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Die Tagung fand unter der Leitung von L. Accardi (Roma) und W'. vonWaIdenfels (Heidelberg)
statt. Im Mittelpunkt des Interesses standen Aspekte der Quantenstochastik unä der Quantenfeld­
theorie, unter besonclererBetonung von FragesteU.ungen. die auf Gemeinsamkeite~abzielen.

Abstracts

L. Accardi:e The Stochastic Limit of Quantum Field Theory

In the last 15 years new mathematical techniques, born in the Held of fluantum probability, have begun
LO be applied ta physical models. The idea that a more refined analysis of the basic principles of quan­
tum theory shauld lead to a stachastic generaJizatian of the Schrödin~erp.quation. was substantiatcd in
a mathematical theory of quantum noise (1986). In this theory the sLochasticity is not jet by hands. as
in l he classical Lan~evin equation but. usin~ same specific propertip.s of quantum systp.ms, it, is dt"ducp.d
from the system itself. In this sense one might say lhat 'quantum systems ölte ~heir ()wn noises',

In this theory one shows how quantum stochastic differential r:quatiuns ;uise naturnHy in pltysics.
But ~iw~n öl specific quantUrTl system. how to dctermine the stocha.stic I:quation whlch descrihp.s il'!
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Thc~ S(~t, 'lf t.c~dll1iqlll~sdf:vt>loped tu i\nsw(~r this question is now (~alleet '"lw stoCh:L'itic limiL of qllant.llJll

fidel t.!lc:ory·. TI... ha.."ilc: idea. is Lo p~rforrn a dctailed i\lla.ly~is of thc lon~ tim~ t:tlmrnllli\tivl~hl:haviour
of tlw dfcf:t.s 01' du:~int.(~raction. Thc Ulain rcsults. obtained ·in the l;\St yp.ars. are rcvicwed.

TIH~ f:olkrtivf' quant.um fit~l<ls conv~rgc to (Juanturn nrownian motions (rmri). This phcnomcnon
has SOITlC~ 'ulllvf'rsal fc'al.urcs· (such asindependenee of .. he mit.ial st.aLp.). 'lnd hoth Schrötlingt:r and
IkisenhcrJ; t~Vollition (OnVf~r~c t.O stochastic differential equations (l9XX). The IInivr.rsaJityincludes
non-linea.r intcraetions (1989). Also quantum Poisson processes crnerJ.;e ttS stochastic limit, of quan­
tum lfamilt~nian systems ,( 1990- J991). The quantum noise e01crging {rom quantum dektrodynamics
without dipole approxima.tion ~eneraiizesthe so called 'free noise', .(~merging from Voieulcscus 'free pro­
bability thcory', ilnd is neither ßrownian nor Poisson (1991). The corresponding' quantum stochastic
p-quations rt~ql1ire a 'quantum stochastic calculus on lIilbert moduli' developed hy Y. (;. Lu (1992).
Thc stocha...;t.ic limit elf quantum Held theory can be considered a..'i anew semi-classical approximation .

. leading not to the lIsual smooth trajectories. but to the irregular trajcctories of Brownian motion
(199:J). Thc stochastic limit of quantum chromodynamies can be achie ....ed. even if with cUL-off cut i~.
a fixed J;auge (1994). . _

The program for .. he next steps is: removal of ·cut~offs. gauge invariant stochastic limit of QCD.
introduction of space lnot only time) sealiog, relativistic stochastic limit.

R. Alicki:

Quantum Dynamical Entropy 11

The new definition- of the quantum dynamical entropy based 00 the nation of operational partition of
unity is applied to the quasi-free fermionic system at the invariant quasi-free state. .

.~. D'Antoni:-

Aspects of AQF

Aigebraie QfT provides a suitable framework to discuss structural properties of QFT in a model
independent way. Two aspectsare dise.ussed in detail. The nucleaiity property deseribing the 1essential'
finite dimensionality of the phase 0 spaee of loeal algebra. And the modular structure exploiting on
the contrarYI the (cven locally) essential infinite dimensionality of quantum fields. Interplay between
the two aspects is studied with emphasis on implementation of loeal and spaee-time symmetries and

geometrie interpretation of modular automorphism_s. - _ - •

I. Aref'eva:

Anisotropic Asymptotics in QFT

I havr. Jiscussp.d anisotropie :lsymptoties iOn quanltun fidd t.hp.ory. This prohlem is related with hi~h­

l'ner~r heha\'iour of scatterinil; :unplituues wlth SUtilJl tralJsfcrrt~dmomcntulTJ and with stochasLir. phast>

in QFT.

'f

( ...
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v. Belavkin:

WP. ~ivp. an t~xplicil sturhastic lIamiltonian model of discontinuous unitary t~voluliun for a systc~m of
quantum pa.rticlt~s int('rar.tin~ with 'hubtlf'ls' wh ich admit a rontinual r.ountmi!; llhsp.fvation. Il allows
ta watch and follow wiLh an unsharp position of i1 system like Rn doue! d)ambc~r hy ;\ sequc~ntiill

filt~ring of tht! spontancous scalleririgs of the bubbles under t.he observation. This model leads Lu

the continuous rCthlctiol1 and spontaneous localization theory as a result of tht! quantum filtering, i.c.
the conditioning or dw a. priori tluantum state by the measurement data.. \V~ show thaL in the rase
uf the indistinguishablt' particles the Boltzmann type reduction equation rises. lt coincides with the
non·stochastic Schrötlinger equation only in a mean field approximation whilc the diffusivp. type is
appearing as ihe central limit of this equation.

G. Efimov:

The talk is devoted to the oscillator representation (OR)method and its application to research into
the ground states of various quantum field theory and quantum mechanics models. The OR method
is based on the conception of the representation of the total Hamiltonian in the corred form. i.e.

where the free Hamiltonian contains quadratic operators in the normal form and the interaction Ha­
miltonian should be written in the normal form and : H(cp): = O(lp3) for 'P - O. All possible phases
of t~e system can be obtained by the canonical transformation under the requirement that the total
Hamiltionian has the correct form in each representation.

The method provides to investigate in QFT such non-perturbative phenomena as the ·strong coupling
regime. the phase structure and phase transitions at arbitrary coupling constant~ and temperature.

OR is a kind of generalization of the variational technique , but in contrast to variational methods,
it is applicable to QFT models with ultraviolet divergences in tbe highest perturbation orders and
to theories with non-hermitian and complex actions (stochastic and dissipative .processes). OR is
characterized by a high accuracy of the lowest approximation and gives a regular pres~ription for
calculations of the highest order corrections to the lowest approximation. .

M. Fannes:

Quantum Dynamical Entropy I

In colaboration with R. Alicki. a new elementary construction of adynamical r.ntropy for quantum
dynamicaJ systems is proposed. This definition is shown to extend the Kolmo~orov-Sinal invariant.
Furthermore. the entropy of the shirt on a quantum spin chain with arbilrary invariant reference state
is r.omputed.
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G. w. Ford:

Weak Locali:lations in the Spin-Boson problem

Consid(~r il :,il1.~I(· I.w~lc~vd (spin) syst.em coupled to a bason field, with lIamiltonian

11 = l/ 11 + "s. !/s ~ ihwo( I + O'z), 11 B = L nWj(Clj + CjO',: )t(aj + CjO'z)

j

with the Pauli rnatrices tT% I O'y 1(1, and the bosan operators aj. On special interest i~ the sin~ular case
where for öl :'\rnoof.h l~st function F(w) .

Here () is ."\ dimensionless c:oupling constant and W e is a cut-off frequency. a·
Suppose now t.he system is i~litially in astate consisting of the vacuum state 4to and an eigenst_

of": \Vith ei~envalue 1. The corresponding density matrix is'po =~o~b~. The system is therefore
in a superposition of f~i~enstates of Hs. The time evolution pet) 'is a solution of the von Neumenn
equation

L ICj rzF(wj)
J

;h~ [8]• Bt =,P

l
c.J _..lLo ~ ·e

- dw-·-F(w).
2 0 . ~

I p(O) = Po,

r

The approach to cquilibr:um is described by the after-effect function

P,(t) = tr (p(i) 1 ~ (1") == e- S(')

The expansion B(t) = B(l)(t) + 6(2)(t) + ... in powers of Wo has been calculated by master equation
methods (Ford~ O'Conncll, Lewis, Raggio). B(n) vanishes for n add. The second order term has been
lang aga obtained hy path integral methods (Leggett, et al.).

wa 1 -""Re(l + iwct)-2(o-1)

'wl 2(Q - 1)(2Q~- 1)

Here 'we see the phenomenon of weak localization: for Q > 1 Pz(t) remains finite for lang times. In the

critical case 0 =1 O(2)(t) = ~ lo~(1 +w~t2). We find for the fourth order term

8(4)(t) ..... (J(2)(t)2 + less divergent te-rms.

This leads to the suspition that the expansion in powers of Wo is not uniform.

R. L. Hudson:

On the DVISK Formula

The Dyson- Veretennikov-lsobe-Sato- Krylov formula

U, f: i= 1 P,,~, P"-,, ~, - -Vj. p,-,. dl\j, (Id- - -dKIo (In)
"=0 ) I •. ... j .. ;:: l 0< r I < . < r .. < r .

ror lhe :-iohllion of the stochastic differential f~quation
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whr:rc~ Pr = I"IU • ('lIahh's tlS 1.0 ,'stIrnal.: I,t... paniai 1-ran' o\','r lhe' initial spar..~ of I.tw prcH',·SS ,: IlslII~

I.he 1I00U:ollll1luLativl' uanal \'prSIOfl of lIillcll'rlin illf'qualil.Y w,· lind that

whcre :\1 = rnax 11\ :.11. Frorn lhis it follows from standard cstimates of QSC thaI. t.ht' partial Lraf('
J =1..• rn

over thr. initial spare r.r 11
0

I; (!XisLs. For i\ cerlain c:tt.se I.his trace can he comput~d t:xplic:itly.

P .. E. T. Jorgensen:

Positiv~'Representations of Wiek Algebras
(Joint work with R. F. \Verner and L. Schmitt).

_ Let H be a Hilbert space and Hr" its conjugate .Hilbert space. [n the theory of quantum groups. in
. quantum probability. and in non-commutative differential geometry relations of the form

arise where f : H 0 Hf - Ht 'Öl H is some linear .operator. Positive representations of these r~l~tions

are discussed. :\s examples the jl-CAR. Jl-CCR. and SUIJ(2) are investigated.

J. Kupseh:

Fermionic White Noise and the Eucledean Quantum Field Theory for: Fer~
mions .

Euclidean quantum fiefd theory is a theory of linear functionals on test function algebras. In the
bosonicffermionic case this algebra is a symmetricfantisymmetric tensor algebra, and the evaluation
of euclidean Green's functions (Schwinger functions) corresponds to the calculation of linear functionals
on this algebra. For the usual bosoni~ theories this problem is equivalent to the construction of randorn
fields and the Schwinger functions are expectations of these fields.

The main part of the lecture gives a constructiori of euclidean random fields also for fermions.
In a first step complex white noise is supplemented by an antisymmetric tensor product (Grassmann
product). That is possible either with a polynomial chaos expansion or with the homogeneous chaos.
The resulting fermionic whitenoise is the building block for more comphcated fields. Candidates
for euc1idean Dirac fields are given as example. The construction is essentially unique ie the Markov
property is de~anded.-H. Leschke:

Classical and Quantum Dyna~ics by White Noise .Hamiltoriians
(Joint work with W: Fischer and P. Müller)

:\ dass of random systems whose Hamiltonian can oe written as a sum of a deterministic part and a
random part is discussed. \Vhile the deterministic part is time independent .1.nd quadratic. the random
part is time dependent and (its. \Veyl- Wigner symbol) is suppo.."ted to be a homo~eneous Gaussian ran­
dom fteld which ia delta correlated in time and arbitrary but smooth in position and momentum. I::xact
l~xpressions for the time ~volulion of both (mixed) slales and observables avp.ra~ed aver randomness
are obtained. Furthermore. the difference belween Lhe quantum and thc dasslcal case is clearly ~xhi­

hilcd. :\s a speCIal ca.se it is shown that. if the determinisiac part rorre~ponds to a particle subject La
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a <:on:stanL lIla~rtc:Li~" lidd. t.he ilVf~ra~ed ~patial·vf\rianec of any initial staLc~ :-;hows a difrusivf' hdmviollr
in t.hat it: ~rowl'l lirwarly ill time.

M. Lindsay:

Y. G. Lu:

Hilbert Module and Free Stochastic Calculus

Hilhert module and free type quantum noise appear from the Maekovian IimitofQED.The (onsteuet_
of Hilbert module depenus on the original physieal model. Ir the system Hamiltonian has diser.
speetral set. module is replaeed by a direct surn of Hilbert spaces. If the system Hamiltonian is,
up to a eonstanl. p'2. then we need a Hilbert module on the von Neumann Algebra generated by
the momentum operator. If t.he system HamHtonian has, up to a eonstant, the form p2 + V (where
V E LI n L2), then in order LQ describe the limit noise, we need a Hilbert module on a --algebra
generated by polynomials p and wave operator with respeet to (p2 + V, p2). Moreover, we introduee
free type stochas'tie calculus on Hilbert module to study the limit of evolution.

A. Mohari:

On Stochastic Pa~allel Transport'

M. Schürmann:

DirectSums of Tensor Products and Non-Commutative Independence

For aset X we denote by

'(\

A(X)

the set .of non-empty finite, alternahng sequenees in elements of X. For J\tf C A(.{l. 2}) and', E
A( {I, 2}) we denote by ~\,(c) the subset of A( {I, 2. 3}) obtained from , by replacing 25 by 3s and 15
by arbitrary element of 1\1. Similarly, ~l,(,) is the subst:t of AC{ 1.2, 3}) obtalOed from { by replaei.
2s by arbitrary element.s of •

-;\1Tl = {( (1 + 1•.... (m + 1) : «( 1 ... (m) E 1\1} C A( {2, 3 }).

We proved that there are precisely 4 subsets ,\1 ur .. t( { 1,2}) satisfying the conditions

•
The ., sets art'!

(;\ )

(BI)

. (I), (2) E .\1

~.~(lW) = ~L(:\f) .

JI = {(1),(2)}

.\1 = {(I).(2),(l2)}
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(Cl

.\1 ": «IL(:?).(:!I))

.\1 = .\( {I. ~n

\V~ point out thaI. Lht~ hfLo;ir.ally :1 d~vic('s :\. B imd (' I'orrrspolld t.u th~ :1 fllndilU1t'nl.al kntlwn llotiOIlS

ur non-t:()mmutaLiw~ in(it~pt~nden(:c: in tlUantum prohahility. \Vf' hdiCVt' that flw fart t hat \VC' havc' :!

R-i:ast~S c.orrespoocls ta tlw t~xis·tc~ncf~of thc' lars;e numhcr of variations in lh(~ ·t·(~ns()r tndqwndc'ncl" '·;~"t~

known a.s 'twisted' ur 'braidcd' inJependence.

M. Skeide:

.The Levy-Khintehine Formula ror SLlq(2)

\Ve present our results on a Lt~vy-Khintchine formula for \Voronowiczs twisted Sl/(2) :md comparc
them with the classical Lcvy- Khintchine rorrnula.

A. Verbeure:

About the Goldstone Theorem

TheGoldstone phenomenon in statisticaJ mechanics and field theory is rigorously formulated ..
A discussion ofthe Goldstone theorem is given in terms of quantum fluctuation theory distinguishing

dynarnical systems with short range and long range interactions. A rigorous formulation is fouod for
the Anderson restauratio"n of symmetry. This is a consequence of the theorem: the ·ftuctuation of the
generator of the broken symmetry and the ftuctuation of the order paramete~operator form a canonical
pair.

w. von Waldenfels:

The ·Harmonie Oscillator in the Radiation Field
(Joint work with G. Efirnov)

In order to study dissipation phenomena we investigate the analogue of Lamb's model (1900): An
oscillator attached to ~ infinite string .

p2 1 1J
H "2 + 2(q + 8)2 + 2 dk(PtP_t +wiQcQ-c)

e with

Introducing P = ($.). Q = (J.) and assuming dipole appr~ximation 8 =.G I dk kiQkF( /c2) with

F(k 2 ) = e-t:l Cl , we write

11 = i(pt P + Qf :\1 2Q) with A1 2 ( Gilt )(;VIc :..I~6(k - k') + (;2l.'t rjA:

with

D ( 0 0 ). tu) (G~J· -GjkF(k"J).
0 ;",t~6(k - k')

Vl-

{) -+- lu)(ul
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This spc~cial rorrll allllWS 1.0 calculat.(~ t.hc~ r(~solvcnt

_1_ + _._1_ lu}_·_1_<ul_1_
;:-0 :-D C(z) :-D

with

~ ...)- (I 1 I) . 1 :zJ IVtl:!C(~ - 1 - u -- u = 1 - - - G --.., die.
z - D z Z - w.Jt: .

C(.:) may ur rnay not have a real zero '\0 corresponding to J.l > J.lr: or I! < J.le, where J.lr: is a critical
constant. The spect.rum of :\12 consists of '\0 and the intervall (p.2, oo{. The eigenvectors can be
calculated ~xplic:itly. From this WP. deduce a new vacuum 110), This "Ilows to calculate an optimal

constant a in F(k'2). The vacuum 110) belangs to the initial Fock space f(CJ:1 [,2(R» irI~dk'<~.
. """ ..

R. F. Werner:

The Classical Limit of Quantum Theory

For general quantunl observables we define convergence to a class'icaJ limit in norm. According to
this n"otion. which is based on a generalizatian of inductive limits of normed spaces, the product of
convergent sequences iso convergent, and the quantum time evolution converges uniformlyon finite time
intervals to the classical Hamiltonian evolution.

Berichterstatter:

M. Skeide

;.,
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