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Strange hadron yields from small to large systems

ALICE, Nature Physics 13, 535-539 (2017)
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Iconic figure at the LHC:
® smooth strangeness enhancement (SE) VS final state multiplicity
e Strange content hierarchy: SE(2) > SE(Z) > SE(A,K°,)
e strangeness- and not baryon-related

e peculiar role of § meson

2.5

= =
on =)
I I

h/ze)/(h/T)iNEL > o

(
o
|

ALICE o - ALICE — PYTHIAS
®pp,Vs=T7TeV 040 @pps=7TeV ~  -eoee DIPSY
O p_Pb, \/gNN =5.02 TeV ‘ﬁ ﬁ: E O p-Pbsy=5.02TeV EPOS LHC
®p ﬁu | osE
R L 2T
+ ‘J z E ----- ‘“‘; il

Q rﬁa ﬂ' ;%ﬂ UC‘ 0 é 0.25 i __________ Egi) ....... 3.

-4 :

| T -
?% 9@6 .ﬁgg ) g @-8| s g_ jjjj

llﬁl\

p/m (x2)

0.5

g H 0.10
;
I

005 1 | |

(dNey/dnhyi <o



Strange, but also not strange!

Ratio to ©t

—
S

1072

107

T TTTTT]

11 1111l

pin g CHOREREMARISR 308408 0p op deping,

(x6)
L K/n DOWMJ vl Dgg—_
i e aa I B I T TR
| A §® .
— CHL q"‘lﬂ i
= o/n -
T T
L i -
[ = @ _
=3 b §83
- bep -
— ‘P‘” ]
S _
- O/n ‘m —
) “1 10 -~ ”“1“02 — ""1"03 |
T <chh/d 77>|1]|< 0.5

Strangeness
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The ratio depends on the event multiplicity
in a qualitatively similar way in pp, p-Pb and Pb-Pb
In small systems spectra evolve with(dN_/dn)in a
qualitative similar way as in heavy ion collisions The magnitude is smaller in pp with respect to p-Pb and Pb-Pb,

(valid for all identified particles studied) but note that for similar percentiles(dN_ /dn)is dramatically
different among the three systems



excursus: baryon/meson anomaly for hard probes
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Striking similarities between light and
heavy flavors in small systems

Intriguing observation:

Need to extend A./D, at lower p; and with larger statistics

Hydro for charm? Hard to believe! Not supported by
A-A observations:

S low-py hierarchy vl > v§ > v§°

S A/KS > A./ D,

—> Challenges hydro hypothesis for light flavors in pp

Coalescence at intermediate p; with same net effect
for light and heavy flavors?




Recent extensions: P(ns)



P(n,): multiplicity distribution of strange hadrons in pp@5.02 TeV

Unique opportunity to test the connection
between average-charged and strange
particle multiplicity production throughout
very extreme situations

(dNch/dn) ~ 20
0 K°

(dNch/dn) -~ 3
7 K,

From this strange particle multiplicity distribution, the average
production yield of n particles per event can be calculated through:

max
n

i!
Z n!(i—n)!

i=n

(Yns) = -P(n)

e (Y, ) isthe average of the multiplicity distribution
(corresponding to what was called “dN/dy” or “yield” in
previous publications)

° (Yn>1 S) identifies the average production yield of doublets,
triplets, ..., multiplets of the given particle.
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(Y_.): multiplets production yields
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Agreement with models deteriorates with
increasing n

Comparison to models very statistics
demanding! 10B events here. Would be
interesting to see comparison to EPOS 4

No difference in predictions from Monash
and QCD-CR Ropes for KOS, while large
improvements for baryons — trend with
multiplicity well described, but
undershooting

EPOS-LHC: better agreement at high
multiplicity than at low
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Enhancement with multiplicity not connected to
strangeness unbalance (mass? baryon number? ...)

Very well described by Pythia 8 QCD-CR Ropes
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Very well described by Pythia 8 QCD-CR Ropes number of light quarks involved!



Production in- and out-of-jet




Are spectra modified in the same way in- and out-of-the jet?

A @z
Yy
_qﬁ
lﬂ "'
. l'z
x4
Jetty (S, = 0)

X

Isotropic (S, — 1)

pp collisions feature complicated
topologies. Jets and Underlying
Event (UE) coexist

Expect QGP-like features to
emerge in UE rather than in

boosted jets

~

Jet finding:

Charged track selection:
In] <0.9, p. >0.15 GeV/c

Jet finder: anti-kT, R=0.4,

|77jet | <0.35, Prjer> 10 GeV/c

Strange particles found in:
o JetCone —

Strange hadron, jet

jet cone

=V(An? + Ap?) < 0.4
o Underlying Event — perp. cone method

o Jet fragmentation — JE =JC - UE

jet axis

‘‘‘‘‘
_____

5, 1
el

.
\\ R(hadron, jet)
Jet(p,m) A = [Ag7 + bg?
Strange hadron(g,n)

Leading hadron method:
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* jetdirection: the one of the highest p_hadron

. pTIeading > 4-5 GeV/c

e hadron-strange correlation method to extract
particle yields in- and out-of-the jet
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baryon/meson anomaly in- and out-of-jet in pp
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ALICE, Phys. Lett. B 827 (2022) 136984
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Dynamics in the baryon/meson are
dominated by what observed in the UE

Spectra are harder in the jet than in the
perpendicular cone (UE)

Statistics-hungry analysis, but missing the multiplicity dependence we miss part of the fun!

Need to change our “definition” of jet
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ALICE Collaboration, arXiv:2405.14511
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(multi-)strange hadrons are mostly produced outside the jet
[in events with a leading particle with p_> 3-4 GeV/c]
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... spectra evolution observed only in the transverse to
leading...
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ALICE Collaboration, arXiv:2405.14511
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... spectra evolution observed only in the transverse to ... but (in-) and (out-of-)jet SE looks ~the same...
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ALICE Collaboration, J. High Energ. Phys. 2024, 184 (2024)
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... and the effect is reproduced by Pythia only with CR
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Up for discussion
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In the years strangeness enhancement is turning into a “less-common stuff” enhancement

o  connection to charm hadronization?

o does strangeness retain a “higher status”? Probably not
Multiple (multi-)strange hadron production VS VOM multiplicity

o ratio of multiplet yields shows enhancing /\/Kos ratio and 25/4K°S decreases with multiplicity. Light quarks are playing a role!

would coalescence calculations get these trends?

o near future: several other ratios (e.g. SE at its extremes!)

o  CRjunctions nicely re-connects strangeness with lighter quarks. Yet strangeness abundance remains a challenge. Does Rope actually help?
In and out-of jet studies seem point to:

o strangeness production dominance and spectra evolution only outside the jet

o SE outside the jet and (potentially) same SE in the jet. Does this observation challenge the Core-Corona approach?
New classifiers:

o  spherocity correlates to SE at fixed local multiplicity but not at fixed forward multiplicity

m is this coming from its correlation to p,? Despite this, we have a knob to tune strangeness at fixed multiplicity

o flattenicity aims at removing the high-p_ bias

m current result hints at potential success. Larger statistics may help



Fix N - SE VS Spherocity - Model comparison

—h
N

Ratio to pions / (HM ratio)

—h

Vs=13TeV, N

~ea
-
~
-
-
~
-
~a
-
~
~
~
~
-~
-
~
~
-

~

fl-< 0.8
tracklets-

(1), ml <0.8,N_ >10

.q\
.

.

ALICE

N::0.3 < p_<20 GeV/e

0.8 & Np: 0.45 < p_< 20 GeV/c
i | NA:1.0<pT<8GeV/C
—— EPOS-LHC Nz:0.6 < p_<6.5GeVic
GRS Herwig 7.2
| | | | | | | | | | ] | | | ] I ] |
0 0.2 0.4 0.6 0.8 11
So

Ratio to pions / (HM ratio)
o o —
(0¢] © —_ —_

5~
~

Livio Bianchi
QCDCppAA

3 Sep 2024

P
23

{s=13TeV, N

Ml < 0.8
tracklets

-
-
------
-
-

e 1 eN, /N,
T #NN,
| +N_/ N,
s ALICE

—— PYTHIA 8.2 Monash

(), Il <0.8,N_ >10

PYTHIA 8.2 Ropes

’
1 1
|

N 0.3 < p, < 20 GeV/c
N,: 0.45 < p. < 20 GeV/c
N,:1.0< p, < 8 GeV/c
N:z: 0.6 < p. < 6.5 GeV/c

0.2

04



Livio Bianchi

Fix VOM - no SE VS Spherocity - model comparison S
3 Sep 2024
1 1-\/__13TeVVOM (), ml <0.8, N_>10
o o
© 1.2 T N X3
S | 496
= 5 |
7)) L -
0 c 0.9¢
= S
5 o B
o - - N,/ N
O ~ 0.8+ P ALICE
S ALIC 20(3‘\\/1 .908—+x/\jxn Ny 0.3 < p_ <20 GeV/c
— ., <p.< eVic = - ~ N,:0.45<p <20 GeV/
"(B' 0.8— Np045<pT<20GerC D(:U e " Ni10<ppT<8(3|eV(jCC
s i N,: 1 O<pT<8GeV/c 0 7: —— PYTHIA 8.2 Monash n_: 06<p < 6.5 GeV/c
—— EPOS-LHC Nz:0.6 < p_<6.5GeV/c B PYTHIA 8.2 Ropes
B HerW|g72 i A N N R S NN NN SN M N N S S N |
| | | | | | | | | | | | | | | | | | O 0.2 0.4 0.6 0.8 11
0 0.2 0.4 0.6 0.8 1 Pr=
'OT=1 SO



v, of identified hadrons in pp and p-Pb
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Not only we observe v, in small systems, but the particle hierarchy (in different p_regions) is the one that we
expect from hydro and observe in Pb-Pb collisions
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d, 3He and 3H significantly enhanced throughout multiplicity! Qualitative agreement with Thermal Canonical

Statistical Model and coalescence model.
What causes this enhancement? Lifting of canonical

suppression? Coalescence probability at kinetic freeze-out?
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SE in HM VS Spherocity
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