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Strangeness Enhancement and the QGP

e Strangeness enhancement was one of the
first observables predicted as a signature

of the QGP. a)

P._Koch. et al. Phys. Rep. 142. 167 (1986).
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c)


https://www.sciencedirect.com/science/article/abs/pii/0370157386900967?via%3Dihub

Strangeness Enhancement and the QGP

e Strangeness enhancement was one of the
first observables predicted as a signature
of the QGP.
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e The thermal production of s-s pairs is
favorable in the QGP since the s-S masses >W“<
are close to the QGP transition K 9z
temperature ~157 MeV.
o 2xm,~192 MeV
o  There are abundant thermal gluons in the o~ d)

QGP medium.

e Multi-strange (E* ,22*) hadrons are more
sensitive to the existence of QGP.

P._Koch. et al. Phys. Rep. 142. 167 (1986).
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Motivation

A smooth increase in the ratio of
strange hadron production to the
pion yield as a function of multiplicity
has been found in various collision
systems (p+p, p+A, A+A).
o  STAR has reproduced these
ratios.

However, there is a notable data
gap in the low multiplicity region
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Motivation

A smooth increase in the ratio of
strange hadron production to the
pion yield as a function of multiplicity
has been found in various collision
systems (p+p, p+A, A+A).
o  STAR has reproduced these
ratios.

Oxygen is one of the smallest ions
used at RHIC.
o  Fillin the hyperon to pion ratio in
the low multiplicity gap
o  Allows a more straightforward
geometry mapping with
centrality than those asymmetric
small system collisions like
He+Au, or d+Au

Iris Ponce - CPOD 2024

Some of RHIC’s collision systems
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O+0 Run Information at STAR

The Solenoidal Tracker at RHIC (STAR)
has been operating since 2000. Detector Developments for BES II

nner / upgrade
From 2018 on, STAR had two detector ‘ vent Plane Detector

upgrades: iTPC and eTOF ‘ ' N )

1
/

Picture: Alex & Maria Schmah

Q. Xu. (STAR Collaboration). 8th Workshop on Hadron Physics (2016)
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https://indico.cern.ch/event/502161/contributions/2261768/attachments/1322921/1984683/04_iTPC_CCNU_2016_Xu.pdf

The Solenoidal Tracker at RHIC (STAR)
has been operating since 2000.

From 2018 on, STAR had two detector
upgrades: iTPC and eTOF
O  Improved coverage:

In| <1.5 from|n| <1.0
o  Lower p, coverage 125 MeV => 60 MeV

There are ~650M O+0O minimum bias
events total.
o Yaof the O+0 run was taken with the
magnetic field reversed.
m  Testing calibration and TPC
distortions

e

O+0 Run Information at STAR

Detector Developments for BES II
upgrade

vent Plane etector

Picture: Alex & Maria Schmah

Q. Xu. (STAR Collaboration). 8th Workshop on Hadron Physics (2016)
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Particles To Be Reconstructed

| am interested in reconstructing particles with s-quarks, as listed below.

Particle Strangeness Mass (MeV) Decay Mode Branching Ratio
»(1020) 0 1,019.461 £ 0.020 BTE- 49.5 %

K = | 497.611£0.013 T 69.20 %

A -1 1,115.683£0.006 pw 64.1 %

= -2 1,321, 71+0.07 Am~ 99.887%

b -3 1,672.4510.29 AK~ 67.8%

e This presentation will focus on A’s.

e TheE,Q, ¢, and KOS results will follow soon.
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Reconstructing Lambdas and Signal Extract

e Using Kalman Filter Particle (KF Particle)

reconstruction algorithm.
o  Standard reconstruction for decayed
particles.
o Initially developed for other heavy ion
experiments but was adapted in 2018 for
STAR.
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Reconstructing Lambdas and Signal Extraction
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e Using Kalman Filter Particle (KF Particle)

reconstruction algorithm.
o  Standard reconstruction for decayed
particles.
o Initially developed for other heavy ion
experiments but was adapted in 2018 for
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Reconstructing Lambdas and Signal Extraction
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e Using Kalman Filter Particle (KF Particle)

reconstruction algorithm.
o  Standard reconstruction for decayed
particles.
o Initially developed for other heavy ion
experiments but was adapted in 2018 for
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Ap, (GeV/c)

What does our rapidity coverage looks like?

10

o p, (GeV/ic)
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Rapidity Rapidity

The iTPC provides extended coverage.

The rest of the talk will focus on this

phase-space.
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Uncorrected Raw Spectra for Hyperons in O+0O
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e There is good coverage through 0 - 80% centralities.
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Uncorrected Raw Spectra for Hyperons in O+0O
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e The large statistics, improved p, and rapidity coverage enables
STAR to have good statistics for multi-strange hadrons.
e There is good coverage through 0 - 80% centralities. 16
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Corrected p, spectrum for A’s in O+0O

The p; spectra is calculated from
the A’s invariant mass distributions
for the different momenta.

The reconstruction efficiency is
calculated using a Monte Carlo
which is embedded in real data and
then propagated through the
detector simulation.

17
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Corrected p, spectrum for A’s in O+0O

The p; spectra is calculated from

the A’s invariant mass distributions "5 - STAR Preliminary
for the different momenta. 3 10 o Das
Nzl_'%;_ % Blast-Wave Fit

The reconstruction efficiency is °%§ 102 =

calculated using a Monte Carlo -2 E

which is embedded in real data and 1§ 10 =

then propagated through the —  dN/dy = 0.86 + 0.05 (stat) £ 0.2 (sys) °

detector simulation. 107 = <py> =0.513 +0.14 [GeVic] " .

— 040 s, =200 GeV o

The A spectra is the average of 107 = A@,ii:,,ff,?ﬁ:f,':}';yll <09 | | | | | * | ® .

both magnetic field configurations. 5 oe 1 98 2 B2 b s 4 3_?'(;;"”;)5
18
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Comparing the O+O yield to similar Collision Systems

STAR Collaboration. Phys. Rev. Lett. 108, 72301 (2012)

Iris Ponce - CPOD 2024

Most central O+O
collisions have a
similar < N > as
peripheral Au+Au
collisions.

Integrating the A P;
spectrum from 0 to «
the yield (dN/dy) is
0.86 +0.05 +£0.22

**O+0 yield is not
feed-down corrected.

19
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Comparlng the O+0 yield to similar Collision Systems
? j —@—— Cu+Cu sy, =200 GeV (PRL 2012)
= - —l—  Au+Au |sy, =200 GeV (PRL 2012)
%,_52_51 — A 0+0 |5, = 200 GeV + Most central O+O
_ **04+0 Not feed-down corrected** collisions have a
- + similar < N > as
2 peripheral Ru+Au
N collisions.
1 .5? +
B Integrating the A p.
e spectrum from O to
- the yield (dN/dy) is
- t£ 0.86 + 0.05 +0.22
05r Mid-rapidity A Yield
- g g **O+0 yield is not
Oﬁ' o STAR Prel'm'r‘ary N feed-down corrected.
20 30 40 50 60 70

(N ? 20
STAR Collaboration. Phys. Rev. Lett. 108, 072301 (2012) Iris Ponce - CPOD 2024
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Next Steps for Analysis

e Extend the analysis to other hyperons.

Transverse momenta distribution |
for Au+Au at Vs =200 GeV

O The raw p; spectra have been made but is
pending the corrections.

e Calculate the yields from corrected
spectra.
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Transverse momentum p- (GeV/c)

STAR Collaboration. Phys. Rev. Lett. 98, 062301 (2007)

5
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Next Steps for Analysis

e Extend the analysis to other hyperons.

T

O The raw p; spectra have been made but is
pending the corrections.

+

e Calculate the yields from corrected
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o  Compute the pion/hyperon ratio in the low 01 2 3 456 1 2 3 45 1 2 3 4 5
multiplicity region Transverse momentum p; (GeV/c)
® Use thermal model for freeze-out STAR Collaboration. Phys. Rev. Lett. 98, 062301 (2007)
parameter (e.g. yg , T ) extraction. 29
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Conclusions

e The O+0 at \/SNN = 200 GeV is a newer data set for STAR.

e The O+0 dataset can fill in the gaps in the low multiplicity regions in the ratio
of strange hadron production to the pion yield for the STAR data.

e \We presented the first yield calculation for A’s in the 0-10% centrality region
for O+0O.

e \With the great statistics there will be interesting results for the near future!

23
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Y. Zhou presented measurements of
K. A, E production at \'s, = 3 - 4.5
GeV in Au + Au collisions.

o  Soon there will be more
measurements from BESII too.

Y. Leung presented on hypernuclei
production at Vs, = 3 - 27 GeV in
Au+Au.

Plus several other analysis!

Covering different phase-space of
the QCD diagram!

Iris Ponce - CPOD 2024

Temperature

Some of STAR's other strangeness results at CPOD

- iﬁo;sibk’ o 4

. < critical p({in;.'.'ﬁ. \

- Atomic nuclei Neutron stars

Baryon density

https://www.bnl.gov/newsroom/news.php?a=1210

72
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Backup

25
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Full spectra with BES yields

T

—
<Q

- A % <}=<>¢ A+A

- .n @i@cﬁ%%m,,
R Do

éﬂ%

Ratio of yields to (t++r)

i

1073 I =5 V;:x.r : @ ] Q ‘

Illllll

Q+Q

STAR

T

Au+Au 7.7 GeV
Au+Au 11.5GeV
Au+Au 19.6 GeV

<>

104
Au+Au 27 GeV
Au+Au 39 GeV

IIIIIII

Au+Au 200 GeV
Cu+Cu 200 GeV

p+p 200 GeV

Pb+Pb 2.76 TeV ALICE

T

@B %O<D

1075 =L Ll Lol
10 10° 10°

<dN,/dn> Inl<0.5

https://indico.bnl.gov/event/11208/attachments/34410 26
[55818/zhu_BNL_nuclear_seminar_2021.pdf
Iris Ponce - CPOD 2024


https://indico.bnl.gov/event/11208/attachments/34410/55818/zhu_BNL_nuclear_seminar_2021.pdf
https://indico.bnl.gov/event/11208/attachments/34410/55818/zhu_BNL_nuclear_seminar_2021.pdf

Flow Measurements in O+0 collisions shown in QM2023

Bulk Results:

Similar Npart to 3He-Au

v,(0+0) < v,(d+Au) = v,(3He+Au)
v3(0+0) = v5(d+Au) = v;(3He+Au)

° vn/sn are similar between O+0O and
3He+Au, within a quark Glauber model

S. Huang (STAR Collaboration). QM2023
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Flow Measurements in O+0O collisions shown in QM2023

Bulk Results:

Similar Npart to 3He-Au

v,(0+0) < v,(d+Au) = v,(3He+Au)
v3(0+0) = v5(d+Au) = v;(3He+Au)

e Vv /e are similar between O+O and
3He+Au, within a quark Glauber model

o V,{4}/v,{2} show clear decrease in
ultra-central collisions, consistent with
e{4} le,{2} , indicating enhanced
fluctuations due to possible
many-nucleon correlations.

VANIVA2} (e{4}e2})
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il P A Quark Glauber:
NLEFT(w cluster) ===1  PRC94, 024914 (2016)
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Calculated by Giuliano
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TPC Centrality(%)

‘ ®

S. Huang (STAR Collaboration). QM2023
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Reconstruction Details and Topological Cuts

1) The distance to Primary Vertex

~ . __ |4) y?cutson

VO VixZ B particle fits

2) The distance between

daughter particles CA fetween

CA VO Neg. daughter £ //f,; VO/JaUth‘efS
to Prim. Vitx / s A ”

N 4
/’ o /

3) Primary Vertex location

/ 2/
\ o
g 3 / DCA VO Pos.

Vix e T
/ \*’\,’f — daughter
to Prim. Vitx

DCA VO to Prim. Vix
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Reconstruction Details and Topological Cuts

1) MaxDistanceBetweenParticlesCut (DCA

between daughters): 5 cm

2) LCut (distance to primary vertex): > 1 cm

3) Chi2Cut2D (cut on y? of the particle fit): > 20

4) ChiPrimaryCut (cut on y? of the tracks to the PV
to divide tracks into primary and secondary) : >3
5) ChiPrimaryCut2D (cut on y? of the track to the

PV): > 3.

6) LdLCut2D (cut on the distance to PV normalized

on the error): > 3
7)Vz<|145| cm
8)Vr<2cm

9) nHitsFit > 15
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VO Vix

"DCA between

1 p
. /
DCA V0 Neg. daughter /, P VO daughters
to Prim. Vitx

\2

\ " 2
I I
P\?t?: N < I DCAVOPos.
e — " daughter

o X \, to Prim. Vitx

DCA V0 to Prim. Vitx

30



