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Happy Birthday!
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Van de Graaff accelerator
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Scattering

,Lech” (1961 — 2014)

p, d, 3He, “He accelerated up to 3.2 MeV

Rutherford cross section
do 1

oC

dQ .4((9)
SIn | —
2

70 \ )
--------------------------------- Effect of Coulomb barrier
------------------------- A was observed!




Fluctuations In nucleus-nucleus collisions

Multiplicity distribution in Pb-Pb @ 158 A GeV

(N) & Var(N) strongly depend

\\ . o on trigger conditions
e minimum bias
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Sod e S0 e e 00 Number of participants is never exactly known!
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M.M. Aggarwal et al. [WA98 Collaboration], Phys. Rev. C 65, 054912 (2002)



Problem

k source of particles

Single source of particles I
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P(E) - distribution of energy carried by particles 4
E-E +E.+. +E P, (E) - distribution of energy carried by particles from k sources
1 2 T n

For fluctuating number k: IS(E) = Z PP (E,)
K

Analog of N-N collisions Analog of A-A collisions

Is it possible to check whether P(E) = P,(E) ?




Solution

B> one-particle variable z=FE —E

inclusive average Z =0 <Z >2 (i (Ei ) E)jz

P> event variable ZEZN:zi:i(Ei—E) <N> <N>

i=1 i=1

<' ' > average over events (Z =0 Exactly the same for a single source

and for k sources, even when k fluctuates!




Fluctuation measure ®

x=E, p;, Q... one-particle variable
Z=X—X
D = Al 7° ... inclusive average 7 =()

N N _
/= ZZ' = (Xi — X) event variable

<> average over events (Z)=0
v @ strongly intensive

v" ® =0 for no correlations (mixed events)

M. Gazdzicki & St. Mrowczynski, Z. Phys. C 54, 127 (1992)




Strongly Intensive fluctuation measures

Multiplicity fluctuations in A-A collisions in wounded nucleon model

k — number of wounded nucleons
N — multiplicity in A-A collisions <N> = <k><n>

n — multiplicity per wounded nucleon

scaled variance: = = + <n>

How to get rid of this term?




Strongly intensive fluctuation measures
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M. Gorenstein & M. Gazdzicki, Phys. Rev. C 84, 014904 (2011)



Chemical fluctuations

Example: fluctuations K vs. &

X - particle’s identity "

1 - particle is a kaon -
X= inclusive average 7 =()

0 - particle is a pion

N N B
L= Zzi = Z:(Xi — X) event variable
<ZZ> B = =
Y= <N> -7 < : > average over events (Z =0

¥ =N NG )N Y(NE )= 20N NN M) (N, (N ) (N )N )
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Particle 1dentification
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Identification of an individual particle is never perfect!

Statistical identification is typically exact!

dE/dx [arb. units]
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|dentity method
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[dm o (M) = (N, )

Jdmp, (m)=(N,)

p(m) = p(M)+ p, (M)

jdmp(m):<N>

X - particle’s identity

(pK (m)

p(m)

1 Px (m)

p(m)

- particle is a kaon

- particle is a pion
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|dentity method

¥, 1s Y for complete identification

P = [1_ <Nz(;;>UK)J2 v,

|\ J
Y

model independent correction factor

b =7y om pcmy x(m

Chemical fluctuations
can be exactly measured!

M. Gazdzicki, K. Grebieszkow, M. Mac¢kowiak and St. Mrowczynski, Phys. Rev. C 83, 054907 (2011)
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There are still some adventures ahead!
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