for the plasma-catalytict
process, which is still critical and very challenging. W

Microwave

d Optimization of generating plasma condition (CH, + CO,)
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Fig. 5 [c) Graph showing optimal parameters at fixed microwcacve power of 150 cpplied Voltage
(2.4 GHz], and (b-c] contour graphs for the possible dissociation of CH, and CO, with variec

d Characterization of the catalysts AR ,
flow rate: 50-200 sccm and reaction time: 10-30 min [based on the OES data)
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Nige,/AlLO5 derived from MIL-53(Al)
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As-synthesized MIL-53(Al)

Porous Nig/AlLO, (X = 5-20 %wt} catalysts derived from MIL-53(Al} was
successfully synthesized and was aimed to used for catalyzing the CH, and’ =
MIL-53(Al) On-0) - CO, conversion through the microwave plasma catalysis
B \Wf_‘\ﬂ{v The microwave plasma machine for CH, and CO,, conversion was already set |

up.

The optimal condition for generating plasma was studied based on OES data
' and aimed to be a guidance for further optimization of CH, and CO,
_ Simulated MIL-53(Al o conversion conditions in the combined plasma-catalysts.
40 50 60 4000 3500 3000 2500 2000 1500 1000 500
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FUTURE WORKS

Fig. 3 [0) PXRD patterns of as-synthesized MIL-53{Al) compared to its simulated pattern, and
porous Niyg/AlLO, derived from MIL-63[Al), using to represent other %wt {5-20 %wt] of Ni

particles and (b) IR spectrum of Ni,u./AlLO, compared to the pristine MIL-63{Al] Study the combined plasma-catalysts (porous Nix%/m?@?} (X = 5-20 %wi)
derived from MIL-53(Al}} 1o yield the highest performance of CH, and CQO,
conversion into syngas product (H, and CO} with high energy etficiency

Complete the characterization of the catalyst for understanding the synergy

iInferaction with plasma
Study the reaction mechanism via the computational model
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« Purity of the synthesized MIL-53(Al}) and porous Ni,../Al,O, catalysts derived

from MIL-53(Al} were ensured by powder X-ray ditfraction.
« The presence of Ni° particles on the derived-Al,O, was atfirmed via the PXRD.

« FTIR confimed the functional groups on the porous Niyg,/Al,O; catalyst,
which derived from MIL-53({Al)
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Problem Statement

Within the context of cosmology and astrophysics
there are many observational motivations to
investigate gravity theories beyond Einstein’s General
Relativity (GR). In general, such “modified gravity”
theories add extra dynamical degrees of freedom
(d.o.f.) to GR. However, lately there has been
significant interest in the so-called Minimally
Modified Gravity (MMG) theories, which are gravity
theories different from GR but still do not add any
extra dynamical degree of freedom. Such theories
have started a new direction in the modified gravity
research.

Our project was to investigate inflationary cosmology
in one such MMG theories. Inflationary cosmology is
the most popular paradigm for early universe.

Results
The main results of our research are the following:

(1) Regarding the particular theory under
consideration, earlier research has already identified
the conditions for which it becomes an MMG at the
linear level. When an extra scalar field is included,
which is @ more cosmologically relevant scenario, this
condition is modified. The resulting theory is an MMG
with a scalar field at least up to the linear level.

(2) In the resulting theory, it is possible to have an
inflationary  attractor solution, which arises
asymptotically as time progresses. This solution does
not encounter any theoretical instability, making it
theoretically viable.

(3) To test the observational viability of the resulting
model, we investigate scalar and tensor
perturbations, which relate to two important
inflationary observables, namely the “scalar spectral
index” and the “tensor-to-scalar ratio”. We find that,
the free parameters in the resulting model allow us to
get an observationally viable model.

Methodology

Our work is analytical. For some symbolic tensor
calculations we use we use the software Wolfram
Mathematica and use specialized packages like the
RGTensor and Xtensor.

We started from a particular theory of gravity,
which, in general, appears to propagate extra
gravitational d.o.f.. However, previous research has
shown that it would propagate propagate no extra
d.o.f. at least up to the level of linear perturbation
provided there is no additional matter and a certain
condition is satisfied. When there is an additional
matter component, e.g. a scalar field as required for
inflationary cosmology, the condition for having no
extra d.o.f. is modified. For an ordinary scalar field,
this condition is derived. Applying this condition,
we get a theory that has no extra d.o.tf. in the gravity
sector at least to linear order. Essentially we have an
MMG theory with an ordinary scalar field at the
linear order. We then apply this theory to
inflationary cosmology and calculate inflationary
observables.

Conclusions

Early universe cosmology is not as well investigated
within the context of MMG theories as late time
cosmology is. Our project was a step towards that
direction. One may argue that the resulting theory
IS an MMG only up to the linear perturbation level.
However, as far as inflationary observables are
concerned, this is sufficient because the inflationary
observables are calculated using the linear
perturbations around the background.

The project was carried out by Dr Saikat
Chakraborty (me), associate professor Dr Khamphee
Karwan {mentor) and Mr Jakkrit Sangtawee (PhD
student). The research culminated into the paper
https://arxiv.org/abs/2308.09508 which has been
submitted to the journal Physical Review D in
September.
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Enhanced the performance of perovskite solar cells and

photodetector devices using quantum design
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Perovskite materials show superior photovoltaic properties, including long exciton diffusion length, and controllable band gap. The power conversion efficiency {PCE) of perovskite solar cells
(PSCs) significantly increased to 25.7% since perovskite materials were introduced in 2009 to prepare solar cells. PSCs can be divided into all-inorganic perovskite solar cells and organic-
inorganic hybrid perovskite solar cells. Although organic—inorganic hybrid PSCs exhibit excellent PCE, their commmercial development is hampered by poor humidity and temperature
stability. In the past several years, all inorganic CsPbBr, perovskite have attracted great interest owing to their intrinsic advantages of high thermal and light stability and good optical
properties. The CsPbBr, can easily convert into perovskite phase in air at room temperature, hampering their practical application. All-inorganic CsPbBr,, with outstanding moisture, oxygen
and thermal stability under harsh conditions, emerges as a competitive candidate of light absorbers that is attracting widespread attentions. In general, the perovskite film quality is a key
point to greatly improve the efficiency and stability of PSCs, Unfortunately, the one-step solution-processing is not suitable for preparing CsPbBr, perovskite film. Therefore, a high-quality
CsPbBr, perovskite film is fabricated via the multistep spin-coating technique In addition, additive engineering is an effective strategy for improving the quality of CsPoBr, perovskite film.

PbBrZ/ / CsBr / lpy
90 °C/ 60 min 250°C/5 min 90 °C/ 60 min

r:_ _'2|' J

. . N - % . 0|00
4 F c: —B— c: B c: (000

Spin-coating Spin-coating Annealing Spin-coating Annealing Spin-coating Annealing

PbBr, + thiourea Carbon electrode Perovskite solar cell
PbBr, + Pb(SCN),

Surface morphology of PbBr, film and CsPbBr, perovskite film coated on FTO/ZTO The CsPbBr, with 3 mg of thiourea showed the highest average PCE as 3.77% with J__ of
substrate were investigated by FE-SEM as shown in Fig. 1. The PbBr, treated by CB film 5.69 mA/cm? , V__of 1.09V, and FF of 61.34%. When adding Pb(SCN),, it can be seen that
(Fig. 1a) showed good size distribution compared to without CB-treated (Fig. 1b). the PCE decreased from 2.87/% to 2.07% with increasing the amount of Pb{SCN}, from 1
However, there exists many pinholes on the surface of PbBr, film. In this research, mg to 5 mg. From these results, it can be concluded that the additives can reduced the
thiourea and Pb{SCN), were used as chemical additive to fabricate a high-quality CsPbBr, pinhole on the surface of CsPbBr, perovskite film but it can not enhance the solar cel
perovskite film. In case of thiourea, the fabricated CsPbBr, perovskite film {Fig.1d) showed efficiency compared to CsPbBr,PSC without additive. It has been clearly from FE-SEM
smooth surface with reduced pinhole and enlarged grain size compared to PbBr, film (Fig. images as shown in Fig.2. The CsPbBr, perovskite film (Fig. 2b) showed a compact
1c). When introduced Pb{SCN}), in PbBr,, it can improve the prepared CsPbBr, perovskite morphology with indistinct grain boundaries and large crystal size compared to PbBr, film
film by reducing pinhole and increasing the particle size as shown in Fig.1f compared to (Fig. 2a). It is a consensus that the flat and pinhole-free perovskite film with large crystal
PoBr, film in Fig. le. size would be beneficial for charge transport and extraction, which can largely reduce the
charge recombination in fabricated PSCs and lead to a high solar cell efficiency .

Table 1. Photovoltaic parameters of the CsPbBr3 PSCs with different carbon thickness and chemical additives
Samples J..(mA/cm?) V. (V) FF (%) PCE (%)
Thin carbon 5.55 1.00 64.03 255

Normal carbon 6.19 1.14 64.19 455
Thickcarbon 5.79 1.07 65.29 4.07

1 mg thiourea 200 1.13 29,57 3.38

3 mg thiourea 5.69 1.09 61.34 377
5 mg thiourea 4.76 1.12 56.06 2.98
1 mg Pb(SCN), 5.83 1.05 47.08 2.87
3 mg Pb(SCN), 5.98 0.95 46.11 2.66
5 mg Pb(SCN), 5.48 0.86 43.30 2.07

Fig. 1 FE-SEM images of a) PbBr, b) PbBr, with CB-treated, c) PbBr, with 3 mg thiourea, d) CsPbBr, with
3 mg thiourea, €} PbBr, with 3 mg Pb(SCN), and ) CsPbBr, with 3 mg Pb(SCNJ,.

The PSCs based FTO/ZTO/CsPbBr,/CuSCN/carbon were fabricated to investigate how
different chemical additives would affect photovoltaic performance. The photovoltaic
parameters including power conversion efficiency (PCE), fill factor (FF), short circuit
current density {J..) and open circuit voltage {V_ ) were shown in Table 1. Firstly, the
thickness of carpon electrode were studied in 3 groups as thin carpon (150 um-250 pm),

normal carbon (250 um-400 um) and thick carpon (400 um-750um) without adding
chemical additives. It can be found that the PCE of CsPbBr, device increased with

increasing carbon thickness and slightly dropped when the carbon thickness was over

than 400 um. Using normal carbon as electrode showed the highest average PCE as 4.55%

with J._ of 6.19 mA/cm?, V__of 1.14 V, and FF of 64.19%. Therefore, the normal carbon

was used as electrode for fabrication of CsPbBr, solar cell device in this research. In case

of adding chemical additives, the amount of additive was varied as 1 mg, 3 mg and 5 mg | | T _ | e |
_ _ _ _ _ _ Fig. 2 Top-view FE-SEM images of a) PbBr, and b) CsPbBr, and cross-section SEM image of ¢) CsPbBr.,.
n both of thiourea and Po{SCN),. When adding thiourea, the average PCE increased witn Top-view FE-SEM images of d) and e) CsPbBr, perovskite solar cell, and cross-section of ) CsPbBr,
increasing the amount of thiourea from 1 mg to 3 mg. However, when the amount of serovskite solar cell.

thiourea is increased from 3 mg to 5 mg, the fabricated PSC shows a decreased PCE.

In conclusion, we have demonstrated that highly efficient CsPbBr, PSCs can be fabricated This research has received funding support from the NSRF via the Program Management

using multistep spin-coating with CB-treated in air amboient condition. The carbon film with Unit for Human Resources & Institutional Development, Research and Innovation [grant
thickness as 250 um-400 um showed a good performance as electrode. As consequence, the Aumber B13F650006]

average PCE of CsPbBr, PSCs without additive showed higher than adding both thiourea and
Pb(SCN),. It obtains a campion PCE of 4.55% {max. 5.37%) with J__ of 6.19 mA/cm? , V_ of 1.14
V, and FF of 64.19%. This enhancement can be mainly attributed to the more effective charge
transport by the improved film quality with pinhole-free of the CsPbBr, perovskites.
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Results & Discussion

Effects of Passivation Energy conversion efficiency Photostability

v By using passivation layers, it is possible to
improve the charge-separation and transfer
processes.

v Grain boundaries and traps can be passivated by

introducing a passivation layer.

o Reference
* Treated sample

Normalized PCE

v A hydrophobic passivation layer (HPL) can

protect the active layer against moisture and heat. S —S—
0 100 200 300 400 500 600 700 800
v In our project, both improving in efficiency and Time (s)

sustainability can be achieved by applying a - Photoluminescence analysis

transparent hydrophobic layer on the active layer | 1 _ ) re— tﬂmwm
Reference Treated sample ' Treated sample

: Hydrophobic -Si (CH;); groups @
ENEGe, bonded to the TiO, substrate by . o
hydrolysis of silicone rubber CourFAusPblonBro o)y
evaporation. The champion PCE |
value of 17.42% was obtained for

treated perovskite solar cell devicey -

— Wavelength (nm)

Conclusion References

« Abbasi, Sadeq, et al. "A new single-step technique to fabricate transparent

In summary, a cost-effective technique applied a hydrophobic hydrophobic surfaces utilizable in perovskite solar cells." Applied Surface
ultrathin film to a perovskite solar cell, yielding a champion PCE of Soiehce 019 2l20) 133904 | .

P . sus . Abbasi, Sadeq, et al. "Proper annealing process for a cost effective and
17.42% with enhanced stability. Ongoing work explores lower- superhydrophobic  ambient-atmosphere  fabricated  perovskite  solar

temperatul‘e mEthOdS, promising advancements for hydrophobic cell.” Materials Science in Semiconductor Processing 1353 (2023). 10724A1.
surfaces and the solar cell industry. Passatorntaschakorn, Woraprom, et al. "Room-temperature carbon electrodes

with ethanol solvent interlacing process for efficient and stable planar hybrid
perovskite sclar cells.” Energy Reports 7 (2021): 2493-2500.
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High-temperature superconducting nanocomposite devices based on the Josephson effect and vortex pinning for
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Problem statement

Developing high-temperature superconducting nanocomposite devices based on the losephson effect and vortex pinning holds significant promise for extremely low-level signal measurement and non-invasive medical diagnostics. Exploring
boron-doped YBCO materials, renowned for their exceptional superconducting properties and suitability for Josephson junction devices, presents a critical gap in comprehensive understanding and optimization. Despite the successful fabrication
of YBCO|BNT|YBCO Josephson junctions utilizing Pulsed Laser Deposition {(PLD) and the introduction of the novel topological insulator BNT (Bi, ;Na, . TiO,), challenges persist in fully realizing the potential of this composite system for medical
applications. A key problem lies in the need for further research to optimize boron-doping and superconductivity measurement in YBCO materials, as well as the refinement of the YBCO|BNT|YBCO Josephson junction to harness its unique
properties for sensitive signal measurement and non-invasive medical diagnostics. Addressing these challenges is essential for advancing high-temperature superconducting nanocomposite devices and facilitating their integration into cutting-

edge medical diagnostic technologies.

Methods

Integration into Medical Sensors:

Boron-Doped YBCO Material Synthesis: YBCO|BNT| YBCO Josephson Junction Fabrication:

Integrate optimized Josephson junctions into sensor

Synthesize boron-doped YBCO samples with controlled doping E.ZECEZE':(’ Laset Deposition for-precise fabntation of YECO| BNT|XBLO Josephson platforms for low-level signal measurement in medical

congentrations: Optimize layer thicknesses and composition for enhanced electrical and hi gy
Employ characterization techniques for structural and superconducting P V! ; P Conduct experiments to evaluate sensitivity and reliability in
superconducting properties.

property assessments. detecting relevant medical signals.

Results & Discussion

This study establishes a novel pathway for tuning both superconducting and
ferromagnetic properties in YBCO thin films through the strategic use of dopant boron

and oxygen partial pressure.

Dual Enhancement of YBCO Films:
* Report the simultanecus enhancement of superconductivity and ferromagnetic
properties in YBCO films for the first time.

* Achieve dual enhancement through tuning with dopant boron and oxygen partial
Tunning YBCO films with dopant boron and oxygen partial pressures pressures.

2

Cs

£

-

PR 399 0%aWagedad oo

r

(ein (RyATY™

Topr= 19TK 7
"i'

4

Fabrication Process: p ‘ /
* Electro-spin coat thin films of YBa,Cu, B O, with varying B concentrations and W W s e e o ‘f

Al &
¥ Temperature (K) Tempernture (K)

e oxygen partial pressures. T A

Thin Film _ = Systematic Optimization:
i e « Study the microstructural, electrical, optical, and magnetic properties to

systematically optimize B concentration and oxygen partial pressure in YBCO films. ‘

In (V) (mV)

Y BayCuy B, 0, * YBa,Cu,B,,0. /20SCCMO,

l"; __- _-.r- 4
@ sesccM @ 10sCCM 7t + ¥8a,Cu,,B,,0, /Air 4 . . - ¢
@ Msccm O 0scCM " — al _ & ; v o
@ 4% 3CCM 1ok = 4 Dptlmﬂl CDHdItIUHS: : B 1] T I '

so8e Joos _ + ldentify optimal conditions, revealing that a YBCO film doped with 20 mol% B and 20 R TN

i Low-temperature transport measurement of YBa,Cu, ,B, .0,

/20 SCCM films showing superconducting onset T, =112 K. {b}
the logarithmic plot of {a) for the extraction of Ty, (c) V-I plots
Breakthrough in YBCO Films: of YBa,Cu, 4B, ;0;.,/20 SCCM films at different temperatures
g Mo 15 30 15 6 05 40 as s * Highlight the breakthrough in YBaECuz_LLBD_ED?_yﬁD SCCM films, demonstrating from black {50 K} to gray {110 K). {d} Exponent a deduced from
a1 ""‘”“ enhanced superconducting and ferromagnetic properties near the transition fitting data in {c) near the transition temperature and T, is +

temperature (Tc) of 109 K. obtained 109.5K at o = 3.

SCCM 02 pressure exhibits cutstanding superconducting and magnetic properties.

YBCO-BNT-YBCO sandwiched junctions using the pulsed laser deposition technique

Innovative Junction Design:

* Design and fabricate YBCO-BNT-YBCO sandwiched junctions
using the pulsed laser deposition technique, intreducing the
insulater BNT (Bi, -Na, - TiO,) for the first time.

Novel Material Combination:

* |ntroduce a pioneering approcach by combining YBCO with
insulater BNT, marking the first instance of such a material
combination in this study.

Superconducting Proximity Effect:

* Conduct comprehensive electron transport measurements at
low temperatures, revealing a remarkable superconducting
proximity effect between BNT and YBCO.

losephson Current Formation:

BNT Josephson Junction « Observe the establishment of a Josephson current spanning
A——— several microns laterally between two YBBCO electrodes placed
on the BNT surface.

YBCO Layer Versatile Platforms for Quantum Phenomena:

 Highlight the potential of these Josephson devices as versatile
platferms for explering phenomena, including the elusive
Majorana fermicns, with implications for condensed matter
physics and quantum electronics.
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Precise Preferred Orientation: . ; SR R
* |nvestigate the precise preferred Cooper pairs of electrons

across the insulating

orientation behavior of pulsed laser o
dEPDSitiDn (PLD} films of BNT), resulting in a

supercurrent Mow

YBCO/BNT/YBCO on STO substrates, S withant any valthar dro
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3CO Layer
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focusing on alignment along the SEM-SQUID )
(100} and (110} planes.
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Significance for Josephson Junctions:

* Recognize the importance of the Critical Current Under Magnetic Ficld
cbserved orientation behavior, ’ e o e
especially concerning its
implications for the perfermance
and characteristics of Josephson
junctions.
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XRD Pattern Analysis:
« Utilize X-ray diffraction [XRD)
patterns of YBCO/BNT/YBCO on B i caarosnd i i

I below the critical temperatare (Te) [ A\l temperstures below the
STO to characterize and understand AR T criticl Semlneratung (Tt} of

the crientation behavior, providing electrodes (e.g.. YBCO), the I-V the superconducting

- . - ﬂmimlwm i elecirodis (o Y BOOY, he
valuable insights into the structural behaviorknown as the Josephson Foscnhios Jnictin & hi
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Distinct Hysteretic Loop:

* |nvestigate the current-voltage (I dc vs. V) curves for the YBCO |BNT |YBCO

YBCO | BNT | YBCO > junction at 50 K, revealing the presence of a distinct hysteretic loop during

3 Hoeta %y bi-directional current sweeps. In this groundbreaking study, dual enhancement of superconductivity and ferrcmagnetic

Asymmetry in |_dc-V Curve: properties in YBCO films was successfully achieved through the strategic tuning of dopant boron

* Observe asymmetry in the | dc-V curve during uni-directional current and oxygen partial pressures. The optimization of YBCO film characteristics, exemplified by a film
sweeping, emphasizing that this behavior is unlikely to be attributed to self- doped with 20 mol% B and 20 SCCM O, pressure, displayed outstanding superconducting and

heating effects. magnetic properties.
Persistence of Hysteretic Behavior:

* Note the persistence of the observed hysteretic behavior, even in junctions The research introduced YBCO-BNT-YBCO sandwiched junctions, pioneering the combination of
characterized by a very small critical current, as demonstrated in a junction YBCO and insulator BNT. Notably, the investigation revealed a remarkable superconducting
with a 1.25-pA critical current displaying conspicuous hysteretic loops. proximity effect between BNT and YBCO, observed as a supercurrent flowing aleng the thickness

Implications for Junction Characteristics: direction of the BNT layer. The establishment of a Josephson current in the lateral direction

* Highlight the significance of these findings, suggesting that the observed between two YBCO electrodes on the BNT surface and the construction of SQUIDs further

0 asymmetry and hysteretic behavior in the |_dc-V curves are not solely showcased the versatile potential of these devices for exploring intriguing condensed matter
V. (V) dependent on self-heating effects, raising questions about other factors physics and quantum electronics phenomena.
‘ influencing the junction characteristics.

Conclusion:
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Introduction 1: elementary particles and supersymmetry

supersymmetry makes a pair of spin s and (s + 1/2) particles
SUSY 1nvariant theories: invariant under the interchange of the particles 1n the pair

| spin O: Higgs spin :  squarks, sleptons spin 1:  photon, W, Z, gluon spin 2:  graviton
SUSY pairs

spin 1/2: Higgsino spin 1/2: quarks, leptons spin 1/2: photino, Wino, Zino, gluino spin 3/2: gravitino
blue: standard model particles, already found red: SUSY partner not found

Paired particles have an equal mass, as long as a theory is invariat under SUSY.

BUT, one of the paired particles 1s not found. Therefore, SUSY must be broken (SUSY breaking), generating mass difference between paired
partic S

Popular assumption: SUSY exists but is broken at some higher energy A . so does not exist at lower energy scales Agy around Standard Model.

Introduction 2: Cosmological inflation

temperature distribution of the universe (Cosmic Microwave Background)

almost homogeneous, 1sotropic with tiny but non-negligible fluctuations

Q1: Why so homogeneous 1n such a giant scale?
Why 1s the universe spatially so flat (beyond a horizon scale)?

(Q2: What 1s the origin (seed) of structures like galaxies against such an almost homogeneous universe?

A poweriul and promising 1dea to solve them: iz flation period before big bang: very high-energy period >> Aqy: arena for beyond Standard Model

inflation period: energy = — pressure
universe expands exponentially rapidly, so everything 1s diluted drastically

Another motivation to extend Standard Model

particle physics: physics of spin O particle 1s characterised byscalar potential: energy profile of the particle

To realise energy = — pressure, we can use very flat but rolling-down potential (slow-roll inflation)

Goal

]: realise inflation models in SUSY framework

2: unity cosmological constant, inflation energy scale, SUSY breaking scale 1n a single model

cosmological constant: confirmed by the expansion of the current universe, but no consensus about WHY {rom the particle physics point of view

One striking feature of our goals: relate the inflation scale with SUSY breaking scale: relating two scales 1n different sectors

Method

cook up the scalar potential for the mnflaton using machinery of SUSY

machinery of writing down potentials has been established, so we are free to apply it.

1. g1ve a list of particles including inflaton  (Jargon: supermultiplets describing the SUSY pairs).
2. g1ve characterising functions (Jargon: Kahler potential, superpotentials, w/o gauge kinetic function).
3. write down a theory with a scalar potential for inflaton, following the rules and machinery of SUSY.

Results

We have proposed various types of inflaton potentials.
— coupling with Standard Model, computing reheating temperature etc. [ -

larX1v: 1608.02121, 1706.04133, 2009.02233, 2103.11217] (All of them have been published in Q1 journals.)

We are working on the following potential: inflaton + waterfall
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De Sitter Universe from anti-de Sitter fluctuations

Anxo Biasi, Oleg Evnin, Spyros Sypsas
Physical Review Letters, 129 (2022) 251104 (editors suggestion)

* De Sitter space describes the beginning and the current asymptotic
geometry of our Universe but it is very hard to obtain de Sitter space as
a solution of a fundamental theory (e.g., string theory, supergravity)
Anti-de Sitter space (negative cosmological constant) is easier to obtain
but unstable
Regular black holes (objects with horizon but no singularity at the
center) are expected in quantum gravity

S = % | dtdry/g[XR — U(X)0X? — 2V (X) — h?(X)d¥?],

We choose the model such that it has asymptotic AdS solutions and regular black hole
solutions that mimic de Sitter space:

Ry =7

O reflections

| T (X) + Ty (9) = 0,

1 1 |
Vg + 20V — 205 U(9X)? + 2hdxh(9¥)? = SR, |

| 7,(h2(X)0"W) = 0

1 reflections
2 reflections
3 reflections

XH 0_04_ 4 reflections
with
1 0.02

LX) =V,0,X+ g,V +U0,X0,X —EQWU(GX)Z,

Tw(¥) = thaulpavlp — gwhz(aLP)Z
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