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µ = 0
A βc p B ηc q

2.7(4) 0.3051(2) 0.44(3) 3.0(6) 0.1784(2) 0.43(4)
µ = 1

A βc p B ηc q

1.1(2) 0.3053(2) 0.26(4) 1.6(6) 0.1595(3) 0.30(7)
µ = 2

A βc p B ηc q

1.6(2) 0.2969(2) 0.33(3) 2.0(4) 0.1264(1) 0.33(4)

Table 4. Fit results for ∆〈L〉. All the results are obtained with D = 48 in the TRG method.
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Figure 12. (Left) Fit of ∆〈L〉 at µ = 1 as a function of η. (Right) Fit of ∆〈L〉 at µ = 1 as a
function of β.

Finally, we investigate the µ dependence of the number density defined by

〈n〉 = 1
V

∂ lnZ
∂µ

, (3.3)

which is also evaluated by the impurity tensor method. In figure 15, we plot the number
density 〈n〉 as a function of µ with three choices of β at η = 0.1. We expect the confinement
phase over 0 ≤ µ ≤ 4 at β = 0.20. At β = 0.34 and 0.38, the number density shows a
finite gap at a certain point of µ, which indicates that there exists the first-order phase
transition from the confinement phase to the Higgs phase.

4 Summary and outlook

This work is the first application of the TRG method to a four-dimensional lattice gauge
and serves as a preparatory study for future investigation of the critical endpoint of the
finite density QCD.
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Figure 10. η dependence of 〈L〉 at µ = 1 for β ∈ [0.306, 0.311].
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Figure 11. η dependence of 〈L〉 at µ = 2 for β ∈ [0.298, 0.303].
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From the hadron masses and interactions to the 
thermodynamic properties of the QCD phase, 
using the 1st principle QCD calculations in Lattice.
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Nuclear Synthesis and Property of Unstable Nuclei

How are these heavy elements created in the universe?

Mass and life measurements of unstable 
nuclei are crucial for understandings of 
the heavy elements synthesis in R-process. 

rare RI ring at RIBF (RIKEN)
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ALICE Run3 
with upgrades

Quark Gluon Plasma and QCD phase structure from TeV to GeV

ALICE-Focal for RUN4

ALICE3 proposal for RUN5

Fixed Target mode

Beam Energy Scan 
at RHIC-STAR

CBM experiment at FAIR/GSI
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QGP



PRL 128 (2022) 202303

Search for Critical Point and 
1st Order Phase Transition

Thermalization including strangeness 
from small to large system
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ALICE at LHC STAR/BES-II at RHIC



FAIR at GSI, Darmstadt, Germany
J-PARC at KEK/JAEA, Tokai, Japan 

From the high temperature region
to the high density region in the QCD 
diagram, looking for a critical point 
and 1st order phase transition 
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