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[1] D.H. Ackley, G. E. Hinton and T. J. Sejnowski: A Learning Algorithm for Boltzmann
Machines, Cognitive Science, Vol.9, No.1, pp.147-169, 1985.

[2] K. Tanaka: Statistical-mechanical approach to image processing, Journal of Physics
A: Mathematical and General, Vol.35, No.37, pp.R81-R150, 2002.

[3] M. Yasuda, J. Ohkubo and K. Tanaka: Digital Image Inpainting based on Markov
Random Field, Proceeding in CIMCA-TAWTIC’05, pp.747-752, 2005.

[4] S. Kataoka, M. Yasuda, C. Furtlehner and K. Tanaka: Traffic data reconstruction
based on Markov random field modeling, Inverse Problems, Vol.30, pp.025003, 2014.

[5] M. Yasuda: Monte Carlo Integration Using Spatial Structure of Markov Random
Field, Journal of the Physical Society of Japan, Vol.84, No.3, pp.034001, 2015.

[6] C. Takahashi and M. Yasuda: Mean-Field Inference in Gaussian Restricted Boltz-
mann Machine, Journal of the Physical Society of Japan, Vol.85, No.3, pp.034001,
2016.
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LIREFRRAEVRIINTAEFEYTHALVOY I 2L —Ya v iZBWT, —RFhlEA~R
7 NIVRREEIEEA XY ML EOBAYHEZFDIZIE, YIab—Ya Y TR I NS ER
7 — & & RIREIEA LT T 20BN H 5, LU, kL 2 1 A2 THUETH
5728, EVTALVAT—RIIHEENDMEREITBIEIIKIG L, BEHOHE AT MV ERD
ZeNNETH L, ZOMEERET S HEE LT, HIRERATY bR -k e )
EBRBREINTVED, RERENRFEPHELL TORVOPEIRTH B,

AR TIEANR=RET Y VT 2IEHUZH U WRITEGRE2IRET 5, ANX—2EF) 7
BT E L T B R A S B ROREAMEIZE T, KERTRW ST X —& — % i il
IO A2 8I&oT, A=—N=T 14 v "2 BITOOERELEHREZID H L, A TH
EHREL T HHEMTH D, TxDT AT Tk, BT — 28 L OERREEA XY bV EB/NR
DEEBTCERBTEAIRELZHEL, TORETANRN-2MZB L CEERT— X 2T T35
T, /A RITRNMENT R AREIC R D THA I EVWIEATH 5,

BT — % % G(7), EREEANRZ MVE p(w) T2 L, ZNHIFROXNTHEIEINS :

o =BT
G(r) = /_OO dwmp(a}).
HEMNEDT—X G(1) AL LT p(w) 2K 2 WHBEARHTERTH 5, ZORFERE
BULT 2 LU TD LS RITAIRRICEEZHZA 6N S ¢

G = Kp.

115 K D EEA (ill-conditioned) TH 2728, Z O FTEIIBUENIZ RLETH 5,
AIFFETIEEAR D 2 DOFIH TN B E1T 5. (1) 9. BRI 25 5 BHER L KA T
HLORAMEDMEEMNT 5, (i) TUT, FEEMRIZE > TEBMINLHEIZSWT L) / VA
ERHOWEZIEEAMEZEH L, A=Az B0 T, U EOFIEE AT ML p(w) A7z g R E
PREM GRRAIE JEEME) OTFTETTEILICE-> T, AR AUERETFT -2 2o FER
HlRERKEE L, ZEL TYHENIZZY R AR MV ERDLZENTES (1), 51T, 2 OffkT
PR IC Ko TR ONZERITERET — X 2 RHATHIEFICHERORVEEK L 2T, T
DEEIZE->T, BFEVTHVRER XA TV T LR EOBREEAOBUEGHEZ D D
ERRILT DI ENTES 2], #HETIHIEAMLFRONM £ THAAA THMHT 5,
AREFFEIERBEE 2 K CGRICKER) . MmEAEK GaRi), &K (XYM & o LFE
RTHb,

[1] J. Otsuki, M. Ohzeki, H. Shinaoka, K. Yoshimi, arXiv:1702.03056.
[2] H. Shinaoka, J. Otsuki, M. Ohzeki, K. Yoshimi, arXiv:1702.03054.
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Mathematical Principle of Bayesian Spectral Deconvolution:
Phase Transitions of Statistical Estimation by Measurement Noise

Graduate School of Frontier Sciences, The University of Tokyo
Satoru Tokuda

PIB DR DR FMWEN S ART MVIET 3OV XF — AL % Huly & 3 5 Billg 7 BLK BB DRI
PNZETTE S, ARZ MLV Y 2L =T 4 v H—GBRADRET S X512, =D EDOHREL
DRV FERDOEA T2V F — 12T 5, MRz KM 5. #HiB IS EEIC X > TRONR
PEDHR BRI, AR M VIZBEWTEY—2D0H e LTHllENG., S LZE—Z7HO
XFyy THANIVWES2T ) r— b RRIZBWT, HIE/ 1 X3 — 27 OEEICELDN 2%
525, WE/)AZXPRREVWZLE THALTWBETOE—=22H7-d [HEE] LTWs i
Rk U CUE SDRIMBEFIET 5. AFEEHTIX, 5HFEICHE D < =2V F —¥EL O EIIE % & A
LU, METZEHRUHEOMEICEH TSI LT, TR 2 MRBOBELZHMT S, £,
RAZHRARY MILRREEIENS, ARY Moo T 3I)LF —HEA 2 HEE § 5 08 %2 € b
51,2 RAZHEEEZBAL, /A XGECHEMBBRMORRIZBENT, TNo2HET S
BRI BERE 2 BIH T 5. IRIZ, N AHEE L AREH B OB 2 @R i B R TRV, N4 X
e DIRERTS % B3 2 BRI 2 B4 5 [3]. MEEllEOY I aL—YavzEL T, W@
JARIZED THER] OB RA ZHEDHIEB TH D Z L 2m_T. &EIC, FEELSLE
CEHL, TOUHETVLEEZRT LT, ZOHREENROABER R HERA %2 RT [4].
PR FRA L IEIEND, VT FINe )4 ZDOXHDB DL b HERANZNEFTILHS
NTE, JWE A A& D THE ] OBEHEN EZ 2RI TIX, Z20Y 7 &2 D[N
D785, NA ZHEEDOHER ICER T AHERAN N EIINFET DI L 2mRT.

S 3R

[1] Kenji Nagata, Seiji Sugita and Masato Okada, Bayesian spectral deconvolution with the
exchange Monte Carlo method, Neural Networks, 28, 82-89, 2012.

[2] Satoru Tokuda, Kenji Nagata and Masato Okada, Simultaneous Estimation of Noise Vari-
ance and Number of Peaks in Bayesian Spectral Deconvolution, Journal of the Physical
Society of Japan, 86(2), 024001, 2016.

[3] Satoru Tokuda, Kenji Nagata and Masato Okada, in preparation.

[4] Satoru Tokuda, Kenji Nagata and Masato Okada, in preparation.
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2220 TETCWD. ZO XM BHEZRRIZRB W T, flils 1 (1 THIE T AAEZ O 729 DA
’Eiﬁ&) ST HAE BE DR 3 R TE T 5. AWFIE T, 8 I L2t lleT vicE L 7e—
W 7eitil T A B R LT, £, %ONOYMET —XIRILTER LR AL, st 7o
TR EZFANL 7. BRI 7420 LB LW RO 2150 T IEZBR L.
it Em XA KON DR FIZ LV RBLSILDDS, B2 DA WISk L CIEHAL R R DR
THN R D, 2D, BAEPOFRFEICES2 0GRl TR ELV., AL TIE, 7106
MHPDIRF%, EOJRFRESCENIREZ R T LEA~EEM]ML, (LAEMEEDHMELTE R
D%, ZORMOELLRLD B BATIN R EREN L ELZ TR FEUTEHRHAL. TR EeRI
THEELTIE, BREMEERE 21 oW &, MG r KB T08LL T, =ML 40
FiZ A, B iU T, Mt T RNCIE — vy PR, BBk e Ao T
TIAZODWTUX, FUH DT+ VAN R E W, MYETHIET MO DT — 2L
B R RIS L DR E = 1L — (18096 LA , & T-BMRE R (110 k&), FEBRIZED
w248 1AW = W, FiEUE AR R OT=D D TRIET MOV TIE, ICSD IXEkD 33367
{bEMZE BRI T —2E LT, S THITET VAL SHITK 130 THEO(LEmns, &
ORI REMED EME A A T HILT-.
T, BEZ RV —THET VOMELITST. T
HET VORI 0.042 eV/atom £720, IR FHWHILT
WDENER Sy A1 B S A =856 (0.154 eV/atom) & EEAX
BHe, KEBITREEN M L LT, Fz, 8T BVRE RO AN
IZOWThH, EERET ANELN, RIFZED R T
DELSDOMERY 7T — 22 L TH R THHZ LRSI
7. oI, FHLAEW T RO D FIEIZEY, ARk
U7 =2 ZE ENRMERI LA D, AR ATRER A
WE3E R T DR RICHOWTRGEL 7. KU, b S
MBIERATZREE DI E 415 ICDD INEROEEE %
R TUE DT FVANCEDET NEEIZLT, TUH o T ...
DAL TV TN, K 50 fED BB TR LAY % %5 ° Numbe,lfngnpounds .
R BZEMTEL. ZOXINT, AWFFED HFIEIZLVHTH
LB OFE RN KIBIZIES D FFS s,

2000 T T

1500 Random forest A

Gradient
boosting

Logistic
regression

1000

Number of compounds in ICDD

130 T DL E WOk
RUTHEEDOFIZE E4D ICDD Uk
DIEIEEL.
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Automatic design of functional molecules and materials by artificial intelligence techniques
University of Tokyo/ NIMS/ RIKEN
Koji Tsuda

LHDOWReE FF ORI 7231 - WEZHRGETT 5 2 &1E, B - FEERICKRERER
FFo, HERXHRE LTUX, B - ¥ XV EREOEKRE ST, & kBT Iv T -
T kit EOEE . AIEECEERME D THEBLEW I ERFT D, XA X
m%%/fwwu*%ﬁ@k@kiﬂ Bt 2 W BEhEREHI IEFFEE 28D T 5

L REREER - EERICEB LTS LTS 2R, REBHE T, B 2o
%ﬁ 77/7T/7XW@M&VoALLtﬁﬁ%ﬁ®wazé:&%%ﬁ?éoé
BT, T =205 O | @k@%%%%%%m%%?%%ﬁ7wﬁUXA SYBLINR
I S WA % BRI T 5T 25— RBEE A OM N A EIC L0 a1 6
BIXEHRENR T 5 2 & 23, BRI, &R mokkisE ﬁm @%@%/%L%
Fovlarv - rFr~=usie0BEEkEt, T 7 Ve REEKIZ XK 5 RNA BlFIER G 70
E D A & il < %



B BhRGHRRBEERR & IV B flft - FEEA Rk
BABAEAT & BT E OF
(UTE RSB T2 « ST S &A% F) MR 658

AR, HBIRUOSRR SRR BT O FE IV, FREIRRE 721 T2 < hEIRIEIZ I 1T 5 I
SRR A MR ER R 2 Z E S ATREIC 2 0 . FRIEROEBIRIE(TS), A7 v v /v D
RFRIIBIT 5 TR F =00 THEEOHEHRN LBNHEICHEON D X O IXhoTE
7o [1] AGEETIE, ZFEOME (B - OB Z2FI2%T. BB IRE %2
WD AT = X OIS0, BTE 2R Lo @B R T i >\ Tik R 5,

[ 1] dEERfbii 2 VD AR T /L B — VU O SEARERIR PS8 B kA o fg iR

EERNT C-C AR EREIRET DBEREDO—DICT IV RT—ERH D, TV RT—E
ZRAE U7 AR RS R A it & L CHWD Z & T KMFE T TOT IV R— VG2
IR - @NCRRIRPICHEIT T2 Z LG STV 5, [2] £ 2T, RSO
PERRBEZ A LN T 5720, HEIRORBIRERDO—>TH 5 [ NTERRIGE]
ZHV, C-C fEAAERBME D TS ZMB@IICHER LTz, TOMEHE, 253 o TS #iE )
BJBoniz, 22T, EENERIZL > T, 2 TCOEREREBRERENS LD &)
TRAEIZ RN B DN B TOMGE ZRGEE L, BEEZRAEE Z JaL L TO7Rn ) igsd
HUEND D, ZOTFIEEZHFNT D720, TS MiELHi 2 LFEEO—>ThH D
K-means (& AWC Y Z AKX U 7 Lz & 2 A, fEEOEN Z FHEAHT 2 51 R %
HHT D N T,

(2] 0% 7 A4 RSB ORI TR EHEH O

T B A REMiBGA F o (Ln*) O f-F BRI K 5 FGIT R PHERBE D 22Tkt L T,
W RITED LRV, BICRENRE BT D L0 Frfafio, £Z T, Ln*
BEIRDFEICTREE & PR 6D D K- D—D> T 5 — HIEILJEIRAE(S0) & —HIRRE(TY) DR T
VU VDRZFERICHE B L kA B A RO Ln¥ RIS DWW TR L7 R 2 7 —
=2 LTz, TORER, T1 DRPTLERMIEN D SO, T1 DA FERA~DOREEZALIT)R
FTTH 572, fingerprint N X WFRl - & 725 Z 3o Tz, BETIR, 7 —F X
—AND, ED XD BN RGO TE 20w T D,

(2% 3Ciik]
[1] S. Maeda, K, Ohno, K. Morokuma, Phys. Chem. Chem. Phys. 15, 3683 (2013).
[2] S. Itoh, T. Tokunaga, S. Sonoike, M. Kitamura, A. Yamane, S. Aoki, Chem. Asian J. 8, 2125
(2013).
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REDaA Ly Ca—2L7a s T AORBIZEY | BT LSFHE 0O I #EH A K
BANEVER L, FERMAA T I ADY I 21— a URIAKRa Ly T3 A—
‘/%F’aﬁ@?’“?ﬁﬁiﬂ BLpo Tz, HlzidFhx b, KBS R0 B ELFERZ
B & T 2R EIIBIEDF 21T TETWVWAH[L2, ZOX I RN EF I, & T
ﬂﬁ%aJr’;% LT = ERFOTEELMAE DT THNCEE B EE > TV D, K
PETALFHEOFITH R THoTH ROEBER T BT 4 THDHTR/LF—|TH
—DETH Y, FIWBREEREO L OO RITHIRKR TEERNESE T, 7—4F
POFETHE > CTERODDFEREZGDLOIFH LV, £2 T, AETITET, KM
S TAL TR R D b BT 2R G A i -5 Hik L 2 OIGHIZ OV TR 5,

W, FERICE TLFRROMER &7 — 2 BRI TIEZ AWC, il o752 4
T2 HE DRI DW TR T 5, BAERINZIE, RIS O RHEAIRRB] 65 b
TBERBIRRE (TS) 7 —# _— 2 & LASSO [4]° MCHE[BlICAE SN D A/R—RET
Vo T DOFEEMABEDEDL ZEICE->T, CuBXID Au T/ 7 7 A —flllEDiE
MR T O EIT -T2, ARN—=RFET U 7 TlE, BWEHy 2k LT, S X
Z Wy ZRHEEICERNEE p 22 72 LU o BB Z5/MeT 5,

1(8) = (y — BX)" (y — BX) + p(B) (1)

FFIZ MCHEIZ K DTEMERFoRHIC X v | Cu 7 7 2 & —flliZ I % NO fERBESUS
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Physics (Springer, 2011), pp. 97-127.
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[3] S. Maeda, T. Taketsugu, and K. Morokuma, J. Comput. Chem. 35, 166-173 (2014).
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Analysis of entanglement entropy of +J Ising model using TEBD
Yoshinori Sasagawa®, Hiroshi Ueda”, and Tomotoshi Nishino?
Kobe University4, RIKEN AICS?

Edwards-Anderson model [1], which is an Ising model for discussing the spin glass
phase, has been the subject of numerous studies over many years. The Hamiltonian is
H=— Zij Jijo;0; where o; takes the values 1. The nearest-neighbor couplings J;; are
independent random variables. For the £.J Ising model, J;; takes +J with probability p
and takes —J with probability 1 — p. The phase diagram of the 2-dimensional +J Ising
model is sketched in Figure 1. The dashed curve is Nishimori line[2]. The internal energy
has a simple analytic expression and several exact results have been derived along the
line.

In this research, we investigate whether it is possible to detect the phase boundary
on Nishimori line using the entanglement entropy. This entropy is introduced to +J
Ising model through the quantum-classical correspondence. Let us consider a strip of
the 2-dimensional £J Ising model of the width N sites with free boundary conditions.
The transfer matrix T® including the bond randomness is applied to the boundary
state (1) to generate the next state W2, The entanglement entropy is defined as S =
—>7,(N)?log(Ni)? where ); is singular values of ¥, We estimate S in each ¥ and
use the average of S for the analysis.

The numerical calculation is operated by means of time evolving block decimation
(TEBD)[3] method. Our result is Figure 2. It is confirmed that the entanglement en-
tropy shows a peak structure around a critical temperature. The critical temperature
is estimated at 0.959(1) by a finite size scaling method in agreement with the previous
work[4].
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Figure 1: Phase diagram of 4+ J Ising Figure 2: Entanglement Entropy S with
model. respect to the temperature T
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Molecular mining by highly accurate molecular property
estimation using a Supercomputer Aided Molecular
Design with a Deep Learning on a Big Data and an Al technique.
Umpeil Nagashima, Sumie Tajima
Foundation for Computational Science, FOCUS
Keisankagaku Center bldg.7-1-28 Minatojima minami,
Tyuoku, Kobe, 650-0047 Hyogo, Japan.

We have developed a novel property estimation equation with the group
contribution scheme for molecular properties: boiling points, in the standard
condition using a three layers perceptron type neural network

For deep learning, 1727 groups are newly defined as a set to reproduce the
difference of isomers and to realize more reliable prediction than usual
methods. 765 data of molecular boiling point are selected for education of the
neural network. 953 data were applied to evaluate the efficiency of the
equation.

The correlation of observed and predicted molecular boiling points by this
work is better than the values by the classical technique as shown in Figure.
The equation is applicable to estimate wide thermal range, namely high and
low temperature region. Furthermore, the equation well reproduces the
difference of boiling points for not only ortho-, meta-, and para- isomers but
also cis- and trans-isomers.

Figure the correlation of observed and predicted molecular boiling points
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Adiabatic electronic motion in forming covalent bond
Okuyama Michihiro
KONICA MINOLTA, Inc., 2970 Ishikawa-machi, Hachioji-shi
Tokyo 192-8505, Japan

To explore the mechanism of chemical reactions, it is vital to examine the electronic
motion in molecules. To this end, there have been many extensive theoretical studies
of electronic motion. Among these, the study of electronic current density should be a
useful approach in examining the time-evolving electronic motion. Defining an electronic
wavefunction 1, the electronic current density within quantum mechanics is expressed by

§= 52 (6"V0 — y9y"). (1)

However, when calculated within the Born-Oppenheimer approximation, as is useful for
quantum and mixed quantum-classical dynamics, there holds j = 0 because of the real-
valuedness of the electronic wavefunction [1, 2]. Although some ways to solve this problem
have been suggested [1, 2, 3, 4], how to describe the electronic current density is still
open to improvement within the mixed quantum-classical theory.

In our study, in order to describe the electronic current density within the Born-
Oppenheimer molecular dynamics, we introduce Maxwell s displacement current density
to extract the current density related to bonding formation, which we call the electronic
sharing current density. In the poster presentation, we apply this quantity to the covalent
bonding formation in the Hy system and thus, show the usefulness of this electronic sharing
current density and reveal the reaction mechanism of the covalent bonding formation of
the Hy molecule.
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Figure 1: Electronic density (left panel), the absolute value of electronic current density
(central panel) and electronic current density (right panel).

1] M. Okuyama and K. Takatsuka, Chem. Phys. Lett. 476, 109 (2009).
2] 1. Barth et al., Chem. Phys. Lett. 481, 118 (2009).

3| T. Sun and R. M. Wentzcovitch, Chem. Phys. Lett. 554, 15 (2012).
4] V. Pohl and J. C. Tremblay, Phy. Rev. A. 93, 012504 (2016).



Theoretical study on hot charge transfer state and dimensional effect
for organic photocell device

Tomomi Shimazaki and Takahito Nakajima

RIKEN, Advanced Institute for Computational Science

7-1-26 Minatojima-minami-machi, Chuo-ku, Kobe, Hyogo 650-0047, Japan

Organic photocells using m-conjugated oligomers and polymers have been
gathering much attention as one of renewable natural power resources. The
manufacturing of organic semiconductors does not need high-temperature processes
unlike inorganic semiconductors. Low-temperature processes help to reduce the
production costs of organic photocells. In addition, the unique features of organic
semiconductors, such as versatility of functionalization, thin film flexibility, and easy
processing, are attractive to create devices. However, at present the conversion
efficiency of organic photocells remains lower compared with inorganic photocells. In
order to improve the efficiency, the mechanisms of photocurrent generation in organic
semiconductors have been actively investigated. The dissociation of electron-hole pair

(exciton) generated by adsorbed photon energy is a key process.

We theoretically investigate the exciton dissociation process through hot states at
the donor-acceptor interface of organic photocells. We expanded the formalism of
Rubel et al. (Phys. Rev. Lett., 100, 196602, 2008.), and adopted the theoretical concept
of Arkihov et al. (Phys. Rev. Lett., 82, 1321, 1999.) to consider hot charge transfer (CT)
states. The hot CT state effect is effective to raise the probability to separate
electron-hole pair. We also found that cooperative behaviors between the hot CT state
and the dimensional effects are essential for efficient exciton dissociations. In the

workshop, we will discuss the details of our theoretical study for organic photocells.

1
2

[1] T. Shimazaki, T. Nakajima, Phys. Chem. Chem. Phys. 18, 27554 (2016).
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Group Molecular Orbital Method For Large Molecular Systems

Tomomi Shimazaki(RIKEN,AICS), Kazuo Kitaura(RIKEN,AICS),
Dmitri G. Fedorov(AIST,CD-FMat), Takahito Nakajima(RIKEN,AICS)

An algorithm to solve the Huzinaga subsystem self-consistent field equations[1] is
proposed using two approximations: a local expansion of subsystem molecular orbitals
and a truncation of the projection operator. Test calculations are performed on water
and ammonia clusters, and n-alkane and poly-glycine. The errors were 2.2 and -0.6
kcal/mol for (H20)49 and C4oHs,, respectively, at the Hartree-Fock level with the 6-31G

basis set.

[1] S. Huzinaga and A. A. Cantu, J. Chem. Phys. 55, 5543 (1971).



Fast evaluations of two-electron repulsive integrals using
pseudospectral methods
Keisuke Sawada
RIKEN Advanced Institute for Computational Science

A fast estimation of two-electron repulsive integrals (ERIs) is an
important and imperative subject in any ab-initio quantum chemical
calculations. Since the computational cost of the ERIs formally increases as
M, where N is the number of basis functions, we often suffer from much
time-consuming estimations in large molecular systems.

In order to address the tough problem, several methodologies have been
developed to date. Among them, the pseudospectral (PS) method is a strong
candidate for a quick and efficient evaluation of the ERIs. In the PS method,
one analytical integral is replaced by a numerical summation consisting of
discrete grid points and the computational cost is reduced from O(N*) to
O(MN?), where M is the number of grid points. Because of the discretization
of a continuous integral space, the PS method is not only a fast method for
estimations of the ERIs but also suitable for recent massively parallel
computations using numerous CPU cores.

In this study, we implement the PS and PS-GAP methods into NTChem
program and investigate the performances of these methods using the
Flat-MPI and MPI/OpenMP hybrid parallelized codes. The PS-GAP method
is further accelerated method that the PS and Gaussian-and-plane-wave
(GAPW) methods are combined. In large molecular system which includes
more than 8,000 basis sets, we find that the PS and PS-GAP methods show a
good scaling with respect to used CPU cores and become much faster than
the analytic integral methods. Moreover, the PS-GAP method exhibits the
low-dimensional scaling in terms of the number of basis sets and achieve less

than O(N\?) computational costs.



Large Scale Matrix Polynomial Computation
for Linear Scaling Quantum Chemistry

William Dawson
RIKEN Advanced Institute for Computational Science

Self-consistent field cycles in quantum chemistry calculations usually
require computing the eigendecomposition of a matrix, an approach that has
been aided by the development of large scale eigenvalue libraries. However,
the cubic scaling cost associated with computing the eigendecomposition has
become a bottleneck as researchers try and investigate larger and larger
systems. In the case where the operator can be represented as a sparse
matrix, however, there exist methods for computing the density matrix in
linear time. In particular, methods based on matrix polynomials have been
shown to efficiently approximation the matrix functions used in
linear-scaling quantum chemistry. Recently, our group has begun
development of a highly parallel library for computing polynomials of sparse
matrices on the K computer. This library will be able to accelerate quantum
chemistry calculations across a number of different codes. In this session, I
will present the parallel algorithms at the basis of this library, and our

current progress and insights.



A Single Reference Coupled Cluster Theory with Iterative Triple Excitation
for Ground State and Associated Equation of Motion Formulation for the
Excited / Ionized State

Rahul Maitral, Yoshinobu Akinaga!2 and Takahito Nakajima!
1 Computational Molecular Science Research Team,
RIKEN Advanced Institute for Computational Science
2VINAS Co. Ltd.

In this poster, I shall present our recent efforts towards development of a single reference
coupled cluster theory which is capable of including the effect of connected triple and
higher excitations in an iterative manner within singles and doubles framework. The
most salient feature of our formulation is that the computational cost increases only
marginally than the traditional Coupled Cluster Singles and Doubles. I shall also present
the corresponding Equation of Motion (EOM) formalism for accurately predicting the
excitation and ionization energies. Some preliminary numerical examples of our
formalism will be presented and our results will be compared and contrasted to other
variants of traditional single reference theory.

[1] Y. Akinaga and T. Nakajima, J. Phys. Chem. A, 2017, 121(4), pp.827-835



Characterization of non-adiabatic electron wave packets

in densely quasi-degenerate excited states

Takehiro Yonehara

RIKEN Advanced Institute for Computational Science

The present study of characterizing non-adiabatic electron wave packet
dynamics in a highly quasi-degenerate excited electronic states is intended
to explore and design a new chemical functionality by using a superposition
of electronic excited states created by external laser fields and molecular
environment. Inspired by the remarkable advances in the experimental
measurements of ultrafast dynamics including electron dynamics in
molecules [1,2], we have developed a theory of non-adiabatic electron wave
packet dynamics as a tool to achieve the goal [3,4].

We demonstrate following five types of characterization of complex excited
electron wave packet [3,4,5,6] with use of
(a) electronic state density [3]

(b) unpaired electron, bond order spatial distribution and current [3,4,5,6]
(c) two electron correlation of unpaired electron [3]

(d) state diffusion dynamics [3]

(e) reactivity depending on laser polarization. [4]

Necessities of characterization of electron wave packet are discussed with
related to a possibility of a novel chemical reaction field induced in the boron

cluster via external/internal state couplings.

[1] Attosecond Physics, (Eds.) L. Plaja, R. Torres and A. Zaier (2013) Springer.
[2] Quantum Dynamic Imaging, (Eds.) A. D. Bandrauk and M. Ivanov
(2011) Springer.
[38] T.Y. and K. Takatsuka, J. Chem. Phys. 144, 164304 (2016)
(4] KL 7RG ERhEIRIE 2 /3 2 4G BREN L SUS EE 18h )57
7T Vol 18, No. 4,10 5 (2016) GEEH 76 &)
[56] T. Y., K. Hanasaki and K. Takatsuka, Chem. Rev. 112, 499 (2012).
[6] Chemical Theory beyond the Born-Oppenheimer Paradigm,
K. Takatsuka, T. Y, K. Hanasaki, and Y. Arasaki (2015) World Scientific

The studies in this presentation were mainly carried out at the previous laboratory
in Univ. of Tokyo with Prof. K. Takatsuka (now in Kyoto Univ. FIFC).
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