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Education

Doctor of Philosophy,
Relativistic heavy ion physics,
Jeonbuk National University, AUG 2023
Thesis title: Understanding the nature of f0(980) with
ALICE at the LHC

Master of Science,
Particle physics,
Korea University, FEB 2018
Thesis title: Performance of new sampling calorimeter
modules in the KOTO experiment

Bachelor of Physics in Education,
Division of science education, major of physics
Jeonbuk National University, FEB 2015
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RHIC

3,800 m

Up to 200 GeV/A, sPHENIX, EIC
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J-PARC

500 m

Neutrino facility, World-best kaon beam intensity
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LHC

26,600 m

World-best beam energy
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CERN
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Contribution to CERN

1,000 MCHF to be associated member states
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CERN–ALICE

Doctoral Student Program projects: https://careers.cern/doct-projects

One Ph.D. student from non-member states in ALICE (Maria Paula)
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Job search
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Life@CERN

+ Exciting physics topic
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Fundamental force

Junlee Kim Summer Student Program 17/39



Standard model: our understanding on the universe

Three generations of quarks and leptons

Gauge bosons mediating interactions
Photon: electromagnetic interaction
W and Z bosons: weak interaction
Gluon: strong interaction

Higgs boson → W and Z boson mass

Photon: neutral electric charge
Gluon: color charges

*no gravity yet
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Quantum ChromoDynamics

αs(Q
2) =

1

Bln(Q2/Λ2
QCD)

PTEP 2022 (2022)

Running coupling constant exhibiting “quark confinement” (Q ≈ ΛQCD) and “asymptotic freedom”
(Q≫ ΛQCD) originates from self-interactions of gluons.

The environment of high temperature and density, in which ordinary matters deconfine, is expected to
form Quark-Gluon Plasma. → Experimental reproduction with relativistic heavy ion collisions
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The early universe

The evolution history of “Little Bangs” has much similarity with the Big Bang that created our
universe.
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Relativistic heavy ion collisions

Hard probes from initial hard scatterings with high Q2

Geometry of initial collision and its evolution signifying QGP as near-perfect fluid

Freeze-outs: final-state particle distributions

Junlee Kim Summer Student Program 21/39



Collectivity

ε2 × k = v2

Initial collision geometry is determined by the impact parameter of heavy ions (ε2).

The evolution of QGP due to the pressure gradient (k)

Final-state anisotropic particle distribution (v2)
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Hadron gas to kinetic freeze-out

Kinetic freeze-out: All elastic interactions between hadron cease.

Hadron gas: Stage between chemical and kinetic freeze-outs, where the density of hadrons is high
enough to (pseudo-)elastically interact with each other, modifying their momenta.

Regeneration: Combining the hadrons into a resonance at the early stage of the hadron gas
Rescattering: Modifying the momenta of the decay products of the resonance, resulting in failure of the
reconstruction of the invariant mass of the resonance (dominantly observed)

Junlee Kim Summer Student Program 23/39



ALCE detector

Detector Tasks

V0 (2)
Triggering
Centrality
Event plane

ZDC (18) Centrality

ITS (1)
Tracking
Vertexing

TPC (3)
Tracking
PID

TOF (5) PID

Multilayered configuration for the high acceptance by capturing produced particles in each event

High momentum resolution to reconstruct 2,000 particles in the same event
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ALCE 2 detector

Upgrade during Long
shutdown 2

Detector Run 3

TPC GEM

ITS
7 layers
Resolution

FIT Trigger
MFT Forward

Continuous data taking with “Timestamp” → ×30 in Pb–Pb and ×800 in pp
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Chemical freeze-out

Chemical freeze-out: all inelastic
interactions stop, no deconfined partons.

Relative particle composition predicted by
statistical thermal model with the
assumptions that

Thermal and chemical equilibrium
Conservation of charges such as electric
charge, strangeness, and so on.

Fits to the experimental data of dN/dy for
different particles result in baryon chemical
potential (µb), freeze-out temperature (T),
and the volume (V) of QGP.

Overestimation of K∗0 due to:
Additional modifications of yields after
chemical freeze-out

JPCS 509 (2014) 012019
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Resonances in the hadron gas

Particle yield ratios of resonances
(short-lived) to the ground particle
(long-lived) having the same quark
composition

Decreasing trend of ρ0/π, K∗0/K, and
Λ(1520)/Λ from small to large systems

τρ = 1.3 fm/c
τK∗ = 4.2 fm/c
τΛ∗ = 12.6 fm/c

No suppression for Ξ∗/Ξ and ϕ/K
τΞ∗ = 22 fm/c
τϕ = 46.2 fm/c

Resonances with short lifetime are much
suppressed in the hadron gas.

Qualitative agreement with UrQMD
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light scalar mesons
u→ ds
u→ ds

⊗

PRD 15 (1977) 267

a00(980)

σ(500)
f0(980)

a+0 (980)

κ(700)

Quantum state of 0++, which is chiral partner of 0−+

Chiral partner of π?

ma0 < mκ < mf0 expected with qq̄ config.

mσ < mκ < mf0 ,ma0 expected with tetraquark config.
Consistent with experiments
f0(980) mass solely well described in PHYSICS REPORTS
127, No. 1(1985) 1-97

States I S Mass (MeV/c2)

a0 (↔ π) 1 0 990
κ (↔ K) 1/2 ±1 630–730
f0 0 0 990
σ 0 0 400–550
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pT-integrated yield (double) ratio to charged pions

Decreasing particle yield ratio of f0(980) to
the charged pion with increasing
multiplicity.

Dominant rescattering effects

CSM overestimates yield ratio of the K∗0 to
charged pion due to the no consideration of
interactions between the hadron gas and
the decay products of K∗0.

CSM calculations overestimate the ratio of
f0(980) to the charged pion yields because
of no rescattering effects.
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pT-integrated yield ratio to K∗(892)0

Decreasing particle yield ratio of f0(980) to
K∗(892)0 with increasing

Both particles are expected to experience
rescatterings

One strange component for K∗(892)0

Strangeness enhancement for K∗(892)0 in small
systems

Ratio well described with assumed branching
ratio across different multiplicity classes
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Anisotropic flow

ε2k = v2

PRL 122 172301 (2019)

Expansion power increases with increasing multiplicity,
which is proportional to the volume of QGP.

Relativistic hydrodynamic calculations support the fluidity
of QGP.

PRL 116 132302 (2016)
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Searching for the origin of collectivity
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JHEP 05 (2021) 290

Constraints on the impact parameter in pp collisions with
hard probes to engineer the impact parameter

No significance so far owing to poor statistical uncertainties

PRD 69 (2004)114010
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Event plane determination

Flow coefficients can be extracted using the reaction plane of ψn

vn = ⟨cos [n(φ− ψn)]⟩
Not possible to access ψn in experiment.

Alternatively, the event plane (Ψn) is reconstructed for n-th modulations using the Q-vector
Qn,x =

∑
i ωi cos(nφi) and Qn,y =

∑
i ωi sin(nφi)

ωi: weight factor of each component, detector amplitude or pT (vn ∝ pT)
Gain equalization for FIT

Ψn = (1/n) arctan (Qn,y/Qn,x)

vobsn = ⟨cos [n(φ−Ψn)]⟩
The resolution of the event plane can be calculated with 3-sub event method

Rn = ⟨cos(n(ΨA
n − ψn))⟩ ≈

√
⟨cos(n(ΨA

n −ΨB
n ))⟩⟨cos(n(ΨA

n −ΨC
n ))⟩

⟨cos(n(ΨB
n −ΨC
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Individual booking for ⟨cos(n(ΨA

n −ΨB
n ))⟩, ⟨cos(n(ΨA

n −ΨC
n ))⟩, and ⟨cos(n(ΨB

n −ΨC
n ))⟩.

vcorn = vobsn /Rn
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Q-vector corrections

LHC23 zzh pass3

The gain for each channel has been equalized.

Scatter plot of Qn,x and Qn,y would be
symmetric and centered around the origin.

Flatness of the event plane distribution

In reality, (Qn,x, Qn,y) distribution is not
centered and elongated.

Recentering corrects the center position
Twist corrects the possible rotation
Rescaling corrects the possible deformation

ωi, weight factor: detector amplitude
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Event plane distribution
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Event plane resolution
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Event plane in pp?
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Additional shift correction applied (Phys.Rev.C56:3254-3264,1997)

Small event plane resolution when correlating forward and backward detectors.

FT0A–FV0A results in resolution of 30%
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Longitudinal polarization along the beam axis

quadrupole structure of out-in-out-in
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The vorticity can be accessed with particle polarization.

The longitudinal polarization is modulating in the azimuthal angle relative to the reaction plane.
→ Local Polarization
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Polarization measurement in Run 3
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The polarization increases with decreasing centrality → dependence on ϵ2

No significance pT dependence of the polarization

Comparable with each other, uncertainty to be more precise with improved Λ efficiency

Junlee Kim Summer Student Program 39/39



Summary

Congratulation on your onboarding@CERN

Join all programs as many as possible!

Quark-Gluon Plasma: interesting research topic

Properties of near-perfect fluidity

Modification of particle distributions

There are still a lot of missing points

Welcoming you to join this game
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