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FRADA T — VEAZIEE, CORBHICRET 2R RAMNEEMIITN T 750 ¥
EMUTNDENSFBIZETNVWTNDS, 728, MFA W, METEHTEFI2—K{LL
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BB o THEXNAN, & o TRHEMT S NERRAR, 7578 IVKRE f(o) T
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X 5N5, ZOANEKE, WORREOTK—#LIhkLy bune—kDEMND
FRAHER> TS, 20 FHREKTHD, (4a)?=2X/[(1-q)In2) THB. f(a)
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[ 1: PDF of accelerations plotted on (a} log and (b} linear scale. Comparison between
the experimentally measured PDF of fluid particle accelerations by Bodenschatz et al. at
Ry = 690 (Re = 31 400) and the present theoretical PDF A™(w,). Open squares are
the experimental data points on the left hand side of the PDF, whereas open circles are
those on the right hand side. Solid lines represent the curves given by the present theory
(1) and {2) with u = 0.240 (¢ = 0.391), n = 17.1, ¢’ = 1.45, w}, = 0.605 (o' = 1.01) and
Wi = 2040.
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[¥l 2: PDF of accelerations plotted on (a) log and (b) linear scale. Comparison between
the PDF of fluid particle accelerations measured in the DNS by Gotoh et al. at R, = 380
and the present theoretical PDF A™(w,). Closed circles are the DNS data points both
on the left and right hand sides of the PDF. Solid lines represent the curves given by the
present theory (1) and (2) with g = 0.240 (¢ = 0.391), n = 17.5, ¢’ = 1.70, ), = 0.622
(af = 1.01) and wM™ = 2530.

(2) Generalized Statistics (Jizba, B) $#X [8, 10, 14], & [7, 15, 21,
22)

One of the major last-year projects was dedicated to study of physical setting for Renyi’s
information entropy. We have tried to find more quantitative aspects of Rényi’s statistics
as well the non-extensive statistics of Tsallis-Havrda-Charvat (THC). Especially, we have
tried to generalize Hagedorn’s statistical theory of momentum spectra of particles pro-
duced in high-energy collisions utilizing both Rényi's and THC entropy. While for collider
experiments {e.g., ete” annihilation) the Hagedorn theory yields a good description for
relatively small center of mass energies (<10GeV), it fails at large energies. For example,
Hagedorn's approach predicts an exponential decay of differential cross sections for large
transverse momenta, whereas in experiments one observes non-exponential behavior for
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large energies (>10GeV). For this reason one usually restricts to comparison of the exper-
imental results at high energies to Monte Carlo simulations, which reasonably well repro-
duce the experimental data. But obviously, for a more fundamental understanding from
a statistical physics of view there is a need to generalize Hagedorn’s original ideas. One
crucial points, namely the self-similarity of the high-energy scattering processes, already
recognized by Hagedorn, was never quantitatively taken into account. From this point of
view Rény’s statistics seems to be particularly suitable for generalization of the Hagedorn
theory because of its build-in predisposition to describe self-similar systems. Such a gener-
alization could in turn bring and enhancement in the predictability of momentum spectra
of particles produced, for example, in cosmic ray experiments, in hadronie collisions or
in collisions of nuclei. One can also speculate that some novel signatures of quark-gluon
plasma (deconfined phase quarks and gluons created, for instance, in relativistic heavy
jon collisions) could be predicted.

Another interesting subject in this line of research which we were concentrated on has
been the application of generalized statistics to cosmology and particularly to the cosmic
strings physics. In cosmology, unified gauge theories of particle interactions allows for
a sequence of phase transitions in the very early universe some of which may lead to
defect formation via the so called Kibble-Zurek mechanism. Cosmic strings as the most
pronounced example of such defects, could have important relevance on the large scale
structure formation of the universe or on CMBR. (cosmic microwave background radiation)
anisotropies. In astrophysics, for instance, cosmic strings play important réle in dynamics
of neutron stars and in the galaxy astrophysics. In usual cases when the grand canonical
approach is applied it is argued that at the critical (phase transition) temperature at
which strings tend to fragment into smallest allowed loops, while large loops become
exponentially suppressed - i.e., at Hagedorn temperature, the correspondence between the
canonical and microcanonical ensembles breaks down and the grand canonical partition
function diverges. Various viewpoints with different remedies were proposed recently in
the literature. On the other hand, it is well known that the distribution of string loops in
the universe should be scale invariant. The latter suggests that Rényi’s or THC statistics
could be applied to construct the generalized grand canonical partition function for the
string network. Our current results suggest that the new phase transition temperature
should be lower than Hagedorn’s one.

(3) NETFD &EDICHE (B, Kobryn, B : HBISE, B : BEMEND, &
£ SERE—B) R[5, 7, 13], #RE [5, 11, 14, 16, 18, 19]

Non-Equilibrium Thermo Field Dynamics (NETFD) QR TH, JEFITRT % FR
PIEEREFEN (BTHECHORTHERAL) THRA, HORBRICH S YIRS H2Z
WFEE L TROBNS, E2AT, BOBRTFHTI, Hit:—RrREOREMENKR
RBRTHD, FRAETE, EEREECHIN, —HTFTREBEIRAEEELD. 3517, Ik
TR T, BRERNTFRENKICRLZEIE>TLED, DED, NETFD Cid,
ERDFORTFIMTOKRME (ERE—RTFREORZEN) WEEINTWEDTHS,
TITH, BdlGMREDR, H5MORTHOREAQEMOMRE L TRIRkE NS, &
NK, BORDDWITEBSRN, Fol<HU WS IR NEEETO BRI HLED
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W) THRASNAWHEMEZRLTVWS,

NETFD XK D FERU BT RMEND FBERO—BLEART, BTV 95T —AHE
NEWENICEN T 2FFE 2 NETFD KHEITVWTEREL /=, W OBHETZ2BERR
BPCREUETRE, (ECEBEE L 0REINTWAEE TP ENREL BT
ER2BNIZL, IEUWIERKS AR E BT 2 I3 0 AATFRENHETH S
Z &&RLUT 3 (5, 7).

1. Fermion FICHEITS Tilde HIEDBAEE (R4 : HREIL, FH) BE (16]

T—AMERI-ANZBUICEATZE, ThsEBINIBICESD Sy —VBOR
P a AR EHERETERNE UTHRTEA 2 &85 g /Ml (1978) X DREN
7o AZAMETRNT 2 MREEPR T—Z MREEEE, /)bAPEonoiREE L Tikb
N5, CNEFERREOS —JEWEMAIETSHAN, h =2k 7 29 TIIVEE
WPIRE & Rl 9~ 2 IR F IR OB O | T, Thermo Field Dynamics (TFD), #BK
fTLTNME (1981) Kk DpkEhi, TORRT, Yo)bIF 20T ¢ WF /B OESRIT
PO ILEMZMETE S Z &AEMaE N, —F, HREEREZ R T 2 IEHEERK
THLOEORFHAD TFD OFE, NETFD TRENZ. ZOHREE, HigRzi
WY BET< A5 RN E SR 2@ L T thermal space NBHT 2 Z &z Xk
D, TOLOXMEDEN, BORIETFHPRE DHEHER T p(f) O—RBIEES X STV
DT, TFD &i358 > T, NETFD TIEHFMLEL 7= thermal vacuum Z2EAT 5 Z LiZ#EY)
THaW,

AW T, B Lo®EEZMEE AT, EEEETHROS — D5 O R O woRIE 4
BANDPREIT o, WHEEICEHEE, Mol DERERAR e,

2. BTHERSHEXOGHR (Kobryn, B4 : HEBISE, FX) WX [5, 7, 13), #AH
(19]

Dynamics of quantum systems which are perturbed by linear coupling fo the reser-
voir stochastically can be studied in terms of quantum stochastic differential equations
(QSDEs) (for example, quantum stochastic Liouville equation and quantum Langevin
equation). To work it out one needs definition of quantum Brownian motion. Since till
very recent times only its boson version has been known, a definition which makes possi-
ble consideration also for fermion Brownian motion has been demonstrated. Using that
definition, quantum stochastic differential equations for both boson and fermion systems
have been investigated within the framework of Non-Equilibrium Thermo Field Dynamics
(NETFD).

The obtained results have two fixed parameters: the real parameter ¢ specifying dif-
ferent commutation rules for boson and fermion operators,. and the complex parameter
7 specifying different thermal state conditions for boson and fermion systems. Such a
combined consideration was made possible due to the unification of fermicn and boson
stochastic calculus where fermion annihilation and creation processes are realized in a
Boson Fock space by means of a simple stochastic integral preseription leading to similar
multiplication rules for stochastic differentials. The dissipation mechanism is considered
through the concept of a quantum noise, ie. as a quantum field interacting with the
relevant system. In our study we considered two types of interaction with external fields:
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hermitian and non-hermitian, With the latter, conservation of the probability is satisfied
within the relevant system. With the former, information about only relevant system is
not enough and instead of that we can speak about conservation of the probability within
the total system: relevant system plus environment system.

As we are concentrated on the stochastic equations, there are two types of stochastic
calculus: It& and Stratonovich. Correspondingly, equations used one or another type of
stochastic calculus are classified as QSDE of the Ité or Stratonovich types. The Langevin
equation of the Stratonovich type has structure similar to one of the Heisenberg equation
of motion for a dynamical quantity in quantum mechanics and quantum field theory. As
a result of different stochastic multiplication rule, the Langevin equation of the Itd type
contains an extra term proportional to a product of random forces. The corresponding
Fokker-Planck equation is then obtained most easily from the quantum stochastic Liou-
ville equation of the It6 type by taking the random average. Though in fermion case the
connection with the classical Brownian motion is only formal, the It6/Stratonovich prod-
uct formula is the same as in boson case. It has been shown that the averaged equation
of motion for a dynamical quantity can be obtained in two ways. From the Langevin
equation by taking both random average and the relevant vacuum expectation, or from
the Fokker-Planck equation by taking the vacuum expectation of operators correspond-
ing to the dynamical quantity. In our study we also showed that QSDEs constructed
upon hermitian and non-hermitian interaction hat-Hamiltonians lead to the same aver-
aged equation of motion for an arbitrary operator of the relevant system. In the case
of stationary semi-free quantum stochastic process, its irreversibility has been checked in
terms of the Boltzmann entropy. We also demonstrated the relationship to the method
of quantum jump simulations,

3. NETFD K& SHFWIREMEE (BRE  HAR-8, 8)%) BLRX 2]

W ORTFIFOMR TIRIE OZ) R Schroedinger HRRITIIFEFh TWiaWwiz®,
WO &I ABIIREOBEAZREIRSINTNS, EZAT, HWIHPOKTFHO
MEFOMANZIE—RICRA 2. Zhud, RENDA A 2 LRTFROMEER & BTk
WEENE S8R, HHANRIRGE T 220 TH2 EMIRENTNHWS, 22T,
HOHFINH S IEFNE DR BN, TMCH HEME RS cmAs &L, BTHER
WAHBRICE>T-AUTEAAZHOEEET S, ZOHBREL, —FEH0EBRLHR
THEWABRTHZ EMHBTED, T, BHOMWRBRICHIES 2 H@ AR,
TMENCH U TR Lo B FPIYAT—FBRNTH AN EEZ N5, ZOMRO
T, BCF#MoREsEREe, BTHAREZH S TEEEFEROMR{EAR NETFD T
RNz, TOME, BRI LT, WABREICONKET D2 &N ho 7z,
—7, HERERONMEOBRICHET2RFYAY-HEXOHERIL, PHIZKLT,
HHEWETFTOANERETOML D BABEICIENE T EE2FLTWS, B OMINIC R E
BHZDM, HHNWR T ZTOHENTHER S 2ODISBROMETH B, T THRM
U 72 B 8 12364 % Belavkin WO MIR 2B A BB THBKLAEBTHEDOHR S T
EMHEMITIR o 7=,
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4. BFIVSDINALME#R (& BEBEET, AR BT [1)

BTHE, BFHEROMR CLERRETHENERA DT REOHGYETIZS
FAMREREZRN . FitFoe—L 2 2kEBL, TORELLTRELZ b —
EHAUTHE2To/z, BFHGERZID EHEA PR OEMRER NETFD 2883
H&, BT bR E—iClb 2 B/NNEMBRERE FERETFREOATREUR <R
HHNDIEZMEL, TOMBTIRNLEROYERSEEEMKRLE, LD, &
ETRDENTWAN - Z2FRHER TOME T o E— QR MR 5 Mt
BHIZRII L. TOBE, ZOWMREND L— 1 > MRIETHR S N7z Schrodinger
DFIRBIZHDHEITE, JELTI— L ARNRID, 208, BT bOE—IZ
BANEND I EZRRALE (K3), TOMKPENSMEE, HUKECRIDES
ThOU—ELOHEETHEMTELSILHRLZ. BEFIE—L 2 ANBEALRH®,
BLybOE—RE—2RENZREZE, BTFREZFTRLTS ZLICRDaNDE R
TEBIT2TNS,
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[ 3: Linear entropy ORsFER, BHNIZIER, #OT linear entropy T 5. FEHE. W
RENI -1 > MREBOEREDY (jo)+|—a))//2(1 + e~2el’) DBE, T OMRILH
Wik O b — 1 2 MIREE |o) D88, L0 FINREED (Ja) +|a)2) //2(1 + e~2lol®)
THEABNBM, [o) & Jo) BEZL TN H A,

(4) LAOT— (FRE: MHHS, F%) 83 [12], #R [17]

B TR0 L DEREND Xy FT7—213, TOREOHTICL D /R
DB ENTES, DEDHE, HFHE EUICIIUINRW) TRP-TWS [HEgs
Wi, BHVED, KEBHECAT S GUITIND) TEDR->TWS Mgy )L
THD, BEZ, BEHEREIBNT, B9 7WRE OB N TR RS e 2R
NIRLTWB, HEF I TTHL (shear)] @ EINZ [TOHE] 2545 &, FH
(728 0 TR O SR BN & (shear-thickening ; SRERMEE —2) DEENE
N3, ZOREY—7DANZXLAOYRRZMBEIX, WS DHORAMTORNDLS5T,
BTy N —s ORBOVEDE LTRBENT IS N FE o T, A
geoid, R (MMMAEBAICER-TED, v hU—2 2L THWSEST) ,
G (—I OB RA TWBERESTF) , BHRE OV—7; Ml —O%REE
IR TNWAEAT) OSFEEERLS (K 4), TOEEEMNTTWRWIREBTIS,
Ths SHEOSSTHOBESHERICHG U ZBERBNRE LTS, FOEES
BMLTWL &2y NU—2 0% B LEHEOR 2 TFRMONS > APENT 27201, H
VB EENEOTH D, BIBNWE—VBROFHE, woaFRmMic@H< > o

— 109 —



.

dangling chain (&
%DQ ™ active chain
< =5

[ 4: Schematic vepresentation of a network constructed by HEUR in aqueous solution.

P& LT, BMTRTREEIAT 52 &Ik Dok, JOBINE, BT OREDN
HIRTH DR EEDCMOANTNS, TORXTE, ¥k, HBES~ 2HAL,
2 S L BRI D TR L TRMT B b D LKET B, ZHUZHES LA
AL B VHIEERTHRELTNAZ EERD ANELHOT, * BHHIIVICEA O &
X THD. OB, ZOC—ERR, [rOEHE TSI NIET#, By
TY hOP— A TRBEEBEG S ) Bha I LR N, BT EESENE
BU— RGBS NI EBRED, SEMENEE r EHOEDIENS NI I
L DIFTE S,

—7, B HEN U= BRICHU T, UTFOAN=ZAIRAS N, 30 I
BE ki, RBROBIREICITET 2 AP LOTREOEMNEIML, FHRGIAAE
LTI i D TR AN A B, RIMBORIMATEDE oM Z R L, #REUTE<IE
EWE—7 ZBRT 2D THD. IOE—IREATOLRECEEASESBHOR, &
BROBRYOENRDVELTOLRITTL A EKELANNSTH B,

PLEOERFIC LD, BESVOREE—) ORBREREEZRICHELE (R5). #5
N O, ERINAMNOBLTROBS S, REOITA—tE M THBI &
BB, ThE, WLOERTE SN ML I LF o RRb ozl (9 65—
Ty b)Y EFDDTIEW, ¥k, Sy bU - OEMEHEZOMTLD AMbD L, i
DEBTHE S N LB TIEN T EbRI N,

(5} Other Activities
1. Topological Defects and QFT (Jizba) 3 [15, 16] % [9]

‘We have developed a new approach which combines a description of topological defect
as condensates of quanta, together with the non-equilibrium dynamics of quantum fields,
in the framework of the so called Closed-Time-Path {CTP) formalism, first introduced
by Schwinger and Keldysh. We showed that macroscopic (topological) objects arise nat-
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Bl 5: The steady shear viscosity plotted against the shear rate for N = 227 (M,, =
34,200). The solid line represents the theoretical result, whereas the dots represent the
experimental results observed for 75 =3.0Poise, T'=298K and c¢=1wt%.

urally in the framework of Quantum Field Theory (QFT) as localized (inhomogeneous)
condensates of quanta: the usual classical soliton solutions are then obtained in the Born
approximation (i.e. the i — 0 limit) and in the heavy-mass (WKB or Gutzwiller) ap-
proximation. Recently we started to concentrate on a paradigmatic system, namely Ag¢?
in 1 41 dimensions at finite temperature 7°. Whilst 7' = 0 case was already investigated
by Dr. Blasone (IC, London) and myself, the case of T s£ O poses an interesting challenge.
The nature of the dynamics at finite temperature is far more complex and is closely
connected with, the so called, infrared catastrophe which is seemingly inherent to finite
temperature quantum field theories. Using the hard thermal loop resummation technique
we investigated how the one and two point correlation functions behave in the infrared
region and hence as the kink shape changes and eventually disappears at a “critical” value
of T. The consideration of hydrostatic pressure or the propagation of second sound waves
(if He II is in question) could be an interesting practical/theoretical probe allowing one
to test the dynamics (and number) of topological defects.

2. Dissipation and Quantization (Jizba) #3Z [17, 18, 19, 20]), &K [9, 17]

In a recent series of papers G.’t Hooft has put forward the idea that Quantum Me-
chanics (QM) may be not fundamental but merely the low-energy limit of a dissipative
deterministic theory with more degrees of freedom. Thus the essential non-deterministic
nature of QM would arise as a consequence of information loss, occurring presumably at
the Planck scale in a completely deterministic regime. 't Hooft’s most urgent motivations
come from black-hole physics and the so-called holographic principle, which puts an upper
bound to the total number of quantum states of any theory combining gravity and QM:
this number increases exponentially with the surface of the system, rather than with its
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volume. The key idea in 't Hoolt’s approach is that it is possible to describe deterministic
system by means of the Hilbert space techniques: indeed he found a class of Hamiltonian
systems which remain deterministic even after quantization. The price to pay for this is
information loss.

We have recently studied examples of dissipative systems which realize 't Hooft’s scheme
and present also some novel features with respect to it: in particular, we have shown that
the zero point energy of the quantum harmonic oscillator may be seen to arise from the
geometric phase for an underlying two-dimensional system of coupled damped-amplified
oscillators. For this system, we determined explicitly the time-dependent wave functions
(generalized Laguerre polynomials), exhibiting a dissipative nature (breakdown of time-
reversal invariance). It ig the intrinsic non-local nature of geometric phases which takes
naturally care of potential objections based, for example, on Bell's inequalities. Related
algebraic issues were studied.

(2] FEMEEDIE

(1) FEMENBFIHMER (WH) A3 (21]

Tsallis DIEIMER LT > H O BB 5 & E > hoE—& BNk s /e
BETHREmERRALE, COHGZEHAL T, NEMAZHD 1 MTFROESINEZ R
TAHBEHOAMP L EBETL Y Y7 IWA Y PIRDWTIRN G, T hoE—BEK
N1 EDKENES, JEMBEOETFFREGDIE Y O von Neumann B E-FFHREMH IO
LRICENZHERESABIE2AVHILE, BT, T2 FOE—ERRD < RKEN
BT, BEFTHNOSHMERREECHT 208t a&GRNFGons 2 &hohol, TO4%
f£13, Bell DAREXNSH/BOEND B DL D BILAENTHMVWEY THS, ZOXHBETIR
BED# AR RIC D W TG L.

(2) FEMERBAMETNE (A#8) B[22, 23, 24, 25

R FIREICD 52 < OEMER OREFREE . Wb 5 - HAHE WD Zipf-
Mandelbrot Bl Z865E U 2R RIIC > T CE S 2 & e Tnwd, LhLiadRs, &
OEI RAMEEIRE LT 5 —RbINET Y o —i, #E—BWTIRAEWV., Tsallis
I bhBRE—, Renyi T hOE—, HigfbE Nk Taallis T hOE—L WD 3DD—
ibanfcr s bOE—N2, ¢BRAMMICE> TR#ETLINS. B[22 kKBNWT, Zh
53DDED DB Teallis T bR E—DBREEME (—RERT) 255, o2 DH8
ARETHDERWEH L, TNTX>T. Renyi L bR E—7 ENHKEHHZOIEIR
AU THWSNRNI ERREICRINZ, @3 [23] e80T, @ o® 2R
BEATELRVHHRIZONWTHEEL &,

i [24] TH. Heisenberg MAHEE MHBENEREL I <22 LD B AF AR
R LT, L o —R0RiEE R 2GR L, BN RHEEEZ S D8 L WK oOM
ZRWHL &, @325 TR, BFREBOHIEORETHS Wehrl HIEE 2, BFHIZEM
E® yon Neuman T LR L A,
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[3] BFFY MR BFAARRES VI ALARDEFIRIEE
(1) TN — FNREIBEEBEBERE  (B30) [26

AEEIZBlgE &, R BIVRT 2oy WT L BIERTEIRES OEE O 2T/, R4
W, 2RFTCHROEL)N I — FERIMERTEBICHICEEL, TOERTEROME 2
VY, RFERIEAD O —T & UTOREANR Y RVET 2 v )L ORI I vl 28 L T8
Too TORSYATERBNINIZT VEUTOLS 2, BN MR T ¥ v)bh &
HD. tight-binding BTN TH 5.

H{h) = ——Zexp (hry) |i) (j[—}—ZVh)(z (4)

{£.4)

AAEREIEIT, W TR U TR — PR ROMNE AW TRTEREZBN L LD &
T 5E, h ORI > THEIBROREPLND Yy T8RRI s &ick D,
T — DN EMT LN LD RABR T ENRBVEAFLS L EERLE, I
W (BEFIEIC b e) FRARDN ST I — MERERTIEE 2RET 223, T
TR TR, HEIRNF—DOFBEICIDAETRE] EVDRLDHEHRNED
FiREMIMTBERITA D TWVWS,

(2) BFRY bMRCBIZBREDRE U1 XHR (#0) [27]

BF Ry bROTMBIGEEE o(w) BROAZDE ZRHEMNT 5, —HBIT olw) B,
w > 1/7 T Drude &850, w S 1/ TRPHREDROBEVHN, o £ A DR
HTRE SRR FEOYRNENS, A < w S 1/7 OERIRICHITD o(w) DI EEA
L, J)REEBIMICK DT 5 2 &NTE, TNIEMIEBEE o(w = 0) IZd 51
EERMUETHS, > T, 2RARTHPREFFOMEFBEZEATD. —FH, w kKA
DFEIR T, ROMEIZ, 727 AT M5 OX%IEY Wigner-Dyson 4B & i » TR
THILENTEDEELLSNT NS, EWK. Gorkov-Eliashberg i TH WS N 1 EHE
LML O S EOMILEDRBZMD &, BIEEE DR Relo(w)] &, DOS tHES
Ry(s) = A p(E)v(E +w)). 78> T Dyson-Wigner O EM B RY P (s) (T D Z &8
REND (BT ORIZEAT D),

(U(E + w)n(B)) = 5 Fals = ) = 2z FD(5) )

2,2
Reau(w) & T (u(5 -+ )y (B)) = 0o RY(s), ©
T 4 5 T4 S 15 Relo(w)] & DOS HIB Ry(s) DTS REMEIAZ < BizB. Z0
T EMB, BOYA XD HANE < TIREIBIE & MEAL AN EEIRILITHE 5 < PP IR AN
ETNE, FOEMTIOER OWRRTEYR SRR S ((B)w(E + w)) RO REMIER
Reo(w) I SN B0 TIERNM LRRINTHRZ. B EOZ LT KU TH,
HBBIEIE (0 ~ A) T DWEERE o(w) IZ.E8 U7z &K 572 non-standard 7288 RTEAI LA
FYITHEETINED 2R L.

S5 2 ANTHIEG 2 e DIHEEESIIBW TOMTRSLE S b, B TRO
HERL % 20 0R T B A RIBEEER (BITFIEMIE & 7 < BT vy, EhRO{EEEL 2 009 2
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izl XD EREREE T 0, SEREERICK RENEEEEZ S - PBIIRNTS
B L DML . BRI FE D 72 unitary class KD WTORERZE S LT
SRIN AT

2) _ o) 1+ St - 25 )
FETZ’E%HL(LU) + [%ESR’(S) + 327?,"(3)] My(w) + -, (7)
ZITUTObOEERLE
R(s) =1+ %i Re[R(s)] = Ry'P(s), (8)
1 Ly
)= ; ('ﬁ - iw/D> ©)

T ORI SN, BINEEE o(w) 4 non-standard 7RI RMERIE & R Y P I RIS
LWz & Z2BKkT 5. DEYD. g = co DEIRTI S ¥ AT Mm LRI, wEIN
FEUMIIIT LS E2 100, g > 1 OB TH > THMEH O & E1TIRIMEILFE
LWl EzRmL TS,

(3) BFHFRAFD Wigner-Dyson HH: BF5 A F3 0 AOTHYFE
B¥OWTE (80)[23, 24, 25]

AINERBFRSARAPERZFHOEI VYRR (BTHFAR) DT R)VF U
B, T4 AMNEE CHWT I 2 ATARRNLE S NSWENE Wigner-Dyson 18
MIZHED. D conjecture ¥ Bohigas-Giannoni-Schmit 12 L5 HDTH D, UEZ S OR
FHTARCBOTEENICRA SN TEL, TP LRT Iy VEFOLNIZETR
R U T, #IC Z O conjecture DH I SRR & 2B T2FNTE B, Lhl,
WEMASNTNE TRFIMFHOUNGE] 1L, BT 1 FI 7 ALMiT R &R
TERNCD, WRNY 1 F I AR DRPEMYICEB o2 RT o v L EFDR
ZRIEDITRLVIEWRENSKE LI hE,

TR TG E & AR BNTE, WD DRATw TEBEEH. QP =T &EW
DR GEHE B OEITI L OB NIR=ETFIEARE > /T RBMNES NS, ORI
BOT, 0RFTCER (Q = FBITYF) 21T o =i R Wigner- Dyson HB 2 BT 55, %
DRFDOH LTS

FoplQ] = Z%Str [~iwt Ag] (10)

EWDIES, > T BSG conjecture (=¥ iFH7: Wigner-Dyson HIB O FE) £IE Y
ETBLDIN, LD Fppl@) O SEROR S 2 7R Y. L0 XS mBsh
5. ARY PVERR—HO (LZF UEiR) NIN F DT VIRIZDOWTOREEE X
BHFLY, FplQ) ZEMLT BRABNRITON TR, KV TH. ROBIMEE P
tilﬂﬂﬂ%ﬁf;ﬁi\:{t%ﬁbh FQD[Q] @@Hj’é’f'ﬁ:? T\:n

PR ERITREN 24K D exact 72 Green BISK GR,GA | & RT3 WK & L TER
ERET S, L

i5 = ifw,l_)(r) (“’Q_iAg “He I) W) dr 11)
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FIEU o = (bg, fr, by, F1)T, % = (0, £, —ba, f4)Te kinetic mode 24 HHIT H O R%E
ARSI, TS w A TAE ) A3 & Zeeman coupling LT3 RITEBT 5.
WBREEZD &, HRFBTEIMTE RS Z LN TER WD, highest state 71T
<ham) (m=—4,...,7) DT XRTOREME E5HENRHD, T DIREEMZ coherent
state ICK D HEEMATOD L, Fip[Q) KMET B LAbM5, 5T, Wigner-Dyson
FEBHERICATE S S 88D T— 872 7 00— OV BMED 5 DS TH 5 2 b i,

0 RTTIL B ZE LT 27212, D kinetic modes DR ZTEM L7 < TR B R
Wy, ZOPREBRT D L. FHBIEHI exact 72 Creen I X o TEBS Nz (%M
EELRE) BB REE O DERFRE LR DI ERTENTES, EnERTIY IS
A g 1 DBAITEMEROIEEI > 7 <R FIQ) A, FEHIGELIOR T, BLEN Y
TIRBPRMRICHONS. DED, fix 07 4T IEEOWRER. ROFA1FI0
AZMET 20D E R RBITENTES

(4) EFFY FRICBIIZBFHEEELIEHOIEVAHBECL BT (bt
R, #0)

BT Ry hRIZBWT, ETFHAEEASTHABEROYREEZRT KT, {£ETD
NTwy7o—FiE, BHETRHENSHIEL, ThoORRE2EBEEICE DD
RDFETHo7. LIvL, ROV A ZHNSWET Ry MTHL HEMLOBERME - HEA1 K
TFEOZRNFITEBEIZZ D, BETOFEEEE O 7 )b I AHTEORRICH E 57 ik
Do R, ZORIBROY A XONS MG TIE, BFRHHEERZERLZELT
B, WO RFEYREZFR LIS S LTHAMRICE D, BSEENREBRTES &M
HENTWSD, B Murthy-Mathur I X MER NS > 5 LTRAIMNSHFEL T
LR D ABPERWTETFMBEERZRDADH UNFEMEREN, TV
PRI EE RV E DL T TAELE (Pomeranchuk ANEEM) Ic/ixd Z & &R L. 7=
ZL. 5 DANRESLHEDBWICEEEMAL® D, FFIC ik BIBELR O 22 B o B
I & 78D Z T o ATHIHERIZBWTHHAI N TWS, ERBIBPAE ilEif
EHAEMOFEMIE OB TRES F MTARFGROMTE L RS, P LOREEZES,
BF PRy PROETHMHEEROREZWALMITE I E2AMEL, TIREZHBL .
BRIERREAO AR TH YV, Murthy-Mathur 12 & 2 {KE &R OMFTET > T
HEMTH S,

(4] B% - MAREFR EETFHEHE

(1) ®BE - HEEEFR
1. SEREMEORRE (i) #iE [20]). 83X [28)]

HEBEFRICBWT, 7— O EEHEAICKDEBHMBEIES & ORICE Z 205~ 7m.
&R 2R T % < OF THINEOFHERS 0, i 0BT PGEMREOS S AE
WrEPND, RV, BEEOHBICB ) 2 MEREKEERE T > MEEORRICH:
BUEE L. BEHHED HANN— RIEEZ 1 RIEOBSICEMEE (DMRGE) &
BB EA VRN, TORBE, EHROR CERBMBIENRIE VLSS AYERT
BIDEAFEZR UL e, EPHREN 1 U L0 2 BB ERCEE, kit
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& 6T REMREIENHENLBEZRHL NPT LI,

9. SHLMEEARORYE (k) HHE (31, 34, 36, 37, 38, 39, 41, 42, 43, 44],
B [31, 33, 34]

E i 3He T, 2XRTWA FF—REOBTFEECHBR LA TS, ST LOKT
ORI LD E U B EEA Y S EERDREN Z EREEHLOMNE2 /. ZHED
BB ETHUEEERMNBI SR Z TRE2HSNCT 5%, AR T LO 4 4335
FEER B DL KRB 2R, 4 RS ME/ERDPRNEHC A A 5 —BRh-1 5
HEMNERINATEE2FTEL. BHE He MEOEFERABRICHNY TS EEDNTNSH
TR Ak & 2 EOATHARARERENPMS AL TWAERZRLE, EHIICORICHE R
MiT B E AL IR OTIL 1/2 DB TS h—RRNFETFE L. 2, 4 AL
HEERESDAL VBTRENN L, ORITEELYE S O3S0 & Bk E =T
W3, ®ald, CORICAEENA T VT2 OIHERH D, 4KHEERZRKELT
HENAS) T HUEPMSBEEEZ R £ A58 h1 51U F 4 BFHED
HERZ, MEREEERE-SEE (DMRG ) KX bRUE,

(2) BFHEEB
1. BFACVROMETS h— Bk (R (28]

T, AL A ORMEIIRRIC R (7S b—) MERTROM> TS, 2 KTLH
IZBTBWALT S b—OHBIE, ChETHEFINTWRR 2, R4, Bialn 2 K50
ML T S P — RT3 Z L& TEL, Ko LI ITHBEo8mE S X /- « i
ERTHRINWMENRTFE UTHEED, 50N TREEICBWTHTMD
FRAMREERICE D SDW ORERKT 25D, Mott #iFHAER 2RI T, ZOX DIl
B THIERISNIBTFHERARIL TS L LTRSS 3, BN, =/
HF EOZARTTHIE (2 KTTEHK *He) . Shastry-Sutherland #F [SrCuy(BOs)a]s 1/5-
depleted IEZFHET (CaV,Oy) ZRIFHIS & MREES R 2RO, B TS b—D B
Bz TFE L. WINDTT b— bk - BADIER TH D I L2 T Lk, 209 b,
Shastry-Sutherland TR DWTREANRFE L 1/3-7F b—id. 9T ScCuy(BOs);
TR 5 DERICE D EEREID BN,

2. 2RJAALSATOBTRURES (YH) (3 [27, 30, 33, 35]. 84X [29, 30, 32

FEEHIZBWT KA VB (V) b)) SEBNRKENS Z &R 5 W TWE A, i
EOHRBEEEICBIDTERR L 51 TOBMICHNA N 51 THE (2 Kk5T U b
BT OBRTHRCERISEAN TS, 2RTEAEAHICADEND L kS5 THEE,
BOMORMED R AL VEICPT B RTRS T LBENODREENR, EAH—RESH
DEFHRIEBORDMNEHE SN L, 2 I THER. R RS0 TRIESA Z VI
CERTES FCKVEMSENETIAL. 5L WETHKIRE (R b 51 THE) &k
DRER LI, TORBRPHETHEATENS N TSR b1 FHRERC ST B & &
B, ZORTHEMERE 3 KT XY BEORS & SMTh 5, W, 3 ktOmid
LREFTHO. AN T4 71 2041 RIE TR 2 KIS & 5D TOWTH D, o
DIFICLD, 5774 b LORFFEFORERICBIT BV U | 2 Hik 48 & B AL D
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HRE®LZ, ZOHREBEBHEREZAEELTED, 9%2 b5+ FEAENBENE N
HIEMYFEIND.

3. BFREDEMLIEIIZEFROEOVE (M) [ [32, 40]. FAX [35]

% OFRFOBEIBNT, BENNEWIE SIEBRENAE < RaBANERICB
TRUSNTND, ZOBRRERFUT DD BFEFHNVDELEIB Y Ial—¥ g
ZERITEY, B - BEBRBICBIT AR TS FONRERA, FOEE, BTFFROE
MEREZOREILI D I & EENDE,

[5] K—X - TFA>2adA 2 EHEBEC) DERMAR

(1) Sy 7ENET7ZNERFHRICHIFTZBCS—BECZOAA—
IN—DFRE (Ki8) #3T[36, 37, 38, 39], il [45, 46, 47, 48, 49, 50, 51, 52]

BEE, B FmHEORERBEO—DIR>TWS 7 2 )V I FETFHZADBKEEIZD
NWT, TOWMELTH- & B/ SN TIN5 Feshbach JLIBHME 225 U, = O
Tld. Feshbach B THA U TFIRIEDRY > (CRERIZIREIREE) ok vt /-5l
DHEERICLD, BWBRIGEBHEESINSF SN2, ZOX S LmkEemiiios L
T OIS BCS MM TIIARETH D, 22T, MHSHN TEEL 5 H &
DENRZEMHK L, TFIZ Feshbach M T 2 RTNO T LIERY L &2EE L - M52 1.,
AR OEENR BCS 2 bONSE, IGHIREL L TER SN2 —/S—%t, Feshbach 3%
KA DO BEC &, HIBOMEZTITS 2 &0 X 0EHERICHTTS 2 &E2HE S M
Ll £/, Z@BCS —BEC 2 0 ARA—/)S— %NS 5FB & LT density profile ©H
RN EHTHE L ERLE.

(2) 0 -E—FE&ABEESERE F) 832 (45, 46]. RES [4]. #3 [54]

M7 NVHVIETFEEDOR—Z + 74 a4 R, FOEH O RS 100ms
DA —F— DR TR T2 OELABAI NS Z &5, PATEIERRGEOREBR & L
TEERRATHD, WETELTHIHFEHOb &, TR FIREBINFNIC L Ting
MO, FEBRTFRIS,. Ev 7N EHOFHELORBEARENS, BFFNA A%
F ORI AR 5 3 AT B Sz IR 2 BRE AR S5 9 5 I LA O M O FERE %
GLTWBETIHUNTES., ZOFROMTEBL T, FREE - FRBEOCEOHERD
M B IERMGIIREEE L TWaA, SEREIL. 2B REIC X BBF/INT A—F &R
DRIZK U TVARE RS IMEEME IS HRERPERETESNEWI R E, FOWYH
EEIB e RN

WS [A6] BN T, FRRBCORFNTA—F 2 EUHEORIEMO SR EZHS
T L, ARG X5 R E R b5 A 00, MRt 2 e T 5489
WCHETELZEEWHEMI L, BEBRHEESITE, JBDAFENTFFINT A—
K EENEE LT, MASRYHREENE T AEREBROENT 2 7T 0y 2R T
x5,

Fie, W [45) T TOX DU THE S N UKL T 5 7 PR ZRIC Il § L AR P 12 134
HELEEDO - B— EWEEL, bIvTRF v IVOELED®D, MY AT R &
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B, RO HAREEN S, ZOFE CE— RIHET SR T HENERIWNIE
L, FNOMESHICENT S, BRUAEEL EORBREHRIIHISTEI LR
FLT, TOTE— KOBASUEERSR TR TR G 3 KT TR ~ kpTN; 5,
1 RITGT ~ kBTN;”" LT E, MR TYD - E— RRRARREIER T Lid
WAz EERLE. ZOTN, W B THRERL, ThARENELEKEBRHTES
ZEInNgino i, ﬂe‘ﬁkﬁ?wﬁ . BTSRRI RS T ARSI, B
HEWHETH S,

(3) BEC DIFEIRE (#4) 3 (47, 49]. @R [56, 57, 58]

W TINHYETFHAOR—Z 74 >iad1 BT, ZMMc 2% 8
LABTBL e, Py IR 7y VOFENRKKRTHED, CORRTTE, BRF
SEOTRINF—RARY MVEREREA RS MVRRFD LI/, AT, SEEE A
OB T, HHE - BRI E B & DM b IR E TRRRME L THET S, B¢
LEREOBAMNES, ~VATRIVYOBHRITRNF—2ILBELTED L OHRRENETN
oo BEFF/NT A—& QMK T SEHARE T BB LR IIF—0 7 0T HRARE T, 8
FHIN, —RIET, < THD, WIHRHITYUNS v THRT v b, FROHEER YV
OHBRT, 1) V=0T T,=0. 2) voRmEEb T AT ED<, 3) &
FHENOWMEE DI T, ETITETL, 4) T, & 17 OBWMIERTIEEKEN, §5)
SWRFETOBESATIIHHD - BHIRETIELAEEDL SRV EORR TR/, Hill
TRNHE—OF O A —RHER E2E3, AEOEMAH S Z EE el E0
SARBBITT, & T DEVWPRN T 2NERSMTTEONGROWETH S,

[6] HGEDOMEHRVIAR
(1) SHFWEBEEEICEI5 FFLOHORERDOHR (K18 @ [40]

rSwTENE TN IFEFARATORKBIIOL D7, HHNRRICBITDFFLOIC
DWTHISE Lz, BIREOBA TS, H50WEFEFHRARTEEAT S up-spin &
down-spin DFTEAGESTWHEE. HELE T TREFT A—F REMTIREY
% FFLO WRIEA BCS RIEIZIE R ETH B Z WU ENTWAHN, HFHNRR T, 22
MNAREEORS FICX o TFFLO BEEILGFHETERWI L E2HEMI L, TOH
Hir, bSwTENET7 o VIFEFHAZBWTERFLO ZED IR, A2ERF vy
R KO RFHEEZBALBUNIT SN EE2RLTVS,

(2) BAYSRBEEICE!ITSRMMMROME (KB #wX [41, 42]

SR LA B R A T, TR L A S R 21 5 2 EA
HNTND, T T, HMBEMAE ES E0HMN R TOREBERET TORMY R
% Zn. Liv 72 EQIEBEARMYII O WTEERMNI, £ NICODWTEERS N —T &
B TR ERGL 72, FITIEBIERNHY OB I DWW T, BELA unitarity limit %
E<, DOBELRT > Vv ANERIC S 5 REEN-> TV £ THUE T — B
EHRPBEERETH > THEEI AN THER, ERER2HATESZ &:F?I:]_nmail‘JL
mRUE. ZOHEMORMIET, MERSHONTVEESR TREETOREAY Y OF
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Rl ZHEELAEWN, ENIHIATHS.

(3) MgB, ICHT75 2/N REBZEDIR (K8 R3¢ [43]

HEEE MeB, T, WEAEE dicty limit KIEWEBZ SN TWAIZ bbb 5
T STMEOERRTR 2 DOOLFNVF—F v TOFEEPHABRICAMINTR D, g,
HWALOPRTINEDOF vy THRR. FEHLEINE 1 DOF vy FITR>TLEDIAW
DONETH B, ZOMBIZRL, ZOBEOBETH S 28 FIZ 2 D0BEER/S
TA—FBRFTBETINVEEL, THBBIICEDBPE T A -5 ORBRIB LWL
7o BER, RO TIRAEROFHRE 0, WEHAR THRFNT A—FRK I
DM, BELAR< 2D RV R 2BAEROBEEZEET D) &, MICEAEIED
HEVIRBREEIZ2DOOF vy IHPEIBL TS DT LW MUK,

(4) BRFRT—IVOBEE HEZRERICETS r-phase DR (Ki)
X [44]) BRI [1]

RuSr,RECu,0s (RE:Y,Gd) HE#MEZE LD RuOy B &EREEE D Cul, BARAEK
BE. MESREYREETIRELTHOSNTWS, CORTORu H1 b (#MERE)
OHRSBINRBOREZICDOWTIR 2 DORE L ERERVMREINTED, HEZDE
DIEFIZ DT O ETH D, T e, BEEE, S ORBEEIHEDRIZES,
CTBMBEASNTER, 41, ZOMELIEHNICUREE. MEORPELWI & &R
U7e, WP iR g I /e B & iR I LB EEO U A U ISR T
AN THLUEW, Ruth FOBEGEMBE MM LA F vy FICEiEIND I &%
WHEWTEFVCESWTHEMI Ui, (Wi §iiy JEERINETIK & O3k FIWHT)

(5) A(BETS) Fe,Ga;_,Cly ICH} HHEBEE—EBREDMR. (kiR #
i’ [53]

A HEE IR \-(BETS) FeCly iKIR T RMME MMt s & 7n B A%, T Fe & JEMME
D GaloBRL TV SBIREHNNRTS, BIRES 0 ¥BEOE ZATHBEE T
TV ERTREENHE, TORMEARTIEER T2, COMBIIL, FicBE#icX
ZARIOMIEZE E L, A-(BETS),FeCl, O RIS EHE L. MO, Fe DREAY >
e RKKY MEAEBAEE S ELEEF NV ERWTHRERE L, CNETOET
2, REAY VN GaB TS oA LTHRIT T FIC K BHEAFFOWHM,. K, 52>
A NISRIEA Y T & B 5B S AL R U 7 B RS oW I O LT R D), B, EifE
5 0 %iEHE TORRE— @A EIIOMT TR 2D TNWD, Bt FELA—K&
DL

(6) BEY a7V ESEEOBHIFHE (#44) WX (48], R (55, 59]
BiySr,CaCus0y 72 & D EHRREE KL, TORFEOMWEEFMEN S, BHzEEE
HBEENREBL TRRC TERZEYaty Y Y ERE L TEOHEBINEE Mg TE
B TENSMNoTER. FEETE, FCBREFOHEBEYDRICE >THREL ENIBIR
WAAEOBEMEENT, 1 - VEHEOAEREOHLN G NHEFTELI I EEZMNT
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FEN, BEERBBORBANBTET

BB a7V RTO, (HE, 85 BB BREER,. PattryV  ERRLZ
WMOANEBREEZEZS2ECED, BEEEERY, BEEFOWEY)R OHTEE
Wi X 2 EHSBENETHRNINS, 2Oz, FrRIVEROBREEFEEHEDRICED
PEROEMMEERE LTEBINTVEY, S INEZERLE, WEMRKLSE
MAREE R O RREMS I, BRFEDRICE 2 EMMAEER R ZE ORI
SEALTHETHIENS, TNFAN] - VEERVARICHE S N BRKICA
RAREREE5XBHILEHSMILE. BT S &, HEDRIEMOBRIRT ZFHE T
HOIZERHEL. BREABIREZE R ERB2HIETS. ZOZDOMENEGIE
KOy 7NV UBEATAHEI LIRS, BRELT, [ -VEEERERRCZRDD
17N E WIRDDAHEAE U 52 A2 &2 5 2 &, BBIRIIC a7y 2 AROER
EWSEHAMSE., TOEHEZILLEMOIE—L Y AELTHEICHL T & END
nole,
WEHREBHEFEYDRICLY, Yatyy yRREOETCEN &S U2 BRRE
B (PatIivrT5AR) BREREDLI T LUWREZEIZHTMNL, SROMEK B
LHEETDH D,

[7] F#EHEEBF Ry MEFHIEDSAIYMEORT @a)
X [57]

L OFEEOMAIMNTHR DO FBICHEY, PEER TR, REERT Ry b
VEEICREITES LD TER, FWFRTRET Ry FE—DOHERMAL (AT
F) EBRAT, BEF Ry MRAIZMHT A EIc k> THU W ERE 23S T, FO0iE
. InGaAs PTG 23 50nm D InAs D7 S 4w MMillER Ry P — 2 &2ERT A Z &2
KU, BEEPRETEL L2 FENRERC L THONS BTG E2HER T
SYMETNEERTHI LI > TRLE, ZOROBESIEBREEIL OMK THh D,
BEDERER 2 S > TTNE, MR TH 5. Fx, FEERTFRY NIRRT
BET Ry PAEBICEEINTENZWOT, BF 74/ CHEERIFED TN &5
AbhB. Tiabb, ZORTHEENEHINNE, ET AN 2 AORGEIE 7
LI TOFER &5, BETE, R PEHWICHRFTLEET By MEEORE 4
B U TEBIRBHBDENTVS,

:mg
E:|

(8] FEAJ/BETOHMKE

(1) FERKT;/BEOBENEEOE—FEHEICLSFE (AE. BE)
HH [67, 69]

T/ B OREMH IO W TR — R B TEE L. Gads BETENOLD T
D—RF 274 27 OF ) HROWMER IR 2 BRI T < S—F e ko
THRLIC. TOWR, F /) WKORECTIFICT Y BECTSEO BAENMT S &,
GaAs DRMEEILEE O (2x4)b2 #EED 5 (2x4)bl MER BT B 2 EME B A E 7T o
Jzo T OHGEZAEI. (2x4)bl M & (2x4)b2 HEETRI RO HIICHIS T 2R Y RO
KAERH 2D ZENRRTH2EEASNB, 35612, ZORTHELTLICERLT, i
MEBORERNLZ DY > TREEND T EBHEMN L,
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(2) SIRALDSVITYVIRYRF/ 2y b —o it (@E, BE, 7
W), i3 [62]

Si(111)2x1 R TR R MBEIEN S RESF OHBEARB INT WA, ULhLAais, &
T FHIED SR DK ERBFROLANE—FIB 252 3751, ZHBRNICIE B
> RHEE EIREN M R RMENER I hTWw 3,

I, FWT LA O TORMKIRKRETORENTEEE > TEXTHED, F/. 7 h
IVILRNTRY LTI TR BRy "I — I MEENAEER>TWD, Z0LD
1Ry FIRAT=NDT LTI TR By D — 2 TE, 0 7k 2R T 4R 1k %
TFREMIHTET7LFIENF 4 —DEIN S, BIFREBTFRICL DEMOSSHHE
FND, TIT, BATAHEREE SI(111) KT OKBREFF LIV TRET B itk
THERINDT /2T —)Fy hI—=2 12k WLT, BEARKEGSAbEWTEOET
R, RSB FFRIEIEOTAEM 2 BR L. TORE. 3ABORNT 7Y Y
TR RAZy M TR, BFENCE D T3V F—HELD S, BTROAL V49HIC
SRAELFNF—FIFNAESRY, DA SV MNETRETDOR Y AMRIREED S
LYY SN, TTabh, ZEOBETFAY S OMENRY 7Y LBy Rasy
PERZEUDTZECRS, OTER, ¥ 7R Ry Rt )O3 R—3Z
DHMBELTRADATY Iy &R0, S1E0OF N AMHME I3 L T8z 58 % P8
SHMEEXLNDZ. B, ZOF T UCTRY Ry OB ERND 2 KT
mﬁyﬁuyﬁﬁ>ﬁ$vbv~9Tm,%@*vb?~bﬁAB%%?%ﬂmmmm%)
THEEET7 VBT PEEIN, IRy N7 — 2 P ORI FEROBICENH 21
B COECHIETEAY BB HENRHSMTI o7,

(9] >+/Fa—-7. E=Rvy ROFHMHE

(1) ZEBNT/Fa—T70OREHEEERASEFHEE (M@, ML, 55 (K
T X)), # [60, 61]

H=R 2> ) Fa—TOERELES LT, MEDTF o —TIREE B DOBRON Ry
NY—=I M5B BN Fa—TORRMEINTNS, BNF/Fa—T7RE0ETF
ISR IR TH B EZOIRT, h—RoF /) Fao—TOBTHEELRE BB
EAH SN TN, '

ZZTH, BENREER RIS 2 )X —FIE s, EBBN > /Fa—-T0L
TNVF—i L BEFREOMIAZET D, SEFHBEICHAVWEFa—TIE2[OBN F/Fa—7
T, (0,0)Q(15,0) (n =5,6,7,8,9), (n,0)@(20,0) (n =10, 11,12, 13) TH 5, TOHHE. &
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(2) E—Ry FOBFRELRERE (k& BE. ) BR[75, 76], RX
(66]

BRI ) F a—TRETRH Qb TR NI o THREER, eENERTs, &
DT L. B—HEOBETTF ) A=) O&REFEEMERITETH S EERLT
B4 DT ) A — TN ANOERBIEI N TWS, h—R T/ Fa—-T0
iz 7 S 2 RREALEY—Ry RIS 5IZ, “rRedT ) Fa—T L BiCdH
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b7, Fa—TRELLIDBIEIREIVAOBTRERGMET S ZENTHETHD. NET
5795 —L 2 EELZATEIETHNY REYyy THRRBETES L ERH UL,

[10] SiO,HICHIT 2 BEFOILEEE (xa. am. ml) #R(71
72, 73, 74], X [64, 65], L EF [5]

B O TIES, B R ORMIE BB EIMIC S TR O IEFICEER M
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[11) YT b NS APEAOER

(1) Ziegler-Natta AR RISDE—FEEHEIC L 5EEE (Boero) WX (67,
68, 70, 72]

The effect of the destabilization of catalytic sites in the Ziegler-Natta catalysis was
studied via Car-Parrinello dynamics. The relationship linking the surface morphology, the
Ti(IV)/Ti(III) active site geometry and the polymerization reaction have been understood
providing a clear picture of the industrial process. The possible use of V as an alternative
catalyst has been studied for the first time, providing useful insight in both analogies and
differences with respect to the conventional Ti-based catalytic systems. In particular, it
has been shown that V can exist only in a non-isotactic V(III) oxidation state, a fact that
makes this transition metal able to form syndiotactic polymers, but not isotactic ones.
Furthermore, the study of photo-catalysts able to give rise to hydrolysis in the visible
light wavelength range could be started,

(2) B—FEHEICLD RNA BRRIGCOMBE (Boero) #3 [69, 73]

The reaction path leading to the cleavage of RNA has been studied for the first time at |
a full first principles molecular dynamics level. The mechanisms responsible for different
reaction paths leading either to a true transesterification or to an undesired RNA-chain
transfer have been understood. Furthermore, the crucial role of both metal ions, act-
ing as catalysts, and the solvent, forming hydrogen bonds have been unraveled giving a
comprehensive picture of the process as it occurs in vitro and in vivo.

(3) HFH—FEHEICLDBERKDOELR (Mauro Boero) 33 [71]

The solvation properties of water at normal and supercritical conditions were theoret-
ically studied by looking at the phenomena occurring when an electron is added to the
solvent. The good agreement of the computed optical conductivity with the experimental
data, have provided a strong support to the microscopic picture offered by the simulation.
The solvation shell formation is strongly enhanced in supercritical water because of pre-
existing cavities due to the non-continuous hydrogen bond network, despite the fact that
the lifetime is reduced as a consequence of the high temperature { 700 K), thus making
water at superceritical condition a very unique solvent.
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