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Ohm’s law

Charged particle system: electrons and protons, external electric field E

Voltage U electrical current |
Resistivity R=U/I
current density j=1I/A J = 0 Eintrinsic

conductivity oc=1/R

transport coefficient

heat production  dQ/dt =j-E entropy production dSin¢r./dt

Thermodynamics of irreversible processes



Microscopic approach

microscopic (atomistic) model

Hamiltonian
Hg = Ho + Hipe = ) Eepal ! > el ol al
S. — 0 + int — C,pa’c’pa’c,p —l_ & 2 ac,p-l-qad k—qad,kacap
2 eOQq ’
c,p c,d,k:,p,q
h2p?
c, d : electrons, protons Eep= o Coulomb interaction
o)

N,
Hy = — ZECEXC %= Zxc,i
c 1

H= Hg + Hgelq bath??? open system, stationary state



Lorentz plasma

neglect e-e interaction, only mean field. neutralizing
background, adiabatic limit, ions at fixed positions Ri

Lorentz plasma model (condensed matter)  isotropic system
Hamiltonian for the electron subsystem
Hs = Ho + Hine = »_ Epafa, + Y V(g)ah, .2,
p Db.,q

statically screened Coulomb potential

V(r) =2 Vei(r — Ry)



Boltzmann equation

single-particle distribution function fi(r,p,t)

low-density limit
2
ot

0

a externalﬂ N
fl+V8rf1+F 8pf1_ (atfl)St

Collision integral

<%f1)st :/d3V2/de—g|V1—V2|{f1(r7p/1at)f1(r7p,27t) _fl(raplat)fl(r7p27t)

Degeneration

ideal gas as equilibrium solution
implementation of correlations, conservation of energy

Dense, strongly interacting systems?



Solution

Coulomb plasma (Spitzer) Fokker-Planck equation

(kpT)3/2(4mep)? 1

o(n,T) = 0.591 TR (—1/2)In[n] + ¢(T) + d(T)n/21n[n] . ..

Lorentz plasma model relaxation time ansatz

ST 95/ p ) (e 1

virial expansions
o N T,n) = A(T)logn + B(T) + C(T)n*?logn + . ..

1 e2m?/2

AT) = —5; (47e0)2 (ks T)3/2’

(ks)3/2(4meg)? 1 Coulomb: s = 0.591

mt/2e2  A(Ptherm) Lorentz: s = 1.0159

Odec = S

ml/2e2 (—=1/2)In[n] + /(T) + d'(T)n/21n[n] ...



The Zubarev NSO method

principle of weakening of initial correlations (Bogoliubov)
'
Gl = & / =D (¢, 1) peor(t1) U (£, 11)

time evolution operator U (¢, tp)

relevant statistical operator: maximum of information entropy

Selection of the set of relevant observables {Bn}

self-consistency relations Tr{pre1(t)Bn} = (By)yq = (By)*

Extended von Neumann equation

%@s(t) + % H, 0:(1)] = —¢ (0c () = eral(?))

o(t) = lim¢_,0 0c() after thermodynamic limit



Thermodynamic equilibrium

0 — B
ap(t) e ﬁ[H ,p(t)] =0
0
equilibrium apeq@) =0

<H>eq — U(Qv B, MC)’ <NC>eq = QnC(Tv :uC)

Extremum of information entropy

Sint[0] = — Tr{plog p} Tr{pCn} = (Cn)
Gibbs distribution exp{—B(H -3 pcN.)}
entropy Ped = Trexp{—B(H — 3., tieNe) }

SeqlPeq] = —ks Tr{peq 10g peq }

d
not valid in nonequilibrium E[Tr{p(t) logp(t)}] =0



Relevant statistical operator

State of the system in the past Telp()B: ) = By

Construction of the relevant statistical operator at time t

Srel(t) = —ks Tr{pre1(t) log prei(t) }

5[Tr{pre1(t) log prel(t)}] = () Tr{prei(t)Brn} = (B >re1 <Bn>t

Generalized Gibbs distribution

Prei(t) = exp{ D) — ; An (t)Bn} ®(t) = log Tr exp{— > )\n(t)Bn}

n

8Srel (t) Z )\

But: von Neumann equation?
Entropy?



The Zubarev solution of the
initial value problem

Use the relevant statistical operator as initial state,
The missing correlations are produced dynamically

Pto (t) — U(ta tO))Orel(tO)U]L (ta tO)

z‘h%U(t, to) = HU(t, 1) Ul(t,to) = eXp{—%H(t — to)}

Abel’s theorem

t
pe(t) =€ / e DU (t, 81)pre1(t1)UT (¢, £1) di

Prso(t) = ll_r)% pe(t)



Generalized linear response
theory

External field

H*=Hg+ H: H},:_Zhje—ithj
J
response: currents etc. (B ="Te{p(t) By} o6 fiz

Pl = exp{—cb(t) — ﬁ(H — Z Fn(t)Bn> } H=Hg— ZC:MCNC.

n

d(t) = log Tr exp{—ﬁ <H - Zn: Fn(t)Bn) }

Elimination of the response parameters F,
<Bn>f~e1 = Tr{pra1(t)Brn} = Tr{p(t) B} = <Bn>t

pirrel(t) — p(t) — prel(t) Tr{pirrel(t)Bn} =0



Elimination
of the Lagrange multipliers

h(t), F(t) small, expand all, linearization

1
pret(t) = peq + /O AN 3" Fo(t) Ba(ihBN) peq

0

1
Pe(t) - prel(t) . ﬁe—iwt/ dt, e—z(w+ze)t1 / dA [— ZhJAJ(’L)\ﬁh + tl)peq i

—00 0 j

+ Z(Fan(z')\ﬁh + t1)peq — iwFn By (iAGh + tl)peq)] .

Response equations (Bn)rer = Tr{prei(t)Bn} = Tr{p(t)Bn} = (Bn)*

J

Z{<Bm3 Bn>z — 1w (Bm; Bn)z } Py = Z<Bm3Aj>zhj ZPmnFn - Z 10 .
' 1 1 " 7
(A|B) = /O d\ Tr{Ae " Be " p .} = /O d\ Tr{AB(i\Bh)peq}

0
(A; B), = /_ dte” "' (A|B(t)) z=w +ic



Kubo formula

2
Kub e . p\irred
dcu 0= m2Q<P7 P>,1L_1;re

numerical simulations
thermodynamic Green'’s functions, and

Feynman diagrams, path integral methods

Other expressions: integration by parts

—12(A; B), = (A|B) + (A, B). = (A|B) — (4; B>z



Force—force correlation function

Relevant observable B = P = mX joo = (e/mQ)P = (e/Q)X

Response equation
FI(PIP) + (P; P)ic] = —B{(P|P) + (P; P)ic}

1 Qp (P; P)ic

R=—= .
odc  €2N? 14 L(P; P),

Ziman formula

m*Q° = df (E) = 311/ |12
R= oy eaye |, 45 (_d—E) |, daa'vi

3 (ks)¥*(4mep)? 1
. 4\/ 2 m1/262 A(ptherm)

gd



Extended set
of relevant observables

arbitrary moments of the single- particle distribution function
B,= Z hpx(ﬁEp)”/QaLaP
P

- t h s=3/(4V2r
(kB)3/2(47T€0)2 1 one-moment approach s /( )

mt/2e?  A(Ptherm) exact s = 25/2 13/2

Odec — S

Single-particle distribution function
and the general form of the linearized Boltzmann equation

e 3
EE : [(P]nu) i <P, nu)w—l—z’e] — ZFV/PI//I/

PI/’V — (7;’/1/’ lAnl/) i i <7:’/1/’; 7:211/>w—|—ie I iw{(AnV"Anu) - <7;’/1/’; Anu>w—|—ie}

£.8) = o), } = £2+ B B (Any|An,)

Two-particle distribution function, bound states



Green’s function approach for
the Kubo formula

e’3

Kubo . irred
Correlation function 4 (w) = 3m29<P P>w+ze
o e’ h w1 1
Green function grue (@) = — — Im Gp p(0,w’ + ic)

3Im2Q 8 ) im z—w W

Polarization function Gpr(Q,iZy) = h? Z p-p Z (p,iz,, Q,iZx, p,iz.)
p,p’ 2y 2L,
Zeroth order
RPA . . Ay A
with respect to the interaction Z I (p, iz, Q, 125, P, i2,) =

/
Zy,2!,

Ingingy (W, Q) = 271 f (Ep)[1 — f(E )]5pp'5(W+E — Epiq)

o2 312
. Kubo,0 ﬂh
Fourier transform o (W)] g = 3m2QE p-p f — f(Ep)]p,p’

f(Ep) B f(Ep+Q)6 ,
iZx+ Ep— Epyq ©

spectral density

2
Kubo O ne l
Odc

m ¢



Higher orders

dw 1

G(paizl/) = 2 . A(p?w) =
Wy —
Dressed propagators
B / dw 1 Im X(p,w)
Self-energy 27 12, — w [w — E, — Re X(p,w)]? + [Im 3(p, w)]?
Electron-ion collisions, Born approximation Z V3(q f(E")
I3 E — Epiq
Im ¥(p, E,) = o Nion Z VQ(Q) m0(Ep — Eptq)
p
2 Gh2 2
Kubo, 1 Bh o ne
o = 570 2 3 Pl (Bl = f(Ep) = 57
Instead of the total cross section 7 the transport cross section should appear.
d d 1 1
VerteX (p,’LZ,/,Q,ZZ)\,p ’ZZV) _ / 1 /ﬂA(pﬂ*‘}l A(p Q,CUQ) 2, — W1 12y — 12y — wo s
contribution
2 X {5 ; ’521/;73{, —|—Z F(p, iz,,, Q,iZ)\, pl,izl)H(pl, z'zl, Q, iZ)\, p’, ZZ,/J)}
O_Kubo,2(0) _ ne 7—_tra,nsp oP P1,21

m



Kubo—-Greenwood approach

atoms (70) in a (periodic) box, Kohn-Sham: DFT-MD Hxs|kv) = Ey, |kv)
P(t — ihr) = exp{ %(t - z'hT)HKS}P exp{—%(t - ihT)HKs}
— W 1.1 L 3 * h O
P= ) (kvlplk'v)aj, a0, (kv|p|K'v") = S [k By + o [ dPrug, (r)7 =t (x)
K,k v,u Qe Ja, i Or
KG 27T62 / /
Reogp(w) = 30.mee k§,<ky|pa|ky ) - (kv |pglkv) (fiw — fiowr) Oe(Biw — By — Aw)
. ) . 1 €
For the dc conductivity lim,, .o o&5(w) follows (/0. smearing  4c(z) = i
- _ (k1|V k2)
Perturbation theory, Lorentz plasma (k1|p|k2) = Ak Ok, k, + ﬁ(hkl — hks)
ki — ko
. 1 1 1 ninetmr %% dg 7 e8 —1/4
-zt ), srwartos)

1 1 1 1 1 1
- A ek sy e Ll A L s = — .
ctaAT €(+E + ) T At limit e — 0



stochastic forces

1 _ 08 (PP ne’> mN/B+ (P;P)ic _ ne®  —(P;P)ic
R = = . Odc — B =
Tde e2 N2 1+%<P§P>ie m <P;P>ie m —(P|P)—|—€<P,P>l€
1 (e PSR e 3 T
— == E — i — — — —_—
. ®P) T @p) ¢ ae’® —0lore—0
Markov limit: Plateau problem
R - m2Q (P;P)le

~ e23(P|P) (P;P);.
__mQ 1 s BPhes | |y (P
~ ¢B(PIP) (PP) <{P <P;P>iep}’{P <p;p>if}>ie

stochastic forces: Fy =P —

(PPl
<P7 P>ie

P

V. P. Kalashnikov,
Linear relaxation equations in the nonequilibrium statistical operator method,
Teor Mat. Fiz. 34, 412 (1978)



Outlook

. 2
memory-function approach Kubo () — 625 (P; P)imed
0y
2
Kubo ne 1
’ (w)_zmw—l—M(w)

M(w) = i3 PSR L = MY(0) + M ()

Defining the memory function as the “proper” part of the force— force
correlation function corresponds to introducing the projected Liouville
superoperator in the Mori approach

R = M"(0)m/ne?

A.A. Vladimirov, D. Ihle, and N. M. Plakida, “Optical and dc conductivities of cuprates: Spin
fluctuation scattering in the t—J model,” Phys. Rev. B, 85, 224536 (2012)

H. Mori, “A continued-fraction representation of the time-correlation functions,”
Progr. Theoret. Phys., 34, 399-416 (1965).



Problems

Is the virial expansion correct?

Extension of the set of relevant observables
Hopping conductivity

Treatment of initial correlations

Kinetic and hydrodynamic approaches

H. Reinholz, G. Ropke, S. Rosmej, and R. Redmer, “Conductivity of warm dense matter
including electron— electron collisions,” Phys. Rev. E, 91, 043105 (2015).

V. Christoph and G. Ropke, “Theory of inverse linear response coefficients,” Phys. Stat. Sol. (B),
131, 11-42 (1985).

V. D. Morozov and G. Ropke, “The ‘mixed’ Green'’s function approach to quantum kinetics with
initial correlations,” Ann. Phys. (N. Y.), 278, 127-177 (1999)

D. N. Zubarey, V. G. Morozov, |. P. Omelyan, and M. V. Tokarchuk,
“Unification of the kinetic and hydrodynamic approaches in the theory of dense gases and liquids,”

Theor. Math. Phys., 96, 997-1012 (1993).



Open systems

Heat production and entropy (E?)
Coupling to the radiation field
Slip

Finite value of the source term
Scattering theory

; | |
O el 0) + (e, 1) = —elbe(r ) — vha(r. 1)

R. Der and G. Ropke, “Influence of infinitesimal source terms in the Liouville equation (Zubarev’s
method) on macroscopic evolution equations,” Phys. Lett. A, 95, 347-349 (1983)

G. Ropke, A. Selchow, A. Wierling, and H. Reinholz, “Lindhard dielectric function in the relaxation-time
approximation and generalized linear response theory,” Phys. Lett. A, 260, 365-369 (1999)

M. Gell-Mann and M. L. Goldberger,
“The formal theory of scattering,” Phys. Rev., 91, 398—-408 (1953).



Thanks for your attention !!!



evaluation of equilibrium
correlation functions

numerical simulations

—i2(A; B), = (4|B) + (4; B), = (A|B) — (4; B).

thermodynamic Green’s functions, and Feynman
diagrams, path integral methods

Pmn — (Bm|Bn) 5 <Bm7 Bn>w—|—z’e - Zw(Bman) - Zw<Bm7 Bn)w—l—ie

ij — (Bm‘Aj) =g <Bm;Aj>w—i—ie

<Bn>t = <Bn>f~el = _BZFmemNmn



Virial expansion of the resistivity

o~ n,T)=A(Dnn +B(T)+C(Tn'*nn + - --

C=(47/3)3n1 (kg T) " 'e* /4me,
2mkgT T
=2.695x10"°n!°> T-'mK . O=—07—(m'n)

(4760)2( kB T)3/2 3/2 1
— - . = — F3/21 r—3/2 o
o=0.591 2,12 In’ +1.124 4 eV n +

—1.530x 10 2732(InT 3724 1.12440.239732nl ~32) " (Qm K*/?) 7! .

G.R., Phys. Rev. A 38, 3001 (1988)



Virial expansion of the plasma
conductivity

o~ (T,n) = A(T)logn + B(T) + C(T)n'/?logn + ...

1 e2m1/2
ARE) == 2s (4meg)2(kgT)3/2’
Odc — S (kB)3/2 <47T€O)2 1

m1/262 A(ptherm)



Quantum Statistical Approach to Nonequilibrium

Generalized Gibbs ensemble

A L e
prﬂl(f) — Z—l(f)o "3(11": / N ) 'jZn Fn(t’)Bn
re

from the maximum of entropy at given mean values
T {f)(t)l?.,,} — (B,)t =Tt {ﬁml(t)[}.,,}
Equation of evolution for the nonequilibrium statistical operator (Zubarev)

0 ] t
PO+ H,+ H},, p(0)] = ~2(p(0) = p,, (1)

Choice of the set of relevant observables:
fluctuation of the single-particle occupation number

ofi(p.t) = filp,t) — fyg()) = (fp — fxg())y = (0np)" = Tr {p(t)dn,}

D. Zubarev, V. Morozov, G. R., Statistical Mechanics of Nonequilibrium Processes, Berlin 1996



Kinetic Theory from Nonequilibrium QED

Path-ordered Green'’s function for Dirac field operators

G(12) = —i (T[S ¥ (DYr(2)])/ (S), S=7bem{—g/dbﬂumm“WD},
and for the (transverse) fluctuations of the electromagnetic fields

H . ..
AW ir A AAR)
5!]]/6)\‘ (2) 7
Equations of motion, self-energy, vertex functions and polarization matrix
Wigner transform (X, k) and decomposition (d<, d!)

differences and sums: transport and mass shell equations

D;w(l 2) _

{k* —=Renm,d3} + {Red] 73} =i(n] d5 — 75 d]),

{Im7rS , d3 } + {Imds 2t =2 (k2 — Re 7rs+) <d? — ’ .
{k* =75, dy} =0, (k* —m))ds =1

2 >
7T5<) \

with the four-dimensional Poisson bracket
OF| OF, 8F1 OF,
T oXn 8k OkroX P

V.G. Morozov, G. Ropke: “Kinetic Theory of Radiation in Nonequilibrium Relativistic Plasmas”
Ann. Phys. (N.Y.) 324, 1261 (2009)



Linear Response Theory

Weak external fields h, H = Ehjeithj

J
First order expansion with respect to the response parameter F

ZF,”{(é,,,,B,,)+<1§,,,;én>;—-ztw(B,,,,, B,) — iw <BB>} Zhj{ (A, B,) + <1JB>}

Equilibrium correlation functions: Green's functions, MD simulations

<A;B>: o /_( ) dt o7 (‘»-i(r),B) (A,B) — 3 / o Tr{ﬁ()"‘i('i/\h._.vi’i)B}

<0

Fluctuation of the single-particle occupation number

5fi(p,t) = fi(p,t) — ;¥ = Fp(t)BfV (1 = i) = —=Fp(t) —— IE f“”
P

Response equation for the single-particle distribution function

o S 2 o s s R : S o eE ) PR = = 2 %
E Fy {(n,,/, ong) + <~n',,';-n.p> — tw(dny, 0np) — iw <()'n,.,,r: n,,> } = E hp" - €rp {(npn,On,,) + <n,,~; -n.,,> }
P’ ) P

Linearized Boltzmann equation, Kubo formula, generalized FDT
Solutions: moment expansions, Kohler variational principle



Evaluation of transport coefficients

Evaluation of correlation functions, solution of the response equations

Electron-ion collisions, zero frequency limit: relaxation time ansatz

Electron-electron collisions, arbitrary frequencies: Kohler variational principle

Single moment approach: Kubo-Nakano formula

0 ,5(w) = % jdte(i“"g " ?<Jﬁ (=ihA) T, (1)) dA

0

Zero frequency limit: Ziman-Faber formula, Spitzer result
High frequency limit: Bremsstrahlung, Kramers formula

More explicit: Kubo-Greenwood formula

D (kilpulks) (Kalpglk ) (£, = £ ) 3o+ (e, ., )]

kk,
(perturbation expansion at zero frequency is diverging, partial summations)

2
Jre

Oup (w) = oV



Classical ED: radiation reaction

Lorentz-Abraham-Dirac (LAD) equation

2 2
miﬁ =eE, + E[\7 X Hext] + 2@_303_2‘7
dt C 3¢’ dt
- self-acceleration e
L= Lie
dt dt

* non-relativistic motion, weak reaction fields



Quantum Statistical Approach to Nonequilibrium

System Hamiltonian (electron - impurity scattering)

H, = EEP aa, + EV(Q) a,,.a,
p rq

External time dependent field
Hj =—eE(t) Y

Equation of motion for the statistical operator (v. Neumann)

J i t
5,o(z;) + g[HS +H, p(t)] -0

Initial conditions? Entropy? Equilibrium: Gibbs ensemble



Kinetic equations

Selection of the set of relevant observables  { B, }

Single-particle distribution function fi(r,p,t)
Tr{prei(t)Brn} = <Bn>f~e1 = <Bn>t

: 0 0 0 0
Boltzmann equation i ad external ¥  _ [ Y
A gttt H T g ht <8tf1)8t

Collision integral

(%ﬁ)st = /d3V2/dQZ—g|v1 — vol{f1(r,p},t) f1(r,p5,t) — f1(r,p1,t) f1(r, P2, t)

: Coalescence model
Formation of clusters:



a,o(t) = H, p(t)] =0



Fluctuation - Dissipation Theorem

Relation between the dielectric function, the polarization function,
and the dynamical conductivity

response of homogeneous plasma to external fields, local thermal equilibrium

: 2 2
( Whl 9 € N
kow) =14+ —ok,w)=1-— P Wi =
ek, ) eowa( ) w(w —iv(k,w)) PL™ eome

calculation of dynamical conductivity and dynamical collision frequency within
linear response theory (going beyond RPA)

-,

» current-current correlation function [1] olw) = ﬁQ(}';])an

molecular dynamics simulation [2,3]

» force-force correlation functions [4]

I/(w): /8 <ﬁ7ﬁ> ﬁ:ﬁzﬁei+ﬁee+ﬁea
neﬂ w—1in

perturbation theory, MD

[1] Kubo, J. Phys. Soc. Jpn. 120 570 (1957); [2] Reinholz et al., PRE 69 (2004), Morozov et al. PRE 71 (2005);
[3] Belkacem et al. Eur. Phys. J. D 40 (2006); [4] Reinholz Ann. de Phys. 30 (2005)



Quantum Statistical Approach to Nonequilibrium

» statistical operator for generalized grand canonical ensemble by

:“"FI\AI II\:IAN I\A‘ ’\‘ IFAIAI "\“* I\k'\nlﬁll'\klnf\ rn ]



Fluctuation - Dissipation Theorem for Absorption

equilibrium correlation functions

o0 . ) > d 1 1 )
(A;B), = /O dt ¢t (A(t);B):—% _007“’ —— ~ Gt (w0 — i0)
(A(t);B) = %/OoodT Tr[A(t — ihr) BT po]

» application to electrical current density using set {B,,} = P = m.R

= () =1 {oi) = e {of) = 5t {08

# solution for electrical conductivity

. Be? (P; P)?
Kubo-Greenwood formula = force force correlation functions

(P:Fei+Fee+Fea)

Répke, Meister, Ann. Phys. 36 (1979) 377; Répke, PRA 38 (1988) 3001; Reinholz etal., PRE 52 (1995) 6368
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Father of methods

principle of weakening of initial correlations (Bogoliubov)
'
Gl = & / =D (¢, 1) peor(t1) U (£, 11)

time evolution operator U (¢, o)

relevant statistical operator: maximum of information entropy

Selection of the set of relevant observables {B,, }

self-consistency relations  Tr{p.e1(t)Bn} = (By)t, = (B,)*

rel —

Extended von Neumann equation

o(t) = lim._,q 0<(t) after thermodynamic limit



The freeze-out approach

Selection of the set of relevant observables  { B, } H,N,,N

B,} = <Bn>t <Bn>t

rel —

maximum of information entropy Te{ pra(£)
Gibbs ensembles
Lagrange parameters Tl T elimination: EoS

(5
il = / =0Tt 1)) prer (b)) U (£, £1) dity

—00
Markov approximation

Expanding fireball: dependence on time t

Composition (formation of bound states) Relaxation time

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



Kinetic equations

Selection of the set of relevant observables  { B, }

Single-particle distribution function fi(r,p,t)
Tr{prei(t)Brn} = <Bn>f~e1 = <Bn>t

: 0 0 0 0
Boltzmann equation i ad external ¥  _ [ Y
A gttt H T g ht <8tf1)8t

Collision integral

(%ﬁ)st = /d3V2/dQZ—g|v1 — vol{f1(r,p},t) f1(r,p5,t) — f1(r,p1,t) f1(r, P2, t)

: Coalescence model
Formation of clusters:



Various transport theories




Cluster formation

Selection of the set of relevant observables  { B, }

Single-particle distribution function

quasi-particle distribution function of bound states

T(r7t)7/1'n(r7t)7lup(r’t) W'—
igner
A (DLt

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

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



Formation of light clusters in heavy
lon reactions, transport codes

PHYSICAL REVIEW C, VOLUME 63, 034605

Medium corrections in the formation of light charged particles in heavy ion reactions

C. Kuhrts,! M. Beyer,* P. Danielewicz,” and G. Ropke!
'FB Physik, Universitat Rostock, Universitatsplatz 3, D-18051 Rostock, Germany
INSCL, Michigan State University, East Lansing, Michigan 48824
(Received 13 September 2000; published 12 February 2001)

Wigner distribution OfxH{Ux Sy =KE™fw Sfaofes- -} (12 fx)
__ 1 loss
cluster mean-field potential Kx*Unfafes-- 3 fx
X=No@ oo s
loss rate KCLOS(PL)
in-medium :f d3kf d’ky d’k, d3k3|<k1k2k3|UO|kP>|521N—>pnN
breakup transition operator
Xk ) ks ) fn(ks ) fnk,t)+--- . (3)
0 1 1 3 3 3 2
breakup cross section A e 3_,J d°ky dky dk3[(kP|Uo|k1ksk3)|
X2mwS(E' —E)(2m)3 6P (ki +ky+k3), (4)

P. Danielewicz and Q. Pan, Phys. Rev. C 46, 2002 (1992)



Mott effect, in-medium cross section
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P FIG. 5. Renormalized light charged light particle spectra in the
c.m. center of mass system for the reaction >’Xe+11"Sn at 50 MeV/

d3 q f q+ 2 | ¢(q) |2$F cut nucleon. The filled circles represent the data of the INDRA Col-
laboration [21]. The solid line shows the calculations with the in-
medium Nd reaction rates, while the dashed line shows a
calculation using the isolated Nd breakup cross section; both with

C. Kuhrts, PRC 63,034605 (2001) Fou=0.15.



Effect of cluster correlations: central Xe + Sn at 50 MeV/u
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My stay at MIAN 1968 - 69

Spin waves
in magnetism

« 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

The Green
Function
Methods in the Method in
Quantum Theory Statistical
of Magnetism .

Mechanics




Zubarev’'s Book on NSO

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

P SR * Nonequilibrium Statistical Thermodynamics,
b cetog o Consult Bureau, New York, 1974,
NONEQUILIBRIUM * (Dmitrii Nikolaevich Zubarev. Nonequilibrium
STATISTICAL . : o
THERMODYNAMICS Stat_lstlcall Thermodynamics. Studies in
S Soviet Science. Consultants Bureau, New
IR York, 1974.

« Translated from Russian by P. J. Shepherd.
‘ — Edited by P. J. Shepherd and P. Gray. 243 )

» where he presented the method of the
Nonequilibrium Statistical Operator.

UCD TIRRARY

German translation:
Statistische Thermodynamik fuer das Nichtgleichgewicht






P. J. Shepherd

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

['epa, npuseT!

| 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.)

| attach a photo taken when we visited Vladimir in June 1969. | 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

« Overnight at a railway station: main idea

e« accommodation: book1, book 2 for a car.

» Accurate and “European” style

« Contacts to many people, Nikolay Nikolayevich
» visits to Germany/Rostock




Publication output

citations

Total Publications L h-index (1] Sum of Times Cited o Citing articles (i)
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III M - Average citations per iter& Without self citations ~ © Without self citations @
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NSO: progress and challenges

General method, unifying different approaches
Very powerful, various problems
Discussion of entropy, irreversibility,

Open questions: selection of relevant observables, limit eps to 0, really
increase of entropy?

turbulence



