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For the details, see [JP],[JOPP],[AJPP] and the references therein. We consider
the following setting of nonequilibrium statistical mechanics. The system we
consider is given by a C*-algebra

O := ROk,
associated with free time evolution

7'5 = ®k7',§.
The initial state is

w = Wk,

where each wy, is (B, 7, )-KMS state. The dynamics 7 is given by perturbing
the free dynamics by an interaction V € O. If there exists a state wy such that

wi(A4) = lim w(A), Ae€O,

t—o0

we call it nonequilibrium steady state. We furthermore assume the existence of
time reversal symmetry O, i.e., an antilinear automorphism such that

700 =007, ©%=id

For a state ¢, its time reversal ¢ is given by ¢(a) = #(©(a*)). We consider the
situation that o = w. We have @w; = w_;, so w; is not time reversal invariant
anymore, in general.

We want to estimate how far w; and w_; are. To do that, we consider measures
like 1

D(wl,wg) =1 5 le — UJQ” s
inf T) : T)>1—¢,}, O0<e<l.
odnf {wi(T) : wr(T) 2 1—¢} £

For s € R, we define

ES (wtz w—t) = log(Aijt,w,tfw—t ) fw—t)'

Here &4 is the representative of ¢ in the natural positive cone. The main result
in [JOPS] is the following.

Theorem 0.1 [JOPS] Assume that the limit

. 1
e(s) = tlggo %Es(whw—t)

exists and differentiable in some open interval I which includes [0,1], and e'(1) >

0. Then



1 1
tll)rgo % log D(ws.w—_¢) = 6(2)
2.
B(r) = B(r) = B(r) = — sup —sr—els)
s€[0,1] 1-s
for
B(r) f{l L og (1 T)’l' Ly (Th) < }
r) = imsu ogw(l — imsup — logw(_ —ro,
{Tt} t—)oop 2t Bt ‘ t—>oop 2t & A
1
B(r) = inf {hmmflogwt(l —-T3) ‘ hmsup logw( (1) < —r},
{Tt} t—o0
. . 1
B(’/’) = {ljr_l‘tf} tli)rgo - lngt(l — Tt) h?l}solip ﬂ log W(—t) (Tt) < —=T,.
where in the last case the infimum is taken over all families of tests {T;}
for which
Jim o Ingt(l ~T)
exists.
3. For e €]0,1], B
B.=B . =B.=—-€(1)
where

. o1
B6 = {l%f} {tliz{.lo E 1ngt(1 — Tt)

wi—p (Tt) < 6} ;

The rate €’(1) is called entropy production.
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