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Why obtain research grants?

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

* you have a sound long-term research plan,

* that people believe your research will yield exciting outcomes, and
* that your work has some community support.

It is 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 (Chosentekihouga)
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.

If you miss once, just re-think your strategy and try again.



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

xxxxxxx

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
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When writing

When submitting



Remember that the evaluators are really busy!
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Manoporous metals display exceptional catalytic activity
for a varety of chemical reactions. In this research, we
will elucidate the atomic-scale structure of

*  Problem Elucidation of
atomic-scale structure of

nanoporous metals
nanoporous metals via interdisciplinary - - !
i science . Then, by -
comelating structure with catalytic activity, we will e TEMICEXNTLE
i the i ip between atomi I -
*  Mathematics Create a new
structure and catalytic activity. . o o a.n o’
based on random
We will use small molecules as probes for the o _ 0a
diffeornarphisms. surface.

atomis le structure of pod 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 walls and measure their infrared il I. and ks
{vibrational) spectra. By interpreting the spectra with e - o=t ion to = - =
model, we will cbtain the pore wall atomic Stuchire. By Mc.: LT I"’“‘“ -
fitting catalytic activities to the atomic structures, we will andas 2 ials and fadil
the tablish lationship betws talytic activi

n establish a relationship een catalytic activity ; e )

and nanopors atomic structure.
(2)EHIERE - e

B) —4. 5 (FHEHE - FiE) ORELEECE AT
)

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 estsblishing a
correspondence between these surfaces
and atomic structure, the pore wall atomic
structure can be pradicted by simulating this
Markov chain.

Probe molecules

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

Analyze infrared our ultra-high vacuum deposition system.
e s Infrared (IR} speciroscopy will then measure
m':h::'mz::::" Elucidate atomic the infrared (vibratin.nal} spectra of probe
structure of pare walls malecules. By analyzing the infrared spectra

Figure 1. Summary of the prajsct We wil suckisie me atomic | Vi@ the mathematical theory above, we will
structure of the pore wals of RANCRCroUS metas. elucidate the structure of the pore walls with

atomic pracision.

eally try to appreciate the evaluator’s situation. They have a miserable job.

How can you explain your idea in an exciting and interesting way?



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 Asac
Advanced Inssinute for Materials Resarch, Tohoku Universiry, Sendai, Japan

1445035 Packwood of al.
C=[@LI2011040112)]
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J. Chem. Phys. 142, 144503 (2015)

aprobability, and « is a small positive number. Equation (14)
siaysthat the deviation of the approximated dynamics o7 (r)
o any individual electron in the ensemble is within £e°* of
the true dynamics py (¢). A formal stalement of these results
anda proof are provided in the Appendix. Note that it does not
appear 1o be possible avoid 1o the factor e°* without introduc-
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S in untumAnn i A), dev: new _computational meth

for i iln how_molecul 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.

ved 23 Oct l 5 = lpnonpn -] o - E
(Received 23 October 2014; accepted 18 March 2015: published online 9 April 2015) ot ing significant technical difficulties into the mathematics. The iy , . N i @I E# - Use our QA-based method to predict novel assemblies for molecular
FIG. 3. Hlustration of the notation in Egs. 9) and (15). following analysis must be restricied to short times only. For AFRETRGHUEL FRABE, FRAUFOANNERMERET S L spintronics By using our new method on an ordinary computer, we can aim for an
Organic crystals have unique charge transport properties that lie somewhere between delocalised functi e onder of magnitude " (C real organic crystals in which ¢ is expected to be in the order (HEE) immediate impact’ on an emerging area of materials science ( n: tecular
band-type transport and localised hopping transport. In this paper, we use a stochastic tight-binding unction is in the order of magnitude o~*a (C), ie., of 0.0 fs, we obtain an upper-bound error ye<*/ (1 — y) of BF v —A—lEREREMTRESE L. ks spintronics). This goal therefore ensures an impact from the preject.

model to explore how dynamical disorder in organic crystals affects charge transport. By analysing

ELf(m, )] = 00" (C)) an

2.7% for ¢ = 100 fs and of 7.4% for r = 200 fs when we set y

ﬁsnn\é‘-j%lAum‘

the model in terms of Feynman diagrams (virtual procasses), we exposa the crucial role of correlated = 0.01. The approximations in Fas. (13) and (14) are therefore LHBERERFTOS. LAL. RFALE2—TATBEER  aemst ) A
dynamical disorder to the charge transport dynamics in the model at short times in the order of a The degeneracy of acycle C can therefore be used to.eStimate  yjayan (o the early stages of the electron interaction with the BT 3I- e OERAS TR TR, SLATORNES *PHiR M The convergence of solid-state physics and materials chemistry has
E

few hundred femtoseconds. Under correlated dynamical disorder, the random motions of molecules in

the crystal allow for low-energy “bonding”™type inleractions between neighboring molecular orbitals

an persist ovr long periods of time. On the other hand, the dependence of charge transport on
far

correlated dynamical disorder also tends (o

in space. This concept of correlation may be the “missing Iink” fordcsmhmgdwmmrm:dmc regime
between band transport and hopping transport that accurs in organic erystals. © 2015 AIP Publishing

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

1. INTRODUCTION

of motion,!" and mixed quantum-classical models based on
molecular dynamics or stochastic models of the molecular

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)

intermolecular vibrations of the lattice, which oceur on a time
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 satisfy (12). A reasonable candidate
for Cy” is cycles whic] ised about site 0 in
the lattice. The To be measured with
the Ln[c variance. For a given cycle C containing vertices
or.02, *! the variance of C s defined as

s
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en pror.eedlng over recent ¥ears (e.g. [2]) A new direcllan - to realize novel

by pi o - has emerged (e.g., 20204 E iR
E?‘ E&HE?IJ&&EE This is particularly clear in surface suen:e 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 seli-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.

decades of intensive research, the f charg: framework. '*17 First principles calculations and molecular BLEIo kY. ®E(=RFa2 F.0%
R =UN = aAvEa—TFso T EFR)DHEOH = Density functional theory (DFTHevels of accuracy are required, due to the presence
\mnspﬂn in high mobility organic crystals such as rubrene or  dynamics simuiaiions have shown that the \hrmm'l mnlcmlar The inequality in (12) says that the degeneracies of the cy-  where dc is the cycl a ©. The cycle o a ! o Tail iy
pentacene remains controversial. In general, charge ransport  motions cduse large modulation of the electronic coupling cles from C 7 account for over 100(1 — y)% to the sum of fe s e oocle mean. im) I bt Ho—X~ MG TEIARMR IO X-HET S, 2. 0T of mefal surface states. However, the thousands of atoms and long time-scales

in organic crystals is characterised by two properties that are
difficult to explain with conventional charge transport models.'
namely, that near room temperature () 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 scatiering by thermal

betwzen mplecules (i.c., “non-local c]ccunnrphumn coupl-
ing) 4nd 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 frontier of each molecule;
small hermal motions of the molecules end 0 produce errtic
Lhdngcu in both he sign and magnitude of the coupling.

‘molecular motions at higher (®)
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 usaful
A Tong-established approach for studying temperature
dependence of mobility in erystals i via polaron trapping
of electrons (i., “local” electron-phonon interactions). An
important prediction of such theories is a crossover from
band-type transport to hopping-type transport as lemperature
creases. For organic crystals. these theories explain property
(bywell, however, they often run into difficultios in explaining
(a). In more recent years, atiention has tumed to the large pres-
ence of inorganic erystals. Tl

avariety of theoretical approaches, including generalis:

dulati mud s stochast e, Atpresent,
h 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 ﬁl\U not been highlighed.

tic site-site coupling
model is distinet from the widely studied Gaussian disorder
models. which consider stochastic 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 stochasiic noise
contribute 1o the model output. This latier quality of the

degeneracies. Tn other words. the cyces from CL? are highty
correlated eycles. Then, under these conditions, we have (see
the Appendix)

P(n=

TM+e), 0< o)<y )(1- ).
a3

where P (1) is the cycle expansion in (8) but with the cycles
in the set C, replaced by the smaller set CL7 of comrelated
cycles. In short, this result says thal we can approximate the
ensemble-averaged dynamics of the clectron at short times by
neglecting the contribution of cycles with small comrelation,
providing that we can identify a y such that (12) holds. From
this result, we can also obtain a conclusion for the dynamics of
individual electrons in the ensemble, namely, tha ther exists
a number y, < y and a superse of Citda Ci
contains every cyce of €1 and as well s sty otler cycles
from C,) such that

Pr(lpu (- pp < o) = 1, (14)

where p|”® (¢) is the perturbative expansion in (7) but calcu-
lated only with Feynman diagrams with mm in CL79 Pris

Correlated stochastic modulation means that under

Variance is shown for various cycles in Figure 4. A small
variance means that the cycle s relatively localised across the
lattice. Figure 5 shows a calculation of the cycle variance for
all cycles with orders i = 10, 12, and 14 (the method used for
generating the cycles is outlined in the Appendix). Figure 5 is
interpreted as follows. Consider a sel of cycles,
Chi={CeCa:s'(Ch>q} (16)
(This notation is read as “the subset of eycles in Cy 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
1o the sum of degeneracies of C,. The plols show long tails
and identify cycles with s7- greater than about 1.5 as makmg
a negligible contribution t0 the sum of the degeneracies. We
expect similar results for cycles with lengihs greater than 14;
howener, we were unabie to perform this calculation due to
hardware limitations. This anal
can identify the “important cycles.
cycles with small variance, i.e.,
Cr={CeCusk<q) n

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

po=p
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(& %) Assemblies of molecules adscrbed on metal surfaces often display

remarkable magnetic and electronic properties, making them important maten:

i5 for

nanotechnology (Fig. 1A). Our research group has a grand dream: a compuiaiional
; H h

meth

od which predicts how molecules self-assemble on a surface within caccnds. Su

a computational method would allow scientists to screen for molecules which

assemble as desired,

the bottom-up revolution in materials science.

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

Nat.
sing

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

On the other hand, our dream may become ICHHS”G once quantum computing arrives

(Fig
nve:

AT E

1B). The amival of quantum computing is h\ghlg_l[( I¥’ Governments are
sting enormous funds \mo their development (e.g., M 2019 ERMEE "B
MEIH"), and simple quantum computers already exist [1].

disorder, which arises from the erratic thermal motion of the  stochastic models is of particular interest to the present paper. a1 (8] Ut ouTRUT

‘molecules. (inter-molecutar phonon modes). is particularly By a mathematical analysis of the stochastic o ST < ) 0= — %

conspicuous in organic crystals because the relatively weak  (STB) model, we identify a key set of Feynman diagrams 0 o '} = oy

van der Waals bonding between molecules allows fora large  that describe the charge transport physics. These Feynman 0 0 o 1 ;| Lo ﬁ 353 T T | @g}g@

amount of molecular motion at room temperature.* The effect  diagrams highlight the central role of correlated stochastic 0 116, 4. Degeneracis and variances of £ suren .

of dynamical disorder has been explored in recent years with  modulation in the charge transport mechanism in the STB o (0 o (0 1 some cyeles. E = —— ﬁﬁ
model. 3 L s

of the Holstein-Peierls model, !0 the hierarchy equations

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

dynamical disorder, the relative orientation between molecular

©2015 AIP Pubishing LLG

st

W o

Procictionof functional molocular assamiohy
2 magretsm
O B ot

Figure 1. [A] Simple image of the molecular self-assembly process. [B] Project overview I will write an alzorithm for
compuzer.

Preicion of E6CLAr slf waemy on 3 Qi This will ensble rzpid compuntionsl screeming for

fumctions] assemblies for nanotechnology spplications.

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 predicting self-asseml ll on surfaces

&:\ia{ CGommun. 2017, Appl "Phys. Express. 2017, Nat' Commun. 2018). Following
is breakthrough, overseas theory groups developed similar, rival methods [6 — 7].

While m¥ method is considerably more efficient than ordlnary 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 fferent molecules and
conditions) may be requlred Computation times of minutes or less are desirable.

Such short computational times are probably impossible on ordinary hardware. On
the other hand, quantum computing is rapidly developing. It is believed that by year
2028, quantum r,nmnuters will be able to run large molecular simulations [8]. In fact,
s\mpla quanlum :hemlstry calculations on a quantum mm?ular were recently

ﬁo [9]. Rapid predictions for molecular self-assembly may be
achievable wilmn%gmrs providing that we develop new methodologies now.

ﬁmndvnl.h: stochastic xm:h This search was slow dne[umug\ ‘barmiers betwe
predicaon Compared to mCTUSCOpY At (nght fmser Bom T Fsowugs Group 2014). This proposed project sl
develop a quantum annealing-based search, enabling tunneling berween configurations and fast predictions.

roposal: Sell 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

9

Significance and impact are secondary.



Clarify where your idea comes from

Past research Project idea ~ Future vision
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: ; ; nanomaterials
Simulation of Simulation using a s ) Q& S
nanomaterial assembly quantum computer Wt Uitratas N3

simulations

. Form S-21: Research Proposal D t (forms to be uploaded)
Your idea should come from two sources: S R ol ocman (s e
yo u r p a St re S e a rC h a n d yo u r fu t u re Vi S i O n . lTkﬁiZfet:cil;rg)Egjs’&tlllrlS: :el\'zlee:g: :nclgel\é[aesltch Soe(cll,loitsf the ag_pélggllz Ii]ﬁ}}(_)ice. In filling this application form. refer

to the Application Procedures for Grants-in-Aid for Scientific Researc

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

'l" M overseas trends related to the proposed research and the posIIONng of this 1esearch i the relevant 1eld. (#) what will be
our pastresearch determines what next steps el T R SR SR T

achievement of the purpose of the research project.

are available to you. Your future vision .

. . “...the circumstances leading to conception o
determines which of those steps you should take. g oneer /
the present research proposal...

If yo u d O n’t h ave a fut u re Vi S i O n’ yo u S h O u I d Image sources: https://en.wikipedia.org/wiki/Self-assembly;

https://algoanalytics.com/quantumAnnealers.html; https://news.cnrs.fr/articles/the-
. . new-challenges-of-spintronics;
t h I n k Of O n e fl rSt . https://www.usatoday.com/story/tech/2014/03/20/reviewed-oled-tv-made-in- 10
america/6568445/



Roughly determine the elements of your proposal

The convergence of solid-state \
https://www.brickca physics and materials chemistry o
has been preceding over recent G

t.com/set-10662/

years. A new direction — to realise CI |Ck

novel functionality by precise

alignment of molecules — has together R - S

emerged. 5

or
P&* The database will be
constructed from the

Cambridge Online Crystal

In previous research |

developed a new approach to
self-assembly simulations
using machine learning and

: : Database, which contains
stochastic search techniques. .
thousands of organic crystal

structures.

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

Before starting on the proposal proper, make a list of the main points that you will
probably need to make. Then write a candidate paragraph for each point.

This will help you later when writing — you can ‘click’ the paragraphs together like Lego
blocks to form a rough first draft. It will also help keep your writing focused.
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On the first page, articulate the vision of your project and sell it

Vision of your project

)
[ |
Past research = Nextstep Project idea Previous step Future vision
Project iiiea
(step towards the big dream) Big dream Big impacts
Quantul B Uter |} Artificial cells

Molecule Nanomaterial

Molecules - . .
Nanomaterial Simulate nanomaterial assembly

@ @ /_/@ within se'conds (impossible with
( ordinary computers)

Simulate nanomaterial
Image sources:

assembly using a quantum https://en.wikipedia.org/wiki/Self-assembly

comp uter 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-newi-challenges-of-spintronics
https://www.usatoday.com/story/tech/2014/03/20/reviewed-oled-tv-made-in-america/6568445/ 13



My first page:

Large

scope 00

Specific
focus

Large -

scope

Big
dream

Impacts
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Past research | Nextstep

Project idea
(step towards the blg dream)

1
Molecitles Nanomaterial

ey s 4
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assembly, FNAIERE-FHTEIETTLIVZLEBMRET S | 2m0,
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Simulate nanomaterial
assembly using a quantum
computer

Vision of your project
)

Future vision

Frevious step

Project idea

Big impacts
Artificial cells

Big dream

Frinted electronics

Nanomaterial

IS ed S
Molecule 12 "4.%;
Simulate nanomaterial assembly
within seconds on a computer
(impossible with ordinary
computers)

Ultrahigh density memory

Image sources:
https://en.wikipedia.org/wiii/Self-assembly
https://algoanalytics.cain/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/

(:t:t) Assemblles of n'bolec.ules adsorl:oecl on metal surfaces oﬂen dlsplag.r

nanotechnology (Fig. 1A) 0ur research group has a zrand druarn a compulnlioml
I a mﬁ'lhod which DI‘GdiG 5 how molecules self—nssemhle on a surface il’fmm sacomk SUCh

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

Nat. Coramiun. 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 arrives
(Fig 1B). The amval of quantum computing is highly likely. Governments are
investing enormous funds into their development (e.g., M 2019 R EE "B+
Do —F S EBEDEH"), and simple quantum computers already exst [1].

(Al 1) J—

Molecules Pravisus reseaveh: QUTPUT

Obstacle —
to big
dream

™ s
o .

B

This project + impacts

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

Guantum camputer |1
|Kiervec: « miestens] |y

Ffate—— )

~
T
4l { / m:::‘:" - -

- amd surfaca

Pradiction of functional mal ecutar assomibly
20 magnetam
Cammbum bquid ke

Self-aszembly

Desigrs quiantum olgosithm

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-assembly on 2 quantum computer. This will ensble rapid compustions] screenins: for
fimctonal assemblies for nanotechnology applications.

Topic (big dream), problem (obstacle to big dream), solution

(this project), impact

This project + obstacle to big dream
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Address the core parts (background, method, etc) from pg. 2 onwards

EBFAR (C) (—8) 1 EBEE (C) (—H) 2 - -
i (1 @REH. ARALZGE (038) ] -
1_FREM, BRAEEE = Usi Anneali A). develop a_new computational method b —- o

+E72H18 - Using Quantum Annealing (QA), dev

for predicting how mgmulg_g self-aseemole on surfaces. QA will ensure that our
‘computational method can be implerented on future quantum computers, This
§MI ensures a long-term imppcl it will provide a “%&" for a future nanomaterials
iscovery via quantum compuiir; ) -

R
e L, | () EREDF
WHRAE M. () KR TIE 20 5

- " " " » - - B - Use our QA-based method to predict novel assemblies for molecular
EITRAN TR WRGNRDRAMARMEREI ST, ng ronies By using our new method on an ordinary compuler, we can aim for an .

immedte impact on an emerging area of materials Science (molecular

Bt S BEMEMTRCGEELL, BAGAR. Do oh et This goal therefore ensures an immediate impact from the project. M et h o d S
ROERL R ESTNE, LaL, RFACA—FTBRER  3oms N e e oo e g e e i R G RS A e A
+A T GL BT S AR R e convergence of solid-state ics and matenals chemi: as
;E:ﬁf%ﬁ%nkj——xr-;m-; BN PBELSTLD. CAEOMEA] #RTF xS een proceeding over recrgnt ears (e.g., [2]). pAys;'“ direction - to reaHzeryno\u\
- BEEBIW, 2AP—=0 functions hy pm\se alignment of molecules - has emerged (e.g., MEXT 20204 i #ik
(ECOBREHFE—ETOR B "BHEALHIEIAE). This is particularly clear in surface science research. Here,

FRRTERFAC21—S—TRHETIRHOHNRRER | oo efforts to achieve low-dimensional magnetism, topological insulators, and s i filters

ERMBCLERET AKBEE. STARRRIE- o0 0 nrois er via bottom-up assembly of molecules on surfaces have been considerable [3 - b . = »
assembly. M1A)EARI-BRTELBTFFLAVXLEBMRT S, 2q0, o 4 N Another
ZOFALIZXLTR, EOBRHS TOLOOAM) -2 ET] Tulauele\eralle' work Lr; this dlr'eullun culzmjllu‘lilnr;al h'\"“g“df. which c.:.n nr‘edmtmrgjw : ‘ .
- 5 1 P TR T [mix) masﬁum.ﬁm molecules self-assemble on surfaces are highly desirable. Such com ional met s
BEISL. f/rb/n:ﬂn"ﬁ’-ji?;txt SEIFEATL %ul!:}; ST would help experimentalists to identify molecules which form novel assemblues L
VAR
gi;,:m Such calculations cannot be performed with common molecular simulation software, B I I Ieth Ods

Bbizdy, FR(=RFaUba—F LT RERIOREOH o Density functional theory (DFT}-evels of accuracy are reqmred due to the presence
Bo—X~HETEIARMBIOLR-HART 2, £ 207 - of metal surface states. However, the thousands of atoms and \un time-scales

IR SR e b TR T 5T RRORR O R0y involved in molecular self-assembly lie beyond the domain of ordinary DFT methods. fl ure fl ure
PRESFETHITHFALL A9 IRICESTHER T D g g -
= R /T AT ) uring a JST PRESTO project, | developed a new approach to self-assembly - - -
HEOTRAKOR REFHHEATES ieikis s ANbic simitions uging machine leaming and stochastc search techniques (Fig 2) T m pacts
. - achieved DFT-level accuracy while elﬁc\enl\y é;remcung self-assembly on surfaces

(& %) Assemblies of molecules adsorbed on mefal (suifaces often display Nat Commun. 2017, Appl. Phys. Expres: mun. zn Following a bo ut

rem:l{k:aﬁ\e ‘msgneuc TX‘) slecronic pr&pemes, making me; ingortant maters for is breakthrough, overeens theory groups develnped similar, rival methods [6 — 7]. f

nanotechnology r research group has a grand dream: a computational

method which nred-c%s how molecules eelr-ssemnle on a surface within seconds. Such While m¥ method is considerably more efficient than urdmary DFT, the stochastic Igu re
a computational method would allow scientists to screen for molecules which search still requires days to weeks to complete. This is too long; in order fo discover a resea rc h
-assemble as desired, accelerating the bottom-up revolution in materials science novel molecularhassemblyd (gwsandﬁ of 5earchfes (using ‘llfferent n;o\ewlit‘-s and i e i n e
ay be requires times of minutes or less are desirable. (t m | a
Unfortunately, our dream cannot be realized on modern computers. Even with our L."Q .
State-of the 4t methods (Packwood and Hitosugi. Nat Gommun. 8, 2017, 14453; Ba C kg roun d Such short computational fimes are probably impossible on ordinary hardware. On agee
. 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 . e nvi rO nm e n
rOJ ect single molecule. Years may be required to screen thousands of molecules! ZOZBI, quantum oumrrlmlars will be s sble | le to run large molecular simulations [3]. In lan‘t. fl gu re - -

simple quantum _chemistry ¢ ons on a quantum computer were recent

On the other hand, our dream may become realistic once quantum computing arrives a n d reho; n; by WG\I le [Q]WRIDIE prigc\\an:j mrlq molecular rz}eﬁ'ﬂ;}sﬂeemmy may I:z -
leaghieyaple wi ¥ea's wAEOdiRaIhak e dlavElannew wel iSSd1G% u u w o]

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

summar vesting enormous funds into their development (e.g., MEXT 2019 #i# 5% “& 2
AR "y, alreadly axist] ) .

ple o

o difficulties

figure . Fi w@,ﬁ .
= s = N figure —

might have

mig been better)

have been .
|

Selfassembly

— s B (= better —_—
= e SR e - .
s s i i - VLT
Omntrn ‘\”" vl quickly calculate the enerzy of each molecular configuranion (black dots). The confizuration with lowest enerzy was then.
—— = i it gty ciouse s o g mius cnsomns Uk ) T e s e e
e L[4 o e el ety poces 7] e e, [l et T e T s
Elpriion fpmi et ot ot i o e o o o ] e G ) T e

Overall vision and Background and difficulties, how this Research plan (methods, How did | come up with this
summary of project project will overcome the difficulties rough timeline), project idea?
originality, impacts.

[B] INPUT

=

OouTPUT

Previous research:
Design algorithm

This research:
Design quantum algorithm

- 2D magnetism
Quant iqui

Molecules...

- ﬁ ‘ E Ordipary computer > - - .

3 et 4 (timer days) @‘@ :  Try to have one figure per major section

T and surface L\

s limes < minmes) 1 .@. . The first figure should summarize the project
T “Molecular .

assembly Prediction of functional molecular assemblyi ( ba C kg ro u n d ) m et h 0 d 4 m a I n goa I ) *

Project should be clear by glancing at the.figures.
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A closer look at my page 2 (background and current difficulties)

EWBR (C) (—#) 2

(1 WREM. WRAEGE (0TE) ]
ot ot e e e e e
li

P * - Usin ntum Ann A v new computational method
: for_predicting how malecul If-assem n_surfaces. QA will ensure that our ;
i computational method can be implemented on future quantum computers. This i
i goal ensures a long-term impact: it will provide a "8 for a future nanomaterials |
i discovery via quantum computing. i
1

i #lﬁ_% - Use our QA-based method to predict novel assemblies for molecular |
i gpintronics By using our new methad on an ordinary computer, we can aim for an !
! immediate impact” on an emerging area of materials science (molecular
L spintronics). This goal therefore ensures an immediate impact from the project. !

P M~ 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 of moleciles - has emerged (e.g., MEXT 20205 &k
B "BHEAFIEERAET). This is particuiarly clear in surface science research. Here,
efforts to achieve low-dimensionai 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 (DFT)-levels 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 J:redicting self—assemcfsl on surfaces

&J;Uaf. Commun. 2017, Appl. Phys. Express. 2017, Nat. Commun. 2018). Following
is breakthrough, overseas theory groups developed similar, rival methods [6 — 7).

While my method is considerably more 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 sheort computational times' are probably impoessible on ordinary hardware. On
the other hand, quantum computing is rapidly developing. It is believed that by year
2028, quantum computers will be able to run large molecular simulations [&]. In fact,
simple guantum chemistry calculations on a quantum computer were recently
reported by Google [9]). Rapid predictions for molecular self-assembly may be
achievable within 8 years - providing that we develop new methodologies now.

machine keaming L

Figure 2 [A] Summsry of our previous computational method (Mar. Commer. 2017, 2018). We used machine learning tor
quickly caloulate the energy of esch molecnlar confguration (bleck dotz). The confizuration with lowest energy was then
found with a stochastic search. This search was slow due to energy barmers between nearby configuratons. [B] Exanpls
prediction conpared to micToscopy data (right insem; fom T. Hitosugi Group 2014). This propesed project will
develop a quantom annealing-based search, enabling tunneling between confizurations and fast predictions.

Project goals stated explicitly, highlighted with a box.

A short explanation of the significance of the goals is included
(repeating content from page 1).

One point per paragraph. Write simple and unambiguous English
sentences. Write in a way that Japanese scientists speak English.
Prioritize communication over gramimar and style.

“The convergence of solid-state physics and materials chemistry
has been proceeding over recent years. A new direction — to realize
novel functions by precise alignment of molecules — has emerged”.

Mention theressential technical points, but move on quickly
from them.

“Density functional theory-levels of accuracy are required, due to
presence of metal surface states. However, ...”

Put one line of space between paragraphs. This help the
evaluator to find the part of the proposal that they are
interested i (specific problem, previous attempts, etc).



Kakenhi tips

Planning your writing

When writing
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* *
--------------------------------------------------------------------------------------
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Familiarise yourself with E-rad

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

1SP5

EEEMEG A—3 —(Menu for Applicant)
BEERTAZ1—
Menu for Applicant

(v) AxEsBERE

Consent to Become a Co-Investigator

(v) EEFH=

Application procedure

(v) BEEEER

Disclosure of review results

OFiisra-tos=0

Procedure for approved project

(v) ZHBREBOFHE

Procedure for authorized project

(v) HAFEEERER

Researcher Information Check

g T TR T EE S/ 2 5L | —

ARSBECLAZIEEERE - FEHET 2BEE. I55HSLEBRT>TIZEL.
To consent/dissent to become a Co-Investigator, click the below button.

EEERA. FRPOAESEELE. BRUCFRONEBRREETT 388E. (O 50EBET2>TIRSL.

Start the application process /Modify a proposal being created/Check the processing status of a submitted application

REFRPOHEEEFSEDFE A

(There is no Research Proposal Document currently being created.)

EEEELUEET 2ESE. TESHSMLERTOTIEEL.
To view the review results, click the button below.

ZNAEBROFEETOESE. 55 SMEBETOTILEEL,
To complete the procedura¥pr an approved project, click the button below.

ZTREROFEETOESME. 55 SMEBRITOTILEEL,
To complete the procedure for an authorized project, click the button below.

e-Rad TEBINTHRSERERERT ZESIE. 558 NEBRIT>TIREL,
Check researcher information registered with e-Rad

E-rad is the website where you submit your proposal. This is where you will upload your PDF
proposal, insert a title, choose your section, and enter your budget request.

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

5. CEERTSIEHEEEONT(T)

(3) BRFRETIE FHE D 1ERL _ : .
EHEEBIEREAHLET, [ s Your budget request is entered
(DR £ E D LB (R BRI T 5 TE)) into the E-rad Syste m at the time
S e e B e R AR L R IR R R e A ..
ﬂ%ﬁ%ﬁ;ﬁ%%ﬁﬁl;;ﬁm%ﬁ@mﬁ%ﬁ@Eﬁl'ﬁ"ﬁéhf&'?’n éﬁﬁ"(ﬁ'}%ﬁﬂlﬂ)}\?‘]ﬁ*tfﬁ?btﬁ ARSI AL TR . Of S u b m I SS I O n ( S e p a rate Iy fro m
Il e e P Recalculate the main proposal document)
,,,, i | 0 6 button
FEa z 0 g (click it after
Budget request for equipment, — d-=== E d entering your
consumables, items, labour, others y : budget) .
(units of 1000 yen) GO The budget should correspond with

Details of equipment to
be purchased

pca— T I "‘|= EEEE_'I B T ¥ | e | .
- %._ : T q : your research plan. E.g., if you plan

4 i N

- Ofé""lJJ.W‘C‘]L/JT - OS] on performing simulations in Year 2,
% - . — 4 2XFUATAA then you would budget for a
Details of consumables | Il Ras | 36 XFLATAR o] i
P — E i — computer in Year 2.
F¥il
s L AP L e T
‘ o https://www. . .
_ mext.go.jp/con < You need to justify your budget
E%'%""EE:‘? tent/1395971_ .
it i 02.pdf using the box at the bottom
v
Necessity of the budget . . .
[ (how you will use it, connection / o (important — this forms part of the
with research plan) ) e ) - eva I Uation ) )
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Final comments
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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.

Good luck!
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