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~et tiS consider a sys~em co~sisting\of particles locate9 
at the ppaFe ad and interacting khrQugh tWà-pa~ticle po~ential 
V. Particl~s may have some internaI degrees of tr~edpm label~ed 

1 , by points q of me a sur abl e spac e lI., dA'f, Then the two-jiar t i c l o 
~! potential ty-il1 be a func t í.on onthe, s et (R d 0 L ).~2 . - • 

"i
 
,Configuration space of dur system is then the space of I~~
 

c a lly f i.n ít e configurations n C (~d % I}~. Lç t u s de1=w-teh-yc;jL\)
 
I,~ resttiction' of the given configuration w ç n. to a Borel subset 

1\ \~ R"d ano by i~(A)1 .a numbe r of partícles f rom the co,nfigura
I;":i 

tíon ú) which are Loca t ed at the se t A. For a given BOTel' f\ t Rd'
'1,;"

'I' 1 let us denote by ~f(i\) the sma Ll e s t o--algebra g.enerated hy th'e 
/seU;- ef t he- form H1J\ '.k \. where A ~ rt;tns ove! b'l~nd"ed Bor'e I.'. 

n·'~f sub s e t s of A ~ k ., N -I, where the ser: U A,k"" \'CJ.) "-: n [, ! (,)(A}i = k I. 
Under mi l d r e s t r í c t í.on made on IL. dAI i t e an ~e provcd that 
there exists a Palish topology T ou the spac e n who s e Bo r e I 
o- -algebra co i nc i de s with ~f(Rd). One i.mpo r t an t p rop e r t y of t he.s e 
a -algebras i5 the p r ope r t y: ~f(H d) = ~H;\) e,~f'(AC Y valid' foi any,11 

Ili- \, Bo r el subs e t 1\ - R d; . 

"
" 

On t he rnea sur c space IÜ. ~f{Rd)1 there exi s t s a un ique measure 

...._-------
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» , 
cc •,\v :\ " R dfi (V) =, ~ ~ .; Ú. 

7T O( Z) su c h that for any fatnil:y A1," ••• ,.An. o f" B-o~el sub~~#ts o f 
R d wh í'ch are pai rw i se d i s j o i n t , t he. r a ndom e Lernen t s lú>-(:\ 1}: , ••• , 

:(1~(~\ n)i \ are ,ipdependent and have expectation values equa'l  t o 
z IM C\l)1 ..... ·\úd:\n}i. Hc r e z > O is the c hcrni c a l ac t i v it y • 'I'he 
mea su r e "O i s a we Ll r known Po i s son process on t he sp ac c 
lU ~t (Rc!) r 13)' t ho grand canonical GÍnbs cns ernb L« f'or our system

(} .. . 
we undt-j s t a nd any p r ob ab i l i s t í c ruea su.r e "oe. on t he, rtrea su r e 
s p ac e In. J(Rd) I wh i c lt have the p r ope r t i.e s ; 

gcGI >. 'I' "' i s supported on t he 'set 

r 
ess 

(q. x i r-: ; 

sup 

-,\0~ 

exp ~ V (4, x : <4 , y) 
A }.., Y 
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gcG2) Li"" . E \::. I' • where the local spcc i.f i c.a t-i on, 
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for every Bo r'e I bounded 1\ " R 
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" c	 " c " 
whe r e the ,çonditioned -by cu(A ) measure vA (z, cu (A )ldTJ) is given 
by its' Radon Nikodym derivativé: 

dVA~ j=(A)(z,~ld~) 

d1T ' 
-1' = ZA 

" ," " c
(z, cu) exp( &(TJ Icu (A »i , (B.2) 

o ~g:(A) 

ZA(z, ~):= r 1T _ (d;) exp(~(TJ"1 ~(AC)) 
.: o~j- (A) , 

, (B.3) 

Q 

&(~ I~ ) = 
, 

~ 
i ç.,~ 

'~ 
,Y ç ~ 

V. (q x ' x; q ~ 
y 

y) " (B.4) 

The sets of a I I Gibbs me a sur e s with fixed '\ ~, À r, z .and Vare 
denoted by '~(!~,Àl, V,z). S'irni.La r l y as in the fietd theory t h í s 
set seems to be toa large to 'exc lud,e some pa t ho l og i ca I from 

,the ~hysicàl point oi vi~w situations. We restric~ ouraelves ~o 
the tempered g. c. Gibbs measures. They a r e defined via gcG 2) 
and ' " 

J " r
gcG 1~)	 Voe is supported on .the set n o f c onf í gura t i ons'00 

with	 a finite dénsity of particles at infinity. 
,	 "r

As has been demonstrated by Ruelle [B2] the set nO() naturally 
arises as a carrier set of g.c.G. measures correspo~ding to ~h~ 

clàss of superstable ihteractions. ~ general existence and uni
quen~ss theorems can be found tn papers/~!. ~ 

B.l.	 NEUTRAL SYSTEMS 151 
WITH'POSITIVE DEFINED' PA~R POTENTIAL ' 

Le t u s. assume that ~ c R1 and <L\ in some positive, even 
and bounded measure on ~. We assume also that 

V(q, x : ~~~, x ") = q. qJV(x_ x "},	 (B.S) 

where 

" I' -d '2 ikx 
OS.V(k) = (21T) r e V(x) dx . (B.6) 

T~n .from (B.S) and (B.6) it follows that V(.,.) is a posit1ve 
de f í.n í t e function bn,(R d @ ~)@2. The following new un i querre s s 
criterion has becn proved n paper ·,V. Conditioned by ~ ç fi (V)í 

the gr~nd.canonical partition function ZA(z,;) defined by (B.3) 
may be~written also as 

...	 00 n &"" &ee;) n ! c:;(X "»ZA(z; cu) = l ~ r d(~) e ge(X) n [ex) d e	 (B.7)
n=O n l	 o. nA IcYn 

'2 

(~
" 

and the~conditioned correlation functions 

n "" -l" OQ z m+ n " 
p (z , cuj(x) ) = ZA (z',cu). 2 r d(y) 
A . n· m e O m! A0T m 

. , 
."	 " " '" 1.."" A C (B.8) 

X exp (&«x) nU (y) In. I (x) n U C~) m)) . exp (& «(x)!1 U(Y)m ·1 cu (A m . 

can be analytically continued in the complex parameter (I to 
some neighbour~oods of Reç and Im( axes. These analytic conti 
nuations are giv~n by the formulas 

ZA (z,,;:','):= r 1T j=(A)d(~(A)),~xp(&(;:'(A)I~(A))).exp(-i(&;(:U(;\)i(~(AC))). 
n o t- " (B.9)

' an~ ~imilarlY"for p~(z, oo,(). Define 'the infinite vol~me con
ditioned (~y 00 ) pressure (whenever exists): 

00 . 1 " 
p (z , () = -!Im - ~- In Z ;\ (z, cu, () .	 (B. 1'0) 

00 ;\t Rd IA! • 

In paper 4 we have p roved the f ol Low i'ng p~rspectively looking 
new criterion for uniqueness. f' 

Theorem B. 1. I . 

Let us assumé that V fulfiJls (B.S), (Bwh) and add{tionally 
i....s l'll-Fegu~ar f unc t i.on aríd V(O) -; V .... Ll(Rd). Assume t ha t00, 

(J) c.... O(vy , Zo /0 are such that t he following a s sümpt i on s are 
ft~lfi;tled.	 " I 

. h ,. (</J) ( ) I • Zo 1S t e r egu l ar no i ut of poo .z r . 

((7,;), ' (' " ). (</J )( ). )' - r (1 ) . (1 ) . I2,. p"", Z .l". = P oc Zo for s ~ 1 -l; - e 1, ,+ (' 1 

~ith some (/' O. 

3.	 One-particle infinite-volume correlation function 
\ p~ (zo' ~) is ·trans)p.t ionall'y invariant. 

4. The r e exists convex r~gions' 0n (O, i) - in t he complex 
plane C 1, which contain the points (='i and (= O to wh i ch. one 
can analytically continue the conditioned correlation functipns 
p,J: (ZO' (t),~). ~1or,eov:er in the sets 0n (O, i) there exist uni fo rm 
in,\ e s t i mate s : 

,\V' sup :rP (zo ' ~. (. !(~) ) " -: ç «~) ) -: ec • 
n n	 (B. 11)" )'	 . n 

(x)n s z: 0n (O . i) 

~ 

,\'	 'I'hen 't he t he rmodynamic 1 i mi t.s (in the sense of~a weak conver
gence), of th~ cQnditioned measure ~A~o'~) ~xi~t and are equal 
to l/ "10 (z, <jJ). 

3 
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Sketch of the Proof: Theor~m B. 1.2, 

Let ~v(d~) be a Gaus~iam measure on the space S'(Rd )	 with ,I. Let V . be as in the Theorem B. 1 .1. Then for a I l, 'Iz I suff. 
mean ,equal to zero and the covariance given by V. In term? of small and ;; ç,; fi ~ alI the assumptÍ'ons of the Theorem B.I. 1.
 
tbis measure conditioned particidn function (B.3) and condi hold.
 
tioned correlation functions can be rewritten as:
 

)1 ,I 

i,'\ \ Corollary 13.1. 
[ ~ ~(d4»exp(zf d(i) : cOs(a<jJ (x) + ( &; C(i) 1c~(1\. c)):)
 

"S'(Rd ) A /In the situation de scri.bed in t he' Theorem B. 1.2. ther'e, exists
 
Z I\.(z, úJ,(.) = ',., ---r-- (B • .12) ~~.t.' I ':, ..1 at least one tempered g.c. G measure.
 

-'-But the most fascinating featuTe of the Theorem oB. l . I . not
11~(d~) fi . iay cP (y)r " . e	 explored f~lly, is its weak restriction on z!. Qne-dimensional 
y.ç úJ (I\.c)

S'(Rd)	 systems ,are expected to check the usefulness of this Theorem. 

and !:'
" \ 

B.2. 'LEÊ~YANG-LIKE THEOREM 
FOR A SYSTEM WlrH REPULSIVE PAIR INTERACT~ON 

\ ,., "" ,.. n -íc , ~ (x i) 
l, 
l' 

e 1 : I.p ~ (Z, co, 'l (X)n )- = Zn [,lA(d~~z, co , () , rr.,	 (B.13) 
S'(Rd, 1 = 1	 

I 

In tbe theory of láttice systems the Lee-Yang theorem is 

I 
one of the fundamental tools to éstabIish the anaIyticity in" 

I ,\\"respectively. Here the large domains of couptipg, thus excludíng 'the possibility 
"I'r, of phase trarisitions there. See review in/6 ! for the-prese~t 
,/I,~ ,....... 1 .....	 "" ""
A status of this tool. In the case of Ising model, it says that~A(d~iz,ú), () = ZA (z, <íJ" (l\e1{p(1l f d(x) :cos(a~(x) +(&«x)n'!w(A )):)x 

A ~ in the presence of (no matter'how small) externaI magnetic 
(~. 14) 

.11" 

f i Ld the appe aranc e of' a phase transition is í.rnposs i.bLe . é 

x ~ o (d~).,	 ., For the class df continuaI systems we prove a simila~ s~ate
,..~ '~,V " 

ment . Le't 'as consider .at temperature T = 1/{3 one-icomponent; sys
~_. 

tem of particles interacting throúgh pair pot~ntial V. We as
F'rom these formulas it fot1L«JJW's' that on the line Re( the çor-

''I;

" ' sufue that ,an externaI field'~ is switched bn. 
r e Lat i çn inequalities very similar to those used for	 the s i iie-: '" } 'l~ 

i'. 'I, 
~. ti.Gordon theories hold witb ~he same consequences. The	 condition

ing in the s pace fi corresJlWlDI.ds here to t he value '( = L Us i ng ",.pf 
Theorem B.2. 

t he ana l y sxi s based ou (t~e noltion of the * -weak topology in the :(, As sume t ha t V(x) 2: O ; V(XI) ç L	 l(R d) , ;V .i s lower r egu l ar , 
standard Ban,ach'space (similar to those described in	 the Ruelle 

! ,{. E: -~'l' ç Yl(R d). Then t he re exis t s	 for any z ~ O , 0< (3 <,eX) a,t J:east 
book '8,') and the Mayer"':}1m:ll.tt:.r{])1Ie equations, it is possible to ,. \ one c emper'ed grand c anon í ca I Gibbs me'asur e . 
pr ov e locally uniform coavexgence of the whole fa'mi'ly of the 
correlation f unc t i ons in tb.e r.egions 0n (O, i) unde-r the a s s ump-r: ;l l. I 'I. 

tions that the s ymme t r i.zed (j)[l}je-'particle cor r e l a t i on functions 
" t Sketch of the Proof 

1" 1 1 '"	 1 " 
f, ' For a sequenc~ o(,parameters, t p •.• , t n :;;,. [0,11 and exter na I 

C~(z, w, t)(q,x)) =2"(PA(Z,,($.,tt.\{-q,x))+p ( z , úJ , t l,(q,x))) {B.15)
A '."	 cônf í.gura t i.ons úJ'ç. n~ Le t us define t~€ following - par t i.c Le; 

functions: 
converge in thermodynamic 1 fumi r. to t ho se co r re spond i ng to the I 

n;1 , ,...empty externaI confígura~iom_ Then argumerrts v~ry simiiar to 
P A(z, fL w I(t, x}n ) = 

those used in the proof o~ ~he Theorem A.2.3 ~upported with tre , '	 (B.16)
Vitali'Theorem lead to the ·pr@üf. J
 .. ', exp (,8~ «t, x)n Io, x)n ) . erXp (f3'&; (t, x) n I;;(Aem· pX~z, 13. c:; (I\.~)I(t,: x) n) ,

In the region of small Z" whe r e the cont r ac.t i on map pr i.rr
cipl~ can be appJied to the KirkwoodlSalsburg ~quations, it is y.7here: " 

pbssible to verify alI the ~ypotheses of the Theorem B. 1.1.	 .• n "C <o 

P A (s, {3,ú)(A »«. ~)n),,' 
4;	 (' , 5r , " '... 

I"t	 I \ 



Z m m -f3'J1 (y. ) , 

,2 - [ II e 1 '
I 

dy, exp(-f3~((t "x) U (1, y) I(t,x)rrU(q'Y)m)x 
m=0 in! i = 1 1, " n m i 

(B.17) 
x exp (-{3 ~ ((1. y) fi I; (Acm exp (-f3 ~ ((t, x) n /c:; (A "» . 

are connected to standard correlation functions P~ (z, (3, c:; I (~) n) 
, 'by the formula: ) 

n" n ~ n " 
P 1\(z, f3. w I'(~) n) ee, z P A (z, {3,w I (r, x) n) I t i = 1 .	 , (B. 18) 

It is pos~ible to derive the"following ~ystem of linear integral 
equations for the functions p n 

A 

PA(z, {3, (';(AC)I(t, x)n) :::: PA(z, ,'1, f3,.~(AcH(tl, x) n)' + 

+ {3z~ IlA(z, 1, (3,;(A c)l(t, x)n) x	 / 

1 1 -{3'Jl. (y ) -f3'l' (y)
 
x [da [dr [dYl e f [dye ~(t,x)n in, x ) x
 

o o
 
(B.19) 

I' "c •
 
X 0 «q, y}j'(.l, Yl).) . liA (-z, a. (3, w(A )[ (t, x)n.) x
 

x éxp-l.{3a' &({t, x)~ 1(1, Y)1) exp-f3rt.~ ((1, y) i (1, y ) x 

x exp-f3~((Y 1) I(~(A "» eX:p(-{3t~((y) 2 I~ (;\c)) x 

x pm+2 (z, f3. ~(Ac)1 (a. t) ,(T. Y1)' (1, Y ,A	 2))n 

where 
l' 

"	 cIl A(z, t, {3. eu (A )I(t, x ) II ) 

(B'.20) 
m -f3t: (y) (()L\,e) 

= exp -:-z [['1 -exp(-f3t ~ vo , -y),t,Je, d/L ,(y)
A i= 1 1 'I 'ti 

( 
and 

d/l.".(Y) :::: e -f3'J1 (Y) d	 (B t 21 ) 'P . y. 

I	 Thé' p r oo fr r e Li e s on the anaIy s i.s of t hese sys t erns of equati ons . 
Let u~ denote by G (z, {3. ~ (:\C)) a gerie r ati ng Li rica r ope~ator 
f9r eq~atio~s (B.l~. It is possible to· define a speciaf Banach 
space in which t he: norm of llA GAll A can be bçunded un i fo rml y 
from above by 1, for any z2 01 Applying some, add i.t íona I topolo

t'l ( 

I gical ar'gument s one can prove' then that the t he rmodynami-c- ,li 
mi ts ~f Pl{ (z, {3. ~ (~~ )1 (x) n)" are e9u~1 to t ho se wi th ~ ~ cP;I 

US1.ng lhener; nt'egra l s "8,, a s i.mi l a r theorem can be provedí 

at	 least fo~ the Maxwell-Boltzmann statistic c~se. 

'\ 
REFERENCES 

\ 
r;	 Georgii H. Carionícal -Gí.bbs Measures. Lecture Note'$' in 

Mat hema t i.c s , Sp r i.nger-Ver l.ag , 1979, p.760;' .Pre s tion 'G. 
~andom Fields. Lecture Notes in Mathematics. Springer
Ve r l.ag , 1,976, p , 53 /+;, ,Matthes K,., Kersten J." Hecke ,l" 

• ~ Lnf í n i t e Ly Iií.ví s í.b l e Point Processes'. Akademi.e-Ver l.ag', 
Berlin, GDR, 1978.
 

.2. Ruelle D. Comm.Math.Phys., 1970, 18(2), p.127-159:_
 
3.	 Dàbrushin R.L. Theor.Math.Phys., 1970, 4, p.IOI-llS,;
 

Klein W. Comm.Math.Phys., 1982, 86, p.227-246~
 

4.	 Gielerak R. O~ the Equilibrium Equation& fOL a Class of 
Neutral Cont i.nua I Systems Cí.n Russian). Subm. to Theor. 
and Math. Phy s., 

5.	 Frõh l i ch J., Park Y;M. Cbmm.Math.Phys., 1978,57, p.235. 
6.	 Lieb 'E., Sokal A. Comm.Math.P~ys., 1~81, 80, p.193. 

17. a) Gonchar N.S. J.T.P., Kiev-144E, 1977; 
t·'l )J) Gielerak R. Lee-Yang Like Theorem for a Class pf Conti

nu~l Systems, to be publish~d. 

$.	 Ruelle D. Statistiéal Mechanics. Rigorous Re su l.ts , Benj amin, 
New York, 1969. 

" 

'h 

" 

,. 
J 

I 
I 
.y 

Received by Publishing Department 
~~ Qn February 15, 1985. 

"6 7 



COHHUNICATrONS, J •NR RAPID COHHUNtCAHONS, PREPIHNTS,AND 
PROCEEDlNGS OF THE CONFERENCES PUBUSHED BY THE JO~NT INSTITUTE 
FOR NUCLEAR RESEARCH HAVE THE STATUS OF OFFICIAL PUBliCATION~ . 

JINR Communication and Preprint references should coht~in: 

- names and initials of authors, 
- abbreviated name of the Institute (JINR) and publication 

index, ' 
-location of publisher (Dubna}, 
-year of publication 
-page number (if necessary). 

For example: 

I. Per>vushin L' . N. et al. JINR,P2-84-649, 
Dulma, 1984 . 

References to concrete articles , included into the Pro
ceedings, should contain 
. I 

names and initials of authors, 
-title of Proceedings,introduced by word "In:" 
-abbreviated name of the Institute (JINR) and publication 

index, 
- location of publisher (Dubna), 
-year of publication, 
- page number. 

For example: 

Kolpakov I.r. D:: XI Ir:.tePT: . Sympot:iwn 
on Nuc-lear> Electronics, J I:iR, D1 J- 84- 5'3, 
/JubP~, 1984, p . 26 . 

Savin I.A., SmiPnOV G. I . In : JINR Rapid 
Communicationss N2-84, Dubr~,1984,p. 3 . 

.., 

' 

renepaK P. 
YpaBHeHHH L\.]lP B eBKnH~OBOH KBai:ToBoH TeopHH nona 
H CTaTHCTH~eCKOH MeXaHHKe . CTaTHCTH~ecKaH MeXaHHKa 

ES-85-109 

PaCCMaTpHBa~TCH ~Ba Knacca CHCTeM KnaCCH~eCKHX ~aCTHQ 
c TO~KH gpeHHH rH6fcoBcKoro rro~xo~a. B cny~ae HeHTpanbHb~ 
CHCTeM ~aCTHQ, B3aHMO~eHCTByro~X C ITOMO~biD rrapHOro, rrono~
TenbHO orrpe~eneHHOrO ITOTeHQHana, ~OKa3aH HOBblli KpHTepHH 
e~HHCTBeHHOCTH rrpe~enbHOrO rH66COBCKOrO COCTOHHHH. Una CHCTeM 
~aCTHQ, B3aHMO~eHCTByro~HX C ITOMO~biD OTTanKHBaiD~ero rrapHOrO 
ITOTeHQHana H B ITpHCYTCTBHH BHeWHero ITOflH,~OKa3aHa e~HHCTBeH
HOCTb rrpe~enbHOH Mepw fH66ca yMepeHHoro pocTa. 

Pa6oTa BbiiTOnHeHa B na6opaTOPHH TeopeTH~eCKOH ~H3HKH OHRH. 

CooO~eHHe 00beAHHeHHoro HHCTHTyTa R~ep~X HCcne~oBaHHA. nyOHa 1985 

Gielerak R. ES-85-109 
On the D-L-R ·Equations in the Euclidean Field Theory 
and Statistical Mechanics. Statistical Mechanics 

Two classes of systems of classical point particles are 
considered from the Gibbsian point of view. New criterion for 
uniqueness of the grand canonical Gibbs measure for the case 
of neutral systems of particles interacting via two-body po
tential of positive type is proved. In the case of systems 
with repulsive two-particle interactions, enclosed in an ex
ternal field, the uniqueness of the tempered, grand canonical 
Gibbs measure is proven. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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