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Strange Trends With System Size Of Strangeness




Chemistry in small system: strange to
non-strange - rises with system size
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Chemistry in small system: like flavor ratio - flat
with system size
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Chemistry in large system: tension in unlike flavor
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Chemistry in large system: tension in unlike flavor
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Freezeout:
Bottom-up

DETECTOR

m K, pry K*, d,..

Freezeout:
Cooper-Frye

Evolution:
Hydro/Transport

Glauber(+ CGC)

(+ Afterburner)

Initial Conditions:

VS

Top-down

DETECTOR

7 K, pry K*, d,..

Economical description of|
(dN/dy), d*N/dydpr;
Takes us to where they
froze: the freezeout
hypersurface

d.o.f at freezeout: hadrons;
provides the hadronic background
to any study of the QGP. For an
access to the fireball prior to

freezeout—necessary to
comprehend freezeout.




Understanding the system size dependence of
chemistry in Top-down approach
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Takes us to where they
froze: the freezeout
hypersurface

d.o.f at freezeout: hadrons;
provides the hadronic background
to any study of the QGP. For an
access to the fireball prior to

freezeout—necessary to
comprehend freezeout.




the single freezeout thermal model claim is:

e The hadronic fireball is in complete thermal and chemical
equilibrium at the time of chemical freezeout (CFO) when the
hadron yields are frozen

e We have a Grand Canonical Ensemble for the hadronic fireball
labelled by

e temperature T,

e hadron chemical potentials pn. Under complete chemical
equilibrium, all possible forward and backward hadronic
reactions rates are equal. Then all hadron chemical potentials
can be expressed only in terms of three chemical potentials
UB,Q,s

ih = Bhtg + Qnptq + Shis

e To be fitted from experiments: T, ug, V (ug and us from
constraints).

e thus yields that vary over several orders of magnitude and
across several orders of |/syn can be understood within an
equilibrium thermal model framework i.e. can be
parametrised by 2 parameters T and pg (if hadron ratios) / 3
parameters T, ug and V (if hadron yields)




suggested variants to complete equilibrium single
freezeout scenario

e deviation from complete equilibrium, introduce additional
fugacity factors for light and strange flavors Petran et al 2013

e deviation from single towards multiple freezeout scenarios:
simplest application- separate freezeout for non-strange and
strange hadrons
Bellwied et al, SC et al, Bugaev et al 2013; Rincon et al 2014




2CFO scheme

e Kaon to pion ratio ~ e 2™/T rapidly falls as the system

cools. Hence strangeness changing reactions freezeout earlier
due to the depletion of the kaon bath

e Motivates to propose separate CFO for (strange+hidden
strangeness) and non strange hadrons: 2CFO

e T, Vi, up, characterise the strange surface

e Tus, Vs, s characterise the non-strange surface
SC, Godbole, Gupta 2013




Resolution at LHC
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Flavor hierarchy: peaks at /syy ~ 10 — 100 GeV
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Effect of missing states
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Flavor hierarchy: survives missing resonances
contribution

o : : 5 :
1.2F (@ PDG2016 [] [ PDG2016 [ ]
[ PDG2016+ O .2 1.4 II‘ PDG2016+ ©
[ Fo12f E
Rm;[[} ‘ ] £ TIJ ‘{) ]
The fﬁ Jf ‘L v n';:o.a»‘ ‘ % 73
1 . of i ]
09 10 10 10° 04 10 107 10°
\Syx (GEV) \Syx (GEV)

SC, Mishra, Mohanty, Samanta 2017




Ratios

e Unlike Flavor Ratio (RUF):

3/2
RUE  ~ T\ (Ve RUF
2CFO T. v, ) icro

e Like Flavor Ratio (RF):

LF LF
Rycro ~ Ricro




Like Flavor Ratio
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Unlike Flavor Ratio
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1CFO vs 2CFO

e How to interpret the improvement of x2/Ngs in 2CFO over
1CFO 7

e Is it really physics beyond 1CFO or interplay of parameters
and 2 ?

e The issue lies in the fact that the particle ratios / yields are
not parameter independent predictions of thermal models.

e Ask: Can we construct parameter independent predictions of
the 1CFO thermal model ? If yes, that could be tested
without the confusion of number of parameters vs x? debate.




Parameter free prediction

e Primary yield

el /

NP = (V iTigim ) 2 : i K, </m1> ol (Birgi+Qinq;+Sins;)/

’ T;
=1

e Boltzmann approximation m;/T >> 1 good for all except
pions

2
NP — < Vi Tigim; ) K, <’;7_:> o(Binsi+Qing+Sins;)/ Ti

] 7T2 i
e Particle to anti-particle ratio
(NP/NE) = RP (fiie g iis) = exp (2 (Bifiie + Quiiq + Sifis

e In 1CFO, only 3 independent fugacity factors corresponding
to the 3 conserved charges. Hence, only 3 independent
particle to anti-particle ratios. The rest are constrained.




Parameter free prediction

e We focus on the following class of parameter-free conditions

o R
= — 1
"k~ RERY
. _ R
Mev T mRE T

...... all such ratios where the quantum numbers add up to

e Secondary feeddown contribution can spoil this. Feeddown
can be systematically included in thermal models. Typically,
their influence < 20%. Hence deviations of more than 20% in
data is interesting.




Data:

Single ratios
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Data - 1CFO - 2CFO: Triple ratios
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Data - 1CFO - 2CFO: Triple ratios
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Now revisiting...

ALICE 2016

Ratio of yields to (rr*+1T)
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1CFO - 2CFO: System size dependence
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1CFO - 2CFO: System size dependence
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Strangeness out of equilibrium in small system?
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further support from dynamical approach
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..but what happened to the flow??
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seems thermalized in a flowing medium!
Bozek, Broniowski, Torriori 2013




..and there seems like some convergence on this..

CONCLUSIONS

B. Schenke, C. Shen, P. Tribedy, e-Print: arXiv:1908.06212

¢ Qualitative description of v, data seems to require dominance of
final state interactions for dN,/dy 2 10

¢ Even if final state is described by realistic hydrodynamics,
the initial momentum anisotropy can affect final observables

¢ With one set of parameters, we describe a wide range of data
for different systems at RHIC & LHC

¢ A delicate balance between initial and final state effects in pp?
Could help constrain model, but one needs to be careful:
Other effects like hydro-fluctuations, conservation laws at particle
sampling, etc. can be very impcz)artant here

Schenke QM2019




so here is the strange tension

with decreasing system size

e flow suggests equilibration / thermalization (hydro —
Cooper-Frye — thermal equilibrium)

e chemistry suggests out of equilibrium

e this is similar to the classic case of the charm in heavy ion
collisions..production is not thermal, still flows!




Summarising

e is strange in small systems = charm in heavy ions ?
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