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QCD and the QGP 

● At high temperatures QCD matter 
becomes a new state of matter called the 
Quark-Gluon plasma (the QGP). 

● It’s existence was predicted in 1975 and 
experimentally discovered in the early 
2000s.

● The QGP is predicted to have existed in 
the early universe

○ First 𝝻s after the Big Bang
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Heavy Ion Collisions (HIC) and the QGP

The HIC recipe: 

1) The nuclei are accelerated to speeds ~c.
2) The ions become Lorentz contracted into 

discs and collide. 
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Heavy Ion Collisions (HIC) and the QGP

The HIC recipe: 

1) The nuclei are accelerated to speeds ~c.
2) The ions become Lorentz contracted into 

discs and collide. 
3) The QGP forms. 
4) The QGP rapidly cools and expands. 
5) The deconfined partons hadronize and 

become a system of interacting hadrons. 
6) At the chemical freeze out temperature the 

hadron abundances become fixed. 
7) At the kinetic freeze out temperature the 

particles’ momentum is fixed.
8) Particles are detected in the experiment.
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Existing Colliders 
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There are two existing facilities in the world that can recreate the conditions for QGP.  

Relativistic Heavy-Ion Collider (RHIC)
Top A+A energy: 200 GeV 

Credit: H. Bossi 
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Existing Colliders 
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There are two existing facilities in the world that can recreate the conditions for QGP.  

Relativistic Heavy-Ion Collider (RHIC)
Large Hadron Collider (LHC) Top A+A energy: 200 GeV 

Top A+A energy: 5.36 TeV 

Credit: H. Bossi 
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STAR

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

● Time Projection Chamber (TPC) consists 
of a methane-argon mix.

○ Reconstructs charged tracks

● Time of Flight (TOF) 
○ Used for particle identification for charged 

particles and pileup rejection 
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Useful Coordinates
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Particle 1 Particle 2

Interaction Point 
z : Beam Direction
pT: transverse momentum
Pseudorapidity (𝝶) = -ln[tan(𝜽/2)] 
ɸ: Azimuthal angle. 

𝝶 = 1.0𝝶 = 0.0

Credit: C. Beattie 

𝟇
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Centrality and Multiplicity in HIC

● The distance between the centers 
of the nuclei in heavy-ion collisions 
is called the “impact parameter” (b). 

● Collisions are then split into 
different centralities

○ Proxy for impact parameter

● Smaller impact parameter (b) 
correspond to more head on 
collisions 

○ 0-10% Centrality

● Larger impact parameter (b) 
correspond to peripheral collisions.

○ 40-60% centrality 
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Strangeness Enhancement and the QGP

● Strangeness enhancement was one of the 
first observables predicted as a signature 
of the QGP.

● The  thermal production of s-s pairs is 
favorable in the QGP since the s-s masses 
are close to the QGP transition 
temperature ~156 MeV.

○ Mss ~192 MeV  
○ There are abundant thermal gluons in the 

QGP medium.

●  Multi-strange (𝚵± ,𝛀±) hadrons are more 
sensitive to the existence of QGP. 

12

P. Koch, et Al, “Strangeness in Relativistic Heavy Ion Collisions,” Phys. Rep. 142, 167 (1986).
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Strangeness Enhancement and Multiplicity Dependence 

● In 2017, ALICE observed an 
enhanced ratio of strange hadrons 
to pions in high-multiplicity 
proton-proton collisions. 

○ Seen various collision systems 
(p+p, p+A, A+A).
 

● Surprisingly there was no sudden 
jump for the onset of QGP. 

● Models are not able to recreate the 
data.
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Motivation 
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ALICE. Nat. Phys., 13, 535 (2017)

● In 2017, ALICE observed an 
enhanced ratio of strange 
hadrons to pions in 
high-multiplicity proton-proton 
collisions. 

○ Seen various collision systems 
(p+p, p+A, A+A).
 

● Surprisingly there was no 
sudden jump for the onset of 
QGP. 

● Models are not able to recreate 
the data.However, there is a notable data 

gap in the low multiplicity region

STAR. PRC 83, 034910 (2011)
STAR. PRC 83, 024901 (2011)
STAR. PRC 77, 044908 (2008)
STAR  PRL. 98, 062301 (2007)

STAR. PRL. 108, 072301 (2012)

https://www.nature.com/articles/nphys4111
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.83.034910
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.83.024901
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.77.044908
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.062301
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.072301
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Where Do I Come In?
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STAR Multiple Collision Systems

● Oxygen is one of the smallest ions 
used at RHIC. 

○ Fill in the gap in the low 
multiplicity regions in the ratio of 
strange hadron production to the 
pion yield.

○ Allows a more straightforward 
geometry mapping with centrality 
than those asymmetric small 
system collisions like He+Au, or 
d+Au

23

U+U

Au+Au

Zr+Zr
Ru+Ru

Cu+Cu

p+Au 

O+O

Some of RHIC’s collision systems

In
cr

ea
si

ng
 S

ys
te

m
 S

iz
e



Iris Ponce - CFNS-Surge Summer Workshop 2025

● Oxygen is one of the smallest 
ions collided at RHIC. 

○ Allows a more 
straightforward geometry 
mapping with centrality 
than asymmetric small 
system collisions like 
He+Au, or d+Au

○ Fill in the hyperon to pion 
ratio in the low multiplicity 
gap

Motivation 

24Peripheral Central

STAR. PRC 83, 034910 (2011)
STAR. PRC 83, 024901 (2011)
STAR. PRC 77, 044908 (2008)
STAR  PRL. 98, 062301 (2007)

STAR. PRL. 108, 072301 (2012)

O+O’s multiplicity can extend to this 
unexplored region 

https://journals.aps.org/prc/abstract/10.1103/PhysRevC.83.034910
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.83.024901
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.77.044908
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.98.062301
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.108.072301
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Conclusions
● The O+O dataset can fill in the gaps in 

the low-multiplicity regions of the ratio 
of strange hadron production to the 
pion yield for the STAR data.

● We presented the first yield 
calculation for 𝝠’s in the 0-10% 
centrality region for O+O. The O+O 
yield agrees with previous 
published STAR  𝝠 yields at similar 
Npart values.
   

● Additional O+O measurements were 
presented in QM2025 and more to 
come! 

● With the LHC colliding O+O for their 
heavy run, there are many intriguing 
outcomes in the future! 25Peripheral Central
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