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B HISTORICAL (NTRODUUTION

THE (EY [PPRORLEM W STURIES o€ MULTI-PARTICLE
PROOUCTION 0 HIGH EMERGY INTERACT(ONS:
CHAOS AF MMODPELS BASED ON (VERV) DIFFEREMT

A SSOMPTIONS WHICH PROPERLY DPESCRI\BE OnLY
LIMITED ASPRcTS OF EXPERIFTENTAC DPATA.

TWO CLASSES OF MONELS CAN BE NDISTINGUISHED -
- DYNRJAMICAL PMODNDELS AND
- STATIST) CR-L./ HYORONRYNAMICAL t™MONELS

(GLOBAL /Ldcal EQUILIBRIVUM IS AssunEI’))



WHEN | VTERPRETING PATA, CLANING EW
MEASUREMENT S, DNESIGMING HMEASURES T0 RE
USED TO QUAMNTIFY RESULTS, IT IS OUSEFRULL TO
HAUE SIMPLE VW REFERECE' MOOELS.

THE MOST POPULAR. ONES ARCE .

- WOUNDED NUCLLEON MODEL ( L\)MM)
REPRESENTING THE pYNAMICAL MOPELS

- IDbEAL QBOLTIMANN GRAND CANONMICAL ENSEMNMLE (lB-GC—E.)
REPRESENTING STATISTICAL MODELS



~1950 Discoveries of hadrons

~1950/60 statistical ~1950/70 S-matrix
hadron theory
production

(3-GCE WNH

~1960/70 Discoveries of quarks and gluons

~1980/00 statistical QGP ~1970/00 pQCD-basead
hadronization models
statistical parton QCD-inspired
production models

~1990/00 Discoveries of strongly interacting matter
and Its phase transition

2014+ 2014+
future future

FOR DETM:./REFeaeucr_:_s Sec
M. GAZDZICKI, ACTA PHYS, PoLaw. [3G3 (2012) 79|



~1950/60 statistical
hadron

production

f(m_) ~ e™™"
( T) IR~ GCE

Pioneering ideas/models:

-1950: E. Fermi
statistical hadron production: T=T~ s ™ I

-1951: |. Pomeranchuk
freeze-out at T =TF0 ~ M

TT

-1953: L. D. Landau
hydrodynamical expansion from T to T__

T=fm,v,T)

-1965: R. Hagedorn ‘_.

statistical hadron productionatT=T_  ~ 160 MeV

.—>

g m_=(m’+p?), E = m_*cosh(y), f(m) = 1/m dn/dm_

FOR HETAIL/REFERENCES SEE
M. GaZDZICKI, ACTA PHYS, PoLan. BG3 (2012) 751



Pioneering ideas/models:

-1941.:

~1960:

~1970:

-197/6:

W. Helsenberg

~1940/70 S-matrix

theory

S-matrix theory as a theory of particle interactions

T. Regge + G. Chew, S. Frautschi, J. Collins

Regge theory

G. Veneziano, S. Mandelstam

string model

A. Bialas, M. Bleszynski, W. Czyz

wounded nucleon model

=N> = WAB/20<N>N

AB N

FOR DETAIL/REFERENCES SEC
M. GA2DZICKl, ACTA PHYS, PoLow. I3

WNMH

43 (2012) 731



@& BB  WOUNPED NUcLEAN MODEL

A RIALAS, T.BLESZYNSKL ). C2YZ, Nuc. PHYS. GBIl (1976) «sl
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NUMBERS OF PROJECTILE ((Wp) AND TARGET (L)

NUCLEONS THAT (NTERACTED (NELASTICALLY
(LOUNDED NUCLEONS) ARE CALCULATED

WITHIN THE GLAVRER MODEL (U= WptWr ) :

WOUNDED NUCLEONS IMN Ap+A+ COLLISIONS
HAVE PRAPERTIES THE SAME AS (WOUNDED

NUCLEONs N NtN (= ptp) INTERACTIONS
AT THE SAME \ISN'” .



WNM: pip (NtN) INTERACTIONS

W= WptWr=A+A =2
00— &e—( FOR ALL INELASTIC INTERACTIONS

<N>PF= <M+ N D>=<N>+tdn > =

<0 O—> =2<Nn >

o J X <n>:<'\'>pp/2-

Q- g-

\ \ <N D - MEAN HULTIPLCITY FRAM SINGLE.
N = W, + n, NUCLEON DECAYS

n,, n, - HUL‘T(PUcml{is Var [N]PP = Vav [_n,,_1— V’zl = 2 Var E“ J
FROM NECAY OF "
AND 29 WOUNDED Var EV‘J - V"W[”]pp /2.
NUVCLEONS

HERE FoR SIMPUCITY N+M = pip



N=mnth,

Vaw [N] = < (N-<SND) D> = INT-2NKND + LNY D =
= KNP - 2&ND F KNDF = ANYD - KNP

Var (] = <(n,+n)"> = <nisn = <> £ 2<ning> + <oy
<03+ 20, 5<ny > + <0y D) p

n, AND n, INDEPENNENTESS P(n, n,) = P(n,)P(n) =
<nnd = <n H>ng >

M

= <V\?>—<v\,>z +{ny ) -<m2>2 =

= Vav[nn, ] = Vaw[n] + Vaw [0, ] MEAN AND VARIANCE ARE
FIRST AIVD SEcoND ORNER
COMULANTS ((MORE LATER )




WNM: A+tA COLLISIONS

LET W BE FIXED FOR ALL cOoLLIS\gNS

W (A}
<N =<""2f_",| n, > = 2'<n;> =<n >
N> = <nND /2 WD

W
p \/auf[n;3 - VQVEV\_] N

c<)

Vow [N] = Var[N ]2 ~1J

Vou/ [U] =

HERE FoR SIMPLIAITY N+MN = prp
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WNM: A+A COLLISIONS

LET W VARY ACCORPMIVGEG TO V¥ CT;J)

N

<ND

——
-_—

T
T

2A L)
wi P(W) <N>M
2A
S

PL) W< >
W=2

<NDLe/2 - <W>

(PEPENDS ONLY ON <W D)

HERE FoR SIMPLIATY N+N = ptp

g
e

= <WH<n>



WNM: A+A COLLISIONS

LET W VARY ACCORPIVG TO P (TJ)

Var[N] = (N-<N>) > = (ND = (N -
= ND - WY =

NEXT SUDE =
~o

= Var (] <W> + h{n;’a_(_wﬁ{) -
_ <V'\ >2' <LJ> L =

= Vo [n] <W> + <> V| W |
/

PEPENDNS aN <W > AND Vv [V |

ﬁ
ﬂ




<N*> DERWVATIAN IN WM (MEERED FOR Vav [N ] )

ZA

= Vav L“*] <UD + <D LWHT

\\ UNGRRELATED
<n)HnS
W\ THE SAME

<)



SOUMMARY OF LWWMNM  PREDICTIONS ! DEPENNENT ON P(\J)

FoR EVENTS (J(TH FIXED W
N = <nd \W EXTENSIVE (N"w )

=2  QUANTITIES

,

FOR EVENTS WITH FULCTUATING W
<ND> = <nd> - W)>
\Vor |jl\)] = \av [n] e LW ¢+ <vx>2' \av E\J]

<nd = <Npp>{‘&
Ver[®] = \ar|N],p /2



SOMMARY O0F LWWNM PREDICTIONS ! (NOEPENDENT OF P(‘U)

WNM PREDICTIONS INDEPENDENT OF NUMRER OF WOUNNDED
NOCLEONS AND |TS FLUCTUATIONS?

CONSIDER MULTIPLICITIES OF TWO TYPES QOF HADRONS: N = N,

<NG.>AA. i MQ> PP

iy,
MRS -

h <U6>AA- <Mb>”9

RATI0 OF MEAN MULTIPLICITIES 1S THE SIMPLEST EXAMPLE
OF STRONGLY INTENSIVE QUANTITIES ((MORE ON THIS LATER)

EG. Np = Nyt N'B = N’iT+ =)

<NK+> <= KFD>\ \S STRONGLY
<N_+>

N <T,-+> INTERNSIV E



WNM VS PATA

23 : e p+p (SPS - NAG61/SHINE) A i D PLL+Pb Rciiidas -
% 7:_ O p+p (World) E b ! SPSNAB(USF]HNE
~ : v . ) WORLD(p+p i
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DATA * £ #
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EVENTS

WNM PRENICTION FOR A+A; FIXED W
5 o WU o <ND = <wnd:\J
v(’, 03, . Qg‘ . ‘5:
| Vav|N] = var (n] -\
- == 0, =0.35(<N_>-1)7/<N > -
® pp ISR+Bubble chamber ~
mpp UAS ‘OD\J] s VWCM:I - v Lv‘j
—-- @, thermal w— < N > - < h>
o4 = cansT(W
fﬁf!
| 5 STaT MOBELS |  SCALED VARIANCE IS lmsuswE_ N
/ ------------------------------ RUANTI TY, ITSINDEPENDRNT O F |\J
w A IF W 15 THE SAME FOR ALL

IN A SAMPLE .



20

WNM PREMICTION FAR A+A: FLUCTUATING ()

15 1

$10 +

90 W O
O
ST .
- 0,,=0.35(<N_>-1)"/<N >
® pp ISR+Bubble chamber

- ===, thermal

Ppp UA5

20 30 40 50 60

N> = nd> - UI>
Var|N] = Var ]:n] <UD + <h>z' \av Eﬂj

I

W]+ <N/ o ij

SCALED VARIANCE |S NOT STRANGLY
INTENSIVE  QUANTITY ( PEPENDS ON

> [ W7 )




WNM  AND NO-G ScaL\NG

THE KNO-G- SCALING FOR Pt p INTERACTIONS INMPLIES

THE KNO-G SCALING N FHA COLLISIQANS PROVINING
=~ THE LWQUNDED NOUCLEON) MODEL 1§ USED AND

- P(W lE) = P(U)

THE ARIVE POLWWS FROM T'HE PR%UIO\JSI_V DISCUSSED
MODEL RESULTS REBLATING ¢'+e P* e INTERACT(QONS
SEE LECTURE & SUDES 31 AND 32

THE A+A SCALING FUNCT) 0N, IN GENERAL, S DIFFERENT
(BROADER) THAN THE pip eNE . IT DEPENDS ON P(W).



