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Abstract 2. Energy dependence

Universality of multihadron production in AA and pp interactions is studied using collision energy and centrality dependence of the v Hybrid [3] and power-law fits show
charged particle mean multiplicity data in the entire available energy range. The study is based on the participant effective-energy i po R, a good agreement with AA data and
approach combining the constituent quark picture and Landau relativistic hydrodynamics and relating hadronic and nuclear collisions. s120 g i are almost indistinguishable
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The energy dependence of the multiplicity of head-on AA collisions are shown to be well produced. The multiplicity centrality A 0 < erts

( ) fit o RHIC data

dependence reveals a new scaling between the measured and calculated pseudorapidity spectra. Using this scaling, called the energy e v LHC data departs from log? poly-

balanced limiting fragmentation scaling, the pseudorapidity spectra are described for all centralities. This elucidates the centrality nomial fit at \/sNN about 1 TeV,
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dependence differences of multiplicity at RHIC and LHC as well as between the midrapidity density and multiplicity measured at RHIC. * . indicates a possible transition to a
A new regime in AA collisions is indicated at ~1 TeV. Predictions are made for the multiplicities in pp and AA collisions at LHC. I 7 new regime in heavy-ion collisions

| AA energy dissipation calculations
with pp/pp data
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1. Introduction 7 * Charged particle mean multiplicity
calculations for AA data by Eq. (2),

We study charge particle multiplicity in the framework of the quark participant dissipating effective-energy approach [1],.Within this ’ using the pp/pp measurements,
approach, the secondary particle production is basically driven by the amount of the initial effective energy deposited by constituent e follow the heavy-ion measurements
quarks into the Lorentz-contracted overlap region. This resembles Landau relativistic hydrodynamical description of high-energy
mutiparticle production. In pp/pp collisions a single constituent (or dressed) quark from each nucleon is assumed to take part in a
collision and rests considered spectators. Thus in pp/pp collisions, the effective energy for the production of secondary particles is v The centrality data show the energy dependence similar to head-on
assumed to be the energy carried by a single quark a pair i.e. \/spp /3 . In the most central heavy-ion collisions, one considers all three data as soon as the centrality data are considered in terms of the
constituent quarks from each nucleon participate in the collision. Therefore, the entire energy of the colliding nucleons (participants) is effective energy. The RHIC data are recalculated by using the
available for the particle production. Thus, one expects that the bulk observables in the most central heavy ion collisions at the c.m. energy balanced limiting fragmentation scaling (see Section 3)
energy per nucleon, \/SNN, to be similar to those in pp/pp collisions but at a three times larger c.m. energy i.e. \/spp =53 \/SNN. Prediction for heavy-ion collisions at Vs, = 5.13 TeV and the
Combining the constituent quark picture and the Landau hydrodynamics [2], one obtains the relationship between charged particle expectation at \/s = 13 TeV are shown. .

rapidity density per participant pair, p(n)=(2/N,,)dN./dn at midrapidity (n ~0) in heavy-ion collisions and that in pp/pp collisions:

p(0) _ 2Nen Lpp ) v  The power-law and hybrid fit (g5 —
ppp(0)  Npare NPV Ly functions show nice agreement oplpp interactions
with data and are seen to - b s,
overlap up to Vs ,= 10 TeV 0 1SRnsd.

Here, N, is the number of part|C|pants N., and N PP are the mean multiplicity in nucleus-nucleus and nucleon-nucleon collisions,
respectlvely L = vs/2m with ‘m’ being the proton mass m, in nucleus-nucleus collisions and the constituent quark mass in pp/pp

collision and is set to m,/3. Solving Eq.(1) for multiplicity NCh at a given rapidity density p(0) at \/SNN, and the rapidity density p,,(0) and

also very close to the power-law - gl fit
the multiplicity N,P? at 3\/5,\,N one finds: .
) f|t even for \/S > 2 Tev ¢ Energy dissipation predictions
2Nch n(0) \/1 pp % Energy dissipation predict
(

| A bubble chamber

v Log®- polynomial fit function is — hybrid fi:log'(s) + power-law

power-law fit

2In3 : .
=\ . y/SNN = +/Spp/3. v No change in the multihadron
Npart * ppp(0) n(4.5,/snn/myp) ¥ ) production in pp interactions up

Extending this approach to the number of (nucleon) participants or centrality a, related to the energy released in the collision, we
introduce the term of the effective energy, €,,, which reads:

to the top LHC energy in

contrast to a new regime

ENN = \/SNN (1 —aq) (3) possibly occurred at Vsyy = 1
TeV in heavy-ion collisions

v pp participant dissipating
2Nch p(0) 2In3 T
— NPP 1_ P e e ) energy approach predictions
Npart " ppp(0) \/ In(45 enn/mp)" ro/ (4) are given

Then, Eq.(2) reads:

Here p(0), the midrapidity density in the most central nucleus-nucleus collisions measured at Vs, = &y . The rapidity density Ppp(0) and -
the multiplicity N.PP are taken from the existing data or, where not available, calculated using the corresponding experimental c.m. 3- Centl'allty dependence

energy fits and, accordlng to the model, the calculations are made at \/S =3 &\

v' The dotted lines represent the
Recently [1], the Vsyy-dependence of the midrapidity pseudorapidity density and the transverse energy density in the midrapidity of c [T T T calculations from the effective-
charged particles measured in the head-on nucleus-nucleus collisions and the centrality dependence of these two variables approach - oo =539 S energy approach

have been shown to be well described within the dissipating participant effective energy approach. | |

v' The calculations, driven by the
centrality-defined effective c.m.
Ml s w :
*

energy €y\n, Well reproduce the
LHC data

4. Energy balanced limiting fragmentation

We introduce a new scaling, called the energy balanced limiting fragmentation scaling, which leads to the scaling between the AT L e dipion / RHIC data show a significant
measured pseudorapidity distribution and that distribution calculated using the dissipating participant effective-energy approach. o PHOROSTWGEY . Elfctieonerss dpuion . . .
 PHOROS 130 Gy + Energy dltpatio, pp-hasd difference with the calculations

Using this scaling, a complementarity of the multiplicities in head-on nuclear collisions and centrality data is obtained. ot bos o e el ealletie

Within the considered approach of constituent quarks and the Gaussian form of the pseudorapidity distribution in Landau hydrodynamics,
the relationship between the pseudorapidity density distributions p(n) and p,,(n) reads:

(S 2N " 21n3

Ppp (77) o/ NpartNEﬁ) LNN
Following heavy-ion distributions are calculated based on the p,,(n) spectra.
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v The difference between RHIC data and calculations is explained by
iIncluding the energy balanced limiting fragmentation scaling
I L A B B (SeeseC“C)n 4)

O PbPb at s\ =2.76 TeV, 10-20% (ALICE)
vV pp at \s,, =7 TeV (CMS)

A pp at \/ Spp =7 TeV (LHCDb)

o pp at \s,, =7 TeV (TOTEM)
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The charged particle mean multiplicity Vs, and N,.+ dependencies
measured in the entire available energy range are investigated in AA
collisions within the framework of the effective energy dissipation
: . : : : : approach. The calculations are made based on the data from pp/pp
obasf L L e N A S I S ) S S T U S S N A S A interactions pointing to the universality of multiparticle production in

—4 4
, _ 1 : . _ — different types of collisions. The conclusions are as follows.
v' Calculations for high-central collisions, are in very good agreement with the measurements. Minor deviations are due to some v The AA measurements are well reproduced under the assumption of

mismatch between Vs, and 3Vsyy (or 3eyy) and due to a slight non-centrality. the effective energy deriving the multiparticle production process and

pointing to the same energy behaviour for all types of heavy-ion
collisions, from peripheral to the most central collisions
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v At LHC energy, pp measurements from three different experiments are used to reproduce AA data.

v ' - iSi ' . , . :
N — . Calculations for_ non-central CO”'S'O,nS’ agr.ee well with the v A new scaling, called the energy balanced limiting fragmentation
= o AuAuat [syq = 130 GeV g measurements in the central n region while fall below the

45-50% (PHOBOS), y =y = . scaling, which takes into account the balance between the collision

5 ppat (s, =200 GeV (UADL Y=y, . E data outside this region energy and the energy shared by the participants, is introduced

C LA N Y I Y I B
T o AuAuat \syy =130 GeV,45-50% (PHOBOS)

A ppat |sp, =200 GeV (UAS)

~ @ Effective-energy dissipation with ]
= energy balanced limiting fragmentation, pp-based ]
« [ o Effective-energy dissipation, pp-based

part
part

N

[ m Effective-energy dissipation, pp-based, y = Y i

MHH@H ‘ v Within the effective-energy approach, one expects the v' Energy balanced limiting fragmentation scaling provides a solution of
AN .

limiting fragmentation scaling of p(n) (fragmentation area of the RHIC “puzzle” of the difference between the centrality

calculated distribution but taken at the effective energy Under the concept of the effective energy and using the energy
Enn s €. N1 =N — Yo , Where e = In(gyy/m,) balanced limiting fragmentation scaling, the centrality data are found
to follow the head-on collisions Vs, dependence
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v The measured distribution p(n) is shifted by the beam
rapidity, Y,..m» While the calculated distribution is shifted by

Yert = IN(Eny /M,) @nd becomes a function of N =N -y v' Predictions are made for heavy-ion and pp collisions for upcoming

v The newly calculated distribution p(n) needs to be shifted by the difference (Yo — Ypeam) in the fragmentation region: n — n — (Ve — collision energies at the LHC
Yueam) =N — IN(1 — a). This represents the energy balanced limiting fragmentation scaling

v A possible transition to a new regime at Vs, ~1 TeV is indicated

v’ The shift adds the needed energy balanced ingredient to the calculations providing the description of the measured pseudorapidity Refere“ces
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