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It is extremely difficult to clarify the properties of QCD at finite density
by first-principle calculations beacause of the sign problem. We made an attempt to overcome this
problem by using the complex Langevin method, in which there has been remarkable progress recently.
In particular, by calculations in the low temperature regime using a L=16, T=32 lattice, it was
confirmed that the quark number density has a plateau behavior when the chimical potential is larger
than some critical value. Also by calculations in the high temperature regime using a L=24 and T=12
lattice, we have tried to observe the transition to the quark-gluon-plasma phase at finite
temperature, but it was concluded that the complex Langevin method breaks down just before one
enters the confined phase.



QCD

Sexty

QCD

L=16, T=32

QCD

QCD
20
QCD
Silver Blaze
4
L=8, T=16

QCD

QCD

PC

16

QCD

GPU

QCD

2013

QCD

L=24, T=12






10 10 0 8

K_.Nagata, J.Nishimura and S.Shimasaki 1805

Testing the criterion for correct convergence in the complex Langevin method 2018

JHEP 4
DOl

10.1007/JHEP05(2018)004

K_.Nagata, J.Nishimura and S.Shimasaki 98

Complex Langevin calculations in finite density QCD at large p /T with the deformation 2018

technique

Phys. Rev. D 114513
DOl

10.1103/PhysRevD.98.114513

Y.lto, H.Matsufuru, J.Nishimura, S.Shimasaki, A.Tsuchiya and S.Tsutsui 2018

Exploring the phase diagram of finite density QCD at low temperature by the complex Langevin 2018

method

Proceedings of Science 146
DOl

10.22323/1.334.0146

S.Tsutsui, Y.lto, H.Matsufuru, J.Nishimura, S.Shimasaki and A.Tsuchiya 2018

Can the complex Langevin method see the deconfinement phase transition in QCD at finite 2018

density?

Proceedings of Science 144

DOl
10.22323/1.334.0144




J.Nishimura and S.Shimasaki 1706

Combining the complex Langevin method and the generalized Lefschetz-thimble method 2017

JHEP 23
DOl

10.1007/JHEP06(2017)023

K_.Nagata, J.Nishimura and S.Shimasaki 175

Complex Langevin simulation of QCD at finite density and low temperature using the deformation 2018

technique

EPJ Web Conf. 7017
DOl

10.1051/epjconf/201817507017

J.Nishimura and S.Shimasaki 175

Unification of the complex Langevin method and the Lefschetz-thimble method 2018

EPJ Web Conf. 7018
DOl

10.1051/epjconf/201817507018

K_.Nagata, J.Nishimura and S.Shimasaki 1607

Gauge cooling for the singular-drift problem in the complex Langevin method - a test in Random 2016

Matrix Theory for finite density QCD

JHEP 73

DOl
10.1007/JHEP07(2016)073




K.Nagata, J.Nishimura and S.Shimasaki,

94, no.11

Argument for justification of the complex Langevin method and the condition for correct 2016

convergence

Phys. Rev. D 114515
DOl

10.1103/PhysRevD.94.114515

Shoichiro Tsutsui, Yuta Ito, Hideo Matsufuru, Jun Nishimura, Shinji Shimasaki, Asato Tsuchiya 26

Exploring the finite density QCD based on the complex Langevin method 2019

JPS Conf. Proc. 24012

DOl
10.7566/JPSCP.26.024012

27 9 13

J.Nishimura

Complex Langevin simulation of finite density QCD

New Frontiers in QCD ---Confinement, Phase Transition, Hadrons, and Hadron Interactions

2018 2019

2018 2019




Y.lto, H.Matsufuru, J.Nishimura, S.Shimasaki, A.Tsuchiya and S.Tsutsui

Exploring the phase diagram of finite density QCD at low temperature by the complex Langevin method

LATTICE2018

2018 2019

S.Tsutsui, Y.lto, H.Matsufuru, J.Nishimura, S.Shimasaki and A.Tsuchiya

Can the complex Langevin method see the deconfinement phase transition in QCD at finite density?

LATTICE2018

2018 2019
QCD
74
2018 2019
4 QCD
74

2018 2019




K.Nagata, J.Nishimura and S.Shimasaki

Complex Langevin simulation of QCD at finite density and low temperature using the deformation technique

LATTICE2017

2017 2018

J.Nishimura and S.Shimasaki

Unification of the complex Langevin method and the Lefschetz-thimble method

LATTICE2017

2017 2018

QCD

2017

2017 2018

QCD

2017

2017 2018




QCD

73

2018 2019

4 QCD

73

2018 2019

J.Nishimura

New developments in finite density QCD calculations by the complex Langevin method

Discrete Approaches to the Dynamics of Fields and Space-Time

2017 2018

J.Nishimura

Complex Langevin analysis of finite density QCD and nonperturbative superstring theory

the 2nd East Asia Joint Workshop on Fields and Strings

2017 2018




K.Nagata, H.Matsufuru, J.Nishimura and S.Shimasaki

Gauge cooling for the singular-drift problem in the complex Langevin method --- an application to finite density QCD

LATTICE2016

2016 2017

S.Shimasaki, K.Nagata and J.Nishimura

On the condition for correct convergence in the complex Langevin method

LATTICE2016

2016 2017

2016

2016 2017

QCD

2016

2016 2017




2016

2016 2017
QCD
72 2017
2016 2017
KEK
2018 2019

J. Nishimura

Current status and perspectives of complex Langevin calculations in finite density QCD

The 17th International Conference on QCD in Extreme Conditions (XQCD 2019)

2019 2020




J. Nishimura

Perspectives of complex Langevin calculations in finite density QCD

RMT in Sub Atomic Physics and Beyond

2019 2020

2019 2020

Shoichiro Tsutsui, Yuta Ito, Hideo Matsufuru, Jun Nishimura, Shinji Shimasaki, Asato Tsuchiya

Exploring the QCD phase diagram at finite density by the complex Langevin method on a 1673x 32 lattice

LATTICE2019

2019 2020

2019

2019 2020




QCD

2019

2019 2020

http://research._kek.jp/people/jnishi/
KEK
http://research.kek.jp/people/jnishi/project/project_j.html

(Matsufuru Hideo)

(10373185) (82118)

(Shimasaki Shinji)

(Nagata Keitaro)




