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Strangeness suppression in small system

ALICE Coll., Nature Phys. 13 (2017) 535-539. ]

Ratio of yields to (w*+x")

ﬁapendence of strange particle to pion yield ratio}
on multiplicity is studied in ALICE

Suppression of ratio with decreasing

multiplicity in observed in pp and p-Pb

collisions -- small systems.

—
<

» Suppression is more for particles with more
strangeness content (S).

QLinked to “strangeness canonical effect” /
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Strangeness canonical ensemble

Partition function depends on thermodynamic quantities and the Hamiltonian describing
the system as

Z6C (1) = Tr [e—ﬁ(H—ﬁ’-(j)]

Canonical treatment of strangeness: At LHC -- u~0, the partition function with exact
strangeness conservation (S=0) is

Z§ = Tr[e PH ]

Multiplicity of a particle with strangeness quantum number S in the given experimental
acceptance

I5(S1)
(Ng)§ =~ VnSt =—=
S/A A'ls 10(51)
here,
V, is effective fireball volume; Is$1) g suppression factor; S; = V. Y, n;(T),

Ip(S1)
V. is full space volume where S is exactly conserved.

> Fitting data with the thermal model (SCE) and also included interactions among
hadrons using S-matrix corrections




Canonical suppression effect in Strangeness sector

K Fitted particle yields — m, K, p, A, E, Q in\

E E e T T T ]
pp collisions at Vs = 7 TeV for various g 4 AUCEpp.s=7Tev Temp. =160 MeV =
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3 E
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[Effective volume (V,) and canonical volume (V¢) increase linearly with multiplicity. ]

[J. Cleymans, Pok Man Lo, NS & K. Redlich, Phys. Rev. C103 (2021) 014904. ]




Canonical suppression effect in Strangeness sector

Fit range Predicted
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Canonical suppression effect in Strangeness sector

Fit range Predicted
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Canonical suppression effect in Strangeness sector
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For small multiplicities, V¢ > V5 2 Reduced suppression of strange-particle yields.



Yields Ratios

Strange Canonical effect in low energy

[—)
=)
0

1072

1073

STAR preliminary

Central Collisions

-

-
-------
AT
-
-

-
’---
-
-
-
-
-
P

Suppression of
strangeness is seen in
low energy.

/At low energies i.e. \/SNNA

5 GeV.

» GCE overpredict the
ratios.

» SCE with R =2.9 -
3.9 fm describes the
ratios well.
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[ Hongcan Li, STAR Coll., SQM-2024 |

 Forenergy > 5 GeV
\\ » GC and SC merge./




Canonical effect in Baryon sector

ALICE Data
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At LHC energies,

anN ~ e—m/Tchem.
dy

* In small system, baryons to pion
ratios is suppressed with
decreasing multiplicity and
increasing baryon quantum
number of hadrons is observed
by the ALICE Collaboration.

— Can be linked to the “baryon
canonical suppression effect”.

This requires treatment of baryon
quantum number canonically —
Analogous to Strangeness
Canonical Effect!




Implementation of BCE in Thermal model

Qticle multiplicity with baryon “b” is \

I( Bnlgh1(T))
Io (2v&nil, (1))

(Np)s = Vyn¢

V, is effective fireball volume in the acceptance;

Ig(B;)
Io(By)

Qs full space volume (correlation volume) where B is exactly conserved/

ratio is suppression factor and B; =V ), n;(T);




Implementation of BCE in Thermal model

KPerformed fits to m, p, d yields measured by ALICE in pp @ 13 TeV \
and p-Pb collisions @ 5.02 TeV for various multiplicity classes.

- Temp. fixed to 156.5 MeV;
- Fixedy, =1

- Fixed V4 from previous analysis as system under consideration is same.

KVCB is only free parameter. /




Implementation of BCE in Thermal model

Radius (fm)

(O Acceptance radius (Phys.Rev.C 103, 014904 (2021))
M Strang. Can. radius (Phys.Rev.C 103, 014904 (2021))
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F A Baryon Can. radius (fit p-Pb @ 5.02TeV)
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/ For low multiplicity:
For <dN./dn>~ 2.5
2> Ry= 1.3 fm,
> Maybe RE > R? > R,
» At high multiplicity, canonical

GC.

* Vs increasing linearly with
multiplicity.

v —273+29><dNC”
\ 0= 273429

> R2~1.6fm, RE~19 fm

effect vanishes and system follow

» Relation from fitting pp @ 13 TeV

~

v




Comparison of Yields with BCE predictions for pp and p-Pb collisions

BCE (T = 156.5 MeV) @)
— No factor
- - With fugacity factor
« Additional SC factor T (x 3) / \

» Yields of protons and deuterons
and their dependence on
<dNg,/dn> are well described by
the thermal model with exact

AH (<10 baryon conservation.
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Comparison of Yields with BCE predictions for pp and p-Pb collisions

Yields
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Yields of protons and

deuterons and their \

dependence on <dN./dn> are
well described by the thermal
model with exact baryon
conservation.

Predicted *He and 3;H vyields
for all multiplicity range and p
and d yields for higher
multiplicity classes (p-Pb
collisions).

Qualitative trend of 3He and
3H i.e. suppression of baryon

with decreasing <dN,/dn> are/

well described (solid lines).




Comparison of particle ratios with BCE predictions
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Nuclei production in Au+Au collisions at /syy = 3 GeV

[ STAR Coll., arXiv: 2311.11020 ]

K Nuclei yield is slightly decreasing frorh

central to peripheral collisions (i.e.
with decreasing Npart)

» Slope increase with increasing mass
and baryon quantum number

—> Baryon suppression at 3 GeV may be
interpreted as due to the baryon
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@nonical effect — needs investigation! /
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Nuclei production in Au+Au collisions at /syy = 3 GeV

[ STAR Coll., Phys. Lett. B 825 (2022) 136865 ]

lyl<0.5)

N

dN/dy

1072

1072

107

® Au+Au 0-10% (STAR)
| O Pb+Pb 0-10% (ALICE)

Central Au+Au

/Thermal model explains iH\

production in heavy-ion
collisions ranging from 3 GeV
[SCE] to 2760 GeV [GCE].

« SCE thermal model
underestimates AH
production by a factor 4 in

low energy (3 GeV) collisions
- May be BCE is required
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— Coalesc. (JAM) =~ ¢ Syy = 3.0 GeV
TG T Coalesc. (DCM) &' | I — .
L Thermal £ | = —
mnn PHQMD  x10°F _ | cicimmimimimin 0l
\ N e i
R o . .
: 0.4 0.5 0.6
- y B.R. (*H—*He+n
,\j:‘\ (b) 4 H
A
.I‘\‘ . L | |
10 100 1000

as particle has B=4 (needs
\ investigation). /




/Conclusions: \

Canonical effect seems important to consider in

» Small multiplicities at LHC energies

Q Also in low energy collisions at RHIC energies /
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Canonical suppression effect observed at LHC energies
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Ratio of yields to (w*+m)
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Canonical suppression effect in

Strangeness sector

Yields
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Canonical suppression effect in

Strangeness sector
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