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Why Stra ngenESS? Rafelski & Mtdiller, 1982
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 Strange quarks M
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Not exist in colliding nuclei
(d) s

Current mass ~100 MeV < 7 jMWv<

Easily pair-produced in de-confined QGP medium

— Strangeness enhancement !

e Hadrons with (multiple) strange quarks
Small hadronic cross section
Sensitive to the early stage dynamics of the medium

Can be easily reconstructed and identified in
experiment, up to high py!

— Systematic study of medium properties!
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Motivation

> Nuclear modification factor of strange hadrons to

evaluate the partonic energy loss in deconfined medium.

> Strange baryon—to—meson ratio can be utilized to

understand hadronization mechanism.

» Rapidity density of (anti-)strange baryons may give insight

on the baryon stopping mechanism.
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Motivation

Yi Fang, Xiongxiong Xu, Weiguang Yuan, QM23/SQM24/CPS24
Beam Enel‘gy Scan (BES) prograim: Hongcan Li, Xiujun Li, SQM24; Yingjie Zhou, iHIC24

» Search for the onset of deconfinement -
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¢ NP\ Quark-Gluon
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HIC 200 GeV

> Search for the first-order phase transition

LHC 2.76 TeV
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> Search for the critical point
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inner TPC

> Large and uniform acceptance

> Excellent particle identification
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Counts per 0.8 MeV/c?

Counts per 0.8 MeV/c?
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Particle identification and reconstruction

Counts per 0.5 MeV/c?

Counts per 0.8 MeV/c?
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Particle identification with dE/dx.

1T, K, p are used to reconstruct the secondary vertex of
strange particles.

TMVA optimization to improve Q signal significance
Large number of strange particles allow multi-differential

measurements.
K3 — 7t +7 (B =69.2%)

A(A) — (-) +7 (n")(B = 63.9%)
5 (8") - M) + 7 (v*) (B = 99.9%)
07 (27) = AR) + K~ (K*)(B = 67.8%)
¢—>K+ + K (B = 49.1%) 6



pr spectra of K and A at 19.6 GeV
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pr spectra of -, ¢ and Q~(Q*) at 19.6 GeV
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Rapidity spectra of A(A) at 19.6 and 14.6 GeV
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Rapidity spectra of K9, =~ and £+ at 19.6 and 14.6 GeV
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Rapidity spectra of ¢

dN/dy
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» Rapidity spectra of ¢ are Gaussian-like distributions
» Rapidity distribution become wider with increasing energy



Nuclear modification factor at 19.6, 14.6 and 7.7 GeV
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C Sy =7.7 GeV T (S=77GeV
» Rcp of K¢ increases with decreasing collision energies - I¥i<05 [ 05dyi<to :
CP S g g [ STﬁR’ AutAu STAR Preliminary |
at pt>2GeV/c: _ - | o
o =
. . *#** *ﬁ
v’ Partonic energy loss less important g ] T N EE
v . = 0-10% = 0-5% o AR, |
Cold nuclear matter effect more important ; 2060% ° ¢ 40°60% =45,
¢
. 10__.:'.'.',::'.'.}::'.'.1::'.:1::::}::::_“_:.'::]'::::}::::,‘::::,‘::::{::::_—
> Rcp tends to be flat and larger than unity at - (=146 Ge | (=146 eV
I lyl<0.5 [ﬂ 1 0.5<lyl<1.0

pT>2G€V/C.
v Radial flow

v" Quark coalescence

» The enhancement is stronger for {) compare to &, A B s dntasiasasseats duansdnses iotsssnas seage uansdncas anes
O E VS_NN=19.6GeV EE \/%:19.6Gev ]
and K S L lyl<0.5 1 0.5<lyl<1.0 [ﬂ
v A stronger enhancement for multi-strange #

particles is a proposed signature for QGP

formation.

P, (GeV/c)



Nuclear modification factor for ¢

& 200 GeV: Phys. Rev. Lett. 99 (2007) 112301
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o\o 1 8 E ¥ BES'II ¢ data | E o@ 2.5 _| LI I LI | I 2k | | T | T | ¥| T BIEsl 7 7G |V | ]
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CID 1.6 — ! ol B BESI 19.6GeV T
< C L ] g = A 200GeV 0-5%/40-60% |
3 14 L] = 3 ) )
N “E * . o _ i
S 12f 1 1 5 . :
— 1.2 # X N + o 1.5 ]
1 — A A A l‘ A A A 1l— - * ‘ . _
= 15 54 | - S - " A :
L+ 08F ‘“.‘4‘ s 4f O -
- ‘# ] o . n i
0.6/x E e L A y
- = . *" YA A i
0.4 Au+Au 19.6 GeV - 05" 4 i —
0.2 STAR Preliminary = i STAR Preliminary A .
O L | : | I : I . | I : . : | L | . 0 _I 11 1 | L1 1 1 | L1 11 | L1 11 | L1 11 | | I | L1 11 | L1 1 1 | L1 11 | 111 ]
0 1 2 3 4 5 0 06 1 15 2 25 3 35 4 45 5
p, (GeV/c) p. (GeV/c)

:

* BES-1I result is consistent with BES-I with greatly improved precision

*Rep(d) > Rep(KQ) at 2 < pr <4 GeV/e

* Rcp <1 for higher p; at 200 GeV — Partonic energy loss in the QGP medium

* Rcp > 1 for higher p at 19.6 GeV and lower energies = Cronin-type interactions, radial flow

and/or coalescence hadronization
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A /K? ratio at 54.4, 19.6 and 14.6 GeV
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> Clear centrality and rapidity

dependence of (anti-)baryon-

to-meson ratio at intermediate

%

> Baryon enhancement is

observed in all measured

rapidity regions.
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\(sss)/¢p(ss) ratio

0.57\\\\‘\H\‘HH‘HH‘HH‘HH‘\H\‘HH‘\HL 0-57\\H‘HH‘HH‘HH‘H\\‘HH‘HH‘HH‘HL 0.57\\\\‘\\\\‘\\\\‘HH‘HH‘HH‘HH‘HH‘\HL
- e Au+Au 19.6 GeV (0-10%) ] - e Au+Au 14.6 GeV (0-10%) . - e Au+Au 7.7 GeV (0-10%) .
0.45C m Au+Au 19.6 GeV (20-30%) ] 0.45C m Au+Au 14.6 GeV (20-30%) ] 0.45C m Au+Au 7.7 GeV (20-40%) ]
- v Au+Au 19.6 GeV (60-80%) . - v Au+Au 14.6 GeV (60-80%) . -+ Au+Au 7.7 GeV (40-60%) .
0.4 — 0.4 — 0.4 —
rHwa&Yang Model (0-5%, 200GeV) ] rHwa&Yang Model (0-5%, 200GeV) ]  Hwa&Yang Model (0-5%, 200GeV) ]
0.35F Thermal recomb. only — ] 0.35C Thermal recomb. only N 0.35F Thermal recomb. only
i Total contributions : Total contributions — & Total contributions
0.3 al. 4 = 03 - . 4 Z o3
N ° = C i ’ = N
C ! = I W = I
0.25[- STAR Preliminary f |+| P |§ 0.25F STAR Preliminary ® A |§ 0.25[- STAR Preliminary
: ] S f slu P> el I =T
0.2; — - Z 0.2 ; || *: zZ 0.2;
0.15F- + - 0.15F- | A - 0.15F-
0.1 N ﬁ = 01 + = 0.1
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O:HH‘\\\\‘HH‘HH‘HH‘HH‘\H\‘HH‘HH: O:HH‘HH‘HH‘HH‘H\\‘HH‘HH‘HH‘HH: O:HH‘HH‘HH‘\\H‘HH‘HH‘HH‘HH‘HH:
0O 05 1 15 2 25 3 385 4 45 0O 05 1 15 2 25 3 385 4 45 0 05 1 15 2 25 3 35 4 45
P, (GeVlc) P, (GeV/c) P, (GeV/c)

» Similar to the observation at /s,y =200 GeV, the 2/¢ ratio increases from
peripheral to central collisions at intermediated py, which 1s compatible with the
existence of QGP at+/syy = 7.7 GeV
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Centrality dependence of ¢ production

0.03
- @BESI(19.6 GeV data (a = 1.264 (+0.036)) > Fi r . dN/d}’ — k Na—l

0.025[ ®BESII¢14.6 GeV data (o= 1.232 (+0.044)) Fit function: N /2 = KX part
- ®BESI¢7.7 GeV data (o = 1.353 (+0.040)) part

0.02  Fitune: ox Ny » Common centrality dependence for ¢, A, K production at

19.6GeV.
» « parameter for ¢ is slightly larger than that for A, K and less
than UrQMD predictions
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The bottom two plots show the total errors 16



particle ratio(¢/K)

Centrality and Energy dependence of ¢p/K™ ratio
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* The ¢ /K™ ratio exhibits no clear dependency on centrality or
energy across the range of \/syy = 7.7 to 19.6 GeV

* The ¢ /K™ ratio reaches the GCE limit at /sy = 7.7, 14.6 and

19.6 GeV

TSILEI (Z202) 1€8 § BT "SAyd -YVIS
S06120 (0202) 101 D 49y SAyd -J¥IS
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Strangeness measurements in fixed-target collisions
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* Particle rapidity coverage from beam rapidity to mid-rapidity
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Strangeness measurements in fixed-target collisions
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STAR: Phys. Lett. B 831 (2022) 137152; arXiv: 2407.10110
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Centrality dependence of mid-rapidity yields
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Energy dependence of scaling parameter ag

s 2.6 * Rapid decrease of scaling parameter ag for
e} B STAR preliminary :\—A(KO) —— o
- = S E~ from 4.5 to 7.7 GeV, and saturate at high
5 240 m o BESII (-0.5<y<0) ener
I - B @ BES- (|y|<0.5) 8y
y
§ 2.2 O HADES (4r yields) » The mechanism of strange hadron production may
c;e 5 :_ UrQMD (|y|<0.5) change
n;n N + UrQMD (4z yields) » Strange hadron production predominantly from
Z  1.8F Yield:Cx(Npan>as hadronic interactions at \/syy <4.5 GeV
(a1 -
A 1.6
; 4: S oo . . * UrQMD qualitatively reproduces the energy
T ® o o " u " dependence, but cannot quantitatively
1.2, ° ® o o describe all energies
1 - ¢ > likely due to missing medium effects

(\8

3,510 30
‘ Collision Energy \syy (GeV)
NN collision threshold of A° and Z~ UrQMD: cascade mode, hard EOS
S.A. Bass, et.al. Prog. Part. Nucl. Phys. 41 (1998)
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Energy dependence of mid-rapidity yields

-~ Au+Au Central collisions

STAR preliminary

3 ++ @
- » B oy ox X ox ®
B mﬁ*
= . N &
. # 6 o ¢ © B
~ #
B *
= m A K E
- *
Y X 4+ ¢ STAR BES-II
s 3% 4 O STAR BES-I
= 08 V A  HADES
A E
i 1 \L l\L 1 1 | I | I 1 1 1 1 111 I 1 1
2 5 10 30 200

Collision Energy s\, (GeV)

NN collision threshold of A° and =~

* Rich structure in strangeness excitation functions

» Production mechanisms is different at low and high
energies (high and low baryon density)

O Partonic interaction (pair production)
gg — SSor qq — SS

CHadronic interaction (associated production)
BB — BYK or BB —» BEZKK
B:N,p, A etc. Y: A, Z,etc. K: K*, K°

» Baryon-dominated to meson-dominated transitions
O K? and A° mid-rapidity yield cross at ~ 8 GeV

» First measurement of =~ near- / sub-threshold energies
in Au+Au collision
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Energy dependence of mid-rapidity yield ratios

STAR: Phys. Lett. B 831, 137152 (2022)
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UrQMD: cascade mode, hard EOS

§ - Heavy-ion Central Collisions g - Central Collisions
g | STAR preliminary OO B E | STAR preliminary . x X
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-;-’ E Y ashmaseesien = i R S SO
i 2 S [ [Jez==s I (D - s m]
10t Alp # gt 107 Al ay O
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1) Canonical Ensemble (CE) with strangeness correlation length 2.9 — 3.9 fm,
simultaneously describes Kg/ A, A/p, and E7/A in the measured energy range,

GCE fails at low energies
 Similar observations for ¢/K™ and ¢/="

= Change of medium properties at the high-density region
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Kinetic freeze-out properties at 3 GeV

| — 7 T T [ T T
0.2 - Au+Au Collisions at RHIC ]
S | Peripheral i
) K i
So0.15 -
£ K |
O 01 —
3 — -
© E i
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= | mpE AEKS (3GeV,BES-Il)  STAR Preliminary |
N R R SR

0

0.2 0.4 0.6
Collective Velocity (ﬁT) (c)

» Ty, of A and K% at 3 GeV is lower than T, K, p at higher energy collisions

» Similar observations for protons and deuterons, implying different EOS at freeze-out
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Hypernuclei measurements in BES-II
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“vews 7 * Hypernuclei measurements are scarce in HI collision experiments

« At low beam energies, hypernuclei production is expected to be
enhanced due to high baryon density

RHIC BES-II offers great opportunity for hypernuclei measurements.
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Hypertriton production measurements in BES-II
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B.R./2np_ ’N/dp_dy (c?/GeV?)

AH and ;He production measurements in BES-II
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Energy dependence of hypertriton production
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First energy dependence of iH

production yields in the high-
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Summary

» Comprehensive strangeness measurements in STAR beam energy scan phase II.
» Baryon enhancement is observed from 7.7 to 200GeV > consistent with QGP formation.

> Strangeness and hypernuclei production dominated by hadronic interactions at 3 GeV.

> Looking forward to the search for the onset of deconfinement in BES-II and NICA/MPD.
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