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Comprehensive picture from pp to AA
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Dynamical Core-Corona Initialization framework (DCCI)
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➔ From low to high 𝒑𝑻 , from forward to backward, 
and from pp to AA

Corona: non-equilibrated partonsCore: fluids (equilibrated matter)

K. Werner, Phys.Rev.Lett. 98 (2007) 152301



Model flowchart of DCCI2
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Y. Kanakubo et al., Phys. Rev. C 105 (2022) 2, 024905 
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C. Bierlich et al., JHEP 1610 139 (2016)

PYTHIA8/PYTHIA8 AngantyrInitial partons:

Equilibrated matter (core)
(3+1)-D hydro with source terms 

Non-equilibrated partons (corona)

iS3D (thermal hadron sampling)

Hadronic afterburner: JAM
Y. Nara et al.,Phys. Rev. C61, 024901 (2000) 

M. McNelis et al., Comput. Phys.Commun.258, 107604 (2021)

Y. Tachibana et al., Phys. Rev. C 90, 021902 (2014)

T. Sjöstrand et al., Comput. Phys. Commun. 191, 159 (2015)

Dynamical initialization of QGP fluids based on core-corona

PYTHIA8 (string fragmentation)



Dynamical initialization framework
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Hydrodynamic eq. with source term

𝝏𝝁 𝑻𝐟𝐥𝐮𝐢𝐝
𝝁𝝂

+ 𝑻𝐩𝐚𝐫𝐭𝐨𝐧
𝝁𝝂

= 𝟎

Continuum eq. for fluid+parton

𝝏𝝁𝑻𝐟𝐥𝐮𝐢𝐝
𝝁𝝂

= 𝑱𝝂

𝑱𝝂 → −෍

𝒊

𝒅𝒑𝒊
𝝂 𝒕

𝒅𝒕
𝑮 𝒙 − 𝒙𝒊 𝒕

Gaussian profile 𝑮 and straight trajectory for a parton

Two-component picture
➔ fluids and partons

fluids

partons

Total system
“Sources of fluids”
= “Four-momentum deposition from partons” 
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Dynamical core-corona picture
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Multiple scatterings among partons ➔ partial equilibration

𝒅𝒑𝒊
𝝁

𝒅𝝉
= − ෍

𝒋

𝑵𝐬𝐜𝐚𝐭

𝝆𝒊,𝒋𝝈𝒊,𝒋 𝒗𝐫𝐞𝐥,𝒊,𝒋 𝒑𝒊
𝝁

Defined at a co-moving 
frame with 𝜼𝒔,𝒊

Energy-momentum deposition 
➔ # of scatterings with partons (non-equilibrated and equilibrated)

Low 𝒑𝑻 and/or dense region

High 𝒑𝑻 and/or dilute region

Core (fluids)

Corona (non-equilibrated partons)
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Dynamical core-corona initialization
Transverse plane ( 𝜼𝒔 < 𝟎. 𝟓)

PbPb 2.76 TeV

Dynamical core-corona separation 
+ energy-momentum conservation respecting beam energy

pp 7 TeV



Results from DCCI2



Results from DCCI2

Dynamical core-corona initialization framework (DCCI2)

QGP properties from experiment?

Take-home message!

➔ Need both equilibrated and non-equilibrated 
matter in both pp and AA
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𝛀/𝝅 ratio from pp to PbPb
Fixing parameters to control fraction of core/corona

Smooth enhancement of 𝛀/𝝅
➔smooth increase of

core contribution

Describe composition 
of matter

Starting point
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Fraction of core and corona in pp and PbPb
PbPb 2.76 TeV

Core

Corona

pp 7 TeV

pp: core/corona ∼ 𝟓𝟎% at the highest multiplicity class (0-0.95%)

PbPb: corona ∼ 𝟐𝟎% at intermediate centralities (40-60%)
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Fraction of core and corona in pp and PbPb

Core

Corona

➔ Need both equilibrated and non-equilibrated matter
in both pp and AA
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PbPb 2.76 TeVpp 7 TeV
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PbPb

Core

Corona

pp

Onset 𝒅𝑵𝐜𝐡/𝒅𝜼 of core dominance

Clear scaling with 
multiplicity

Onset of 
core dominance at 
𝒅𝑵𝐜𝐡/𝒅𝜼 ∼ 𝟐𝟎
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Fraction of core and corona vs. 𝒑𝑻

Low 𝒑𝑻: core dominance

𝒑𝑻 (𝐆𝐞𝐕)

high 𝒑𝑻: corona dominance

Core-corona picture

Charged 𝝅, PbPb 2.76 TeV, 20-40%

Core

Corona

➔ From low to high 𝒑𝑻
within one framework

2022/06/15    Yuuka Kanakubo, Sophia Univ. The 20th International Conference on Strangeness in Quark Matter, Busan, Republic of Korea



14

Fraction of core and corona vs. 𝒑𝑻
Charged 𝝅, PbPb 2.76 TeV, 20-40%

Core Very low 𝒑𝑻 (< 𝟏 𝐆𝐞𝐕)

Slight enhancement of 
corona components

Non-equilibrium corrections 
to core (equilibrium)
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𝒑𝑻 (𝐆𝐞𝐕)

Corona
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Corona corrections to flow
𝒄𝟐 𝟒 from PbPb 2.76 TeV 𝒄𝟐 𝟒 𝐜𝐨𝐫𝐞 ≠ 𝒄𝟐 𝟒 𝐭𝐨𝐭
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➔ Diluted by corona 

𝑵𝐜𝐡

𝒄
𝟐
𝟒

Conventional Hydro model

Experiment

Comparison

𝟎. 𝟐 < 𝒑𝑻 < 𝟑. 𝟎 𝐆𝐞𝐕,
𝜼 < 𝟎. 𝟖

➔ Need both equilibrated and 
non-equilibrated matter
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Summary 
Dynamical core-corona initialization (DCCI2)

- Respect beam energy in initialization of QGP
- Both equilibrated and non-equilibrated matter
➔ From low to high 𝒑𝑻, from forward to backward, and from pp to AA

Proper extraction of QGP properties from experiment?

➔ Need both equilibrated and non-equilibrated matter 
in both pp and AA

Onset of core dominance 
at 𝒅𝑵𝐜𝐡/𝒅𝜼 ∼ 𝟐𝟎

Non-equilibrium corrections to 
core (equilibrium)
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Yield ratios of strange hadrons from pp to PbPb



Thank you!


