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2 S B B Nonadiabatic quantum fluctuations of spin—Peierls and dimerized

domains in the one—dimensional charge—density-wave state

Quantum man?—body effects reside in the broad field of physics and materials science,
A body of research has investigated organic charge transfer (CT) complexes, which have
a variety of electron—lattice phases due to cooperation or competition between electron
interactions and electron-lattice interactions. These many-body interactions underlie
various exotic phenomena, such as photoinduced phase transition and ultrafast changes
in electronic states. The understanding of the many-body interactions is thus key to
deepening of the CT complex research. .However, it is still challenging to describe both
the electron and the lattice states of organic CT complexes within a unified theoretical
framework.

In this research, we use the non-adiabatic resonating Hartree-Fock (ResHF) method, in
which a many-body wavefunction is generated by the superposition of the direct products
of the Slater determinants and coherent states of phonons. This method enables one to
accurately calculate the electron—electron and non—adiabatic electron-lattice
interactions. By applying the ResHF method to the one-dimensional extended Hubbard model

with a staggered site-diagonal potential and SSH-type electron—phonon coupling, we
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clarify the ground state of the charge-density-wave (CDW) phase (neutral phase) of an
organic CT complex, tetrathiafulvalene—p-chloranil (TTF-CA).

In the ResHF wavefunction, small spin-Peierls-type domains and large dimerized CDW
domains appear in the dominant equidistant CDW state as quantum fluctuations. We analyze
the natures of these different domains by means of Léwdin-Feshbach partitioning method.
The spin—Peierls domains do not easily expand in the ground state, but notably contribute
to the correlation energy. By contrast, the dimerized CDW domains can greatly expand,
but it has little effect on the correlation energy. Fufthermore, we demonstrate that the
spin—Peierls domains with different widths can directly and indirectly interact.
Interestingly, the indirect interference is mediated by the dimerized CDW domain states.
These results indicate that in the initial response to light irradiation, not only the
ionic domains having equidistant lattice but also dimerized ionic (spin—Peierls) domains
can be generated instantly. Thus, the present research provides for the first time a clear
picture of quahtum fluctuations in the electron and (quantized) lattice structures of
TTF-CA beyond the adiabatic approximation and gives a key idea about the fast dynamics
of the ionic domains in the neutral phase of TTF-CA from the viewpoint of quantum

fluctuations,




FAFR L DOEER OEERBROBROES
S22 28 10H
HT®HERE B

BEELRCEEERS =
EE BHE £,
N EREA )
Mk 5, i "5
B BRAE i
B Ffl
SR DA R CRAHIROR R FEO L350 #E LET,
B
LK T B HRIEA BRI - A KA WA

— R ITCEGEERIRIEEBICBIT S " BE(EE L AL A TIVRA RAL LD
WX B OH | ERETES X

|t

p={{]
=

A
= AN ZA 'I'J%DZQE IH 235"\-’
NSO R Atk MTFEFEAR| T o n an
WO N B = | 24 2H 3H % BT | BREEE 13 FHE
B R R ORE R B¥E EERABREAB| ff24 2H 3H

AR DOFBEMROES (1,000 FFREE)

AL Tl EFHMEEER EEFEFHEEROTM ERYEICEE 2 FEE2THT N IFTFT IV - a7 =
Jv (TTF-CA) DEJERFEZBFRIICHA LN T D & L b, KT 7T~ WY EGNEERICHT H2EE 2T 7,

(% 1 %) AHEMBESEME TTF-CA X, MKHT®ﬁ?Tiﬁ$E%%TL T T~ B CHMROR S & EE I
B TE B2 EnbERSNTWS, WEMICIL, TIF-CA NEFRBABLRTHH 2 LD, BBSEITHEMICER
BENC LD bOEiFTE 5, —F, 81K LA LT TTF-CA 1, EWMEER (CDW) REETZHR, KT T~V B CHFBE
RAL UBRERSNBFERNERTENT D2 ENERMICERENTVA, KETIEZ 9 LEERERE B Lan
5. EHECHREWHHEBSANEN T\ D, TTF-CA IZBIT 5 COW R EREDMIAZ BIE T2 L 2B LT\ 5,

(88 2 &) TTF-CA & AaRBURT v v b L Su-Schrieffer-Heeger BB F W FHAEIER 2H UI-{LENN— REF )L L
OFISERERAR L, RIDHERRENS, NTA—F—FRELTND,

(FEIE) AL—F—(TFREEFOat—Lvy MRECEE*EREDLES Z & T, WGl Z B2 BT LET0
KIBREFED 2D IAD 5 IEWrEILIE Hartree—Fock IEIZ DWW CHA L T\ 5,

(% 4 =) COWABEEEIREEICIZ. MBERECHIA L U SA T ZRENRBEFIEL T L LTHEELTWS - L 2H L
M LT, £, AR LI COWREBEOET L LTHFEL TS, BiZ, TNODETRLEORLTHEILHA
MR % FEREEMEELEREERAOCTHLNC Lz, REIC, BETREOLEZICHET AL LORKER, KRBT Z
A~V EIGEBRIZE T 5 KA RE O MBS EITB T, %5’— EDNA A MR R A AL TNz, & kL
AT VMW RNAAL Y (RABURAZNVARAL YY) bEBICER LSS Z E 2R LT,

(F5E) 20 LoONERINTND,

AERXOMFRNEIL, BFEEZE 1 EFH L 9553 E LT, Physical Review B (100 3 205205, 2019 4F)
WCHEHIN TS, BFELTOBMEBFRELZA ST S Z LT, TTF-CA @ COWFHHIZRIT 2 RFEE R A A
DEERT AT I 7 A BRI, AFENRIDTTH D, £, KR UIBEZELENMFEL. FHES
B—%7T, FEREEL oI U LZ0GRSUSET 2 Sl Lic/od, A8 EHET 5, AfisXE, Hrsemi
SOIFIIE K E IR D FAHANCE S FREIILEDH D THA,

BERBROBROEE

FAELEFLE L, —REBEBTRTROBETFZEMOVTE AEEREZITV, IREOE LS LVEVT—va v
RAOZEELE, BELREMAGRICESEHELER - BOBRELIBRON, Fin, FE BER, B8IZBWT
A EERY R BA 2 72 S AR RS AR LB W e, DERRAR CTH MBI R INE N e S, WA & PR TRE

#HZT4Xﬁ//5/ﬁﬁ%+AWZTV5k#%éM$E§EéE BCTAKEHELE,




	要旨（和文）作業用
	要旨（英文）作業用
	結果要旨（理工学）作業用

