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13- GCE STATISTICAL MODRL

STATISTICAL HMODBEL = ALL POSSIBLE MICRO-STATES

(MICRO - CANBNICA L ( DISTINGUISHNABLE  STATES 1N MOMENTUM

ENSEMBLE ) AND CONFIGURATION SPACE  (WHI CH
FOLLEIL IMPOSEND CONSTRAIyS®
V,.EQ,.)

ARE EBQVUALY LIKELY



EXAMPLE OF SM CALCULATIONS]
P(M) = (#HICRO-STHTES WITH N PAR‘nct_Eg/ (:lt ALL MICRO - S'Tmes)

£EG. FOR N=3¢. MICRO-STATES WITH N=73:

LY. .. B
S P(3)=8%/1000% 0.
D oo

1000

IN STATISTICAL PHYSICS PARTITION FUNCTIQN | WIHICH 15 A
FUNCTION  0F THE SYSTEM MACRDSCOPIC PARAMRTERS
(EG E ANDN) GIVES pPeENSITY (IN E) OF MICRO~STATES



FOR P(n) CALCULATIONS (JITHIN \JARIOUS STATISTICAL
MORELS SEES

BECUN  GAZNZICK|, GORRNSTEIN, 20200LA, PRC 20 ((2004) 03990

BEGUH | GORENSTEIN | 20200LA | PRC 71 (2005 ) 054904
PRC 72 (2005) 0148072

BECATTINL, RERANEN FERROMIL GABRRIELLINI | PRC CI2 (2005 ) 049304

BEGUN, GORENSTEIN  PRC C73(200¢) 054304

' PL ReS3 (2072) IS0

GORENSTE(N | HAVER | NIKOLAJENKO ~ PRC 26 (2007) 02490]

HAVER, BEGUN, GORENSTRIN, EPTJ CS8 (2@08) 83



IR-GCE = [PRAL ROLTZMANK (GAS CONSIDERED WITHIN )
GRAND CANONICAL ENSEMBLE

INEAL = NON-INTERACTING.

-

THERE ARE NO CORReLALTIONS DUE TO
ATTRACTIVE AND/OR REPULSIVE INTERACTIONS,

AN EXAMPLE oF AN [NTERACTING GAS fNONEC:
THIR VAN DER WAALS MONEL (witt BE PRESENTED

BY MARK (ATER OM)




IR-GCE = [PRAL ROLTZMANKN (GAS CONSIDERED WITHIN )
GRAND CANONICAL ENSEMBLE

BOLTZMA NN = CLASICAL STATISTICS

THERE ARF NO CORReLAlTIONS DPUE ToO

QUaNTLUM (ROSE-EINSTEIN AND/OR FERML- M) &Ac)
STATISTICS



IR-GCE = |[DEAL ROLTZMANRN (G—AS CONSIDEREDN wrrmrx.l)
GRAND (CANONICA ENSEMBLE

GRAND CANONICAL. ENSERLE = SUB-VOLUNE OF NRINITLY
LARGE SYSTEM

THERRE ARE NO CORRELATIONS PUE TO MATERIAL
AND/OR  MoTioNAL CONSERNATION LAWS



IR-GCE = [DFAL ROLTZMANRN (G—AS CONSIDEREN wrruuu)
GRAND CANONICAL ENSEMBLE

| (Frep VT, Mg, Mg, .- )

— PARTICLES ARE INDEPENDENT AND
- MOMENTUM AMD POS(TIGN “ECTORS ARE INDEPENDPENT :

((rﬂ rz;f’a )) \_\g(r)l—]g( )

— IN ANY MOMENTUH AND CONFIGUORATIAON SPACE
MULTIPLICITY |S POISSON=-NISTRIBUTED RANDOM VARIABLE

PINY = <ND /e e |

(SEE RG. LECTURE 4 SUDES)



EXAMPLE OF PARTITION FUNCTION | M[CRQ-CANONICAL ENSAMALE ( E)

PENSITY (iIv ) OF MICRO-STATES FOR A GAS OF NON-INTERACTIMNG-
ROLTZMANN  MASSLESS NEUTRAL N PARTICLES:®

R N e
W (E,V)= --a:- JJ I‘](-rn'rfokq : J
/ﬂ 0 O 0 O li

INDISTINGUISABLE ONLY

F MICRO-STATES FOR N-DISTINGUISABLE MICRO-STATES
TICLR
rRsTCLES PARTICLES WITH £
h = PLANCK CONSTANT CORRELATRS

PARTICLES ll\fF

> ~ PROPORTINALITY (ONSTANT BETWEEN + MICRO-STATES FoR
A SINGLE PARTICLE AND PHASE-SRACE VOWHE



PARTICLE NUMBER |s noT CONSERVED THUS
DENSITY OF AL STATES WITH £  \V |S ¢

L(EWV) = TZ Wy (E,V)

THEN  PROBAMILITY OF A STATE WITH N -PARTICLES IS

— GAUSS DISTRIBUTION

Sy, —— L T

REGUN , GORENSTEIN | ROSTYUK, Z202V¢vA ( PRC?L (2005) 059304



EXAMPLE of PARTITION FUNCTION : GRAND CANOMICAL ENSEMRLE

I MCE
Eo Vo FOR EOr\ro —) co (Eo/\fo — COUST) i GCE
Eo-E IN GCE E VARIES,

' MICRO~-STATES ARE WEIGHTED RY

- -4 A ProBARILITY OF E: P(E)~g E/kT

N IDENTICA( INTEGRALS IM

1 R R \ = i
2
NY h (=1 v
o © O 0O O
I — ROLT2MANN CONGTANT _ q
T — TREAPRRATURE ¢ E,/V, = — '(kT e




N - DEPENRENCE 0Ff 2, (kT V) :

2o V) ~ "
" !
00 N -<N>
P(N) = 2Zu(aN) /) Sz (kT V) = <N> /v e
NzQ

POISSON NISTRIAUTIONS




FOR. <|\J>-_) 0o PQ]SSQM — (AUSS WITH o = 4

% WwN]= 4/4
PoiISSoN
. (<N> =X G—AUSS)
Z. WN|=A
—

0 25 S0 [ 100



IB-GCE WITH FLUCTUATING VOLUME

VOLUME DEPENDENCE. CAN BE GUESSED ERAN THE
RESULTS 0BTAINED WITHIN (WNM

LECTURE S | SLIOES I1S-19;

BY pIviDING N INTO Ny, = V/v CELLS OF

VOLUME v~ AND DENOQTING- A CELL MULTIPUaTY AS n

<NDS = <\n><l\’f\,>: <n> <v>/\r NO’;E/‘; N S

- <NO/LYDH=n )/
Vouw |__l\l] = VoW <V DA + <n>2 \Varv f\/j/\)z qu]V g V
wliN] = wDU]V X <M>/<V> N [‘U’] ROTH lﬁTEU‘S\\l‘E

WHRRE w[ujv s W[ FOR ANY FIXED VOLUME:
WMy =4 (¢ poisson)

FOR. FORMAL DER\VATIOM SEE
GORENSTEIN | GAZD21ck, PRe @4 (2011) 014304



SYSTEM SIzE DEPENPENCE ¢ WM VS R-GCE.

WNHMH S I6-GCE:?
<N>= <N /2 - <T> LND>= )N D/
<NQ>/<NB> = <”A>Pp/<“a>,,‘° = <”A>/<”B> -~ <V\4>/<V\B> -
= CoNsT [ P(TJ) ] = ConsT [[P(V) ]

o] = iy + AW W | w[M]= oy + MHAV > w ]

f f
) [”jw ™ [:”] PP ;" <M>PP L E’N]V = i

KNO-G PaISSO N



W[N]
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CoMPARISAN WITH AtA DATA

—-—*__—_——_—'—_-

QONLY DATA I8 A LIMUTED MOMEMTUM ACCEPTANCE EXISTS

LIMITED ACCEPTANCE MODIFEs THE WNH AND (B-GCE
PRENICTIONS AS FOLLOUS (HORE ON ACCEPTANCE LATER):

WIH: ACC -

- NON- NEGATIVE CONTRIRUTIAN
o[N]= Wi, *
IR-GCR

_ A‘i NN-' NEGATIVE CONTRIRUTION
(A)LM] - OQ[I\J] DUE TO —v FLUCTUATIONS

4. (Paissan)



W[N]

‘).(.P AND CENTRAC Pb+PE COLULISIAONS AT IS8A GEV/C

W

W (R-GCE
WNM w[W] > 0 %
1.2 ; 1.2 .
S SN NI @
N+N - W[W] = N+N -
O o vommmns s . O
1.0 WNH EXCLUNED 10F ------- Rte
IB-GCR EXclUDED
M N
@ Pb+Pb {# Pb+Pb
0.8 Av+Sc 0-8 Av+S <
h at 1584 GeV/c h at 1584 GeV/c
1 10 10> 10° 1 10 10> 10°
(W) (W)

PL+PL EXCLPRS WNM AND (B-GCE  (NACI/uA4s : [510.00174 )
Ceop 2016



WHAT ABAWT RESULTS AT Lol (HADES)

AND  RHIGH g Aucr:-.-.) ENERGIES °



