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Why obtain research grants?

—

ACT-

As well as paying for your research costs, research grants show that

* you have a sound long-terns research plan,

* that people believe your research will yield exciting outcomes, and
* that you have the support of the domestic community.

It is very hard to demonstrate these things from your publication record alone.




Kakenhi is the main source of public research
funding in Japan

Main categories:

4

\

Kiban S

Kiban A

Kiban B
Kiban C
Wakate (early career)

(+ other special categories)

Target position:
Senior professor

Professor

Associate professor
Assistant / associate
professor

Postdoc / assistant
professor

As you go through
your career, you
work your way up
from Wakate to
Kiban S.




My mixed Kakenhi history...

Occasional hits!

2014: Young researchers B (Wakate B)

Charge transport inside of organic crystals

2016: Shingakujyutsu Koubo

Nanostructure control with Bayesian

optimisation

2018: Young researchers (Wakate)

Thin-film deposition system combining
experiment and information science

2020: Kiban C

Quantum annealing for functional

molecular assemblies

+ others!

Occasional misses!

2017: Challenging Research (Chesentekihouga)
Molecular transport network based upon a
mathematical model

2017: Young researcher A (Wakate A)
Computational platform for work function
control

2018: Shingakujyutsu Koubo
Determination of nanopore atomic structure
via a math-materials collaboration

2019: Kiban B
Molecular.assembly control by fusion of
computation and machine learning

+ others!

All established researchers have a long list of acceptance and rejections.

Ifyou miss once, just re-think your strategy and try again. 5




What do you need to write?
Wakate application form: https://www.jsps.go.jp/j-grantsinaid/03_keikaku/data/r05/s-21.docx

Geument (forms to be uploaded) |
Early-Career Scientists 1

4 pages 2 pages 1 page
Proposal (main part): Feasibility: Compliance:
Summary, goal, background, methods, how Past achievements and Human rights
did you choose this project? current research protections, etc

environment



https://dotunadeoye.com/2019/09/18/whos-the-
elephant-in-your-business-idea-room/

Elephant in
the room....

;’iﬁ\@)
2013 success rate for Japanese proposals English proposals

Kiban A 23.5% 13.6 %

Kiban B 24.7 % 11.4 %

Kiban C 29.9% 23.7 %
Challenging (houga) 25.8% 10.9 %

Wakate A 22.1% 9.8 %

Wakate B 29.9 % 20.0%

http://www.mext.go.jp/b_menu/shingi/gijyutu/gijyutu4/037/shiryo/__icsFiles/afieldfile/2015/06/17/1358876_05.pdf




Dejima syndrome?
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Nowadays, anybody can roam Japan freely. The tangible parts of Japan are

However, the intangible parts (information) remain inac\ggessible.
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My Kakenhi tips!
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When you write



Tip # 1: Remember that the evaluators are really busy!
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Manoporous metals display exceptional catalytic actvity
for a variety of chemical reactions. In this research, we

ISEPRE TR R - ERiC
} OMETNECE LS TREL

®  Problem Elucidation of

wil elucidate the atomic-scale structure of o
nanoporous  metals  via  interdisciplinary | o oo —
science . Then, by as for
comelating structure with catalytic activity, we will =
i the i ip between atomis » 2 o
Mathematics Create a new
structure and catalytic activity. e rain th
We will use small molecules as probes for the S dc"‘“
diffecmerphisms to a surface.

atomic-scale structure of nanoporous metals (Fig 1). In
the mathemafics part of our study. we will create a
model for the structures of the pore walls. In the
materials science part, we will deposit probe molecules

onto the pore wals and measure their infrared e
. . to get atomic-scale structure

{vibrational) specira. By interpreting the spectra with the . ion to Ryoiki
model, we will cbtain the pore wall atomic structure. By Ad
fitting catalytic activities to the atomic structures, we wil ““sa"','d’e m"“"‘m“ mat
then establish a relationship between catalytic activity L= s -
and nanopore atomic structure. T
(2)ETERE - Fie

25 (W) — 4, b (FHNE- FiE) oRELRECELSTRELTI RS, (12 KR RE0N,

=1 EoM)

Mathematics. By incorporating surface deformation into our GAMMA model (Naf. Commun. 8,
2017, 14463), we will create a new model for the possible structures of the pore walls inside of
nanoporous metals. To predict the structures of the pore walls where the probe molecules adsorb,
we will solve the model via a new theory for
Markov chains on spaces of deformed
surfaces in B By establishing a
correspondence between these surfaces
and aftomic structure, the pore wall atomic
structure can be predicted by simulating this
Markov chain.

Probe malecules

Materials science: Real nanoporous
metals will be created and probe molecules
will be deposited onto their surfaces, using

Analyze infrared our ultra-high vacuum deposition system.

spoctrum of pare
malecules via new

-
mathematical theary VAN

striicture of pore walls

Figure 1. Summary of the prijct We will slucidate e atomic
structure of the pore wails of nancporoUs Mty

Infrared (IR} speciroscopy will then measure
the infrared (vibrational) spectra of probe
molecules. By analyzing the infrared spectra
via the mathematical theory above, we will
elucidate the structure of the pore walls with
atomic precision.

Make your proposal interesting and easy-to-understand for the evaluator.

10



Tip # 2: Understand that you are not writing a paper

P
THE JOURNAL OF CHEMICAL PHYSICS 142, 144503 (2015) ®

Charge transport in organic crystals: Critical role of correlated fluctuations
unveiled by analysis of Feynman diagrams

Daniel M. Packwood, Kazuaki Oniwa, Tienan Jin, and Naoki Asao
Advanced Inssinute for Materials Resarch, Tohoku Universiry, Sendai, Japan

(Received 23 October 2014; accepted 18 March 2015; published online 9 April 2015)

Org:
band-type transport and loc

ic crystals have unique charge transport properties that lie somewhere between delocalised
hopping transport. In this paper, we use a stochastic tight-binding

model to explore how dynamical disorder in organic crystals affects charge transportc By nalysing
the model in terms of Feynman diagrams (virtual processes), we expose the erucil role of correlaied
dynamical disorder to the charge transport dynamics in the model at short {{fes(n the order of a
few hundred femtoseconds. Under correlated dynamical disorder, the randoiemotions of molecules in
the crystal allow for low-cnergy “bonding™type interactions between neighlforing molecular orbitals
can persis over Jong periods of (me. On the other hand. the dependence of charge transpert on
far

correlated dynamical disorder also tends (o

in space. This concept of correlation may be the “missing link” rmdcwhmoummmcdmc regime
between band transport and hopping transport that occurs in organic erystals. © 2015 AIP Publishing

LLC. [hitp://dx.doi.org/10.1063/1.4916385]

1. INTRODUCTION
Despite decades of intensive research, Ux fcharg

transport in high mobility organic crystals such as rubrene or
pentacene remains controversial. In general, charge transport
in organic crystals is characterised by two properties that are
difficult to explain with conventional charge transport models.'
namely, that near room temperature (a) electron and hole
‘mobilities decrease in a power-law fashion with temperature®
and (b) the mean free paths of electrons and holes are compa-
rable to the crystal’s unit cell size.” Property (a) is suggestive
of delocalised band-type transport, with scattering by thermal

of motion,!" and mixed quantum-classical models based on
molecular dynamics or stochastic models of the molecular
framework. 15 First principles caleulations and molecular
dynamics simulations have shown that the thermal molecular
motions cause large modulation of the electronic coupling
betyieen molecules (i.c., “non-local electron-phonon” coupl-
ing) and dynamical localisation of charges.'>'® This large
modulation of the electronic coupling is due to the relatively
large distances between adjacent molecules in the crystal and
the complicated shape of the frontier orbitals of each molecule;
small hermal motions of the molecules end 0 produce errtic
Lhdngcn in both the sign and magnitude of the coupling.

‘molecular motions at higher (b)
is suggestive of highly localised hopping transport between
unit cells. Moreover, in the usual hopping transport picture,
transport is activated by temperature. In order to reconcile
these properties, simplified models with broad generality and
‘mathematical analysis are extremely useful.

A Tong-estabished spproach for studying temperature
dependence of mobility in erystals is via polaron tping
of electrons (i., “local” electron-phonon interactions).
important prediction of such theories is a crossover fmm
band-type transport to hopping-type transport as lemperature
increases. For organic crystals, these thearies explain property
(bywell, however, they often run into difficultios in explaining
. In more recent years. attention has ume o he lrge pres-
ence of inorganic crystais. Tt
disorder, which arises from the erratic thermal motion of the
molecules (inter-molecular phonon modes), is particularly
conspicuous in organic crystals hecause the mlatively weak
van der Waals bonding between molecules allows for a large
amount of molecular motion at room temperature.* The effect
of dynamical disorder has been explored in recent years with
a variety of theoretical approaches, including go
of the Holstein-Peierls model, !0 the hierarchy equations

0021-9606/2015/142(14) 144503/10/530.00 142, 1445031

dulation could be considered as tochastic. Atpresent,

h
disorder and electron-phonon coupling are the central phe-
nomena hehind the charge transport properties (a) and (b)
However, the unifying concept that underlies the calculation
output and connects the dynamical disorder to charge transport
‘mechanism in organic crystals has still not been highlighted.

In this paper, we study ing model with stochas-
tic site-site coupling (“Stochastic tight binding model”). This
model is distinct from the widely studied Gaussian disorder
models, which consider stochaslic site energies."*2" While
stochastic models can be used to model experimental data, they
are especially convenient for exploring how intuitive concepts
such as “correlation” and “amplitude” of the stochastic noise
contribute to the model output. This latier quality of the
stochastic models is of particular interest o the present paper
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FIG. 3. Hlustration of the notation in Egs. 9) and (15).

function s in the order of magnitude " (C), ie..

ELf(m, ] = 0(c"a (C)) an

‘The degeneracy of a cycle C can therefore he used to estimate
the correlation of stochastic modulation in any virtual process
with cycle C. For this reason, we therefore refer 0a cycle with
large degeneracy as a correlated cycle.

In the Appendix, we prove a mathematical theorem that
shows that the electron dynamics can be approximated by only
considering correlated cycles. More specifically, this theorem
says the following. Choose some small posilive number y.
Now, suppose that we can identify a subset C5  of the cycles
in €, such that the following holds for each n

-y 12)

The inequality in (12} says that the degeneracies of the cy-
cles from C} 7 account for over 100(1 - )% to the sum of
degeneracies. Tn other words. the cyces from CL? are highty
correlated eycles. Then, under these conditions, we have (see
the Appendix)

P =P T +el), 0< o) <y /(1-y).

(13)

where P (1) is the cycle expansion in (8) but with the cycles
in the set C, replaced by the smaller set €7 of correlated
cycles. In short, this result says thal we can approximate the
ensemble-averaged dynamics of the clectron at short times by
the contribution of cycles with small correlation,
samidentify a such that (12) holds. From
this result, we cen eise obtain a conclusion fnr the dynamics of
individual elstons that there exsts
a numher 7)<y and a supors .
contaits ety cyce of €L and as well as some nlhcrrytlc:
from C,) such that

1. (14)

Pr{lpu (0= pl"| < et

where p|”® (¢) is the perturbative expansion in (7) but calcu-
lated only with Feynman diagrams with L).k‘s in €L Pris

By a mathematical analysis of the stochastic
(STB) model, we identify a key set of Feynman diagrams
hat descibe the charge transport physics. These Feynman
rams highlight the central role of correlated stochastic
modulation in the charge transport mechanism in the STB
model. Correlated stochastic modulation means that under
dynamical disorder, the relative orientation betwieen molecular

©2015 AIP Pubishing LLG

“C)=576 (€)= 3808
£=049
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aprobability, and & is a small positive number. Equation (14)
says that the deviation of the approximated dynamics p{;"" (r)
of any individual electron in the ensemble is within ee°* of
the true dynamics py (¢). A formal stalement of these results
anda proof are provided in the Appendix. Note that it does not
appear to be possible avoid 10 the factor e without introduc-
ing significant technical difficulties into the mathematics. The
following analysis must be restricted to short times only. For
real organic crystals in which c is expected (o be in the order
0f 0.01 s, we obtzin an upper-bound error ye<*/ (1 - ) of
27% fors = 100 f5 and of 7.4% for £ = 200 fs when we set y
= 0.01. The approximations in Egs. (13) and (14) are herore
relevant (o the early stages of the electron interaction with the,
intermolecular vibrations of the lattice, which occur o a timd
scale of at least 100 fs.!

In order to verify if the approximations in Egs. (13) and
(14) hold for the STB model, we must identify a set CL
of correlated cycles that s.amry (12, A rasonble candidate
for Cy” is cycles whic] highly localised about site 0 in
he aice. The Iocalation of & cycle can he messuned with
the cycle variance. For a given cycle C containing vertices

" the variance of C is defined as

s

%
variance is shown for various cycles in Figure 4. A small
variance means that the L}ue is relatively localised across the
lattice. 5

generating the cycles s outlined in the Appendix). Figure 5 is
interpreted as follows. Consider a set of cycles,

Cl={ceC:s(C)> q} (16)

(This notation is read as “the subset of cycles in C, with
variance greater than ¢.") The x-axis of Figure 5 is in units
of g. and the y-axis of is the contribution of the cycles in €7

1o the sum of degeneracies of C,. The plols show long tails
and identify cycles with s7- greater than about 1.5 as making
a negligible contribution t0 the sum of the degeneracies. We
expect similar results for cycles with lengths greater than 14;
howener, we were unabie to perform this calculation due to
hardware imitations. This analysi strongly sugeests that we
can identify the “important cycles” C,” in Eq. (12) as the
cycles with small variance, i.e.,

ClV={CeCuist<q) an

where ¢ is in the order of about 1.5 and y is in the order
of about 0.01. In order to visualise how many cycles from

ol FIG. 4. Degencracies and variances of
some eycles.

EBBRE (C) (—4) 1

1 BREM. BRAEEL

EBBE (C) (—M) 2
(1 WRE#. ﬂﬁﬁiﬁfsf (23%) ]

ERARNE
&

P vma-¢ m-fﬁ

(G AFROMELOEI I, ¥

BB, BOANEO N RMERAT B,

BT A FRENEMTRELEEL MALLE o en At
AR R RESTOE, LI, RFAVEA—T T UBER  yome
B3I BN DR A TR, LA ORTE S S
AL S = — RIS ER DB ST, e e
AR THRFIL 25— TR T SRBMHBRRER oy oy ia s
EMHECLERETS. RN, o FASEMEE- o0 L R e
assembly, 1A ERE-EHTELRFTLIVZLEMAT D, an,

COFLTZLTIE. EDBHESTOLHDAY AR e
B, /7 0/0— BB RETANCASEA TS 7  (RR] FRELL-

S t(iunctional moleculr assembly) OBRMRI- 5, [T LA IBTIET

SLE R, RRC=REFAVE =T T RGEIDRROH

Ho—X TR AR IO X HA T 5. £ C0F N
LAUZLERROTA L —S— TR TELOT. HEORER 120N mxiants
PREBIERCTEHHFALS A= oA o TR HHRREEERY. R

o i ROFIT2/05—OHEM
HESFRAEKOEREFEHMATES. SnimEERET.

method which predicts how molecules self—nssamhle on a surface within s

assemble as desired, accelerating the bottom-up revolution in materials science.

Nat Comimain.'9, .
single nivizcule. Years may be required to screen thousands of molecules!

investing enormous funds into their development (e.g
YEa—T 7 EBOEH"), and simple quantum computers already exist [1].

1Al Bl e aviareseoec, R
— Design algoriths
FO0 [ ordinarstomeuter |

L ST B

Procictionof functional molocular assamiohy
et

Self-assembly

Matecuisr
ssnamar

Eien st ot
Figure 1. [A] Simple image of the molecular self assembly process. [B] Project overview. [will write an al gorithm for
a5t prediction of molecular salf-assembly on 3 quanmm compurer. This will ensble rapid compumtionsl scresning for
functional assemblies for nanotechnology applications

3 untumAnn i A). devel new computational meth
for i iln h w molecult mble on surf QA will ensure that our
computanonal method can be |mp|ememed on future ?uamum computers. This
goal ensures a long-term impact: it will provide a “&#" for a future nanomaterials
iscovery via quantum computing.

*@IE8& - Use our QA-based method to prediot novel assemblies for molecular

spintronics By using our new metl on an ordinary compuier, we can aim for an
mediate impact on emerging area of matenials science (molecular

[ an
spintronics). Thls goal therefore ensures an impact from the project.

(4 %) Assemblies of molecules adsorbed on metal surfaces often display
remarkable magnetic and electronic properties, making them important materials for
nanotechnology (Fig. 1A). Our research group has a grand dream: a cumpuialional

a computational method would allow scientists to screen for molecules whlch

Unfortunately..our dream cannot be realized on modern computers. Even with our
state-of-the-at miethods_(Packwood and Hitosugi. Nat. Commun. 8, 2017, 14463;
018, 2469), days to weeks are required to make predictions for a

On the other hand, our dream may become realistic once quantum computing arrives
(Fig 1B). The amival of quantum computing is h\ghlE likely. Govemnments are
XT 2019 s EE "BF2

* )M The convergence of solid-state physics and materials chemistry has
Been proceeding over recent years (e. 7). A new direction - to relhze novel
iunctions by precise alignment o molecules - has emerged (e.g., MEXT 20205 4IRS
E% "BERCAIEHEARE"). This is particularly clear in surface Science research. Here,
efforts to achieve low-dimensional magnetism, topological insulators, and spin filters
via bottom-up assembly of molecules on surfaces have been considerable [3-5]

To accelerate work in this direction, computational methods which can predict how
molecules self-assemble on surfaces are highly desirable. Such computational methods
would help experimentalists to identify molecules which form novel assemblies.

Such calculations cannot be performed with common molecular simulation software.
Density functional theory (DFTHevels of accuracy are required, due to the presence
of metal surface states. However, the thousands of atoms and long time-scales
involved in molecular self-assembly lie beyond the domain of ordinary DFT methods.

During a JST PRESTO project, | developed a new approach to self-assembly
simulations using machine leaming and stochastic search techniques (Fig 2). It
achieved DFT-level accuracy while efficiently Sredlctmg self-asse %I on surfaces
(Naf. Commun. 2017, Appl. Phys. Express. 2017, Nat. Gommun. 2018). Following
this breakthrough, overseas theory groups developed similar, rival methods [6 — 7]

While m¥ method is considerably more efficient than ordmary DFT, the stochastic
search still requires days to weeks to complete. This is too long; in order to discover a
novel molecular assembly, thousands of searches (using ifferent molecules and
conditions) may be required. Computation times of minutes or less are desirable.

Such short computational times are probably impnssible on ordinary hardware. On
the other hand, quantum computing is rapidly daveioping. It is believed that by year
2028, quantum mmnuters will be able to ran jarge molecular simulations [8]. In fact,
s\mpla quantum chemistry calculations ~on-a quantum mm?ular were recently

[9]. Rapid predictions for molecular self-assembly may be

rei)‘orled by Google
achievable wilhm%gmrs providing that we develop new methodologies now.

Fxguﬂ 2 (] Sy of ur previons compaationa mathod (Va. Comm. 2017, 2018, We wsad mscliae lawrning 0

(black dors). The with lowest energy ws then.
Sound with & stochastic search This search wes slow due 0 energy barriers between nearby configurations. [B] Exammple
prediction compared to microscopy data . from T. Eitosuzi Group 2014). This propased project will
develop a quantum amnealing based search, nabling mmldmg ‘between configurations and fast predictions

roposal: Seli an idea

Paper: Present a new result to specialists

Idea is sold through rhetoric and visuals.
ittle effort required to read it.

Result is supported by analysis and formalism.
Effort required to read it.

ignificance and impact are paramount

11

Significance and impact are secondary.



Tip # 3: Clarify where your idea comes from

Past research Project idea

Next step

Simulation using a
guantum computer

nanomaterial assembly

Your idea should come from two sources:
your past research and your future vision.

Unlike & paper, your proposal mustbe grounded in
both the past and the future.

The past determines which steps you can take next.
The future determines which of those steps has

Previous step

Future vision

nanomaterials
with ultrafast
simulations

Form S-21: Research Proposal Document (forms to be uploaded)
Early-Career Scientists 1

1. Research Objectives, Research Method, etc.

This research proposal will be reviewed in the Basic Section of the applicant’s choice. In filling this application form. refer
to the Application Procedures for Grants-in-Aid for Scientific Researclg)-KAKE VHI-.

Research objectives. research method. etc. should be described within 4 pages.

A succinct summary of the research proposal should be given at the beginning.

The main text should give descriptions, in concrete and clear terms, of (1) scientific background for the proposed research,
and the “key scientific question” comprising the core of the research plan, (2) the purpose, scientific originality, and
creativity of the research project, (3) the circumstances leading to conception of the present research proposal. domestic and
overseas trends related {o-the proposed research and the posiIONINg oI this Tesealcll 1 the relevant 1eld. (4) what will be
elucidated, and to what.cktent and how will it be pursued during the research period. and (5) preparation status towards
achievement of the purpose of the research project.

[SUMMARY]

“...the circumstances leading to conception of
the present research proposal...”

Image sources: https://en.wikipedia.org/wiki/Self-assembly; https://algoanalytics.com/quantumAnnealers.html;

h I g h e St I m p a Ct . https://news.cnrs.fr/articles/the-new-challenges-of-spintronics; 12

hittps://www.usatoday.com/story/tech/2014/03/20/reviewed-oled-tv-made-in-america/6568445/
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Tip # 4: On the first page, articulate your overall vision and sell it

Overall vision

)
[ |
Past resesirch | Nextstep Project idea Previous step Future vision
Project idea
(step towards the big dream) Big dream Big impacts

Molecule Nanomaterial

Molecules - . .
Nanomaterial Simulate nanomaterial assembly

7 5 0 _/@V within seconds (impossible with

ordinary computers)

Simulate nanomaterial

. Image sources: Ultrahigh density memory
assembly using a quantum https://en.wikipedia.org/wiki/Self-assembly
computer https://algoanalytics.com/quantumAnnealers.html

https://geneticliteracyproject.org/2018/11/14/creating-life-from-the-bottom-up-can-we-make-cells-from-scratch/
https://news.cnrs.fr/articles/the-new-challenges-of-spintronics
https://www.usatoday.com/stary/tech/2014/03/20/reviewed-oled-tv-made-in-america/6553445/ 14



Applic

Large

scope )

Specific
focus

Large -

scope

Big
dream

Impacts

nanotechnology {Fl 1A} 0ur research group has a grand drearn a compulnlinml
I a m!‘lhod which predicts how molecules self-assemble on a surface w/ithin seconds. Such

ation form (first page)

AEFRE (C) (—W) 1

1 WREM. WRABEEL

#Hx‘c-h:nt- ||..s)" !#ﬁu&eﬁﬁﬂnﬂ Tl T, THYFARERSR BT 2 FER R

DF AR, FARECELELT RN (B L @
. BANTLL S BT E@d, 1000 TAK

-LQ:F'\_‘ B’F‘L:NLLEE EHIETT I @AR. FRARY. HRMATORENSEHERET S L
ey -
FIFHIOE—
§72E— SR AEREMTRESEL, WATA- ;'::l’u.;;;;;@’?;
AAERNEESTVS, Lol RF DN a—T TREEE  mons
By S BAMOBRAATREL. LLATORATE o
R A = — X1t 64 BB BETLB. B

FRRTERFILC1—5— TR SRFWHBRRAEER | REATE EION

Overall vision
J

_ Tl
EMTACLERET. RANCIE. HTFECER kG- |3 e
assemuy 1A ERE-HER CJ*%’:i:TT’Jbe'JILEHﬁ?%: 2N,

== T = L
2L, F/F /00— BB RS TRV HES AT AT (] SEEALLAI- e

LEFLIZLIZBFP=—
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(:t:t} Assemblles of mol»ec.ul»es adsorbed on metal surfaces often dlsplag.r
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i, accelerating the bottom-up revolution in materials science.

Unfortunately, our dream cannot be realized on modern computers. Even with our
ﬁ state-of-the-art methods (Packwood and Hitosugi. Nat. Commun. 8, 2017, 14463;

assern ble as desire

Nat. Commun. 9, 2018, 2469), days to weeks are required to make predictions for a
single molecule. Years may be required to screen thousands of molecules!

On the other hand, our dream may become realistic once quantum computing ‘@rrives

(Fig 1B). The amval of quantum computing is highly likely. Governments are

investing enormous funds into their development (e.g., M 2019 EREEE "B+
Do —F S EBEDEH"), and simple quantum computers already exst [1].

(Al Molacules - (8] PUT Pravisus reseaveh: OUTPUT

Obstacle —
to big
dream

Design algarithm
Moo bt
o

| " menl 5 {time: >
surface !

Past research | Nextstep Project idea Previous step Future vision
Project idea
(step towards the big dream) Big dream Big impacts
o (AL Artificial cells
5234 ; i Printed electronics
Molecule Nanomaterial
Molecules . /. 2
Nanomaterial Simulate nanomaterial assembly
— within seconds on a computer
B 5 ;—> I_I_I_Ly A serorg o a g
: 2 (impossible with ordinary
computers)
Simulate nanomaterial ‘
A I 2 i 2
assembly using a quantum etpes/ en RipeciaiosgWARUSER-assembly HIARIER CE0RRY: Piofeey
computer https://algoanalytics.com/quantumAnnealers.html

https://geneticliteracyproject.org/2018/11/14/creating-life-from-the-bottom-up-can-we-make-cells-from-scratch/
https://news.cnrs.fr/articles/the-new-challenges-of-spintronics
https://www.usatoday.com/story/tech/2014/03/20/reviewed-oled-tv-made-in-america/6568445/

This project + impacts

This research aims to lay-down a foundation for the discovery of
novel materials [impacts] which runs on a quantum computer.
More concretely, | will create an quantum algorithm which can
quickly simulate on-surface self-assembly [this project].

pd
- and surfaca EE} <
Guantem computer |
eattin) B € mieutes] 3 E}E

Pradiction of functional mal ecutar assomibly
20 magnetsm
Cammbum bquid ke
Figure 1. [4] Simple image of the molecular self-assembly process. [B] Project overview. I will write an algorithmm for
fast prediction of molecnlar sslf-assenbiy on 2 quantum computer. This will ensble rapid compustions] screenins: for
fimctonal assemblies for nanotechnology applicadons.

Self-aszembly

.
TR eim
| 7
47 ey
This ressarch:
Dhesigrs g basen aligosithim

Topic (big dream), problem (obstacle to big dream), solution
(this project), impact

This project + obstacle to big dream
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Tip # 5: Make sure that flow of the project is clear at a glance

EFEFR (O R 1 pT————— -
(1 BREM. BRHEGE (23F) ] b
1_WREE. Wk X 7 Eif = Using Guanun Annealing (AT devsiop  ne.compiiaional meffod . o -
¥ E licting how moleculs If-4 mble on_surf: . OA will ensure that our

Compratonal mamr;d can b inpemented an (Uit guantum compuers, Th
oal ensures a long-term impact: it will provide a ” for a future nanomaterials

kst overiinalcttanttanTcoanysOis - e e e

*@ B - Use our QA-based method to predict novel assemblies for molecular

spintronics By usmg wr new mst on an of mary cumpuler we can aim for an -
EEEE T, merging area of rials science gmulmlar
i This goal therefore ensures an Immedlale Impucl from the project

+5HIm—
BT A S UAREE TR LEL. WAGL . T T
RS T5. L. RFIEA—TATEEES 5ot

ll?fél:lilﬁﬂm&ﬁﬁ-i—ﬂ'ﬂli&i\ GLAEOEWER #EPHF R+ The convergence of solid-state physics and materials chemistry has
LGB SN = — X S A h P EE TR, CAZEoNas] #RFms een proceeding over recent years (e.g. [2]). A new direction - to realize novel
R " Ef¥ A== réncllorés by prawgﬁ;llfn_lnjﬁnl of mo\ecu‘h; Ihns umergrufd (e.g., MEXT 2020%%;;%
(FRAS FE—@TOR 3 is is particularly clear in surface science research. Here;
FRRTERFI 25— THAT S BB AT ne EHT efforts to achieve low-dimensional magnetsm, topological msulators, and spin fitzrs .
ERFBCEERET. RENCE. sFACB@IEG- | 220 0000 via bottom-up assembly of molecules on surfaces have been considerable [3 - ™
assembly, @1A)E DA ARTEIETTLNZLEMRTS. 2nu, X X X : v
SOTLAIRATIE, OB FOHOR I —= o S ET To aceslerate work in this drection, computational methods which can pradict haw ‘ _
= 5 5 ST T (WRR] il AR P molecules self-assemble on surfaces are highly desirable. Such computational methods
Sl g s BEGECKUIEECH L SRS T - would help expenmentaiists fo identy molecules which form novel asssmblies

LEFLIZ IR
U SEEAL, BFTA—

molecular =% .
Such calculations cannot be performed with common molecular simulation software.
Density functional theory (DFT}levels of accuracy are required, due to the presence
of metal surface states. However, the thousands of atoms and long time-scales

U, K= l-‘F:zE:—TAfJ:’iﬁ!)mﬂ.tﬂJﬂ
AstiG CEBHEMIB Ot 2RSS, 24

A LA RO A T R O B [4ri5K] wREROMD involved in molecular seff-assembly lie beyond the domain of ordinary DFT methods.
= = gy ® AHEEIT, K
MREFIEFR I DOICHFACIOZYHRI ,J,ﬂfﬁ%m;_wm During a JST PRESTO project, | developed a new approach to self-assembly .
WA FRAEORREFRMMATE, SOMBLERT. simulations using machine leaming and stochastic search techniques (Fig 2). It
= achieved DFT-level accuracy while efficiently é)remctmg self-assembly on surfaces

(% %) Assemblies of molecules adsorbed on metal surfaces often display (Nat. Gommun. 2017, Appl. Phys. Express. 2017, Nat. Gommun. 2018). Following
remarkable magnetic and electronic properties, making them important materials for this breakthrough, overseas theory groups developed similar, rival methods [6 — 7]
nanotechno\ogy (Fig. 1A). Qur research group has a grand dream: a computational

method which predicts how molecules self-assemble on a surface within seconds. Such While my method is considerably more efficient than ordinary DFT, the stochastic
:\ computational method would allow scientists to screen for molecules which search si/IHremlirls days to weeks to complete_ This is too long; in order to discover a
assemble as desired, accelerating the bottom-up revolution in materials science novel molecular assembly, thousands of searches (using different molecules and

conditions) may be required. Computation times of minutes or less are desirable. an _sen
Unfortunately, our dream cannot be realized on modern computers. Even with our - .
state-of-the-art methods (Packwood and Hitosugi. Naf. Commun. 8, 2017, 14463; Such short computational times are probably impossible on ordinary hardware. On .-
Nat_Commun. 9, 2018, 2469), days to weeks are required to make predictions for a the other hand, quantum computing is rapidly developing. It is believed that by year k
single molecule. Years may be required to screen thousands of molecules! 2028, quantum computers will be able to run large molecular simulations []. In fact, .
simple quantum chemistry_calculations on a quantum canuler were recenl\y -
On the other hand, our dream may become realistic once quantum computing arrives reported by Google [9]. Repid for ~molecular may
(Fig 1B). The amival of quantum computing is highly likely. Governments are achievable within 8 years - provldlng that we develop new methodologies now.
invasting enomous funds nto their development (e.g., MEXT 2019 &85 5 % “BF2 P
P ousaam Y, ple y L) iy
[al Bl e ourrur

Mf "
o= g

seltassembly

T W h quentm
e raming]
iy -
2om Figure 2[4] ) e Commun. 2017, 3018). © s
i quickly calculae the enerzy of esch molecular conSguraton (black dos). The coniwetion with lowest enerzy was thea
Figure 1. [4] Saple imsge of the B el e sgoritn found wath a sochassc serch. This search was slow due 10 enerzy barmers befween newrby configwaions. [B] Example
55 pedicion of olecues sl seembly on ¢ qua coputer Ths wil st spid comstons] <reenig o ebenes cempusl o meviony s (o et Som T Sions, G 1014 T propod prfct v
functionsl assexblies for napotecimology applications enabling tunneling

Fig 1. Summary of project Fig 2. Background / how this project Fig 3. Method sketch Fig 5 [because extra space
overcomes previous bottlenecks Fig 4. Inmediate impact, was available] How to ensure
long term impact immediate impact

INPUT Previous research: OouTPUT
Design algorithm .

Molecules...

ﬁ ‘ - ortmaomnur 2 @.@ :  Easy way: show one figure per page
%‘ (time: > days) .
€ surface . . . .
e .@. i The first figure should summarise the project
5 iy | (time: < minutes) 9 : (back d hod : |
3 . - ground, method, main goal).

assembly N

Prediction of functional molecular assembly:
- 2D magnetism
- Quantum liquid

This research:
Design quantum algorithm

Figures should be clear when printed in black-
and-white! 16




E|PR (C) (—W) 2
[1 BWMREH. FRARGLE (oI ]

| +¥#7 E48 - Using Quantum Annealing (QA). develop a new computational method |
for predicting how molecules self-assemble on surfaces. QA will ensure that our
computational method can be implemented on future ?uantum computers. This
goal ensures a long-term impact: it will provide a “##" for a future nanomaterials
iscovery via quantum computing.

1¥_{E_q - Use our QA-based method to predict novel assemblies for molecular ;
spintronics By using our new method on an ordinary computer, we can aim for an !
immediate impact on an emerging area of materials science (molecular |
splntromcs} Thls gc-al therefore ensures & immediate Impacl from the project.

2P WM The convergence of solid-state physics and materials chemistry has
een proceeding over recent years (e.g., [2]). A new direction - to realize novel

functions by precise alignment o molecules - has emerged (e g, MEXT 20204 i 4184
EfE "BIEACHIEERAE"). This is particularly clear in surface science research. Here,
efforts to achieve low-dimensional magnetism, topological insulators, and spin filters
wia bottom-up assembly of molecules on surfaces have been considerable [3 - 5].

r'—'—'—'—'—'—'—'—'—'—'—'—'—'—'

To accelerate work in this direction, computational methods which can predict how
molecules self-assemble on surfaces are highly desirable. Such computational methods
would help expenmentalists to identify molecules which form novel assemblies.

Such calculations cannot be performed with common molecular simulation software.
Density functional theory (DFT }-evels of accuracy are required, due to the presence
of metal surface states. However, the thousands of atoms and long time-scales
involved in melecular self—assembly lie beyond the domain of ordinary LiFT methods.

During a JST PRESTO project, | developed a new approach to $¢Il-a$sernbly
simulations using machine leaming and stochastic search techni ues (Fig 2).
achieved DFT-level accuracy while efficiently predicting self-assembly on surfaces
(Nat. Commun. 2017, Appl. Phys. Express. EEI? Nat. Commun. 2018). Following
this breakthrough, overseas theory groups developed similar, rival methods [6 - 7].

While my method is considerably maore efficient than ordinary DFT, the stochastic
search still requires days to weeks to complete. This is too long; in order to discover a
novel molecular assembly, thousands of searches (using different molecules and
conditions) may be required. Computation times of minutes or less are desirable.

Such short computational times are probably impossible on ordinary hardware. On
the other hand, gquantum computing is rapidly developing. It is believed that by year
2028, quantum computers will be able to run large molecular simulations [B]. In fact,
snfnple quanlum chemistry calculations on a quantum cominuter were recently

EO {‘o ie [9]. Rapid predictions for molecular self-assembly may be
achievable mt years - providing that we develop new methodologies now.

IAI Mokncuiy At ovolecsiar

+ Stachastic search
e unmeling)
This reseonci:
Search with guantum
anmealing (runmsing) o -
Figure 2 [A] Slmm of our previous compizstional method (Nar. Commupm. 2017, 2018). We nsed madu:ne I.ea.'m:tgm
quickly calculate the energy of esch molecnlar confisuration (black dots). The confisuration with lowest ensrzy was then
foumnd with a stochastic search. This search was slow due w0 energy barmiers between nearby conSguradons. [B] Exampla
prediction compared to microscopy data (right insert; from T Hitosngi Group 2014). This proposed project will
develop a quantum annealing-based search, enabling tnpmeling between confirnrations and fast predictions.

Y
|

Tip # 6: Write in short paragraphs

Make one point per paragraph, use
simple sentences

Key sentences in bold. Proposal should
be understandable by reading bold parts
only. But do not use too much bold text.

Have one line of space between
paragraphs. This makes the proposal
look easier to read.

Avoid «ny font sizes. If you run out of space,
you need write more succinctly.
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Tip # 7: Plan to spend most of your time edltmg

The convergence of solid-state \ g
https://www.brickca physics and materials chemistry
t.com/set-10662/ has been prec.edln.g over recer.1t
years. A new direction — to realise =
A

novel functionality by precise Ad d
alignment of molecules — has

emerged. /

= & 2
PRVEA, o0

»~ e S
5 -

The database will be
constructed from the
Cambridge Online Crystal
Database, which contains
thousands of organic crystal
structures.

In previous research |

K developed a new approach to
self-assembly simulations %\3\
using machine learning and 2
stochastic search techniques.

“Building a Lego Tank (no music, no filters)” from YouTube

* |tis gifficult to write the proposa! from start to finish in one go. Because the space is
quite limited (4 - 5 pages + figures), you will probably spend a lot of time editing.

* Efficient writing method: Write candidate paragraphs for each component of the project.
Then, treat the candidate paragraphs like Lego plots. Click them together, remove some
of them, add new ones, remove some more, etc, until you have the final proposal. ..



Tip # 8: Think carefully about which section you choose

Broad Section E

Medium-sized Section 32: Physical chemistry,

functional solid state chemustry, and related fields

Basic Section

32010 [Fundamental physical chemistry-related

32020 |Functional solid state chemistry-related

Medium-sized Section 33 : Organic chemistry and related fields

Basic Section

Structural organic chemistry
33010

and physical organic chemistry-related

33020 |Synthetic organic chemistry-related

Medium-sized Section 34 : Inorganic/coordination chemistry,

analytical chemistry, and related fields

Basic Section

34010 |Inorganic/coordination chemistry-related

34020 [|Analytical chemistry-related

Green sustainable chemistry
34030

and environmental chemistry-related

Medium-sized Section 35: Polymers, organic materials, and related fields

Basic Section

35010 |Polymer chemistry-related

35020 [Polymer materials-related

35030 |Organic functional materials-related

List of fields:

When you submit your
proposal, you must select a
‘section’.

Your proposal will be evaluated
by senior researchers from that
section.

Look through the entire list and
choose appropriately!

https://www.jsps.go.ip/english/e-grants/data/2020/09/R2b_kouboyoryo_e.pdf
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Tip # 9: Familiarise yourself with E-rad!

E-rad is the website where
you submit your proposal.

Access requires an ID and
password. Your university
administration provides this

https://www-shinsei.jsps.go.jp/kaken/index.html

B HABEEFREVATL B

BEEmIA=1—
Menu for Applicant

(v) MEEEEE

Consent to Become a Co-Investigator

(v) FEFS=

Application procedure

(v) BERERT

Disclosure of review results

(v) ERNEEOFHES

Procedure for approved project

(v) SEfhREROFH=

Procedure for authorized project

(v) B

Researcher Information Check

ARDEECRBIEEERRE - FFRRTBREE. I55ISLEBETI>TIREL,
To consent/dissent to become a Co-Investigator, click the below button.

IEEERME. FRROESEEE. RELCHRAOLMERREREDT 388, I55NSNEETO>TIZEL,

tart the annlication nroy Mdodife 2 nronncal heing sreated/Check thy L inn ctatue af 3 cuhmitted annlication

https://www.mext.
go.jp/content/1395
971_02.pdf

 As well as uploading your
proposal, you must enter
additional information
(breakdown of money
required and reasons).

5. GEELITIFHEEIZONT(7)

(3)HARETEFEDIERL
GBEER T
i Breakdown of the budget per year

% (goods, consumables, travel, labour, others)
W

TR T
[ fe& |

<0l

d |
EEEHEOADEM(ETHEL
EHSTWAIEITEE,

D =

Major items (maker
and installation

i I

T FECBSEL . SRR T,
B s T AN

S, Necessity for the
[uFvi-iid
(RABRE DHAERR budget (important!)
EHETHBAICE. TOB T
EHICOLTRT AN, J - B For L TAS2e 5 e L

S —— AR TAA.
E. = location) AR TAA,
B—= —

BRE

£OME. AR

HE. BEfi. £5
ZAHDL., T\
H1#0Uvod
5 EEENEENE
HSh, ARERE
ERMNRIC R,
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My Kakenhi tips!

Before you write

When you write

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

But what about Japanese vs English?

. .
) "
. U
K 2L .
...................................................................................................................................



#as—8 (EMRABEZ T I (BEZ7rILAE)

WEd (W) —1
(1) ES
W (of) -2, 3 (EEH), § (SEOFEHESRET SIS o TORRERRIFEEREES  DRCH
®EYaFHRE). 7 (CAETESHEFRRL FoEte), 8 (MECLNREoERN ONEERECEL S TRETZ
Dk, 1z EEE (WENE - TE b 1 W EiA]

" = : — r

BEBMSEFT T B AL 0= 000 - RIzE
Fehood, TFECL SaheRESOaCERETREALE: | BEEEREAEFERET
H—EErEil. §—REMrCE-BOREEFITELFE(= | RS —F0EE
first-principles structure prediction BEEFPSP 3=F)0RBLEE
FE 1A), T, —FIzESA—F L 20—k T0, BER .

= = —_ - . i Y Mk sE#ER—BORE
BRBEFETTE-—ErEdTEiaBEEEERETS(E 1B). S — EEML T TR

CORRESSLHI. THRIBMOBEAASRERE RN, & | —FERRL AMEH—_EE
B ) AR F BRI GRS SoLE R Y. RANE. | A FrARET ok
SRR DGE I e e
L., BTt AR, FlERId. LT, T o .
EEUREERRERBIEL T, BERORRE RBEERR: | TaREONE: 2REED

T E—-WEEATE e REAERAL, ot — R ORE
- W E RS R o

FHE T, M-fEoht=0— Nonre Commumicarions 2017, 2018 )%
shizREL. FHEF- ABEERTLEBEFENUESILTE | Eil~0Re: RETo A
{F it = r Fio A — i)~ = B AL e g
BinH HE R~ D7 —F T T ER S, Y| HERRSSERT 3oL

Ak B T
RS ChERBo:  (BELON-BORE) © | S
I i e

H-FrLAN =L

= EEAmBEN | | W—EERET
Fir = W — L Wa—F
. dard AEltETE | |- B—Eoma
v = EENTE
. " 8 C e
"
& 59 I | e e
W

[ IR -
(— —1"_4' R S

. FEE—BERATE
L

Bl ¥@Rofe-HE (0NN SEE EREsRitkog Bt TEETLE - e Rl B-BoEFRATFETRELD

—FIEE PSP a—FimMREEET, (DH £8E, o—FolE AMSENCE T P e LT e, BENEER

EERTE—NERATELEMUIREEERT. (D eRitkoEnE s tEC T RENE SR EON.

(2)EF3ERtE - FiE
W (W) —4, ¢ (FRHE - FE oRErRECEraTRETAZL, (L2 ARE, (RN F4bET1H

el

R 3 FERE 1A)FPSE S—FEfFlT Sod, aBEEE —BoTr Ly —EERTIR00hRE
H— B OSSN TEA T THLOESEELL, A5 —S— 30 — B R S A L
DT, ARG EORAPENFIDREEMT L. R, SREFCEROMALTD
FLESRYE TRHTE. coRRESATEE— BT A RN Ao, B— WD
SRRSO SRR T R AR S, BRI EY, E— WO L F—E R R Sha ke
HMEORLET ALOE~FEEET 5, F—Ei— 2R A NS STl A0T. B— D
RO REHR-FEFECHRETTATELLEALNS,

AR 32 AR 1B.L) i —F LA — =TIz, Fe 40 Mn £ T a0E #HE L 70 BN
HERMBERI TS, LT, oL BEEKDUT FPP o—F ol — BOBEE T AL, B— RO
AEFEEEAMYER TN TS, JOTIEAUL 20U B e i & B — R S P AR
rRELLY:, BRENMEE R TRl L ENEBEETRUAL I ENE,

Japanese vs English?

[Maybe] A good translation witl improve the
chances of success.

[Maybe not] A poor translation will do the
opposite.

If a trusted colleague is available, do this with
them and ask about the phrases they choose
{helps if you can read Japanese).

Google-translated text will leave a terrible
impression — be careful
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Final comments
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X8R (C) (—4) 1

1 ®RA Bﬂ. BRRARGE

FIRRRHEF R 0 SRR VR

i
AFREFAMIEL L b 3 RAE, BRitEE, BApNfoRknrameidt oz,

) -
BT B R MTREEEEL. WAL oot ot
R E TS, Lol BFavPa—Tr  THEEE  ome
B3Iz REROBEHH A TIRE. LLATORNES

i e o — — — > > 0 H a
FLGHBHEN=—KIHES 2o D BLE T, e

FFARTERFIA 25— TRATSEENHARRER o oo BT

ERIBCLEANT. RUNCE. SFREMMIEGE-  1op s nharosee
assembly, ETAERE-BERTELRTFFLIIVZLEMBT B, ap,
COTLIIZLTIE, SOBRS FORBOIN =S ET

BEICL, /7 /05— B AL TANC SN T AN T (WR] BREALITE

Atk (functional molecular assembly) DRBHIRR (=712, U;;;":'fi“l

BLEE R, AR RF AT TRRRORKOH g

Ho—A~HETEIARMB /Ot AHRT D, &= CO7 ) .
LAUXARBROIVEL—S—TLRIFTESOT. KEORER  (12/0F] FRitadis

— — N - - OHHEREREHT. Rt
BRESIERTEDIAFACL O IR(2L>THER YAy

BESFREKORREFLTMATES. BONEEERT.
(&%) Assemblies of molecules adsorbed on metal surfaces often display
remarkable magnenc and | . making them ir materials for

nanotechnology g{ Our research. group has a grand dream: a compumloml
method which nudlu s hnw molecules self-assemble on a surface within seconds.
a computational method would allow scientisis to screen for molecules wh\ch
assemble as desired, accelerating the bottom-up revolution in materials science

Unfortunately, our dream cannot be realized on modern computers. Even with our

state-of-the-art methods (Packwood and Hitosugi. Nat Cemmun. 8, 2017, 14463;
Nat. Commun. 9, 2018, 2469), days to weeks are required to make predlchons fora
single molecule. Years may be required to screen thousands of molecules!

On the other hand, our dream may become realistic once quantum computing arrives
(Fig 1B). The arrival of quantum computing is h‘ghléxl‘llsdﬁ Governments are
investing enormous funds into their development (e.q. BHEE BT
TS ERDEIE" ) and simple quantum computers already exist [1].

[ —— il

A @ JM.,W, BB
l/m X | mz%%%mmm

Seffassembly

Tigure 1. [A] Simple image of the molecular self assembly process. [B] Project overview. T will write en alzorithm for
fast prediction of molecular self-assembly on & quantum computer. This wil enshle rapid compustions] screening for
fuctional assemblies or nancreckmology applications.

V

These tips are only based on my experience and do not guarantee
success. You should take time to find what works for you.

You should put a good effort into writing Kakenhi. It brings important
career benefits and is a great chance to clarify your research direction.
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