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Towards hydro-based MC event generator

?

Comprehensive understandings from pp to AA

pp AAMultiplicity dependence from pp to AA?
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pp AA

Towards hydro-based MC event generator

Comprehensive understandings from pp to AA

Dynamical core-corona initialization model
Phys. Rev. C 101 2, 024912 (2020) Y. Kanakubo et al., PTEP 2018 12, 121D01 (2018);

Core: thermalized matter (hydrodynamics)
Corona: non-thermalized partons (string fragmentation)



Take home message!  

How do we interpret this 𝑝𝑇 spectrum ?
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Take home message!  

One might think…

Soft

Hard

𝒅
𝑵
/𝒑

𝑻
𝒅
𝒑
𝑻

𝒑𝑻



Take home message!  
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corona (non-thermalized)

A sizable correction to hydro (core) results

At low 𝒑𝑻,
∼15 % contribution from 
corona in central PBPB

Instead of soft/hard, we separate system into core/corona.

Keep in mind soft from corona!
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Model flowchart of DCCI2
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M. McNelis et al., Comput. Phys.Commun.258, 107604 (2021)
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Dynamical initialization framework

Hydrodynamic eq. with source term

𝐺: Gaussian function

𝜕𝜇 𝑇fluid
𝜇𝜈

+ 𝑇parton
𝜇𝜈

= 0

Continuum eq. for fluid+parton

𝜕𝜇𝑇fluid
𝜇𝜈

= 𝐽𝜈

𝐽𝜈 → −

𝑖

𝑑𝑝𝑖
𝜈 𝑡

𝑑𝑡
𝐺 𝒙 − 𝒙𝑖 𝑡

Assuming Gaussian profile/straight trajectory for a parton...

Energy & momentum conservation of a total system, 
thermalized matter (fluids) + non-thermalized partons

“Source” = 
“Four-momentum 
deposition rate of partons” 

M. Okai et al., Phys. Rev. 

C 95, 054914 (2017)

fluids

partons

Total system



Core-corona picture
∼ EoM with a drag force due to secondary scatterings 

𝑑𝑝𝑖
𝜇

𝑑𝑡
= − 

𝑗

𝑁scat

𝜌𝑖,𝑗𝜎𝑖,𝑗 𝑣rel,𝑖,𝑗 𝑝𝑖
𝜇

Dynamical core-corona initialization

Defined at a co-moving 
frame with 𝜂𝑠,𝑖

𝑁scat : # of (thermalized and non-thermalized) partons
scattered with ith parton

Low 𝒑𝑻 and/or dense region

High 𝒑𝑻 and/or dilute region

Core (hydro)

Corona (string fragmentation)



Results from DCCI2



Particle ratios: multi-strange hadrons

Particle ratios of multi-strange hadrons

→ reasonably described by DCCI2 for both pp and PBPB.

Parameter determination in DCCI is done!  Let’s see outputs :)
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Multiplicity of charged particle
pp 7 TeV PbPb 2.76 TeV

- Smooth transition of each contribution as a function of multiplicity

- Dominant contribution flips at ∼ 5% in pp and ∼ 85% in PbPb. J.
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Fraction of core/corona vs. ⟨𝑑𝑵𝐜𝐡 /𝑑𝜂⟩ from pp to PbPb

Clear scaling with 
multiplicity

- Change of dominant contribution 

at 𝑑𝑁ch/𝑑𝜂 ∼ 15

- Even in central PbPb,

∼ 𝟏𝟓% of corona contribution 



Transverse momentum spectra in MB 

pp 7 TeV PbPb 2.76 TeV
pp:  corona is 

dominant for entire pt.

PbPb:
- dominant 

contribution flips at

∼ 5 GeV.

- At low 𝒑𝑻, ∼ 𝟐𝟎 %
corona contribution

Remember the take-home message…

Keep in mind soft from corona!

A sizable correction to hydro (core) results
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Corona correction in PbPb

Charged particles, 

𝑦 < 0.8, 0.15 < 𝑝𝑇 < 10.0 GeV

Corona correction
dilute 𝒑𝑻 by ∼5-6% B
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Corona correction dilute 
𝒗𝟐{𝟐} by ∼15-20 %

Charged particles,

𝑦 < 0.8,
0.2 < 𝑝𝑇 < 3.0 GeV



Summary



Summary

New results from updated dynamical 
core-corona initialization model (DCCI2)

- Clear multiplicity scaling of core/corona fraction

- Core contribution become dominant above 𝑑𝑁ch/𝑑𝜂 ~ 15

- pp: core contribution gets dominant only at very high multiplicity (< 5%)

- (Central)PbPb: ∼ 15% of corona contribution remains

- Corona correction reduces 𝒑𝑻 by ∼5-6%, 𝒗𝟐{𝟐} by ∼15-20%  in PbPb

As a result of modeling of hydro-based MC event generator to explain pp to AA…

~
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corona (non-thermalized)

A sizable correction to hydro (core) results

At low 𝒑𝑻,
∼15 % contribution from 
corona in central PBPB

Instead of soft/hard, we separate system into core/corona.

Keep in mind soft from corona!



Thank you! (


