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Time-dependent expectation values and correlation functions
for many-body quantum systems are evaluated by means of a
unified variational principle. It optimizes a generating functional
depending on sources associated with the observables of interest.
It is built by imposing through Lagrange multipliers constraints
that account for the initial state (at equilibrium or off equilibrium)
and for the backward Heisenberg evolution of the observables. The
trial objects are respectively akin to a density operator and to an
operator involving the observables of interest and the sources. We
work out here the case where trial spaces constitute Lie groups.
This choice reduces the original degrees of freedom to those of
the underlying Lie algebra, consisting of simple observables; the
resulting objects are labeled by the indices of a basis of this
algebra. Explicit results are obtained by expanding in powers
of the sources. Zeroth and first orders provide thermodynamic
quantities and expectation values in the form of mean-field
approximations, with dynamical equations having a classical
Lie-Poisson structure. At second order, the variational expression
for two-time correlation functions separates - as does its exact
counterpart - the approximate dynamics of the observables from
the approximate correlations in the initial state. Two building
blocks are involved: (i) a commutation matrix which stems from
the structure constants of the Lie algebra; and (ii) the second-
derivative matrix of a free-energy function. The diagonalization of
both matrices, required for practical calculations, is worked out, in
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a way analogous to the standard RPA. The ensuing structure of the
variational formulae is the same as for a system of non-interacting
bosons (or of harmonic oscillators) plus, at non-zero temperature,
classical Gaussian variables. This property is explained by mapping
the original Lie algebra onto a simpler Lie algebra. The results, valid
for any trial Lie group, fulfill consistency properties and encompass
several special cases: linear responses, static and time-dependent
fluctuations, zero- and high-temperature limits, static and dynamic
stability of small deviations.

© 2015 Elsevier Inc. All rights reserved.

Contents

1.

INETOAUCTION. c..eeeerietre ettt bbbttt e s s s s sasasasasene 840
A unified variational approach...

2.1.  Generating functional.. .. 842
2.2, THE CONSITAINES.c.ctiterereueirtreeieeteteiesetrest ettt sttt se e et sa st s s e et st sa s e st s s e ne et sasseneanans 843
2.3, The variational PriNCIPIE ......c.cceeereereereetecresteeierreeeeeestessesseeseeaeaessessessessaesasssesesessessessaessesensessens 843
Lie group as trial space .

3.1.  Parametrizations and ENEIOPY ....cccceveeeereerererrecerieseeseesestesessessssessesessessesessssessessssessesessessssensesessessssanes 845
3.2, SYMDOIS QNA IMAZES ..eeueereerreeereriereerertreeteestestssestesesseessessessssessesestessssanessassessssensesensessnsensesensesessenes 846

3.3.  The commutation matrix C and the entropic matrix S
3.4.  The variational formalism in the restricted space.

Zeroth and first OTAerS.....ceeveeereresrerereresressereseseeesserenne .. 849
4.1.  ThermodyNamiC QUANTITIES ...ceueverrereerertererrererrerersersesessessesessesessessesessesessessesessessssessesessessssessesessesasseses 849
42, EXPECLATION VAIUES ....veeveeeeereeeeteetesteeeesetessessesessaesaessensessessessessssssesensessessassasssensessessensessasssessensessens 851
Correlation functions .
5.1. The approximate backward HeiSenberg eqUation........c.ceceeerreeeeereereeresenessessssecseessessesessssessesessenes 852
5.2.  Bypassing DV (£) fOr Tl tIMES £ ....uueurrurreeeeeeeeeeieeesieseesesssssssssssessssssssssssssssssssssssssssssssssssssssssssees 853
5.3.  Two-time correlation functions... .. 855
5.4. The correlation MAtTiX B ......cceceeveerrererrererrereereseresresseseeressens .. 855
5.5.  Status of the result for static correlations; Kubo correlations ..856
Properties of approximate correlation functions and flUCtUALIONS.......cceeverrerrerenrererenierenreresreneesenseseeennene 857
6.1. Time-dependent correlation functions in an equilibrium initial State .........c.ccceeeverrrrerererrreeerennnns 857
6.2.  Other special cases .
6.2.1.  Commutators and liNEar TESPONSES......ecerereererreerererrererseeeesessessesessssessessssessesessessesessssessens 858
6.2.2.  Static correlations; classical lMit.......ccceeeuerererinueercnrnrerereeeeeese et 859
6.2.3.  FlUCtUQLIONS...c.coererreueeeerreecrenaene

6.2.4. Initial state in the Lie group.
6.2.5. Zero-temperature limit .
6.3. Images of Heisenberg operators; CONServation laWs.......cccccceeeerereerenrererensenensesesesseessessesessesessenes

Mapped Lie algebra and mapped HilDert SPACE .......ccecevueveeereeenrertrerieenresesenteesseeesessesesseeseseesessesessesens
7.1.  Unifying the approximate expectation values and correlations in the initial state .
7.2.  Heisenberg dynamics of the mapped Lie algebra........cccceeueeereeereseeceereireeeseste e e e seeeeeesens
7.3.  Unified formulation of the variational @XPreSSiONnS........cececeeeeeerereereereresesesrereessssesessessesessesseessenes
The eigenmodes and their interpretation......cuveeeeeeeeeeeersrereeresresessessesesrensens

8.1.  Diagonalization of the evolution kernel and the correlation matrix...

8.2.  Diagonalization of the effective free-energy operator ...........cec....

8.3. A b0SONIC and SCAIAT AIZEDTA .....cciveererererenteeeeeereeeerteseetee e eaeaestesses e sseesesssesessessassesssessessensesens
8.4. Interpretation in terms Of OSCIlIAtOTS ....cccieieiieeriririeeestneeertee ettt se st se e nees
8.5.  Quasi-bosons and quasi-scalars

8.6.  Linear response and eXCitation ENETZIES .....cciecerereererereereesererseessesteseeseessessessssesessssassssessssessesessanes
SINAIL AOVIATIONS .ttt ettt ettt et ettt et ettt et b e ae sttt e s e et et e e et st st e se et b e s ene e st et eseatateseneaens
9.1.  Static deviations....
9.2.  Dynamic deviations



Download English Version:

https://daneshyari.com/en/article/1856016

Download Persian Version:

https://daneshyari.com/article/1856016

Daneshyari.com


https://daneshyari.com/en/article/1856016
https://daneshyari.com/article/1856016
https://daneshyari.com

