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Development of efficient time evolution method
with three-term recurrence relation

(Sophia Univ.) oTomoko Akama, Shinkoh Nanbu

(2] B4 A I/ RAFIHRICL - THESNDBEEBBGE TH Y | FHLiko 25 caLl
TE5X5Ch0Vo2o55, XFREBETFLA T I ABEL DN TRIT. OTT 3 A8
~OISAPFEESNTODN, ZOEDICFETHBEET LA T I7 AD A=A L EfiE
HI2VLERNHD, ZODOFEHARTED—>2E LT, R GIHEZ AWz
MANFET BND, flETiE, KE#TF Hartree-Fock (TDHF)E2HF K 7% B L RS B B G
(TDDFT) D ERFRE B RT)FHHEZ AWz, IRGIREOEEBEKIC LI 2E ¥4I 7 A0
WRAFERIZZ2 ) D28 H[1-3], Lo, R EEE FOFRIES VA N 2ET L L
N, THETHEMANE SN TV -, RT-TDHF/TDDET (Z351) % BpR38 B A 7 D5
I% Taylor 2B, Runge-Kutta 1, split-operator 5% OBEFE SEN AW LN TE 0, §HE
AR RBEWEWSRIESRN D 5T, — T BEKRE A F I 7 A0 T, &0 2R
DOEAEE e R R RIE & LT, FEE AR IEIA[4,5] 3 BAFE S T\ D, T D J71EIL, Chebyshev
A0 3 HEH LU ISV TR B 21T 5 FIETH Y | B R % ik 3 2 REEK 1T
Schrodinger U S 4L, FHH 2 A2 b O KIEZREIRICKZ) LT b, & 2 TARIFIE T,
FERR R RREEZSEI1C, 3 HEWEXE AV =R R REEZEE L, EFF AT
7 2 %50k % RT-TDHF/TDDFT 252w 1 L7,

[#23&] TDHF % 7-1% TD Kohn-Sham (KS) FFE=UIK D L H1cE S b,

ié%w(r;):{ﬁ(nty+V“erﬁyqa;n (1)
2T () 35y TRLE E 721 KS BUB, F IX(KS) Fock JE T VI35 & A ELIER]
Thp, R)ELEHT S L. HETHIDM) ICMT 2 EHHEAS BN,

i%D(t) =[F(t)+ V™ (t),D(t)] = LD(t) @
T ZCREURE LRI & VT Y L F() 1 Fock 17511, [F(t)+ Vo (1), D] 1E F(t) + Ve (1)
& D(t) DHBfR A2 KT, V() IR LN L O EIER 2R TITHITh 5, mia~r v

P) IX&EEATHID(t) W TEFR S 4L, Z4% Fourier ZH#9 5 Z LIZX D, ROfhk A~
7 b vIm[P(0)] B EHN 5,

P() = _Z<¢i |f‘¢j> Dji (t) (3)



$E3® RT-TDHF/TDDFT T, (1) F 7213 Q)axt U, BUERE 5% AV CRERIRE O
BEATH, —J7. 3 HEEERIEIC L DRI E AT 2 581X, HEE ST 2548
AL, FegREAE £ 3 HEE XA 8T 5, X)W T, VHO)=0L72 t O
(2% LT L OB MK C X 5 L ET 2 & TR

D(t) = exp(—iLt / 7)D(0) @)
LEL D ENTE, BEMHIOBBERIRATEIND,

D(t + At) = exp(FiLAt / 7)D(t) (5)
ZIC, RET LIS D5

f(L)=(in/At)sin"'(a,L+b,) (6)
PEATHZ LIk, BEITINCET 5 3 EHE LR

D(t'+ At') = —2i(a,L+b,)D(t") + D(t'— At ") (7)

BEHND, TIT, ad bIIAT—V U IR TH D, TRF—IHAE T L FFEOKXT
BRI, ZHUCKHET 2 CTREM b A S D, (7D 3 M ERUT H-S U TRER S
#1795 RT-TDHF/TDDFT A 7w 7T A% & FLFEHE Ny 7 — GAMESS & X—Z|Z
FAEL T,
[$fEMREE] F22E L7- 7 1 75 A% JHVW T RT-TDHF/MCP-dzp #1217, 3 T bR
S IR OB (LA 3TRR & R0 2 MEE L, BHEIC L v B 57 CHO0 DOWRIL A~
MV a2 N, 3 AU EE D < FFEFRIEGTRR) K OER D 4 RO Runge-Kutta 4
RKMIZE DTG HNTERIN AT FVIRIZIE—F L7z, DF Y, 3TRRIC L - TIEL < KFfEFE
BEFHETETNWDL I Enbhrol, £z, W DO /Ny 1O ERHE A2 R IZTRT, RK4
DEEAITHRT, 3TRR TIE 1 AT v 7470 OFERFBAK 4 5D 110> THY, FHED
KME 72 Zh A peEh LTz,
80

o | — RK4 #. RT-TDHF FHAROFHH 2 2 |
= = = 3TRR
E 60 | Elapsed time [sec]
2 5o | System Ratio
£ RK4 3TRR
£ 40 |
> 30 | ' H, 12.6 42 0.33
g 20 ¢ ' H,0 63.2 16.9 0.270
— 10 f
0 B L J Ll CH,O 335.0 85.6 0.2555
0 > 10 13 20 25 CeHq 240417 60872 02532
Excitation Energy [eV]
. RT-TDHF &2 X % CH,0 OWIL A7 kb (Xeon E5-2680 (2.70GHz), 1 core)

[1] K. Yabana and G. F. Bertsch, Phys. Rev. B 54, 4484 (1996); K. Yabana, T. Nakatsukasa, J.-I. Iwata, and G.
F. Bertsch, Phys. Status Solidi B 243, 1121 (2006).

[2] C.Y.Yam,S. Yokojima, G. H. Chen, J. Chem. Phys. 119, 8794 (2003); F. Wang, C. Y. Yam, G. H. Chen,
and K. Fan, J. Phys. Chem. 126, 134104 (2007).

[3] T.Akama and H. Nakai, J. Chem. Phys. 132, 054144 (2010).

[4] S.K. Gray and G. G. Balint-Kurti, J. Chem. Phys. 108, 950 (1998).

[5] G. G. Balint-Kurti, Theor. Chem. Acc. 127, 1 (2010).
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Analysis of the Relation between the Hydration Structure

and the Properties of the Vibrational Modes of the Peptide Group

(Shizuoka University) Hajime Torii

._ﬂ

RXTF REOFRIIART BB WT, Wb K~ v 7 2] 07 I K13 RIi,
A2 o~V v 7 210 20 em’ BEKIEBIEANCHND [1] 2 & BNERMICIL BN
TWD, XTF RED C=0 ~DKGFDOKFZFERITE>TT I F T E— RBMEIREF > 7 |k
THZEAKE, BELNZZETHD, LrL, K~ v 7 2 (2B DRSO
KRFEFREED (1) <7 F FEHANO C=0..H-N KkFE#EH%Z (HomcTh) UL ORI S
HLOLLTH, 2) TOKEMEEIZITEE LR FRANLFHEREINLIBEDELTEH, 73
R IRy RPN o~ v 7 A0 RE AR 7 52 &%, L THPTIX
RN, TR EAERIC X 2R8I 7 M2HoWT, HURU ISRV AR LETH 5,

RTF REOT I F 1 E— RIZOWNWTIE, C=0 ~D 1 7P UFEETERIC X DiEE% - Rk
FREEDZLIZBE LT, LIATNCHE L7z [2,3]. N-methylacetamide (NMA) & 4,5,6,7-tetrabromo-
benzotriazole (TBB) D& ERIZOWT, C=0 & EEMIZHAEIEMN T 25 Br OMAEAEIZHT 5
PRENEL « RN DARTFNE & fRAT L= & 2 A, C=0..Br 473 180° LN 51ZE 7 I K1 E
— N (EReCE, e m M2 EKFELLIZEGEWOT I K PE—R) BLYKEL
RIRENEL S 7 b2 EWIHFERASG LN, ZhuE, RS 7 b & 43%E — KO-
5y ERBFESFHEROBSOMAEMICE D b0 L LTHRRT HHGHTE T /L O E L 1T =
ThV, BHREN, 2T, KT LOKBRATH RO AN EKRTFIEN R S5 H,
RIEEDORE SIZTEDRETH D DD, 1220 T, AFEICBW TR E1T- 72,

fh R L B2

ARTF RED O %l C=0 Jf % z fill & T HHEE R (0-p, AL N-C=0.."H2 i
AN ITBNT =0 &7%) Z2EF£L, O LEEMIHAEERTIHD OBLD ¢ %[
E LT NMA-d,.. H,0 SEEROEER#ELZIT, 7 X K IE— OB & RIMVMEE % 5
B L7z [B3LYP/6-31+G(2df,p)], FEFRZX 1127, REEIT 0 =0 2.0 b Laomm, 5~
SREREEIL (0, p) = (45°,180°) ZHlnE LTcipfiz &> Tnd, Z ORI RIZ NMA-d,..TBB-d, &
AEROEE [3] LHEELLTWDH, Z{LOREITESEIC W TIIRE < 3.1 F%), KoM
FEZOWTIINEL (0315 2o TWbH, NBT UREG DT IRNRE~DEEN K E N
VX, LRNCER L2 2 ATHD [2, £, BEfky 7 M (PRERD EEBY [4]) C=0
BAREOENEBWVHEBEZRL TS [K2(@)], BEREVOE, KEREESRS 7 2R



TEREEDO—EHOHN, ARV O HKBHAE 21A) 2652 L Thd[IK2(Db)].
L7z o T, _XTF REEE KT OKRFE-EEIMIT, C=0 #EEEOENEZBLTT I RIE
— FOEIHAZLSE LN, TOA = A LT 0 HKEHEEOEIZLT-0TH0 LT
[F—TlERne o Z it d, FFMIC OV TIISROBMFZET 5,

B2 KFERES (C=0..H angle = 180°) XV & A > 7-/KFEHEA (C=0..H angle = 90
120 ©FA, 7 I K IE— FORERMEIRDE S 7 FEol &I T L WD Z &1L, KR~
U7 A IZBWTHED LD RARBMEVFET D LT 5, 1 DORARE LT,
RREBATEANY v 7 AT (@, W) = (-72° -37°) IZ[EE] % & % alanine hexapeptide [CH3(CONH
CHCH;)sCONHCH;] @ 2 & H DT F REEITKE 2 50 F KBRS S/ K ENRI, T
IR IE— NIRRT & RED v 7Y o Z2RELERMRS) #itET 5 &, Az
R7F RELD 55 em FBREOKIESKY 7 vaEoNnT, K~ v 7 2] LLTHVE
HREE T XA —Z — DR EICHoNWTIL, SBOMFEZET D,

theta / deg. 1740 o

0 2
5 S AVE SEEL DN A 1730 ‘\ (@)
° isolated
% 17204 NMA molecule
5
3
g 1710

1700

1222 1224 1226 1228 1230 1.232

nC=0)/A
1730 a8
e 0 1 efe (b)
f 'E 1720 :.s
g E e,
3 s 17101 a%e . .
l E] et
= 1 ° o o ° .
17004 ¢ brs.- 2...
; ] o e o
v 1.9 2.0 2.1 22
90

K1 :NMA-d,."H,0 2HEOT I RPE— RO
(2) IREEL & (b) RAMREED *H 1A AL E
(0—p) EAFME, i 2 em™ 38 X O 10 km mol™
BEITHE LTV D, HiTE OFEIIAIE 0.986 TA
= LIETH D, REOXENL, KERG
EAEERBEREILEGE L L TE LR T-AE
Nt A RT,

KO..H)/ A

X 2 :NMA-d,.."H,0 2HEDT I RPE— RO
BB L () C=0 AR, (b) 0. HAEAREDM
1%, (a) OFRFRITE/D I L DEUFERTH
D, BAIIZISE NMA-d, Dl % 7777,

[1] A. Barth, Biochim. Biophys. Acta Bioenergetics 1767, 1073 (2007). [2] H. Torii, J. Chem. Phys. 133, 034504
(2010). [3] &fE, o FSatia 2013, 3E11. [4] H. Torii, J. Phys. Chem. A 108, 7272 (2004).
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Quantum electron spin vorticity principle with graviton
(Kyoto Univ.) Akitomo TACHIBANA

(?]%%XEVFN?®$E%QH);ﬂowfﬁp% THALMNCTHZ LIk, bF
WO RO LT DML A AICHEERAC B L, S SICHEA TH LU b8
%%%ﬁé:&ﬁf%éo:@%ﬂﬁD@CwmyW%%%<t | ZHESHA IE L gd<ﬁﬂ
FEE D IFFBEFRAVALEL & W 5 BEZ R L2 T e 720, E@ﬁ% X, R

ZOENEHMAEFIRICIND H Z ENTEXLZ RN TS, Lo :\%f@m+
BWTIEAES N TV D, EBE, @RPEORFHMEic LY, F—TE LTOEIN
HARIZE L, ZOEAFE ) DEIFEOMIVICE G T2 Z Mmoo T\, =L, &
FEOEEFRIIEE L2\, o T, EBF A ? Cauchy FBIEIZ LR ATRES 5 464058
B A AL B R RIS B E S 2 A F 2 7 A0 Cauchy [IREZfiE< = L1272 5, ARG TIX
ZOMRICEE L TRB SN ETE A Y U RmBER-4ICB T 2 ENEOE T RE T,
W DFENN T OEIN I EEL 525 Z SI3 T CICRENICBII ST 5,

(] B 7E A RMERIZ. EONRHOIRT, & 1D AL U EES ORFMREEGR
XKE25H5Z225, 20L&, EBLAEY MZITH LT, B4 TIVEFBEZEDZER A LA
THEY 2 —HRT X VOARNY =—F 1 LTHRLTWSD, £72. Zhudinz., A
v B EDZEM AT Db E A Y L iRE oS & LCH XD, ZOH LWWELE rofs [ 1EE)
DOWRITTEFS, EBE, 77272 —12% T TETFOEHEIN 2V b5, ZnbDOHL
VB AR IRAYICE S & 2 A0 BB A VU mEEmIE. T /1% semiclassical (ZH Y - T
ERbENTZ, EBIT, BEMEEHREObL & Th, UTFDO Lo IR eE b En T\ 5[4] :

™ (SUGRA)+ 7" (SUGRA) =0 (1)

ZZT, BTARLRT Y™ (SUGRA) D ECRFRR Sy o (SUGRA) 1% LT, (il
FHT Y v g™ (SUGRA) o BSHFRASy ¥ (SUGRA) 23HL L T 5, Z DEERIZIH
T, ™ (SUGRA) 24 D, (SUGRA) Z IV T F O L Y Ic 52 b5 ¢
7", (SUGRA) = (c/ 2)(i7, (-inD, (SUGRA) )y +h.c.) @)
D,(SUGRA)=D,(g)+(i/2n)y,, (SUGRA)J® (3)

Z Z T, vierbein fffi Z X % semiclassical 73 Einstein-Hilbert action integral [Z35-5< B2 & e
QED D4E2454#53y D, (g) 12z, E 28 spin-2 & graviton & L CRFLSh 5 Z &i2kh5<

Yaru (SUGRA) &1 5 37 L\ spin connection 23/l - T2,
(B3] BSOSy FELILE /)% semiclassical (ZHUY > CTLLTFDO L 5 icE T 5 -

51 = =——jRJ__dx+ [Ly=gd*x, K_879 (4
HANFIL . BIEEIBRTIT,

( ) + 2kh;tv (X) (5)

h,, (x)=¢ ( )+4,.(x) ®)

(Y
(Y
&

X“(X) = x* (x) = x* (x)+&* () )



A% (X) > A% (x)=6% + 0% (X) 8

e®, (x)=6", +2kg®, (x) >e” (x')=5°,+2k¢" (x) €)
b (X) > 8" (x) =4, (x)+2_1k[_a%T(vx)+ww (x)] (10)
=77 L
k =/87G Cﬁz (11
DL
=< [Ry=gd‘x+= [ Ly=gd*x
2K i (12)
M) IIinearlized = Ej.d 4X(_h2Eﬂvhﬂv - kT " hyv + I-(O)Iinearlized)
1(ch® —8°a*h ¥ —8"a*h
w_ 1 —E™ (13)
2| +0"0"h*, —p"oh”, +7"0"0’h, ,

B § & C graviton hﬂv (X) EZ DX/ N— K —TH 5 spin-3/2 @ gravitino
v, (X) D7 — Dk

h,, () > h',, (x)=h,, (x)_%[a%)((vx) + ae;vng)] (10

v, ()1, ()=, (x) -0, (x) a5
(X, metric superfield H, (X) D7 — VM

H,(x) > H', (x)=H, (x)-4,(x) (16)

A, (X)=DE(x)y, amn
IZE > TERAHEND, 7 — U RERMRIE SUGRA TEFHREIX

linearizea,, (SUGRA)

1_ 1, e
g 272 S
+§k2h‘2(%R”Rﬂ+(AX)2+(BX)Zj

(18)
=1

linearlized —

- —gkzh‘z ((AX )2+(BX)2) 1% anti-de Sitter FFZE00 £ 00 = 3 L% — 85 E |2 kP52,

BE R

[1] A. Tachibana, “General relativistic symmetry of electron spin torque,” Journal of Mathematical
Chemistry 50, 669-688 (2012).

[2] A. Tachibana, “Electronic Stress with Spin Vorticity,” In Concepts and Methods in Modern
Theoretical Chemistry: Electronic Structure and Reactivity, Ghosh S K & Chattaraj P K, Eds., (Taylor
& Francis / CRC Press, New York, U.S.A.) 2013, Chapter 12, pp. 235-251.

[3] A. Tachibana, “Stress Tensor of Electron as Energy Density with Spin Vorticity,” J. Comput.
Chem. Jpn., 13, 18-31 (2014).

[4] A. Tachibana, “Electronic stress tensor of chemical bond,” Indian Journal of Chemistry A, 53A,
1031-1035 (2014); A. Tachibana, to be published.



2E13

Rigged QED D X = L —3 3 ZEIT 2615 thermalization & < D Z &2 T
(CRORPBE - 1) B K+, M A, SqE B
Thermalization of photon field and renormalization in Rigged QED simulation
(Kyoto Univ.) Masato Senami, Yuuki Tanaka, Akitomo Tachibana

SO &S im. BRI, QED IXE T /1FETITMADO TE R WG E S HHIT 52 LN T
. LVRFENREBEGR CTH D LI ML TWD, 2D, EFBREEIZE LW
RO N TN T 570X QED ICESWEE v I 2 b—va URARAARTH D, =
AUTNS A IE LB I TWD QED OZIREZED ALk 9 &) HEtTidiad, B
ELWERRO FCRTHRZIELLHEMLELY LW B TH S, BlziE, B
KLUTHRT vy EANWDETNFERETIE, BT EETOED T EMER 55
2R LA E L TEREZE T TS, Bx 32O ERION T B O EIZE LW
HimO FCRTHRZEMIIEELZHABRE LW EEX TV D,

BOBETWICED. DTORRFBAOTRIRE NI DT, ZNET—TF - $ L E—
% —0 12 NRQED[1]. #7213 Lattice QCD 12 & 2372 E b ) —EDFEE H1F
TWDER, HREOWS BEFFICEL TW W, FRCEFREBORMBEREFTR DL, &
DEIITHOF ) RENEWVHEREICE W TT L —EOFHMAITE E o TR,
Thermo-field dynamics, 2 $H7 1-BEFI1EH S closed time path formalism Z V% 5iE7e &
WL OPDRBEDBITONTND D, FLEEL 372 RIUTIE 7 > T Ly,

ZDX DRI A F 2 T, Fxid Rigged QED2] IZES < & BLIR ORFRHIF R % &
B4y Ial—aryruars bRy —UThsd QEDynamics[3, 5, 4] ZBFRE L T
%, QEDynamics [T T DOFLRIZE Y 2507 0 7T AFRZ3T HD, 1213 —#ki7e
Dirac HEEROFIRIZ LI 5 A4S AL S ML 5FRIC LD bDOTHY 4. b H—>
IMAMFFDOR G TEH D 2P A ) M EDBHENEITI DO TH D [5l, 7= /VI Ay
2R AE Ve LTCELR T 5 %A & LTI, Primary Rigged QED (ZH2WW 2 E= b
ERAL WD, =L U YHOAE L 1/2kFOR/NEFIL 2R TR THLDT, =
DOEERIEr — LV Y ARBITER SN DD, FEARFRAVRLF DOFLIR 2 Zh=RAYITAT 9 T2 DI
SNV N=T U ORBEMAEFIH L CHEREEHWCHET 2 Z LT 5,

2 iy Fcik @ QEDynamics TliX, A 7% Furry #Rr Ttk L2t = 0 OEFE O T
JEBA L., DR A2 EEAE CHET D, ORI AEIER DO OEE DO ERORE
BN ASTHEY, FEMFBEEFEZITO & ICWRREORMENBNATLEVRDY 4
72D DT, @MROFEEFITOWNTITST B 2470, ZH LA EOWREOF BEAER I3
FFEELTHRD ANDZEELTND, TRETOEZ A, FIHEHE & L THMBES~D
JEE D JE B EARAF R IE S R & B et AR DL 5 O Feal HIEEIZ DWW T E 217> T
72 [, O ETHER LR T NEIMEZ, 1) KEIKFELZES D ZAEZED XS
TOo0MM2E0n5 2L L 2)QED NIV F =7 D thermalization & & D K 5179 D
MDD 2R ThH D,

QED TOLK Y ZAFWEHFIL, t = —00,00 IZXH L THREE R H D ELTITHI HDOTH
0., Rpx A x EFBEERLED DRI LT, FERIEFELZS D ZHEVWI 0%
ED L DIAT O O OiEamiE 7 TidZewn, ZOMBEIZH LT, FxlTmBF OSSR
BENRET D XL 010, WEBIE, fEER BEE2< VIt WOH iz M+52 L L
L7, tRfFEE LTIL, KiFEAT, =¥ —, EHEg, AEHERENH D, L,
ZOHETITRFEEDOZNROREZIT O & RN 1O 2 5 2 L IE & L JH)
BE% D 2 B L W ZHATEEIPEA SN D DI U, RAFRNTR B RRE Lo 2§
VDL DI ENHATHD, T THRAITEEDL Y ZAHITK L TIXRL 1O Ik
HaErfnbsZl bl Lz, 2NETOLE AR FEMIL DI D ZHALHELDY
ZHIZDONWTD =T 4 THERLTWD, B TIZIFIARFRRFRZOERERLS  ZAHERD
R E R LT, %S ORGFEEZI—T 47 LV ZAHADEFHEEZEHD TN,

FLHRAITFHEN IV N =T S EFIRIEERE D 15 O 7 K BB 2 55 D H
TOREBEEE LTHWS, 20X L THELEWESG OGN HHD T, 5o
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1: HE< D ZAHAEBRDOKFRIE R

RY MG EBIZESToNI NV h=T U EAWTHEEIT ) ERE 2R D D, X7
NV 2 AW CHE SN D E&E & A 7 — iy & IV CRHER S 5 BBt O MER Bk 7
EERT D &L MR OERD T NREL 2D FJE LIEERPEGEONTLE I DOTH
Do ZAUTFHENIN =T RE A NIFIFEDL AR MVRT Uy VENZ T2 O
NIV R=T SR EFELZ T A0 TR ELWE FIREORFEREZE O
RNWZ EERLTWS, TD7=HFx 1L QED O NI L k=7 > Z{EALT 5 thermalization
HE AT, Lorentz S58B4 > AP # BT 52 #BE LTS, Ll Fix
37 —w =V E ML TE Y, % ZTid Lorentz EMEIZBA A TIEARV, D70,
528 % Lorentz &M 2R A L3z @R L TE R bR, Alalflx i3t
i Ar Li3, FREOROVEER L BIROMER T 2520 AP ThHDHEERTDHI L L
L7, BEOHFIE T, BEIIC A Z5H5H LI R ST < FIETIEEH4312 thermalize
SEDHZENTERNWZ ERXDhoT2720, Bl IEEEN R HEZ AW T EDRWE
fialEY M HiEE R LT 5, R

BAERIZIE, A% 50 & i W JE LD X HICRET DT ThHhD, £7. A BT
55 OFRRSEEV T A ZHAEL, ZRaEV T L 2ER L IC A 2B L, A
W JE LR D XD ITRET HDOTH D,

KiBEHETIL, < W ZAHDOa—5 ¢ 7 & Thermalization A DOERIZOWTEHRET 5
TETHD,

2% Xk
[1] W. E. Caswell, G. P. Lepage, Phys. Lett. 167B, 437 (1986).

[2] A. Tachibana, J. Mol. Modelling 11, 301 (2005); J. Mol. Struct. (THEOCHEM),
943, 138 (2010); J. Math. Chem. 50, 669 (2012).

[3] QEDynamics, M. Senami, K. Ichikawa, A. Tachibana,
(http://www.tachibana.kues.kyoto-u.ac.jp/qed/index.html)

[4] K. Ichikawa, M. Fukuda, A. Tachibana, Int. J. Quant. Chem. 113, 190 (2013).

[5] M. Senami, T. Miyazato, S. Takada, Y. Ikeda, A. Tachibana, J. Phys. Conf. Ser.
454, 012052 (2013); M. Senami, Y. Ogiso, T. Miyazato, F. Yoshino, Y. Ikeda, A.
Tachibana, Trans. Mat. Res. Soc. Jpn 38[4], 535 (2013); M. Senami, S. Takada, A.
Tachibana, JPS Conf. Proc. 1, 016014 (2014).
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On the mass renormalization in the 4-component Rigged QED

(Kyoto University) o Kazuhide Ichikawa, Masahiro Fukuda, Akitomo Tachibana

000 Rigged QED (Quantum Electrodynamics, 000000)00 [1,2]00000000
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Spin Vorticity and Spin Hall Effect
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Theoretical study of chemical bond by electronic stress
tensor density in periodic systems
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Introduction

An efficient yet accurate treatment of both dynamical and static electron correlation
effects has been elusive in electronic structure theory. Single reference methods such as
second-order Mgller-Plesset perturbation theory (MP2) and coupled-cluster singles and
doubles have enjoyed their high accuracy in computed observables for non-degenerate
systems, but it is well known that they cannot describe static correlation in degenerate systems.
This failure is undoubtedly attributed by the reference wave function: Hartree-Fock (HF). A
HF reference is qualitatively inadequate for (nearly-) degenerate systems where the true wave
function is multi-determinantal in nature. Complete active space self-consistent field resolves
this problem by treating all the configurations in an active space yielding a multi-reference
state, and usually represents a good starting point when an appropriate active space is chosen.
When the residual dynamical correlation is included through a perturbative correction
(CASPT2) or configuration interaction (CI), it can achieve very accurate results both for the
ground state and excited states. However, none of these are a black-box treatment, and their
computational costs are very expensive. Especially, CASPT?2 notoriously suffers from the
intruder-state problem.

To tackle the aforementioned problem, spin-projected HF (PHF) has been recently
revived by Scuseria as an alternative candidate for describing degenerate systems.[1] It
handles the essential static correlation in a black-box manner. It was however shown to vastly
underestimate dynamical correlation, which is necessary for quantitative accuracy. To capture
the “residual” dynamical correlation in PHF, there has been extensive research along this line;
among them are the non-orthogonal CI approach [2] and inclusion of DFT correlation.[3] In
this talk, we will adopt MP2 to PHF in order to achieve a balanced description of both
dynamical and static correlation effects. We will show that, with an appropriate perturbative
correction, molecular potential energy curves and singlet-triplet splitting energies can be
drastically improved over PHF.

Theory
In PHF, one uses a projected determinant as an ansatz, p |@), and finds a suitable set
of orbitals, {¢p;}, by minimizing the PHF energy:

(o|PtHP|®) (@|HP|D)

(0[Pt Plo) — (@]P[o)

Epur =
Expanding the projected Schrodinger equation,
HP|y) = EP|p),

around the PHF wave function, we find the second order energy of extended MP2 (EMP2),



1 o (@|(A = Epyp) P|0gP)
Ez - - tl] =~ .
Y. (@]p]%)
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Each term could be straightforwardly evaluated by using generalized Wick’s theorem but with

an intractable computational scaling of O(N®). In the talk, we will a show how this can be
scaled down to O(N°®).

Results

We have implemented PHF and EMP2 in our in-house quantum chemistry program
package. EMP?2 is tested against full-CI for the dissociation curves of the H, and FH
molecules (Figures) as well as the singlet-triplet splitting energies (Tables), showing a
promising performance compared to the conventional methods. We will also report the results
on excited states.
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Figure: (Left) Potential energy curves of H, with cc-pV5Z. (Right) Energy errors from FCI for FH with 6-31G.

PHF EMP2  PHF+EDTT[3] MP2 CCSD  Expl
C 23.1 30.1 31.1 44.8 35.7 29.0
0 39.2 46.3 41.0 66.6 55.9 45.3
Si 9.2 17.9 21.9 29.9 22.7 17.3
MAE 6.7 0.9 3.7 16.6 7.6
PHF EMP2 MP2 CCSD FCI
NH 49.6 45.5 58.1 50.9 45.5
OH~ 62.6 58.1 74.8 64.5 58.3
02 36.0 28.8 30.8 32.7 25.5
NF 47.9 40.2 50.7 48.5 40.9
MAE 6.4 1.1 11.0 6.6

Table: (Top) Singlet-triplet splitting energies for atoms with cc-pVTZ (kcal/mol). (Bottom) Diatomic molecules
with 6-31G (kcal/mol).
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Here we study the thermoelectric transport properties of single molecule devices.
Using density functional theory (DFT) combined with nonequilibrium greens
function (NEGF) technique we study the thermoelectric transport properties of
molecular junction, namely paracylophane based single molecule devices. We
included the electronic as well as the phononic degree of freedom consistently in the
frame work of our DFT+NEGF approach [1,2]. Eventually this enables us to
calculate all thermoelectric transport coefficients that is the conductance G, the
thermopower S and the thermal conductance x= xe+ xpn, With electronic xe and
phononic xyn contribution, from first principles. Density functional theory derived
phonon and in general total energy properties are often in very good agreement with
experimental results, on the other hand although that DFT is able to capture
important trends and chemical properties DFT usually leads to a large
overestimation of the electric conductance of semi-conduction systems. This is
related to the self-interaction error and mission long-range correlation in
approximate DFT schemes. Therefore we include an approximate self-energy
correction based on the DFT+ZX approach to correct both shortcomings [3]. Despite
being computationally very cheap the DFT+ZX approach usually yields accurate
molecular conductance especially for weakly coupled systems.

In this work we apply our methodology to paracylophane based single molecule
junctions. Paracyclophane molecules are stacked benzol units hold together by
alkene side chains. We investigate the length dependence of the transport and find
an exponential decrease of the conductance and a linear increase of the thermopower
with increasing molecular length. Whereas the calculated decay constant is in very
good agreement with the experimentally determined one. To tailor the electronic
contribution to the thermoelectric transport coefficients we functionalize the
molecule by replacing two hydrogen atoms in pseudo-para position by either
electron donating (NH2 and OH) or electron withdrawing (NO2 and COCFs3) side
groups. We find that the sign of the thermopower is related to the Hammett constant,



namely NH2 and OH give rise to positive thermopower and NO2 and COCF3 to
negative thermopower respectively. Additionally also the absolute value of the
thermopower is largely increase as compared to the unsubstituted paracylophane.
This leads to a considerable enhancement of the power factor and respectively also
to an increase of the electronic contribution to the figure of merit Z.T. However
including the phononic contribution to the heat current which is found to be at least
one order of magnitude larger than the electronic contribution the overall ZT is
suppressed strongly. Nevertheless we could demonstrate for a set of commercially
readily available molecules that it is possible to chemically tune the transport
characteristics.

Additionally to the ballistic transport properties we extend our transport approach
also into nonlinear regime. Here especially anharmonic phonon-phonon scattering
Is expected to have a large influence onto the phonon thermal conductance.
Therefore we include the effect of cubic and quartic anharmonicities at the level of
first order self-consistent born approximation into our NEGF scheme. Both the cubic
and quartic anharmonic force constants are obtained within DFT. As a first test study
we apply this to 1D systems which show a large suppression of the thermal current
at room temperature.
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