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Multiplicity dependent charge production in pp
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Multiplicity dependent charge production in pp

Np/<Np>

String fusion
B Experimental data,
1<pt<2GeV
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V. Kovalenko, V. Vechernin, “Correlation between heavy flavour production and multiplicity in string fusion
approach”, 5th International Conference on New Frontiers in Physics ICNFP2016; to be published in EPJ
Web of Conferences




Experimentally Observed p-N_,
correlations in pp and ppbar collisions:
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Classical Multi-Pomeron Exchange
Model (Regge-Gribov approach)

Pomeron is a virtual particle that is
exchanged during the inelastic scattering
process with vacuum quantum numbers

flow.

It can be considered as a pair of strings.

The number of pomerons exchanged rises
with energy. ——,

Collective effects are not included in the model.

A.Capella, U.P.Sukhatme, C.-l.Tan and J.Tran Thanh Van,
Phys. Rep.236(1994)225

Report by G.Feofilov, Il Russian-Spain Congress, 02-04 Oct.,St.Petersburg

D://hep.ph 0le ont/esp- 0 gata/Feo-2013-a.pp




Theoretical Motivation:
Color string formation and decay

lower energy

2-stage scenario of color string formation —

and decay:
A.Capella, U.P.Sukhatme, C.--|.Tan

and J.Tran Thanh Van,
Phys. Lett. B81 (1979) 68; Phys. Rep.,236(1994) 225.
A.B.Kaidalov K.A.Ter-Martirosyan ,
Phys.Lett., 117B(1982)247.

Do these color strings.interact
and what is tlhese:]mgnarg

* Abramovskii V. A., Gedalin E. V., Gurvich E. G., Kancheli O. V. ,
JETP Lett., vol.47, 337-339, 1988 .

higher ienergy

> Color string fusion phenomenon:

* M.A.Braun and C.Pajares,
Phys. Lett. {\bf B287} (1992) 154;\\ Nucl. Phys. {\bf B390} (1993) 542, 549;

Report by G.Feofilov, Il Russian-Spain Congress, 02-04 Oct.,St.Petersburg
p://hep.phys.spbu.ru/conf/esp-rus2013/data/Feo-2013-a.ppt




Regge-Gribov multipomeron approach

Probability of production of n pomerons

Wy, = Jn/z Onps
n'

where 0  — cross section of n cut-pomeron

exchange:
n—1

Op _ <
o, = — 1—ezg m
nz — [!

Each cut-pomeron corresponds to pair of strings




Regge-Gribov multipomeron approach

B 2055
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Numerical values of parameters used [1]:

A=0,139., a =0,21 GeV~2,

y=1.77TGeV™?, RZ=3,18 GeV ™2,
C=1,5.

[1] Lakomov I. A., Vechernin V. V., PoS (Baldin ISHEPP XXI) 072 (2012)




Description of multiplicity

Probability for n strings to give N, particles:

(2nkd)Nen
N.p!

where k —is mean multiplicity per rapidity unit from one pomeron;
O — acceptance i.e. width of (pseudo-)rapidity interval

P(n, N.n) = exp(—2nkd)

Probability to have N h particles in a given event:
P(Nep) = Z wn P (1, Nep)

Mean charged multiplicity:

Z Ncht@ ch)
=0




Description of transverse momentum

Schwinger mechanism of particles production
from one string [2]:

dN ohy (’ET (pf + -m,z) )
~ exp
y=0

dyd?pr |, t

p,-N  correlation function in the model is calculated as:

fp chs Pt)DEdp;

(pt>Nch(8) o0
[ p(Nen, pi)pedp

[2] Schwinger J. Phys. Rev. 1951. Vol. 82, P. 664 — 679




Description of transverse momentum

Schwinger mechanism of particles production
from one string [2]:

dN ohy (’ET (pf + -m,z) )
~ exp
y=0

dyd?pr |, _ nPt

p,-N , correlation function in the model is calculated as:

fp chs Pt)DEdp;

(pt>Nch(8) o0
[ p(Nen, pi)pedp

[2] Schwinger J. Phys. Rev. 1951. Vol. 82, P. 664 — 679




Distribution of N _, and particles over p ,

p(Nen.p) = | Probability distribution

2z T
n=1

(e ( i l) 5 Probability of production

2
1 —exp(—2) Z T
=

of n pomerons

(2nks)Nen Poisson distribution of
X exp(—2nkd) N X the charged particles
e from 2n string

Modified Schwinger
mechanism




Determination of the parameter &

from experimental data on charged multiplicity:
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Distribution of N,

P(N_)
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p.-N_, correlations

he data on p-N_, correlations are analyzed in wide energy region: from 17 GeV to 7 TeV

Values of the parameters B and t are obtained. Examples of fitting:
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Dependence of the parameters
3 and t on collision energy
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Particle differentiation

* Schwinger mechanism of particle production:

nt(p;+m;)
nt

Y,~exp

* Naive approach: take only major particles: pions, kaons, protons
* Better: include rho-meson: decays into pions: p* — n* + -, p* — m* + 7O

* Best: take all light hadrons and correct for their cascade decays (feed down)

n(p>+m’)
then ~Z M, (2S,+1)-exp tﬁt =
n

where S, — spin of particle type p
M — effective branching ration matrix, i.e.
“the yield of particles from cascade decays of a particle p

* The mass spectrum and the effective branching ration 1s extracted from
Therminator 2 particle decayer (M. Chojnacki, et al, Comput. Phys. Commun. 183,
746 (2012), arXiv:1102.0273 [nucl-th])




Particles multiplicities

* Energy dependence of the charged proton, kaon and proton multiplicities
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Multi-strange production

S}
N

27+ 02 (x16)

—
R
+

o
S

N
o

-—
%]

-

2
>

——
o
@]

=
(T

o

Ratio of yields to (zz"+ 77)

® pps=7TeV
O p-Pb,vsy\ = 5.02 TeV
[] Pb-Pb s =276TeV

— PYTHIAS

ql_ é Elli:l Ei:l ) I 1 |||||l||2 1 ||||||||3
ik 10 10

(dNg,/ d'T>|n| <05
V. Kovalenko, et al, talk at QFTHEP 2017, A t al (ALICE Coll i N Physics 1
: inp.msu.ru/talks2017/1498738291 1. Adam, et al (ALICE Collaboration), Nature Physics 13




Multi-strange production
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Results: open charm
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Extension for p-Pb collisions
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Extension for p-Pb collisions

Probability of production of n pomerons obtained
as a convolution of Npat distributiuon and the
distribution of n pomerons from pp
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Results for p-Pb collisions
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Conclusions

A generalization of the multi-pomeron exchange model with effective
account of interaction between strings is proposed allowing for the
production of charm particles in the Schwinger mechanism.

The model parameters are determined by experimental data on p.-N,
correlation

No additional parameters for particle differentiation is introduced.

The accounting of the cascade resonances decays considerably
enables to describe pion, kaon and proton multiplicities in a wide energy
range

The multiplicity dependence of D meson yields is calculated
The results are in a qualitative agreement with experimental data

The model extended for the description of p-Pb collisions; it predicts
similar yield of open charm as in pp collisions at same muiltiplicity, which
is consistent with experimental data

This work is supported by the Russian Science Foundation, GRANT 16-12-10176.




