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Bosonizations for electron - hole excitations in insulators and metals

RIERFAFEREEHER /N N 8 &
Recently, origins of the optical nonlinearity of semiconductors near the ls exciton
resonance are eagerly studied experimentally with the use of four - wave - mixing techniques
11, Simultaneously, there are several theoretical efforts to clarify the nonlinear dynamics
of exciton systems. The exciton unharmonicity and/or the exciton - exciton coupling are
thought to be of importance. One of the effective ways to describe and understand the
excitonic nonlinearity is to represent such systems by two kinds of bosons: photons and
elementary excitations in the materials. Our study concerns with a novel bosonic
description of electron - hole excitations(i.e., excitons)in optically - excited semiconductors.
The low-lying excited state with an energy of the order of the band gap, which is
composed of two fermions(a conduction electron and a valence hole), has been described as
a “boson.” However, this “boson” does not always obey the ordinary bosonic commutation
relations. There are two causes of such a deviation from the pure-boson commutation
relations: the Pauli’s exclusion and the fermion - fermion (Coulomb) interactions. Thus,
when more than two excitons are excited, the nonboson nature of excitons becomes crucial.
Thus far, several bosonization schemes have been proposed: the Usui transformation!?!, the
Marumori mapping, the Dyson expansion method, and so on. These bosonization methods,
however, are inconvenient not only for discussing the nonboson characters of such
elementary excitations but also for describing the spin dependence, i.e., the angular
momenta of constituents.
We have proposed useful bosonization schemel®taking into full account the
angular - momentum degrees of freedom and the fermion nature of the constituents to

derive the boson-boson interaction and the boson-photon interaction with their



momentum - transfer dependence. Our method is free from the momentum constraint in the
Usui transformation, and the pure-boson approximation for even-number fermion
composites is unnecessary. Then, we can derive an exact mapping from the actual space of
two-fermion composites with a ls-type arbitrary internal motionto the pure-boson space [l
For the x ® excitonic nonlinearity of a semiconductor quantum well, the subspace can be
limited to a spin —% two - electron - two - hole one in the semiconductor two - band model,
which is spanned by the bases: the ground state, the ls one-exciton states, and the
“orthogonalized” two - exciton states. We have derived the bosonic Hamiltonian for the x @
responses under the ls exciton resonance. Dependence of the interactions on the momentum
transfer and the “spin” has been discussed and the nonboson effects was clarified.

Comparison with other bosonization methods for one-dimensional metals Bl was also

carried out.

[1] M. kuwata - Gonokami et al., Phys. Rev. Lett. 79, 1341 (1997).
[2] E.Hanamura, J.Phys. Soc. Jpn. 37, 1545(1974).

[3] T.Kishimoto and T. Tamura, Phys. Rev. C 27,341(1983).

[4] S.Okumura and T. Ogawa, J. Lumin. (in print).

[5] T.Ogawa, Materials Sci. Engineer. B 48, 131 (1997).
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Coherent control and interference of cold biexciton waves

HRARFAFR LFRAER HEEERATO  H R

The systematic study of BEC of particles with large number of intemal degrees of freedom
requires creation of high-density atomic condensate. However, in the typical BEC
experiment the density of atoms is very low. Useful insight on the behavior of coherent
matter waves may be obtained by studying excitons in semiconductors, because the exciton
density can be controlled in the very wide range. This is because, unlike atoms, the excitons
can be created by the absorption of photons. Correspondingly, the high degree of Bose
degeneracy of the single - mode photonic ensemble from laser beam can be transferred to
excitons effectively creating a macroscopic coherent matter wave. This will give rise to
exciton condensate with a density, which can be varied from the dilute limit of weakly
interacting atomic bosons to the very dense limit found in nuclea.r matter.

Here we demonstrate the generation of biexcitons with a small momentum spread in CuCl
by the phase matched two polariton absorption, using femtosecond pulses from
conventional mode locked Ti: sapphire laser. We create biexciton ensemble in super cooled
state with a phase space density of about 107 at an excitation density of 4 ¢ J/ crf pulse. Such

a highly degenerate biexcitons behave as macroscopic coherent waves with a coherence time

governed by their lifetime. The coherent wave 1O
nature of biexciton can be observed by :"=§§E§ -
studying the interference between two > 3i§
biexciton waves created at different times.
Figure 1 shows the results of biexciton wave _ ;‘_ gzgtst::‘;gg‘e’e pamg tJ\J‘ L
interference probed by four wave mixing s ‘
signal The high visibility of the interference g
fringes indicates that the normalized 'E
correlation term is as high as 0.98. The role of E
the nonlinearities arising from saturation %
and biexciton repulsion is discussed in terms
of GP equation which describes the temporal
evolution of weakly interacting highly
i Tlme DelayT( sec
degenerate bosons. Fig.1. (a) Four wave mixing m@ns:ty at biexciton

1Permanent address: Laboratorie d'Optique
Appliquée, ENSTA, Ecole Polytechniqur,
Palaiseau, F' - 91127, France.

resonance with two orthogonally polarized pump
pulses, showing interference pattern. Dotted lines are
the signal from each pump pulse alone. Insets show the
signal dependence on the pump pulse interval for two
different probe delays,T=6 psec, and T=26 psec. (b)
Interference visibility as a function of probe delay T.
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nok o REALEKPL-ClLICE
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o BEFENISEERIZ, Nidob A4 > (X=Cl,Br) NRHEICHA L —IRTE
X oo Ni% oo X - Ni®o o X oo Ni% .- X----Ni%---X"-
Motis, TONisEEE, —RuoHEE(bY (SreCuls, CaCuOsZ) EEHEEWHW B ERBH)

ik TH O, HWHM—KT 10°3 , ‘ ;
FOHMBPTETNVYE EH a : [Ni(chxn),;Br]Br;
i e E w = 4l b : [Ni(chxn),ClJCl,
BT eHTEE, COLS %10 @ ¢ : [Ni(chxn);CI](NOs);
BAE OHBEEb-® . d : Sr,Cu0s
10 7 e : [Pt(en);](Pt(en)sI5](ClO4)s
B O KB EREDOWEIC f - [Pt(en);][Pt(en);Brz](ClO)s
o e — 6| g : [Pt(en);][Pt(en)>Cly](C104)s
T BT e 3 0 5@ 1 : polydihexylsilane
WIEWONEIKTH B, D7 8- . h : polyacetylene
: £ = NG = 10" F i : polydiacetylene
0, Fxld, BHEHHDIL, :-.3 O O C;. j @ polythienylvinylene
HEMEAE FRMEL-> & 10°| ©h d’) "| x : poly(p- phenylenevinylene)
= j =
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£ joof 0 0 .
WEATH->TE T, AFESL ) £)
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ERIEILFINE & W 5 fil =
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EUNT 5. 107" ; —
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R AFRREXRT 2 HDOTH D, EHOBLENSKEBRZROIRAEER x O% b0
BREEN TV S, —fRIC, —IKEETIE, ETV—ABIKALAHD SN TONBHICTKEL ¢
ONEIMENE, WAWATYEICXH LTI O ¥ O% ke 213, EHEFANNE GBSO
I & B RIUREP RO ZE(LERIET 2 Fik) 2RV 200 RSEHETENLHETH S, K
i, BHEHFSKICLD KRS SN x ODFEAME (max | Imx O)(- 0:0,0,w)]) ZHEFy v 7
OBRME L TVAVWBR—RITRICOVWTHE LI bDTH S, RFDOIE, N FiERiETH 3
RY U5, BLY, A N RHBETH 5 z HER ) < — PPt AERL TS, —ARH
B, ®wHE—KTR (v MEBK) THBNifbkb L F—RTMBIMOERTH S, =
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iy ORI TVAA, Shid, BAEAOFURAY VI —4 A VOBVICE > TI OIS Y
FIBAEM L TV 3 S SR LTS, Kb obhd kS, Nisbko x O, ho—KkTHk
DENIHNRTHEVICAZ D, COLIHE x@DELVEAICIE, FEEOWHEERF-1%
—, BETRRRED TR VF AL TV S DI RERERMORH FRENEBALTVEI L
AERLTHEY, ThEEEE—KTROBFHTH S EEZ 5N G,

+7 57 x4 FOERERANL
mARE N M #E R

TS T 57 = L MV RERLET BITATH S A b Y 2 HIEE AR LT, ()R
Eo LT ha—thic F=FaNt I UIARL ALy MCV)BEST, QELT 1Y Y I2E
th, (D&E/ DY VRARTMHEEMX)OH 7 5 7 x 4 FEHIISHET 12
(1 cv

BB 7 00— 7 A ring distortion mode®60fs A TIRENT 2 FABM iz, CORE)
WA ARY b O TS LR LT-4ER, 058 TREIIZTHEYIK400fs, Bk CRIEEHD
@it % ZEWAETRY TV C Ehbh -7, TOEHIE, RERVERICRAKESRoNL0
T, ring distortion mode & fhiDIRENE— FLDFEEICL S LiEwmOT o5,
(2) J&&

hoT Ly VRRETICES L, JE—U Y MIATREBENDTEALLOT, WET3,
ZAXY P VIELS0NmMD T O — K15 L —+#— 27 bbid, #LT 4 Y > (tetraphenylporphine
tetrasulfonic acid) J 2A&DSERME—BIGKE (Q/ Y F) 2%2iKEb-TH0, Q1 v
FIBFIEAEIHET H B, BIAMRERRE(LE, TO T —) TEBEAERUITIRT . 1.77eVLIFT
R, 1.776VELEC R R SR, © ORERL, SHETREDERIC L2
HD(In+1>< |n >(n >0)) THY, /37 ) ORI &k D —FHETFIREOBBE (11>« (0>)&
DETFNF—QNTFET 5, HBREH2psDEERTHEEL TWAL, ChidIhE TO100fsH
VT« TO—TAROERSD, QRETFOMLBIICLS O LELSND, EBELE(LORD)
B%E S < v AR PLERBL 241en-1Druffling mode EAE L7z, SDE— FIF, REICEK
D S0fEIEE T 5 C LA Akins SIc L DHEI N TV S Y, K2ic241em-t, REIKST OAIAE
(R) LIRIE () 277, ROOEKEIRL77eVIcEOVTR/NSIED, RIS, HREEFERIN
MANED->TW5, 1z, MEARY bLind, B EFERINOESHEEABAHETERL T
WBDAbMNE, Bk ld, BBEEICHT BIREOERA, ruffling modeZfrL7z, BNV F
(ERhIREE) 55 Q3 FADintensity borrowing Ik %, Q¥ FOMEFE—A ¥ FOD
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DEERIZ, “ODOEMEFER EMHERERF ORI OMD, BEKEICLS O EREKEICL S
bOIZHEETE 1,
[1] A. Shirakawa, I. Sakane, M. Takasaka, and T. Kobayashi, Appl. Phys. Lett. T4, 2268

(1999)

[2] D. Akins et al, J. Phys. Chem. 100, 14390 (1996).
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BEM+ EOBTIEC 3. ChOEMBEEERN, EEHSERTEMEN L RERTIC X
DEHFIhTWE I EERLT,

BOOD # - AR 2 b L EBBSOD I AR FVDER D HVNE Wizdhic, ForsterDX % E%
COBRICHEAT S E, BRINAY T EIRORMERERELHIAT S ENTERL, i F
F—ET O T 5 —OEOMEREEEIERH X, Forster®:X T IldBEBAMRFREMEEIFAICL DA
Bahz, LHLLH2TI, BRESHETH2B800LB50E OMDEEE, £EAKROIMHRREICH
NTRELBVWOT, FHEEHHEFAO, LOEROENEREENLS, JHUSKD, KRNICE
5 LIV, REEREFRERORERBINREL 55, JOHRED AN THERBIEEE
HETEE, BN REELHRT S EARET,

LHIA S KIS~ OB IcH T, LH1O 16 R4 EEd 5 &, LHIO &L
& RSt E OREBIEEFHOAZ I 3E0 L5, 0k, FFTETIRHERTOEVRIE
B HAN S, Bl h3HERSREORBKFERNE V. LHLERORTH,
LH1O EHERFMEAE B W ODDBERNFEET 5, —2 37 YV EEEDENTH D, h
2k D EBERO MM S, 1, CEFREMEEAF OLHIOFENRES LTS, Th
SOMBEEEICVNS E, LHIOREEN & RSO E OREBSIEEMFAEtoL 3L 57,
HEIC L DE LN B MEBELREOREERELIIERTOMISEN .

7 V7 R TORMEBEBIE T, FERLMETREEN T 2MERHNERTH S, I
IEERI D BB Rb A HEIC R 2BV H B, —2E F+— /T 7 €7 5 —DREENEV D,
SR EhE B O SR O AN A X B HFH5E2/RT 4. LH2OB800A 5 B850ND B EIA 1
YT B, b —ld, WIREENS Z & THEBESNAMEICE3BETH D, LHID S RIE
HOANDEBIN D r— A Th b, bk, R LOAEED, EVWIRLF—ICDh
o> THAES 5% OMEFREDNE F+—/7 7275 L LTRIET 52 LIRD, T¥T
FZOMTOESELSFHEBBHNERIN TS, ZOMKE, KBLOTxVF—F, SUHERTK
A mEE NS 2 &L B,
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Bk EGaSeD T A NBEIT 5 &, RGHETORERNE, BHEHRETRACZER
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PbCls ®PbBrs {8 T, EETX F—27 AY 7 POREVRANEL, BiEgFPET « EA
PHVETEMIES > TV A EELONS, LAL, ThoOREREMEFHTLRN LGS
LAY FEBBETORA & T, RAREEABMSATVS, &, NV FRIEBHRTHES
NAREE ) TEIS 5 EVREATRT CEAMBATVE, ThohbE—R, BETOH
ALHMET - TAOEEE TREZRTENNELTVSEEDNS, LAL, JORBROME
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N7z BRSLEI extrinsic origin TH B ENBH LML - 72,
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MNTE, COZENSIDFERTI, 7-0rhHck->THREINA TV ARIEFIEEHEET
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NaClzCdCle M L 748 T, NasCdCls(% 713 6 NaCl:CdCla) D% b2 73 /0
U A 2O BRI NaCIEHASS B I AR A N, Suzukiffl& LTHISh TV B!, Z oM,
EHANaCUHE FOR 2 50 FEH A bof.c.e b FHEEE b H, NaClERHBEMAICEVWTHD
Na' 28 C** EfBA 4 v ER T ETRAICEREN DL >TWS, ELIEDONa® BLU
Cl- @& FENaClER UL TH 54, ClI7 FxOMEN ST TS,
CORITOVTR, TTIBEA AR (XAREHFY, FEEME 1 A4 o AEEE, 5 < o HEN,
BETHMECHYEZHVTHEINA TS TEY, BMINkCd? BMILESRA 4>, Cd**-
Vacancy(1-V) 714 £—, &4 X—VEEE, BHEE(Suzuki #H) ELTHEESTSI L, B
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MIBIC & D Ch SOBERNE(LT BT LR ENTSNTWVS, AFAETIE, NaCl-CdCl: iR
ICBi BHBINE L UREANRY FVERIE L, BHENEICE T 2B FRRIRE L £ OB TE8
BICOWTHEAT, 1, SuzukillOEEEMERL, ZOMEERYD 21, KR XEEFTHIE
biT- 7 ,

WAL AR Y b L& L, 4.25~5.0eV(LE), 5.0~6.0eV(HE) EI®D 2 ADELWBREHD, S
H-TW3, LEAEEIEICLD, 2.64(BG), 3.14(V), 3.56eV(UV1)ic E— 7 % b 2F L HEHE
flxh, SHSEFIMITCA?Y, I -V dipoles, dipole aggregates FDOARMMFBEFLICL D HD
KEEEN 2, ChoORKITHT BMEARY MBS VG >TED, LEFEERO
IR (3 B TERE RN L BN EL D H -1 bDTHB I LERLTVWS, —75, HEM
HEME T, 2.08 eV(Y) KU 2.76 eV(B) ICE— 27 Z b oFwAEN5, ThoDREIIXY
BIRANRY PVIZHESERSIBICEA - b0 EE>TH D, BINCHEET 2B FREN YV F
W bOTHSD I EERELTVS, YRU BRI XEREWTICL D EBEHOFEN RSN S
HERTOAEN, 6T3KMNSRTANDE S 0 FRIE( AiF) IC& O @EEHZHEE( L -V dipoles
CHR) SR EBRIANI IS, £, BT —— VIRE(BRS) K&, EBEHEERESE
ZEBEUBAINALHICHS, #-T, Y, BRUIEHEREKOTETHE BHEF) OB
BARENSDRNTH B LEETE S, &
tz, Y, BRELOHMEER, CdCl OFM
Wk ->TELL, ERETIIBA, &g Fast X-ray Diffraction

. X(lll(:)w X(13) as wn
ETRYNKENICE S, Jhid, ElEh e I P
= ( (400
. o 8 111 200 Slll 333
BEMERERO Y1 ADEVC LB bOLE ool Tl l j JL
Zoh b, g xang, '13 uenche
= X(1/3)
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RO,
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Tk, 197, TESF Y+ VEBEORECKEYIL, ERICEVLWTERRICLS V—¥—%R
A TEMI N, TOU—¥—RiRiE, BETFRBELCET - EfL7 5 X< (EHP)ISER
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TRHIc & BRINARY R VOBEBROT v 7« 38—V 2 VEIZ X B FAEORHZ/LOE
MAEIT-T0 £z, BRFAFICLBELIOVTHERT %
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WEINTWVA(ELIL. TmeV &L —B LT,
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BT REOO— L VHERICIE B, NOKELLDE (T4 b=y 2 F v v THEICEKL
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BHECLOWEN >~ 7 FRUE, BIUEY A XBFALEMDOARY PVEEEZEBALERTE 5.
ERASEERICBVWTABCEBRE L ARY PAGHREDOHIELTANT VS,
3. WEhOIEH UABRETRICK 5 3 IKIHFEIEED 2 EIBHEX
FRFIGE DR RIE TR « IFREDOLTOFRBRICEV TERMEBRFER LIV ERLEL S
ERSZIEREE-T, LOBROZEMRER bRHRBETRHICKRELFEEZ LGS
5, BicH T« To—T@iIicx LTI 0 & 5 ENIDORES(Nonlocality induced double
resonance in energy and size)IENFEEICHRLIES &2 FE L TE7nv/4/, ERBIIC
bESNEPT L EHRMWIC L X 52 MEMENFEIN 2DFWMOF558E % CuClicx L
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B L, E—IMBRKELLED T2, ChODEREELD, ZORNHIIMHEFHOEIC
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Num. Lw(nm) ['Lo(meV) EX (meV)

1 4.65 341. 5516 71.3
2 4.23 308. 05+25. 7 12
3 3.7 283.56+23 [
4 2.79 25532 81
5 2.35 243.96+110 NA
6 1.75 205.3 =180 86
T 1.29 85
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1R TH 5, Bi-BiOESICET 2IRENEN (340 fs) Ic—B L 7o/ RFITEHM ZRET
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(A) T =340 fs ( = Tyy.5:) (B) Bi-Biw| (CJ‘
- | Bi-Sb |
3 pulses y Sh-Sh
X
1 pulse W\‘U\'\"’

Intensity (a.u.)

AR/R (arb. units)

_,‘AM
__/;J\—/\\Lw

NUAWAWA 4 pulses

__NNNNN 5 pulses ] 0' é éli 0 8
T T oo Delay Time (ps) Frequency (THz)

Delay Time (fs)

FT Amplitude (a.u.)

Fig.1. (A) THz-rate pulse trains obtained by using SLM (spatial light modulator).
(B) Selective excitation of coherent phonons in the Bio.31Sboes mixed crystal
system.
(C) Fourier transformed spectra of the time domain data (B).
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& H An Atom Specific Look at Chemical Bonding using X - ray Spectroscopy
2 5

When a molecule is adsorbed on a metal surface by chemical bonding new electronic
states are formed. The direct observation and identification of these states has been an
experimental challenge. Their signature is often obscured by bulk substrate states. In the
following contribution I will show how X-ray emission in spite of its inherent bulk
sensitivity, can be used to investigate adsorbed molecules. Due to the localization of the
core - excited intermediate state, XE spectroscopy allows sn atom specific separation of
the valence electronic states. Thus the molecular contributions to the surface chemical
bond can be separated from those of the substrate. Furthermore, angle dependent
measurements make it possible to determine the symmetry of the molecular states, i.e.
the separation of pi and sigma type states. In all we can obtain an atomic view of the
electronic states involved in the formation of the chemical bond to the surface. Hydrogen
bonding in water holds the key to the peculiar behaviour of liquid water and determines
the chemistry of biological and geological systems. Although several experimental
techniques have been widely used the hydrogen bonding networks in water are still not
well understood. Using X -ray absorption spectroscopy 1 will demonstrate how we can
learn about the changes in chemical bonding of water due to hydrogen bonding and how

it is related to the structure of the liquid phase.
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& H Normal State Properties of Cuprates: t-J Model vs. Experiment
2 B

We discuss some recent results for the properties of doped antiferromagnets, obtained
by the finite - temperature Lanczos method for the planar ¢ -J model, with the emphasis
on the comparison with experimental results cuprates. Among tﬁe thermodynamic
properties the chemical potential, entropy and specific heat are considered, as well as
their relation to the thermoelectric power. At the intermediate doping several quantities,
e.g. the optical conductivity, the dynamical spin structure factor and spectral functions
reveal a marginal Fermi-liquid behavior, even qunatitatively close to the one found in
experiments. It is shown that the universal form of the optical conductivity follows quite

generally from the overdamped character of single - electron excitations.
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