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Outline

» Strangeness production in heavy ion collisions

» Strangeness measurements in STAR
v'Beam energy scan: Au+Au 7.7 — 200 GeV
v’ Flow of multi-strange particle
v Lambda polarization

» Lifetime measurement of hypertriton

» Summary



A Strangeness
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» Strange, multi-strange hadrons
and ¢ meson
Less sensitive to late hadronic
interactions

» Q hyperons and ¢ meson
minimal distortion from decay feed-
down

Good probe for QGP properties and
QCD phase transition

hadronic

» Key observables

» Event anisotropy v,
Collectivity

» Nuclear modification factor

Partonic energy loss and
recombination

» Baryon/meson ratio
Parton recombination

STAR measurements at the beam energies of 7.7, 11.5, 14.5, 19.6, 27, 39, 62.4 and 200 GeV



?Strangeness iIn Quark-Gluon Plasma

SINAP

“Strangeness Production in the Quark-Gluon Plasma”, by J. Rafelski and B. Muller, PRL 48 (1982) 1066, cited > 600
“Strangeness in relativistic heavy ion collisions”, by P. Koch, B. Muller and J. Rafelski, Phys. Rept. 142 (1986) 167, cited > 730
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FIG. 1. Lowest-order QCD diagrams for s¥ produc- w an W W B
thon: (a) 47 <=s¥, M) g%, FIG. 2. (2) Rates A. (b Time constants = as func-
H . tions of temperature T. Full lines, ¢7 —~ 575 and gg—ss;
Strangeness Production: (s.Rrafeiskiand B. Muller PRL 48, 1066 (1982) dasbed lines, 7 —e¥; dotted linos, sg—g¥ (A= 18

_ ) ) ) ) MeV), Curves marked | are for a, = 2.2 and M= 280
s-s quark pair production from gluon fusions in QGP leads to MeV; those marked IT are for a, = 0.6 and M= 150

strangeness equilibration in QGP -2 most prominent in strange hyperon MeV,

production (A,Z,Q2 and anti-particles). o

dn /dt~A(l - In A0 /n =) P}, q . h

n {0) =n (=) tanh(t/7), T =n(=)/A. | A2
“Strangeness abundance saturates in sufficiently excited HEAL.. A e -
QGP (T> 160 MeV, E> 1 GeV/fm?), allowing to utilise ) ——— o

tisec)

enhanced abundances of rare, strange hadrons as
FIG. 3. Time evolution of the relative strasge-quark

indicators for the formation of the plasma state in nuclear |t baryon-number abundance in the plasma for various
CO||iSi0nS 7 temperatures (M= 150 MeV, a, = 0.6,
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s quarks: good probe for QCD phase transition &
QGP properties

Temperature (MeV)

\2°°;v6246 ” Quark-Gluon Plasma
e »Beam Energy Scan at RHIC
*;Gf;eev Au+Au collisions ar 7.7, 11.5, 14.5,

£ 19.6, 27, 39, 62.4, 200 GeV

P Look for onset of de-confinement,
wof u phase boundary and critical point
N gk | »Key observables

P aryon Chamica Potansl v (M) (1) Strangeness enhancement
CLLL graneeimiey sl (2) Baryon/meson ratio
o :gj - AutAu200 GeV Parton recombination

(3) Nuclear modification factor
: Partonic energy loss & recombination

STAR, arXiv:1007.2613; NA49, PRC78, 034918 5



SINAP

# Relativistic Heavy lon Collider (RHIC)
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Excellent'PID at mid-rapiereases in DAQ rate
-since 2000, most precise Silicon Detector (HFT)
STARis a ‘p purpose dete ith modern
apabilities  *




Detector settings and data sets

'\/S NN

MB events

Collisions .7y in Million

2010 | AutAu (39 |~130M
2011 | Au+Au  [200 |~480 M
2012 | U+U 193 |[~270 M
2009 | p+p 200 |~107M




/? Strangeness particles reconstructed in STAR

SINAP

Decay vertex

Primary ot
Vertex per’)

Ks— m*m (I')/T = 69%), ct = 2.69cm

A — pmr (I')/T = 64%), ct = 7.89cm

E-— Am (I'/T =~ 99.9%), ct = 4.91cm

Primary
Vertex P

m = \/ (\/mi + Pi + \/'m.3 + P2 )? - P?,



Particle identification and reconstruction

Au+Au @ 39 GeV
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Invariant Yield
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Pr spectra (K "ST0J . A, = at 39 GeV)

A spectra, AutAu 39 GeV A spectra, Au+Au 39 GeV
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» Extensive strange particle spectra Statistical error
» A(\\ ) spectra are weak decay feed-down corrected
~20% for A: ~ 25% for A
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» Extensive strange particle spectra
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article ratios
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» Particle ratios consistent with NA49,

consistent with the picture of a maximum
net-baryon density around \/SNN ~8
GeV at freeze-out
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Strangeness Enhancement
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Statistical Hadron gas Model: A. Andronic et al., Nucl. Phys. A772, 167 (2006)

> K-, anti-A, anti-= and ¢ yields increase significantly with respect
to the pion yield as the beam energy increases 9



antibaryon/baryon ratios

Qtopplng, Thermalization and Absorption

1 l I T | T T T T I
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+ ¢ é
¢, - 4 A '
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Noart | STAR Preliminary
« Baryon stopping increases toward more central o—— 1.

« Stopping is more prominent at lower energy 0 100 200 300 400
It is believed that Absorption drives Bbar/B drop toward central N

However, very little change of antibaryon absolute yields per participant pair part

Important to understand initial stopping and pair production vs final state
7.7GeV COM energy => Fixed target Energy 31GeV proton beam
p, phi, Lambda, Xi, Omega (antiparticle) production in p+A



Excitation function of antibaryon/baryons
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Left: Solid red: STAR BES; Solid blue: STAR published; Open blue: NA49

e STAR BES data lie in a trend with NA49 data

* B /B ratios increase with number of strange quarks at low energies

QM+ /71— >E T+ /ET—>A /A
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Anti-baryon to baryon ratio

8i S;
n; = (znz)ysl m?T Ky(m;/T)exp(iui/T)
A Qu, 2 A
—=€Xp(— Up + qu) ln(é)=_2ﬂ3 N 2#5
A T T A T T
ol 2u, 4 =
— =exp(- U MS) I:> 1n(__)=_2”B+4ﬂS
= r T = T T
2 oxp(- 2, Ol In() = - 25 4 Ots
Q- T T Q- T T

» T is the temperature.

> L5 1s the baryon chemical potential.

> g 1s the strangeness chemical potential.
(arXiv:nucl-th/9704046v1 by J.Cleymans & Phys. Rev. C 71(2005)054901)
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Rep (0-5%/40-60%)

Nuclear Modlficatlon Factors

0A_+K=+ weed | |27Gev | » K0 R.p increases with
.fz-f,% | | decreasing beam energies
= LT ll"'f -
M‘.‘i_t‘hﬂ" ............. - the partonic energy loss
AA, Ax724 . .
 sTARPreiminary . cneeimey effect less important in
| teseev [ 145GV | lower beam energy
i o + I 1 » The cold nuclear matter
I . N + ; " e effect (Cronin effect) starts
| o"Ye o 9,281 | totake over at lower
1 Ak - JRAAAA " Lo -+ :
s _ N energies
e~ 3 R, differences of particles
l + 1 | becomes smaller at \/SNN <
g " i : 14.5 GeV ->
i Yo ¢ i ™ 1 indication of different
A )
w ----------------------- BL V" o — -  properties of the system
0 s STAgPrellmlngry 2 | ; STAI;I!PrelImIngry 2 compared h|gher energies
P; (GeV/c)

[d?c /(Nuinprdprdy)]eentrat~ INUCI€a@r modification factor:

Rcp(pr) = — — ) : :
cr(pr) [d%0 /(Npinprdprdy)lpeipheral — partonic energy loss and recombination




Strangeness Production

[y RCP-L

STAR Preliminary
AuAu:0-5% / 40-60%

binary scaling
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» Nuclear modification factors at
Au+Au 200 GeV

> Less than unity at high p;

> Baryon/meson follow different
trends

-> Partonic energy loss and
recombination
> Baryon/meson ratio at Au+Au

200 GeV

> Baryon enhancement at
intermediate p; in central
collisions

-> Parton recombination

Strangeness is sensitive probe

STAR: arXiv:1007.2613
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A /K Ratio
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collision energy < 14.5 GeV:
less baryon enhancement

->

possible change of medium

property
€ 4 » Need more statistics at lower
beam energies

11.5GeV
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Enhancement of baryon at intermediate pT in central collisions:
parton recombination
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Transverse momentum p . (GeVl/e)

» Intermediate p; /¢ ratios:
Indication of separation between > 19.6 and 11.5 GeV

»> Q/¢ ratios: 40%-60% peripheral < 0-10% central for 19.6, 27 and
39 GeV 27



NCQ Scaled Q/P Ratlo
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STAR: Phys. Rev. C 93, 021903 (2016)

A o< dN/dy of s quark , (. +T1) (¢ = 3p})

2N(°)(p =2p7)

» One single strange quark distribution describes both Q and ¢ spectra->
quark coalescence production

» Slope (T) from Boltzmann fit changes at 7.7 GeV. Centrality difference?

» Decreasing s quark density below 19.6 GeV -> Possible phase fransition



€2 Baryon and ¢ Meson v,

Q and ¢: good probes of early partonic stage of collision
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STAR: Phys. Rev. Lett.116, 062301 (2016)

» Proton and pion v, compared with Q baryon and ¢ meson v,
» High precision data prove that Q follows the baryon/meson splitting
at intermediate p; range, 2 < p; <5 GeV/c. First time!

The major part of collectivity has been built-up at partonic stage!



The STAR Upgrades and BES Phase I

upgrade

Major improvements ndcap
for BES-II = vent ’lane |etector

Lo .
N7 EPD Upgrade:

 Improves trigger

* Reduces background
* Allows a better and
independent reaction

.......

L ITTE

plane measurement
critical to BES physics

=

iTPC Upgrade:
* Rebuilds the inner
sectors of the TPC
» Continuous Coverage
* Improves dE/dx s _
- Extends n coverage * Rapidity coverage is
from 1.0 to 1.5 critical
* Lowers pr cut-in from *PIDatn=09t0 1.5
125 MeV/c to 60 MeV/c * Improves the fixed target

program
* Provided by CBM-FAIR

1V




What is STAR 1TPC upgrade?
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iITPC upgrade @Shandong Univ.,
China




Fixed Target Program with STAR

s l STAR Fixed-Target Run14 Set-up I
Quark-Gluon : ‘

radius A N ENC
Beam —
~ S \ ]

Pipe

LHC 2.76 TeV

Fixed target
atz=2.1m

BBC-\West

Temperature

2.0 cm radius
Be Beam Pipe

Baryon Chemical Potential

« Extend energy reach to
overlap/complementary AGS/FAIR/JPARC

* Real collisions taken in run 14 and results
(K. Meehan @ QM15 & WWND16)

. Upgrades (iTPC+eTOF+EPD) crucial 'Z%@

STAR Preliminary \/_Au +4A5uG v
SNN = 4. e

+ STAR FXT

Uncorrected

* Unprecedented coverage and PID
for Critical Point search in BES-II
» Spectra, flow, fluctuations and correlations 2

i1 PRI W A4 PRI PRI T S SN S ST S ST ST ST S R U WY
1.29 1.3 1.31 1.32 1.33 1.34 1.35 1.36
Invariant Mass (GeV/c?)
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Summary

« Strangeness and hypernuclei are very exciting topics

« Strangeness is essential in determining
the data point locations in QCD phase diagram
Degree of thermalization from collisions to QGP

Final-state absorption of antibaryons
Global Polarization and Vorticity of the QGP fluid

» Looking forward to BES-Il at RHIC, CBM, NICA and JPARC

Thank you for your attention
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