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Interdisciplinary Science Conference in Okinawa

ISCO 2023

Physics and Mathematics meet Medical Science
wiyy y":"! i




Welcome Address
Luscombe (OIST)

Welcome Talk
Wagner (OIST)

Opening Remark
Takahashi (IPMU)

Day 1



‘

LBlT— o2

— min,

BTN ) Rm/i,,l S
=

2

L VEER™, 4s gy

=1, m

ical Impedance Tomography and PDE Constrai

Inflation Universe
Sasaki(IPMU)

Island Earth
Davies (UC Berkeley)

Optimal control
Abdulla (OIST)

3.8 Billion Y7s
ss0000yrs 200 Milion ¥ i

min INASA

3 RN

001 5 2 callaborationCE
Universe sicEf

Age of the

thermal equi!ibrium ;
end of hot universe

end of inflation

lo /o~ 00



Time machines

m

CfAl
FDurham 2023

Quantum Computing
Nishimori (Tokyo Tech.)

Endothelium

Origin of the Universe L —— o
Girkin(Durham)

)
“I want to talk ab he possibility that there is to be an exact o
T want to talk about the p: y 5

l\/l I I l | P l\/l / simulation, that the computeﬂdoi(i
u r a y a a U . (my) Definition of quantum simulation
To reproduce the behavior ofa quantum»mechanical system on an
artificial quantum device.
- Advantage over real experiment
Precise control microscopic parameters. E.g. interactions between spins
- Disadvantage
Difficult to build large systems without noise.
- Today’s topic
Successfully mitigated tl iffi i i E
to several tf{nusa%d qub?é,dlmcmty RN (R S O




o Virology

| i
° [mmuno/h\olog

(@

@ } ° Astrophysics

o Ergonomics, etc.

</ 7V~ .
Catherine Bea}xcllexn{n 1 do:

o A -
o discrete, stochastic models

ke Y> - R

Deputy Program Director

#
7

Open source software

o agent-based models
Linux

PDF Biophysics, Los Alamos
PhD Phys UAlberta o ODE/PDE models

BSc Physics, UOttawa
estimation (MCMC)

e parameter

K3 KX Born: Montréal i 3
= French / English o statistical analysis

o in silico experiments to iImprove real experiments

Mp.ndanlc ntermeasures reduce bot
e Generality of the exact solution

C.Beauchemin (> » # >)— RIKEN/TorontoMU — Slide 2.

Pandemics

Physics Reasoning in Biology
Beauchemin (RIKEN/TMU)

h health damage and e

(Medical economics) iﬁf ; ki (€ ¢

by SARS-CoV-2

Optimal Pademic Control
Hondou (Tohoku)

conomic loss:

ISCOZOZ3@OIST




Machine-driven Parameter sc;
o of biochemical reactions

Nanoliter scale reactions allow for testing
hundreds of parameter compin:

Randomisation removes spatial biases
Controls coordinates identify repicates

. nns

iy Scca(demc | Oles

ISCO 2023

Pt Hatbemati et e s

s
(MAGINEL

gstre




Neutron Stars
Baym (UIUC/RIKEN)

te of

f’k‘-’.!g‘n;v-m ];T’ e W -
i 'T:t LA » ;‘\‘\.‘ ( M_';‘:.l:
“T‘J. ‘ 1\ {‘! ,\
- et \ 5 .

»
taa .'#
& 7". _,' » J
L+ | L1 /
‘ ‘ «~\ A
s c“i ‘l|
T " 1_;4«4
1
!

Cell Aging
Kono (OIST)
e el

Day 2



Geometr

hoOSE> SY
. principle of Least
. simplest and most econo

o
X LLLLL
z\/~¢‘y\/\/j
LA
@0
Y

c Analys o WIHNZ

'Action(energy)

mmetric figurt
Harmonic maps

mic figure: Minimal surfaces,

Discrete Geometry
Kotani (Tohoku)

Quantum Simulation
Busch (OIST)

Review Of Progress

f Rev

» towards highly versatile quant

future

e s time

ay quickly

ery fragile and the important coherence:




Origin of Solar System
Sakai (RIKEN

~100 K

. d S T
A | atoms).

llcloud (Neutr

dust surface

/izzba/ Fvolution

Phage Therapy
Wolf (OIST




—wo + 2Qp
—wo + Qp

— Wo

—wo — Qg BirkhOff SECtiOnS
o — 205 Tsuboi (MusaShiHO/R|KEN)

Topological Physics
Ozawa (Tohoku AIMR)




as they

. charged par[ic/es
quartz pars in the TOP

HEP and Medicine
Purohit (OIST)

Day 3

traverse

Machine Le -
Learning in H
Nojiri (KEK) EP

ation

Myo0sted topP identific

quarks/gluons

\
)
T

Example

Task: Top—quarkjets vs single

y‘
| '
\ f




Science of Fatigue
Watanabe (RIKEN)

Biomedical Imaging
Reutens (Queensland)






Dark Matter
Melia (OIST)

- Wi

4 ; < NASAISTSo}; WagelnAzondD.iowe ot alf
Crédit: X4ay: NASA/EXCI pticals PP o

iy USASTSo} ESO W Magolln/U Arzona/D.Ciowo otal. =

AMO Physics
Azuma (RIKEN)




History of the Unlverse

Procsssed

ent
ssogooys oMitonys 1 Biionyrs |

cally significant improvem
P oluborsionCERNNASA

smin
e Universe

sots
Age of th

image quality through deep learning results in a statistit
he contouring of the soft tissue-

Increasing the
in accuracy of t

In clinical practice of radiation therapy, these improved images and contourings can be us

for adaptive radiotherapy and its evaluation.

Okada (Chubu

Red Hydrodynamics

Deep Learning
Monnai (OIT

in Medicine

ddu molecu!e ‘

Ozaki (Hi
| Iro '
S a k | Joshka-like

o Forms @ molecule
Ve within a molecul®

3 by acting as a

(d]

pseudo-nucleus

(d) with charge +




OIST Tour




Gamma-ray telescope: CTA
Teshima (MPI/ICRR)

reiescopes

# of Photons: SOphotons/m2 at 1Tev

Neutrino telescope: IceCube
Ishihara (Chiba)

Day 4




gacies ot Supell
ova Remnants

Virt_ual Reality
Uchiyama (Rikkyo)

urrounding 2

try:
.50 cameras s
enerated:

Phatogramme
Combining images from

person, 3D photarealistic model can be g

assical" computer vision techniqué

Al (DeeP Learning) can

improve the 3D model:
- image inpainting

- mesh optimization

— “cl

* etc.

In the near future,
deep learning may take over

from current photogrammetry

algorithm.

\ Supernovae
agataki (RIKEN/OIST)




ContinuauS
growth and |
Jonger survival

Spin lce
Shannon (OIST)

1e do overall ?

how did the machir

n of all phases (including spin liquids)

complete classificatiol
in ice

Monte Carlo simulation of a model derived from sp:

Cancer Cells
Saya (FHU/Keio)




Daily Rhythms
Kurosawa (RIKEN)

ms

L -
plant

— £ggor etal. (2012) Nature
(VB: Number is the period of daily rhythms

undar constant dark)

_he comment from an astronomer at iTHEMS (Dr. Susumu Inoue)..

Cerebral Organoids
Pflug (OIST)




Special
Lecture —

i

“About Sharksn

K. Sato
(Churaumi Aquarium)




7 ' '_[)o:(‘o.
Perevgmlie o
' Bu;ld@ e

LN

ot Sc—‘ AN

3 with M"“ (oL

Quark-Gluon Plasma
(‘ Jacak (UC Berkeley/LBNL)

SgrA* :
Shive Tlwadloa ’f
Z<t NAOT, Keuh IPMU

3 March 2023, 15C02023@0IST\

i

1000 scientists
in 172 institutes
_ from 40 countries

Data Science in Astronomy
lkeda (ISM)

Day 5




) Black Holes
usenko (UCLA/IPMU)

o X
il db \i co ing g i

Apooo
ty early

Need 2 0% orig’ er averder{ﬂ 4
enoughin the histor)’ of the WVER=

A

Promoters

coding

mm-codmg
variants

non-coding. non-coding
variants variants variants

. anarchal fluct?
mall scales (m

kawa mteracnons “long] —range’
ling => BH
. Q-ballsas b ilding
horlzon sme on your screen
210> GeV.

non-coding coding
0 Y

corresponds &

o Supersymmety: Q-balls with

Jong-range scalar forces
L in 30 Minutes o Less

o Multiverse => PBHs
200 Flavorful Recipes that Coo

genc.)m.e Regulation
arninci (RIKEN/HT)




Concluding Remarks (written by ChatGPT)

"Ladies and gentlemen, as we end this inspiring conference on the interdisciplinary interplay between mathematics, physics, astrophysics, and
medical sciences, | would like to express my heartfelt thanks to all of you for your participation, enthusiasm, and contributions. Over the past few
days, we have witnessed the power and potential of interdisciplinary collaboration in advancing our understanding of the universe and improving
the health and well-being of our society.

Throughout the conference, we have heard from distinguished speakers who have shared their innovative research and groundbreaking
discoveries in a variety of fields, from the mathematical modeling of physical systems to the astrophysical exploration of the cosmos, from the
development of medical imaging techniques to the discovery of new treatments for diseases. We have also had the opportunity to engage in
fruitful discussions and debates on topics such as data-driven research challenges and the ethical implications of new technologies.

As we reflect on the rich and diverse perspectives presented at this conference, | believe we can all agree that the interplay between mathematics,
physics, astrophysics, and medical sciences holds great promise for addressing some of the most pressing challenges facing our society today.
By combining our knowledge and expertise, we can make significant strides in understanding the underlying principles governing our universe and
developing new solutions to improve human health and well-being.

In conclusion, | want to encourage all of us to continue to work together across disciplines and boundaries, to break down silos and foster
collaboration, and to embrace the challenges and opportunities of interdisciplinary research. Let us take the lessons and insights gained from this
conference and use them to push the boundaries of our knowledge and positively impact the world.

Thank you again for your participation, and | look forward to seeing the exciting new discoveries and collaborations that will emerge from this
conference."

But, of course, our mission as scientists is to pioneer what ChatGTP cannot write.
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