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B NOTATION:

Now — NURBER OF ALl CHARGED PaARTICLES
PRODUCED N A couUsIQon

N = 0,1,2,3... — pMuLTiPLicTy VARIABRLE
THAN FROM RFLECTRIC CHARGE CONSERVATION FOLLOWS:
Ny,,= 2 + 2N FOR Ptp

New =0 + 2N FOR ¢+e

e A\

INITIAL MUMBER OF + AND - PRODUCED PARTICLES

(NET) CHARGE NAS TO BE EQUALL T0 OBEY THE
CHARGE CONSERVATION AW

(NET) (WTIAL CHARGE = ((WET) RIMAL (HARGE



PWN)— PROBABILITY DPISTRIBUTION OF N

(5! — CENTER OF MASS ENERGY oF p+p OR &+e COLLISIONS



REFERENCE MULTIPLIC(ITY ISTRIBUTIANS ¢

BINOHINAL PNISTRIBUTION

N, PARTICLES IS CREATED |NNDEPENDENTLY IN
A VOLURME \[ ACCORNING TO THE C(ONSTANT

PDF &(\F)) = 4_/\(0

THEN PReBABILITY P(N) TO FIND IN A SUBVOLUME \f
N PARTICLES |5 GIVEM BY THE BINOFINAL DISTRIBUTION




0.05 0.10 0.15 0.20 0.25

0.00

BINOMINAL DISTRIBRUTION' EXAMPLES

q No

® --0.5and;

0.7 anc

0.5 and ¢

20
20
40

a
* * ] L
® »
® ©
o o
*» O &
@ E
s & g @

seoedooslece® " ¥swn ®Ceccecccccccce
I | 1
0 10 20 30

N

~
2

N’
Q.

0.3

0.25 |

0.2

0.1

0.05

M°=6 ) q: OS

—— Normal p.d.f.

Binomial p.m.f.




REFERENCE MULTIPLICITY DPISTRIBUTIONS®
PoiSSOo NS DISTRIBYTION

CONSIDER THE "THERMODYNAMICAL LIMIT"
( GRAND (ANONICAL ENSAMBLE )

Vo =2 0o AND Ny—ds0 WITH Ny /\f, =CONST
FOR \/= CONST ONE GETS

(_/—\_) )
0.40— . . | |
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—CND _ |
PB<N) —> POISSON (N) = <N>~ 2 ”/N! | o 4

Nav [N = <ND
(V=<YD = (NS>
(NS = &nD (L +3<8>)
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BASIC ORSERVATIONS: WROBLEWSK| LAW

(1973)
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BASIC OBSERVATIONS? KNO -scauinG (1932)
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KNO - SCALING |\ MULTIPLICITY DISTRIBUTIONS PLOTTED IN
THE 1IN0 QUANTITIES (KNDPIN) w N/AND) ARE
INDEPENDENT OF COLLISION ENERGY

THE KNO SCALING IS APPROXIMATELY  OBEYED
BY ptp AND +é  INTERACTIONS

THEM P(N) FOR DIFFERENT (< CAM BB DESCRIGEDLD RY
A SINGLE (5 INDE Peuoem) FUNCTION AS

P(N) = Z';I—)- - (\]Jmo (N/<od>)



BASIC OBSERVATIONS: KNO-G scazinvG (1378)
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APPROXIMATE FORNULATION OF THE KMNO-3CALING IN TERMS
OF P(N) (VIOLaTES THE MNORMALIZATION CONDITON ZP(N)=1)

ISAS REPLACED BY GOLOKHVUASTOV [RY THE SCALING
FORHMULATED IN TERMS OF HULTIPLCITY DENSITY FUNCTIAN

g (’tj) ) WHERE A IS A CONTINOUS MOLTIPLICITY VARIAGLE

N+t |

P(N) = jg(ﬁ)dﬂ WIT H (”) <Q>“|’(S/<G>)
N

T"’(‘Z)"lz : TZﬂz)dz = |

o 0

A.T. GOLOKHYASTON , SOV. 3. NUcc. PHYS. 27 (1378) 430
30 ((9279) 128



N> ND>+0.S

EXACT RELATION CAN QRF
OBRTAIVED FROM,
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P(N) FoR <ND>=| FROM
KNO AND KNO-~G

&

2= U/<N>

THE KWNO0-G SCALING- SUGGRSTS THAT AN INTEGER
PARTICLE NOHMRBRER RERSLLTS FROM PDISCRETIZATION
OF A& CONTINOGS PROPERTY OF HMATTER



GRAPHICAL PRESENTATIAN AF KNO-G SCALNG-
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LOGNORMAL SHAPE QaF

MOcTiPLICITY DENSITY FUVeTION

Ln(i{'j-,-c) IS DISTRIBUTED pNORMALLY (causs DIST )
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P. (exp.) / P. (lognormal)

LOGNORMAL OR NEGAT\VE pirudmi NAL

(P)= (M187) 9 (1-q )
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Probability
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BASIC OBSERVATIONS: <N > ~ F

E [GeV]

ol

q

. | THE CorsTINOUS MEAN HULTIPLICHY
7 1 ¢ &> DEPENDS oM THE AVRIABLE

scaling

violation T ENERGY E AS EO(' WHERE
THIC POWER o IS IDENTICAL
FOR THE e&f+e AND pte DATA |

same slope

<A~ k-~

"o =0.459 + 0.002

e d a3 k

100
(AVAIABLE ENERGY )

H.GAZPZILKI R. STUED, G- WROCHNA
P.K.WROBLEWSK(, MODERN PHYS. LETT.

a¢ (1881) 384



TD D WHY (EGNORMAL HULTIPLICITY OISTRIBUNON ?

NORHMAL (GAUSSIAN) DISTRIBUTION APPEARS IN ADNITATIVE
PROCESSE S, WHERE CHANGES AX 0F A RANDAM VARIABLE X
ARE INDEPENDENT OF THE VALUVE OF X

X, = X0+AX4 — 10

=0, 02=0.2, m— _
X?_-"-'-'- ;(4_4-0)(1 g—_i) ) ﬁo 02210, | -
o = e ' U=0, 02=5.0, ="
3 o~ DX 11=-2, 0?=0.5, ==

K 0.6
“

¢=)

CENTRAL ~ LIMIT THEQOREH SAYS

THAT DISTRIRUTION OF X S NORMAL
REGARDLES 0OF DISTRIPVTION QF AX




FOR HMULTIPLICAT\VE PRQCESSES, AX 1S PROMRTIONAL TO
THE VALVE O0F X

0=0.25, n=0

1.5

HAS NORMAL DISTRIBUTION

AND THUS X THE LOGNORMAL
ONE




MULTIPLICATIVE PROCESSES

ONE OF THE RIRST APPLICATIONS O LOGMNORMAL (JISTRIBUTION
WAS IN GOLD MINING WHERE IT WAS ROUND THAT
WRIGHT 0F GOLD GRAIMS |s DISTRIAUTRD ACORNG TO
LCG NORMAC DISTRIRUTIONS

KOLHMOGCOROI EXPLAINED IT

ASSUMING THAT SHALLER
GRAINS ARE CREATED RBY
(ONSEQUTIVE DECAS OF
LARGER GRAINS

(STOCHASTIC BRANCHING OR
CASCANE. PROCESS )

A N. KOLMOGORON, DOKLAOY AKAD.
NAUK SSSR 13 (|3<al) 39




PARTICLE PRODYcCTION AS BRANCHING PROCESS

STOCHASTIC BRANCHING qQF

o % ® STRINGS FROM QCR-INSPIREP HENELS
bivariate . OR

branching

» EXPANNING FIRETUBES FROM
STATI STICAL / HYDRO DY NAMIC NonRLS

MAY SERVE AS AN ExPLANATION
OF THE LOGNORMAL SCALIN &
PROPERTIES OF P(,u) N

et AND pep INTERACTIONS



STATISTICAL  HAPRONIZATION MONDEL S (BECA'TT‘M =i AL')

(VERY) WELL RREPRODUCE MEAN MULTIPLICITIES M
04 P AND ef+¢ INTERACTIONS
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BUT THEY QUALITATIVELY FAIL TO PREMCT PROPERTIES oF
- MoctipLicTy  pysTRIBUTIONS |, E.G-
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POSSIRLE TWO STAGE SOWTION OF THE PROBLEM:

STAGE A .

STOCHASTIC BRANCHING OF EXPANPING-  STRINGS [ FIRETUBES
—> LOGNORMAL DISTRIPUTION) OF CLUSTERS

m oo m»w w (CLUSTERS

STAGE 2
STATISTICAL HAPRONIZATION OF (SMALL) CLUSTERS
—) STATISTICAL RATIOS OF PARTICLE YIERLDS

\// \/\/\/
/\\ AR ;\ / }J CLUSTERS 2.2 2



B W @& WY POWER LA DEPENDENCE OF <ND(E) 2
e ey T WVAABS ¥

THE QUARIKK-GLVOA) STRUCTURE OGF PROTON

=) MULTI PARTICLE PRODUCTION N ptp MORE COMPLICATED
THAN IN ¢of+¢&

=D ptp INTERACTIONS AS SOPPERPASITION OF
e‘l’_‘.aﬁ— LIKE PROC ESS GS

H.Gﬂ‘Zl‘)‘ZlCK.l, R.STUED , G-. WROCHMA
P.K.WROBLEWSK(, MODERN [PHYS. LETT.
&S (1881) 384



TWO (PULAR SCENARIOS:

A. ONLY ONE PARTON FROM EPACH PROTOM PARTICIPATES
IN A COLLISION INVOLVING IN A CoLLISIONV
ONLY A FRACTION OF THE AVAIARBLE ENERGY

% <— < \ (T

B. THE AVAIARLR ENERGY 15 pIVIDED AMONG A NUHMBER
OF COLLIDIMG PARTON PAIRS

e T \
R

D



SCENARIO A

K E - A FRACTION OF ENERGY AVAIRLE FaR
PARTICLE PRONUCT)ON
(1K = INELASTICITY )

£(k, E) ~ DISTR\BUTION) 0OF K.

THEN P(M) IN ptp CAN BRE EXPRESSED A§
AN AVERAGE 0F P(N) IN ¢f+e

l
*) = oj&(’“ £) B, (b kE) dK



INTERACTIONS

FOR ¢t+e AND_ ptp
THE KKNO-G 9c.ﬂL.lMG; IMPLIES THAT &(K:E) - (F'(K)
AMD 1T LEADS TO

<R>(E) = pE”

WHERE oL (S IDENTICAL FOR ef+e AND ptp COLLISIONS



SCEMARLIO R

THE AVUMABLE ENEREY \S PISTRIBYUTED UNIFORMLY
AMONG K COLLIDING- PARTON PAIRS. E/K .

od(k. £) — DISTRIRUTION OF PAIR NUMBER AT £

THEN P(N) IN ptp ¢AN RE EXPRESSED AS
CONVOLVTIQAS OF P(N) IN etee




FOR et+e AWD PP INTERACTIQNS

THE KNO-G SCALING (CIMPLIES THAT %(i<(E') = %(k)

AMD 1T LEADS TO
~ oL
<ND>(E) = pE

WHERE oL (S IDENTICAL FOR ¢&f+e¢ AND Pt COLLISIONS



WITHIN A ONDEL WHICH (S A COMBRIMNATIQON OF

SCENARIAS A AND B (NEGLECTING ENERCY COMSER\MT‘IOU)
ONE GETS .

AMD THE CONccUS|oNS REMAIN  UNCHANGED ,
FOR ¢t+¢ AND o1p INTERACTIONS

THE KNO-G SCARLINGY TMPLIES THAT (SI(K. i ,E)‘:&(K. k)
ANMD IT LEADS TO

ol

<N>(E) = pE

WHERE oL (S IDENTICAL FOR ef+e AND ptp CoLLISONS



