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Outline

* QGP-like signals in small system
 Strangeness enhancement in pp

* PACTAE model and effective string tension
* Results and discussions



QGP-like signs in small

system

Near side ridge structure in particle
correlations

Anisotropic asymmetry
Baryon to meson ratio

Strangeness enhancement
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Strangeness enhancement

« Strangeness enhancement as a sign for QGP

Thermal gluon fusion
Multi-strange baryon
increasing with centrality
Strangeness number
dependent enhancement

PLB 728 (2014) 216-227
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Strange particle production
across different collision
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Strange to pion
ratio smoothly
evolves between
different system
No significant
dependence on
collision energy



Relative strangeness production
in all collision system

« Multiplicity dependent
strangeness enhancement
observed with a smooth
evolution across pp/pA/AA
collision systems

 Steeper slope with large
strange number

e Saturated trend in most
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PACIAE model

 Transport model with parton and hadron
cascade effect

» Applicable for pp/pA/AA/eA etc.
* Based on PYTHIA6.4

Sketch for pp dynamic simulation
(PYTHIA & PACIAE)

hadron

Final state

Initial state
Remnant radiation

rescaltering

-
parton distribution
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Relevant channels in parton
and hadron cascade

Parton rescattering channels Hadron rescattering
0 o } channels
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Lund string model

 Creation of 9;9; pair at string
break-ups

* Flavor selection regulated by
string tension trough tunneling
probability

T .
P(my,) x 1.‘:{]}{—::”'}_@]

T a m a
= uxp{—zmqj L‘:{p{—;plqj

« Empirical parameters to
suppress strange quark, diquarks



Effective string tension

* Gluon wrinkling in a string

Phys.Lett. B409 (1997) 393
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Kepp = ol ; ]n(%) N Z;.I;Ql ln(k:ij)
« Multiple string interactions
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* Varying flavor parameters with effective
Tens |O n e p. strange to light quark ratio P(s)/P(u), PARJ(2)

_ wofkeff in PYTHIA:
Peff = Po

Kepp = ko(l+

]IF'

e &, extra suppression on diquarks with strange con-

) Ko fReff tent, PARJ(3) in PYTHIA;
Tefj = Iy '
ey, spin 1 to spin 0 diguark ratio, PARJ{4) in
yers = yoo! eI PYTHIA;
. Kepp/KO e o, Gaussian width of the transverse momentum
Teff = ﬂ'[]ﬂ‘” for primary hadrons in fragmentation, PARJ(21)

in PYTHIA.
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Charged particle productions

pp 7TeV NSD events § - 3
z 7 3

» Charged density drops with T A e :
increasing string tension Sy

« Transverse momentum spectra s -
hardly changes - E

« Less high multiplicity events e i B B e
with large string tensions n
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String tension variations

pp 7TeV

N, charged
number in "VO"
region, within

—3.T7<n=<-=17
and

28 <1< 5.1

hadron to pion ratio
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Integrated yield on
multiplicity

pp 7 TeV
Event class defined with charged number in "VO" region
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Integrated yield on
multiplicity
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Baryon to meson ratio

 Baryon to meson ratio underestimated in strange
and overestimated in nonstrange
« Unlikely to fit both ratios at the same time
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Relative strange production

Strangeness to
pion ratio can be
largely depicted
with K ¢™
Different trend
on multiplicity
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Summary

* Multiplicity dependent strangeness .
enhancement across a wide range of collisions
system observed in data

* The origin of strangeness enhancement in pp
is still largely unknown

 We test the strangeness enhancement in
PACIAE model with an effective string
tension approach

» It is possible to produce a strangeness
enhancement in pp from a pure string
fragmentation framework ©
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Chemical composition
independent of energy/system
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Strangeness enhancement in

P

P

A self-normalized double ratio maps out the
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Research paradigm in Heavy
Ion Collisions

The AA collision system
Large system
Deconfined/Hot QCD matter
« Chemical equilibration

« Collectivity

« Energy loss

The pA collision system
Small system

Cold nuclear matter

« Initial states: nPDF

The pp collision system

Small system

Test of pQCD calculations, reference
to understand all nuclear effects




Signs of collectivity in small
system

« Lambda to Kshort ratio
* Similar feature for over all collision system
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How do we treat strings that overlap in space—time?
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Collectivity in small system

* Ridge structure in pp/pA

Near side ridge arises in
high multiplicity pp

CMS pp s =13 TeV, N::“"' <35 (a)
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Signs of collectivity in small
system

Baryon to meson ratio
» Similar feature for all collision system
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Signs of collectivity in small

system

* Baryon to meson ratio

» Similar feature for all collision system

« Smooth evolution over multiplicity across all
system at fixed py

Does concepts like
radial flow or

recombination apply to

pp collisions?
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Signs of collectivity in small
system: model comparison

* Do we have a O B thlat Monash No CR - EPOBLHC. T

W o o o Pythia8 Monash With CR -.-.-. HERWIG7
mini-QGP ~ R e
. B 0.1- 0.;9 <Py < 0.55 GeV/c ALICE Preliminary

* In pp, these
thermo-

equilibrium e
behaviors can be 05/ 2.40< p, <260 Gevie
mimicked by QCD 04
effects, e.g. Color o3 AT ICER:
R econne C.|. | on . e

I1|(.'}

(chhfdn')ml‘:u-5 57



Strangeness production in pp
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production, energy
independent
EPOS reproduces
the trend
qualitatively
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Strangeness enhancement in
small system

A self-normalized double ratio maps out the
strangeness enhancement slope.
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Integrated proton/pion consistent
with no dependence on multiplicity
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Effective string tension

To quantify how different is a multi-gluon string compared to a pure
qgbar string, we start with the mean multiplicity produced by a string.
For a pure qgbar string:

n o ln(%)

For a multi-gluon string:
n—1 .2
Aocln(—)+ > In(—2).
S0 =2 S0
Since the string structure is governed by the hardest gluon, we
construct the quantity to represent the scale of a gluon string is

deviated from the pure qqgbar string:

111(&5;5%@-_)

gz 5 n—1 k%j '
In(2)+ >0 5 In(5*)

One can further parameterize the effective string tension as:
R = ko(1 =€)
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