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Nonequilibrium statistical 
operator (NSO) 

•  D. N. Zubarev, Nonequilibrium Statistical Thermodynamics [in Russian], Nauka, 
Moscow (1971); English transl., Consultants Bureau, New York (1974); “The statistical 
operator for nonequilibrium systems,” Sov. Phys. Dokl., 6, 776–778 (1962).  

 
•  D. Zubarev, V. Morozov, and G. Ropke, Statistical Mechanics of Nonequilibrium 

Processes, Vol. 1, Basic Concepts, Kinetic Theory, Akademie-Verlag, Berlin (1996). 
•  D. Zubarev, V. Morozov, and G. Ropke, Statistical Mechanics of Nonequilibrium 

Processes, Vol. 2, Relaxation and Hydrodynamic Processes, Akademie-Verlag, Berlin 
(1997).  

 
•   N. N. Bogoliubov, Problems of Dynamical Theory in Statistical Physics [in Russian], 

Gostekhteorizdat, Moscow (1946).  
•  L. Boltzmann, Vorlesungen ueber Gastheorie, Vol. 2, J. A. Barth, Leipzig (1912). 
•  De Groot / Mazur, Gibbs, Shannon, etc. 

 
 
 



Father of methods 

selection of the set of relevant observables 

extended von Neumann equation 

principle of weakening of initial correlations (Bogoliubov) 

time evolution operator 

relevant statistical operator 

self-consistency relations 

after thermodynamic limit 

maximum of information entropy 



The freeze-out approach 

elimination: EoS  

:   H,Nn,Np 

expanding fireball: dependence on time t 

relaxation time becomes large  

selection of the set of relevant observables 

L. P. Csernai and J. I. Kapusta, Phys. Rep. 131, 223 (1986)  

Markov approximation 

Lagrange parameters 

maximum of information entropy at 

composition (formation of bound states) 

generalized Gibbs ensembles 



Kinetic equations 

coalescence model 

Boltzmann equation 

collision integral 

selection of the set of relevant observables 

single-particle distribution function 

formation of clusters ? 

: 





Cluster formation 

D. N. Zubarev, V. G. Morozov, I. P. Omelyan, and M. V. Tokarchuk, Theoret. Math. Phys. 96, 997 (1993)  

G. Ropke and H. Schulz, Nucl. Phys. A 477, 472 (1988)  

selection of the set of relevant observables 

distribution function of bound states quasi-particles  

single-particle distribution function 

: 

local thermodynamic equilibrium 

from the A-particle Green function 



Formation of light clusters in heavy 
ion reactions, transport codes 

Wigner distribution 

cluster mean-field potential 

loss rate 

in-medium  
breakup transition operator 

breakup cross section 

C. Kuhrts, M. Beyer, P. Danielewicz, and G. Ropke, Phys. Rev. C 63, 034605 (2001) 
P. Danielewicz and Q. Pan, Phys. Rev. C 46, 2002 (1992) 



Mott effect, in-medium cross section  

C. Kuhrts, PRC 63,034605 (2001) 





My stay at MIAN 1968 - 69 
•  S. V. Tyablikov 
•  born: September 7, 1921, Klin 
•  died: March 17, 1968, Moscow 

Y.G. Rudoy, Theor. Math. Phys. 168, 1318 (2011)  
The Bogoliubov-Tyablikov Green’s function method in 
the quantum theory of magnetism 
 

Spin waves  
in magnetism 



Zubarev’s Book on NSO 

•  Dmitrii Nikolaevich Zubarev. Nonequilibrium 
Statistical Thermodynamics. Studies in 
Soviet Science. Consultants Bureau, New 
York, 1974. 

•  Translated from Russian by P. J. Shepherd. 
Edited by P. J. Shepherd and P. Gray. 243 

D. N. Zubarev, Nonequilibrium Statistical Thermodynamics [in Russian], 
Nauka, Moscow (1971) 

German translation:  
Statistische Thermodynamik fuer das Nichtgleichgewicht 



P. J. Shepherd 
johnshepherd1943@hotmail.co.uk 
08.02.2013 
Our books, and Russia in 1969 

Герд, привет! 

I remember you well from the days when we both worked with Dmitrii 
Nikolaevich Zubarev at the Steklov Institute in 1969.  (I subsequently 
translated his Nonequilibrium Statistical Mechanics for Plenum.) 

I attach a photo taken when we visited Vladimir in June 1969. I hope you 
like it.  I like it very much, not least because we all look so young!   

Best wishes, 
John 





Some personal retrospections 
•  25 years after 2nd world war 
•  participated in the Battle of Moscow and met the 

end of the war in Berlin (de-miner). 
•  With G. Hertz who was made head of Institute 

G, in Agudzery, about 10 km southeast of 
Sukhumi and a suburb of Gulrip'shi. Separation 
of isotopes by diffusion in a flow of inert gases.  

•  Participation in Soviet Nuclear Project 
•  Wife: Galina Rudolfovna, Leningrad blockade 
•  Overnight at a  railway station: main idea NSO 
•  accommodation: book1, book 2 for a car. 
•  Accurate and “European” style 
•  Contacts to many people, Nikolay Nikolayevich 
•  visits to Germany/Rostock 
 
 



Publication output 
citations 



The mostly cited papers 

1326 

141 

106 

65 

63 



NSO: progress and challenges 
•  General method, unifying different approaches 
 
•  Very powerful, various problems 
 
•  Discussion of entropy, irreversibility  
 
•  Open questions: selection of relevant observables, limit  
                                 really increase of entropy? 
 
•  Turbulence 

•  Let us work along the lines given by D.N. Zubarev 





Equilibrium correlations and 
transport codes 

Important: Mott effect 
 
Minor effects:  
in medium cross sections 
 
Missing: inclusion of alphas 
 
Correlated continuum, 
correlated medium 
 
Freeze-out and local   
thermodynamic equilibrium 
 
single-particle quantum kinetic  
equations and correlations 
 
Equilibrium solution? C. Kuhrts, PRC 63,034605 (2001) 



AMD (Akira Ono) 



A cluster in medium & 
Clusterized nuclear matter 

 

from A. Ono 



Light cluster production at 
NICA⋆ 

 

N.-U. Bastian, P. Batyuk, D. Blaschke, P. Danielewicz, Yu.B. Ivanov, Iu. Karpenko,  
G. Ropke, O. Rogachevsky, and H.H. Wolter, Eur. Phys. J. A (2016) 52: 244  



Light cluster production at 
NICA⋆ 

 

N.-U. Bastian, P. Batyuk, D. Blaschke, P. Danielewicz, Yu.B. Ivanov, Iu. Karpenko,  
G. Ropke, O. Rogachevsky, and H.H. Wolter, Eur. Phys. J. A (2016) 52: 244  



Participation in Soviet Nuclear Project 
 
On 27 April 1945, Thiessen arrived at von Ardenne's institute  
in an armored vehicle with a major of the Soviet Army,  
who was also a leading Soviet chemist.  
All four of the pact members were taken to the Soviet Union.  
Hertz was made head of Institute G, in Agudseri (Agudzery),  
about 10 km southeast of Sukhumi and a suburb of Gul’rips (Gulrip'shi).  
Topics assigned to Gustav Hertz's Institute G included: 
 (1) Separation of isotopes by diffusion in a flow of inert gases,  
for which Gustav Hertz was the leader,  
(2) Development of a condensation pump, for which Justus Mühlenpfordt was the leader, 
 (3) Design and build a mass spectrometer for determining  
the isotopic composition of uranium, for which Werner Schütze was the leader, 
 (4) Development of frameless (ceramic) diffusion partitions for filters, 
 for which Reinhold Reichmann was the leader, and  
(5) Development of a theory of stability and control of a diffusion cascade,  
for which Heinz Barwich was the leader. 
 
In his first meeting with Lavrentij Beria, von Ardenne was asked to participate  
in building the bomb, but von Ardenne quickly realized that participation  
would prohibit his repatriation to Germany, so he suggested isotope enrichment  
as an objective, which was agreed to. 
 

 


