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BELITHIDILIE DS nonequilibrium
TFD%EEL

Y. Nakamura and Y. Yamanaka, Ann. Phys. (N.Y.) 331 (2013)
51-69

« %7

o FfE{&K7Fthermal BogoliubovZE i ?
BHEZEF{LSINn-oH#HOELIDL
nonequilibrium TFDZ &<

Y. Kuwahara, Y. Nakamura and Y. Yamanaka, arXiv:1307.1235
[quant—ph]
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e Hamilton’ s Principle with Initial Data

C.R. Galley, Phys. Rev. Lett. 110, 174301 (2013)

e fEFMDHamilton’s Principleldboundary value
problem

o EMNDEFHFIER [Linitial value problem
s RIBZHALGLEZHELT, BRI E

(nonconservative, dissipative, irreversible)2it 95
EF A FE X (XHamilton’s PrincipleM5E& [F750N
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R)VATIL—T DHEEREBIOROIEIA+—I KT v

e~Vaa/T = (TrL(x)TrLT(y))
Lo | QGPRNEI+— DHRMBDZEAE
e Vaa/t — <’_]_l- L(:l:).[.‘l‘ L(y)> [T. Matsui, H. Satz, Phys. Lett. B178(1986)416]

£ R85 ELattice QCD

O. Kaczmarek, et al, Phys. Rev. D 62, 034021 (2000)

A. Nakamura, et al, Phys. Rev. D 70, 074504 (2004)

Y. Maezawa, et al (WHOT-QCD Collaboration), Phys. Rev. D 75, 074501 (2007)
and so on...
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¥BFQCD® set up

- }#&F1EMR : 2L —/\—Wilson + clover fermion, lwasaki gauge action
FEFH AKX 0 NS3xN,=16%x4

-$% 5% 100 trajectory 8121501

 m,/m,=0.80 line of constant physics

mfE: T~1.20T (8=1.95)

EBUEFART L vIL - p/T=0~1.0 Roberge-WiesstRErF5 4%

[A. Roberge and N. Weiss, Nucl. Phys. B275, 734, 1986]
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The QCD phase diagram
at strong coupling
including auxiliary field fluctuations

Research talk about severity of the sign problem at strong coupling
to investigate the QCD phase diagram on a large size lattice.

T. Ichihara®B, T. Z. Nakano®, and A. Ohnishi®
Kyoto Univ.A, YITPB, Kozo Keikaku Engineering Inc.¢



Finite chemical potential region
* The sign problem

— Caused by chemical potential

— rComplexity of the weightj

—|Weight cancellation

— :Difficulty in studying finite chemical potential region}

Avoiding or weakening the sign problem
* Ways to study finite chemical potential region

— Reweighting oo s0.1a 2002).
— Taylor eXpansion c r aien e (2002,2005) r.v. Gavais. Gupta (2008), 5. e et o, (2010 ..
— Imaginary chemical potential v.c.aroweia, (1999). ».de rorcrand and 0. phiipsen, (2002)..
— Complex Langevin v wakemurs (1967) 6. aaris et ol (2010 ..
— Canonical approach wiiean redicn (1987) engels et al. (1999) A1, Meng et 12010 .
— Strong coupling

2013/8/1 etC. Lattice 2013, Mainz, Germany



Sign problem & Strong coupling lattice QCD

Characteristics

— Starting from lattice QCD

— 1/g*expansion

e Expansion by inverse coupling

* No sign problem in the mean field approximations

— Chiral transition

SLQCD = OSF + @

2 3v~F]

N. Kawamoto and J. Smit (1981), P. H. Damgaard, N. Kawamoto and K. Shigemoto(1984) etc.

— The QCD phase diagram

Bilic, Karsch, Redlich (‘92), Fukushima (‘04), Nishida (‘04) etc.

“The sign problem” with fluctuations

— Monomer-Dimer-Polymer simulations

W. Unger, Ph. de Forcrand,

J. Phys. G: Nucl. Part. Phys. 38 124190 (2011)

— Auxiliary field Monte-Carlo method
A. Ohnishi, T. I. and T. Z. Nakano : arXiv:1211.2282

2013/8/1

Lattice 2013, Mainz, Germany
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Purpose

* To discuss the source of “the sign problem”
in Auxiliary field Monte-Carlo (AFMC) method

* To explore the possibility of applying AFMC method
on a large lattice

2013/8/1 Lattice 2013, Mainz, Germany
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Motivation & Introduction
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ALICE,PRL110,152301,2013;
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Asakawa,Heintz,Muller,2000;Jeon,Koch,2000;




Motivation & Introduction(B [BATEZHR)

PoEDREFERZRLILNIT HEFDOHEN

(Shuryak,Stephanov,2001;Kitazawa,et al.,2013;)
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I —
L B! Esﬁﬂ;&nm@émﬁ]
ng N1 N2 Nm—1 Tm Mmt1 nNMN—-3MN-—2NTN-1
T PIE T 1o ®/AG8L ™ 1S o | P(n,7)
<« > N ’T]
Qa v

Kitazawa, et al. 2013
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Plasma Instabilities and Particle
Production in Quark-Gluon Plasma

S T, Hideaki lida, Teiji Kunihiro, Akira Ohnishi



Early Thermalization Problem
) B

» :
ﬁ \
il |
it
) 5‘“
f QP
« ' ~ Glasma unknown process local equilibrium

———

Tthermal ™~ 0.0 — 10fm/C



* FORMALISM

2 Particle Irreducible (2P1) effective action

* Closed Time Path (CTP) non-equilibrium time evolution

* INSTABILITIES

We discuss ...
* the Nielsen-Olesen instability.
* secondary instability enhanced by the primary NO instability

* CONCLUSIONS

* Exponential growth of unstable modes leads to explosive particle production.
* Longitudinal fluctuations of gluon field generate secondary instabilities.
They cause the isotropization of the system.

EIZ D= Fi/2013
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K. Kataoka, Y. Kuno, I. Ichinose, J. Phys. Soc. Jpn. 81 (2012) 124502

Two component Bose Hubbard model Y. Kuno, K. Kataoka, I. Ichinose, Phys. Rev. B 87, 014518 (2013)
Y. Kuno, K. Suzuki, and I. Ichinose, arXiv:1306.2147(2013)

Fermion t-J model
High-T Super conductivity

: : )
MC simulation || 2D+1time T=0
[ Jz — } FM coupling | | AF coupling
_ Effective field theory, Low energy excitation )

j? - Experimental realization

\ Rotating Raman Laser hopping
Effects of strong magnetic field

a e o, b
Ftaman‘ !d
Z- compornent synthetic N — &bk
magnetiC fiEId by, 004 --.-@'C}'@"'@ Idj -_'_Q Q-.- i K
- Qe ® o)(9)(0)
: : Ramian - ------—-#-—-0-- @ 1O 8O K
\ortex lattice \ortex correlation ®| @@ @ @O

{nasasuiD A 1 by

\MCsimuIation 2D+1time T=0 / i%‘rfw\“

- Staggered magnetic field
- Uniform magnetic field



http://maru.bonyari.jp/texclip/texclip.php?s=J_{z}=0
http://arxiv.org/abs/1306.2147

FER T

Low energy Effective theory for Two-component Bosonic t-J model

HtJ = - Z t(&ICLJ + bjbj) + Z(JXY§$+;JL§$ + JZS:I:-}—;_L,SSLE,S)
<i,7> T,

+ Vo (6p2 + bpp +6p7)

-BEOEREEH
BEHROEEREDEMEE—FDELR. ERE/MHN

Nambu-Goldstone boson Action Higgs potential

e A E 5854 (FM,Super-Counter-Fluid) > 22 EiREI+FM (FM+2SF) 15/

FM FM+2SF
vs # 0 v # 0, vg #0
1-NG bosons ~ ¢mmmm) 2-NG bosons
2-Higss bosons 3-Higss bosons

Higgs modeD B DIRSEEL I, NG Boson® £k &Consistent




#£ 27 | Extended quantum XY model (EQXYM) in rotating optical lattice

BERDEFHNBZEBITHIENETIV
1
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http://maru.bonyari.jp/texclip/texclip.php?s=/begin{eqnarray}
 H_{EXY}&=&-/frac{1}{V_{0}}/sum_{x,/tau,i}cos(/phi_{i,x+/tau}-/phi_{i,x})+/sum_{x,/mu,/tau}/biggl[C_{1}cos(/phi_{12,x}-/phi_{12,x+/mu}-A_{1,x,/mu}+A_{2,x,/mu})/nonumber//
 &&-C_{2}cos(/phi_{13,x}-/phi_{13,x+/mu}-A_{1,x,/mu})/nonumber//
 &&-C_{3}cos(/phi_{23,x}-/phi_{23,x+/mu}-A_{2,x,/mu})/biggr]/nonumber
/end{eqnarray}

http://maru.bonyari.jp/texclip/texclip.php?s=/begin{eqnarray}
{/bf{A}}_{x,/mu}=/left( /begin{array}{c}
/pi f /times iy //
-/pi f /times ix
/end{array} /right)/nonumber
/end{eqnarray}
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(Holographic description of Schwinger Effect)
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based on : arXiv:1304.7917 (JHEP 08 (2013) 002)
arXiv:1306.5512 (to appear JHEP)
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Motivation: QCD Phase Diagram

Quark - gluon - plasma (QGP) phase
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Hadronic phase Color superconductor phase

—
Baryon chemical potential(ug)

Compact Stars

Perturbative QCD, Lattice QCD methods are improper
to study density matter

What happens at high density-place like compact stars?




Spinl/2 baryon mass spectrum @ z,, = 1/0.33(m, = 780MeV)

Parity Odd

Parity Even

Mass Spectrum (GeV

I . ) 1% T R 6 * I [ 0.04% .;j i L 1 s:‘v: A4 25 | | ‘ A | ‘ - .. ‘“. “ <
Deog Ki ong,Takeo nami,Ho-Ung ee.
. Phys.Lett.B646, hep-ph/0609270
Auto Fixed




Holographic mean field theory

5D field
decompose

Mean field fluctuation

Masayasu arada, Shin akamura, Shinpei akemoto.
Phys.Rev. D86 (2012) 021901

Mean field only distribution(depends) on the z coordinate,
the other coordinates are flat(average) value. The mean
field take the role of source.




ND - o relation @ z,,, = 1/0.33(m, = 780MeV)

Number
Density

Chiral
breaking

‘|||||||C1 =0.30

_Cl =0.10
\I+IIC1:O.OO

denote normalized
o by its value at zero

density.

Youngman im, Chang-Hwan ee, Ho-Ung ee.
Phys.Rev.D77(2008)085030 arXiv:0707.2637

They only consider
In a same order with our results




ND - M* relation @ z,,, = 1/0.33(EKSS)

Walecka type model:

1 0.78 15.6

1.79 9.3

2.82 4.3

The decreasing of M*at high density consistent with experiment result.




Summary

We study the property of baryon at zero and finite
density base on Holographic QCD models

At zero density, we discuss a dynamical way to generate
the nucleon mass and found a kind of chiral invariant
mass

We discuss the relation between c; and chiral invariant mass

At finite density, by adopting the holographic mean field
theory, we discuses the quark condensate o, chemical
potential u and effective mass M™ with their dependence
of number density

We find that quark condensate o will decrease at high density,
which means chiral symmetry partially restored at high-density

We find that effective mass M™ will decrease.at high density,
which consistent with experiment resuit




Thank you for your attention!
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Our previous study on the quark spectrum

How do the fluctuations of the chiral condensate
affect the quark spectrum near Tc?

® mod

® phase diagram of the chiral transition .| " Ghiral restored 25

2nd order in the low density region
1st order in the high density region

el: Nambu-Jona-Lasinio model (2-flavor, chiral limit)

TCP =

150

T [MeV]

100 |-

s | chiral broken \ |

0 L 1 L L
50 100 150 200 250 300 350

e spectrum of the fluctuations of the chiral condensate

(Hatsuda-Kunihiro 85)

. ©-mmodes TC T




mE,{0pq/[MeV]

Re 2, (0pqel]

® quark Spectrum (Kitazawa-Kunihiro-YN 07)

quark self-energy: 2(p,, p): /‘\ fluctuations
quark spectral function: >

N
7

T =1.05T.,u=0

yo, three-peak structure
0.003 +
0.002
0.001
0
00
50 \ 0 - 00

The scattering off the fluctuations
k 150 < 2 forms the three-peak structure.
E
Po
—
/'F)%' // E
Contour of

200
BalMeV]

the spectral funcion

red lines:

o—|p|—-Rex, =0

haary

S —_— = I



This study: FINITE current quark mass

® phase diagram of the chiral phase transition

current guark mass: 5.5 MeV

250 T —
pion zero-binding
by, 1st order
Op pseudo-critical
200 critical o
150 |
>
®
=3
T 100 F -
50 Cri
0 ! | 1 L I

100 150 200

i [MeV]

250

1
300

350

The pseudo-critical line is
determined from a maximum of
the spectral

function for p=10 MeV (dynamic
chiral susceptibility).

tical point (CP)

® masses of the sigma, pion, and dynamical quark
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Soft mode near CP

The sigma meson has still a non-zero mass at CP,
because the chiral symmetry is explicitly broken.

What is the soft mode at CP?

The soft mode is not the sigma mode, (Fujii 03, Fujii-Ohtani 04)
but appears in the space-like region.

scalar density fluc.
(qq9(p, p0)qq(0,0))
softneing

pg A
100

pseudo-scalar density fluc.
(qiystq(p, po)qiystq(0,0))
pu=pcp, T ~Tcp

p, A2 NOT softneing

14
80

60
= 600
500
400

300 o Me

200 p [MeV]

100

40

20 F

600 O

sigma meson, m, ~ 2m, pion pole: not shown



pion dispersion relations in medium

[MeV] u=pcp, T ~ T, ey M= 0,T ~ Tp (pseudo-critical)
900 I I I I I I 700 I I I I I I )

800

600
700

600 500
500
400
400

300 300

200 Ex(p) ——
oo | [p2+(2mq)2]“2 e 200 [p2+(2mq)2]1’r2 A
[p2+m 2]112 [p2+m 2]112
0 | | | | qI | 100 1 1 | | q| |
0 100 200 300 400 500 600 0 100 200 300 400 500 600
p [MeV] p [MeV]

mg: dynamically generated (constituent) quark mass (mean field)

pion dispersion relation:

Ex(D) # /p? + Er(0)?

c.f: fermion and gauge boson in HTL




Quark spectrum near CP

*Quark spectral function p, for p=0

1
Po + 4 F My =2, (P, 0)

1
pi(pO’O) =——Im
T

self-energy scalar fluc. pseudo-scalar fluc.
s, ps fluctuations
s= /N, . o\, = e L
soft mode pi mode
space-like time-like
sigma mode (pole or cont.)

time-like (cont.)

pion pole residue BE dist. Func. FD dist. Func.

ex. pion pole contribution

Im2,.(0,p,) ~ [ dg (1 - ﬂ) Z(Ex(0))8(po — Eq + 1t — Ex())

(1-

+<1 +

1+ n(Ex(q) - f(Eq — 1))

+

Z(En(@)8(po — Eq + 1 + En(0)) (n(E(0)) + f(Eq — 1))

Z(En(@)8(po + Eq + 1t = En(0)) (n(Ex(0)) + £ (Eq + 1) )

E

)
)

_Q

(14 2) Z(En(@)(po + Bq + 1 + En(@)) (14 n(En(@)) = £(Eq + 1))

Eq



Quark spectrum near the critical point

U= .UCP;T TCP

uark spectrum:
v a P p+ reS|due 0.01
® one peak at 120 MeV I U]
<=
shift by coupling with P e
the soft mode i -
a ;/

@ the other peak at 80 MeV ——— |
but small residue ~0.01

= 185

© self-energy

® large imaginary around 200 MeV g ok
through the below process \

(_C_I)' Po — q)
X I 0
60‘\ space-like Im Z+
(Ei' Eq) >
(0' pO) E; -200
on-shell “

® divergence at +80 MeV — |

van Hove singularities

|
£ \
<}
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/]

1
-200

1
-100

1
0

1
100
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1
200

1
300
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van Hove singularity

® van Hove singularity = divergence of density of states

® density of states D(E)

1
D(E)dE = j d3p ~——dE
*) ATATT

E<E(p)<E+dE l

D(E) diverges when E (p) has a maximum.

ex: plasmino in HTL

® joint density of states

1

d3p ~ dE
E<E —Ef le(Ef B Ei)l
f—E{<E+dE
! &

D(E)dE =

D(E) diverges when E¢(p) — E;(p) has a maximum.

present case
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Block Decimation RG
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v T decays (NLO)

a DIS jets (NLO)

0 Heavy Quarkonia (NLO)

o e'e¢ jets & shapes (res. NNLO)
» Z pole fit (N3LO)

S O

e Quantum Chromodynamics(QCD)

> Strong Coupling at low energy scale @ > 1

» Hadronmass  (O(10%) MeV 02|
mm) Constituent quarkmass 300 MeV 01}

=QCD OLS(MZ) =0.1184 0.000:7

Current quark mass O(10) MeV ! ¥ QIGev

Dynamical Chiral Symmetry Breaking(DxSB) (1)) # 0

* QCD at finite temperature and density
» Phase diagram

T/

9SJoAIUN
Alde3 ayy

RHIC, LHC

Quark-Gluon Plasma (QGP)

Hadorns Color Super-Conductivity

Neutron Star
\
A\

"



JREBRIFIX

> }&FQCD
E—REHE
FEElRE
> BFELTTO 20408 —FA4IFRER
FHRAREEKIC T AR O EIEFEAER
TR DELEHLLY
> EHIEEA. 1/NER - - -etc.

> JEEEKYCHE



JEEFHKY A5

Shell
Lower mode mode  Hisher mode
" ‘ ‘ > P
Infrared limit d— A=G6A A

as. eff
dA

=p

U DRENLLERIE 5
CETTEIC R > TXF G EUEFHEHEREFTD)
AREE -ZEERDOENICRERNGERE#E (IR0

QCONENRE THAHNILIEE! LQuark-MesontRE 2DV T
BREAE - ZEODRTCENGEUTFBA-BIZIT o=




ARESE « HEQCDIZB I 2 HREHEN A F )V IE—HkkEi
MR BORRH and 3B fEcRE

m%@mg 0.20
o BINKITIEDOTRIDAA TNV ZEST D
DCDW-type®D A V& B IE— RS X R TR R Bl
o O NTIE—HREEDOBNLAIE Z2ikin T b "a.10 ™~
JRIE « S ETOMM&IE—REEDOBBIEDEL | .. RE
JE—RRAH DZE 7RI E vk "Poan oas, 0s0
o JE—HREEE L THEYRIEZIEE ! E. Nakano and T. Tatsumi, Phys. Rev. D 71, 114006

(Yy) = Acosb(2)
(Yiystsp) = Asin6(z)
o BIFBBITARA L. 01T DEHEM—0IT0 DB R
o BRSO 2 BT FBABUTARA — /Ml & 70 D DRI IHRBLT D Meid

FHRER  Qup = —iTrlogS — — (M — m,)>
S(x,y) = [iy, 04 — M + %T3y5y3620 —mg(cosO — 1 + iyst3sin )] 16(x — y)

@

2
00 iy - di(ZZ) —mi?sinf(z) =0 sine-Gordon JifE;




