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Analysis of chiral phase transition by
evaluating the Wilsonian effective potential

in thermal gauge theories
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Beyond the ladder approximation

The Dyson-Schwinger Eq. approach is limited to the ladder
approximation.

Ladder diagram Non-ladder diagram
j\N\f\/W\A%
N\’W\% %

S {SMZ R\NLZ% %

We can approximately solve the Non-perturbative renormalization
group equation with the non-ladder effects.




Non-Perturbative Renormalization Group (NPRG)

Wilsonian effective action: Seff[¢; Al

/\ : renormalization (momentum cut-off) scale

0
NPRG equation: Aa—ASefr[¢; N] = B(Sefr)

—————————————————————

_____________________

_____________

At low energy, 4-fermi operators, generated by gauge
interactions, spontaneously break the chiral symmetry.



Change of renormalization group flows due to finite density
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The renormalization group flows tell us about the phase transition

Details are in the poster...
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Hydrodynamic Effects on the Color Glass Condensate
in Non-Equilibrium and Non-Boost Invariant Systems
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Viscous Hydrodynamic Evolution with Non-Boost Invariant Flow for the Color Glass Condensate

Introduction
m Models for high-energy heavy ion collisions (RHIC and LHC)

articles
P . Freezeout

Hydrodynamic stage
hadronic

phase

Thermalization

equilibrium

Color glass condensate

» Color glass condensate (CGC)

Description of saturated gluons in the nuclei before a collision (t < 0 fm/c)

Relativistic hydrodynamics
Description of collective motion of the QGP (t ~ 1-10 fm/c)

Thermal Quantum Field Theory and Their Applications 2011, Aug 22, YITP, Japan Next slide:  First Results from LHC




Viscous Hydrodynamic Evolution with Non-Boost Invariant Flow for the Color Glass Condensate

Motivation

m Heavy ion collisions at Large Hadron Collider (LHC)
Pb+Pb, 2.76 TeVatn =0
.............................. ® gtgim ALICE data (most central 0_5%)

................................ . T T T
o DPMJET il [6] an. ch
UrQMD [7]

"""""""""""""" Albacete[8] | d
>CG C Levin et a[I.][Q] T]

= 1584 £ 4(stat) &+ 76(phys)

Kharzeev et al. [10]

e e b CGC predictions (fit to RHIC)
Armesto et al. [12] d Nch

° Eskola et al. [13]
"""""""""""""" Bozeketal. (14] | . “dn ~ 1200
— e Sarkisyan et al. [15] n
e e T ‘Humanic [16]
1000 1500 2000
dN_,/dn

a missing piece!
Initial condition Hydrodynamic Observed particle
from the CGC evolution distribution
We need to estimate hydrodynamic effects with

(i) non-boost invariant expansion
(ii) non-equilibrium corrections

for the CGC

Thermal Quantum Field Theory and Their Applications 2011, Aug 22, YITP, Japan Next slide:  CGC in Heavy lon Collisions




Viscous Hydrodynamic Evolution with Non-Boost Invariant Flow for the Color Glass Condensate

Hydrodynamic Model

___________________

m Full 2"9 order viscous hydrodynamic equations

) V”’ —_ Apyay”‘:
Energy-momentum conservation 8, T =0 + ----------------- g

AM and T. Hirano, NPA 847, 283

1 1 1
EoM for bulk pressure  pr7 — — ( —II - CHHTVpu“ - CHJeDT

SR, [T .
:+ X%IHHDT + XIEIHHVMU” + Xﬂwwpyv(puu)l)

EoM for shear tensor Dt — — ( YA VALY +xt Tt D= |

e ww’“’Vpu" + ngwpmvpuv) + anvmuu):)

All the terms are kept

Solve in (1+1)-D relativistic coordinates (= no transverse flow)
with piecewise parabolic + iterative method

Note: (2+1)-D viscous hydro assumes boost-invariant flow

Thermal Quantum Field Theory and Their Applications 2011, Aug 22, YITP, Japan Next slide:  Model Input for Hydro




Viscous Hydrodynamic Evolution with Non-Boost Invariant Flow for the Color Glass Condensate

Results

m CGCinitial distributions + longitudinal viscous hydro

50007 9000
4500§_Au-Au \/syy =200 Ge¥ — CGC 8000 Pb-Pb\/s\ =276 Tev — CGC
4000; ------ ideal hydro 7000;. ---------- ideal hydro
3500F — — viscous hydro 6000; — — viscous hydro
g 3000 g 50005
@ 2% % 40005
T 2000 o -
1500F 3000
1000- 2000
500 10005 LHC
T B S S R R T S S S S S R S R
Yf Yf
Outward entropy flux I:> Flattening nglﬁ’dm 9 1 ds
, —<l = X X
Entropy production I:> Enhancement dy 3 3.6 dY;

If the flattening is stronger at RHIC, the true dN/dy is larger at LHC;
Hydro effect is a candidate for explaining the “gap” at LHC

Thermal Quantum Field Theory and Their Applications 2011, Aug 22, YITP, Japan Next slide:  Results




Novel Kinetic Theory Describing
Ultrasoft Fermionic Mode

Daisuke Satow (Kyoto Univ.)
Collaborator: Yoshimasa Hidaka (RIKEN)



INntroduction

System: fermion-boson system at high temperature (7 >> any mass)
Yukawa theory, QED (plasma), QCD (quark-gluon plasma)

Perturbative calculation in this system is generally difficult.

E — field theory ~
e [~ oT — One loop analysis (Hard Thermal Loop
approximation: HTL) IS reliable.
(g: coupling constant) gl one-loop
(HTL)
e [ << o’T — Reorganization of perturbative
expansion is necessary.
g°T resummed
perturbation

. J




Resummation scheme

1. Resummation of thermal mass and decay width

— = S S

my, Cf

e = e+ Qe+ ~QrQ

mp, Ch

2. Summation of ladder diagrams

e T e




Motivation

e Systematical derivation of this resummation scheme

ePhysical interpretation of the scheme



What we did

*We derived the resummed perturbation, corresponding
to the novel kinetic equation, from the Kadanoff-Baym
equation in a systematic way.

resummed perturbation Kinetic equation
thermal mass, decay width mass correction, collision term

ladder diagram external force correction

Please come to my poster
for further information!!



Stochastic Equations in Black Hole Backgrounds
and
Non-equilibrium Fluctuation Theorems
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arXiv:1104.2461 [hep-th], Nucl.Phys.B851 (2011)
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> BHE = TOQFT = Schwinger-Keldysh formalism

> “IRIER"ZFE LT, Langevin ATE 7 EH
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Chiral symmetry restoration in graphene

induced by Kekulé distortion

G572 HITHDAZILAFREDIEN - B8 EKekuléEH

AR K

1

“

K5

S

Yasufumi Araki

Dept. of Physics, The Univ. of Tokyo
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Effective field theory of graphene

Graphene = Monoatomic layer material of carbon atoms.
(Honeycomb lattice structure)

» Non-interacting electrons/holes:

Linear dispersion around two Dirac points
in the 1st Brillouin zone Q

K_
E(Kzl: + k) =~ Vg |k| [Wallace,1947]

(Fermi velocity v = (3/2)ah ~ ¢/300)

:> Described as (2+1)-dim. massless Dirac fermions.
[Semenoff,1984]

» Coulomb interaction strength:

62

“Fine structure const.” & ¢ — (>> OfQED)

4drev -

|:> Effectively strong coupling (in vacuum-suspended graphene).


http://maru.bonyari.jp/texclip/texclip.php?s=/displaystyle
E(/mathbf{K}_/pm + /mathbf{k}) /simeq /textcolor[rgb]{1,0,0}{v_{_F}}|/mathbf{k}|
http://maru.bonyari.jp/texclip/texclip.php?s=/displaystyle
/textcolor[rgb]{1,0,0}{/alpha_{_/mathrm{eff}} }= /frac{e^2}{4/pi/epsilon /textcolor[rgb]{1,0,0}{v_{_F}}}
/quad (/gg /alpha_{_/mathrm{QED}})

Gap-opening patterns

Spontaneous: External:

Sublattice symmetry breaking “Kekulé distortion”

(Charge density wave)
» Mechanism:

(spatially varying
bond strengths)

Strong coupling Introduced by

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
i
@ i - Substrates
e-h pairing ' _adatoms

(exciton condensation i [Farjam & Rafii-Tabar,2009]
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

@

“Effective mass” term.
ma'a + (—m)b'b <> map

Opens a gap without breaking
the sublattice (chiral) symmetry.

~ Azt

Analogous to dynamical chiSB in QCD.

A. H. Castro Neto, Physics 2, 30 (2009).

Q. Is there any interplay effect between them?



http://maru.bonyari.jp/texclip/texclip.php?s=/displaystyle
m/bar{/psi}/psi
http://maru.bonyari.jp/texclip/texclip.php?s=/displaystyle
m a^/dag a + (-m) b^/dag b
http://maru.bonyari.jp/texclip/texclip.php?s=/displaystyle
/sim /Delta /bar{/psi} /gamma_3 /psi

This work

» Study the properties of monolayer graphene:
in the presence of the external Kekulé distortion
by strong coupling expansion of U(1) lattice gauge theory.

Result:
2 04 94 f
£ : Sublattice (chiral) symmetry is
% 03| restored under a sufficiently
i f large Kekulé distortion.
2 027 :
< [ :
2 i 1
3 017 i
0 P S R

0 0.1 0.2 0.3 04 0.5
A/3h  (kekulé distortion)



Result:

(Sublattice asymmetry)

Famlaerm

T -
I S Chiral symme etry re restoration in monolayer graphene DR
i i 5
induced by Kekulé distortion "5 kT
Yasufumi Araki
pepartment of Physics, The University of Tokyo. Tokyo 113-0033, Japan
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Strong-coupling study of Aoki phases

In Staggered-Wilson fermion
T. Z. Nakano (YITP, Kyoto Univ.),

T. Misumi (YITP), T. Kimura (Uni;/j of Tokyo), and A. Ohnishi (YITP)

» 1/5 TQFT2010 2010/8/21



Lattice QCD and Doubling Problem

» Doubling Problem on the lattice QCD
» Doublers (#16)

A
x+v

Y

. Extra degree of freedom in fermion on the lattice

Uy, x

X

A

xtu

-~

a

» Nielsen-Ninomiya’s theorem Nielsen, Ninomiya (1981)

Chiral symmetry < = > doublers

SU(Nf)L X SU(Nf)R

215 TQFT2010 2010/8/21



Lattice Fermion

» Many kinds of lattice fermion : Simulation cost is high

Naive == Wilson == Overlap

#16 Chiral broken #1 “Exact chiral sym.”  #1
(Wilson term) (Ginsparg-Wilson
relation)

Doublers
=» flavors

Staggered

#4

3/30 TQFT2010 2010/8/21



Staggered-Wilson Fermion

» New lattice fermion : Simulation cost i1s lower

Naive == Wilson == Overlap

#16 Chiral broken #1 “Exact chiral sym.”  #1
(Wilson term) (Ginsparg-Wilson
relation)
Doubl .
Slavors l Genev!allzatlon |
\/Adams (2011), Hoelbling (2011).
Creutz, Kimura, Misumi (2010) D. H. Adams (2010)
\ \
Staggered®==) Staggered =) Staggered
Flavored -
#4 ma;/s -Wl ISOn -OVG rl a.p
#1 #1

4/30 TQFT2010 2010/8/21



Aoki Phases in Staggered-Wilson fermion

» Check the properties of this fermion
for the lattice QCD simulation.

» Study Aoki phases (Parity-broken phases) ;
In Staggered-Wilson fermion o
at strong coupling limit.

<yiey> =0/ <xiegy> ¥ 0 <yiey> =10

) 0 N2 M

5/5 TQFT2010 2010/8/21
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P. de Forcrand and O. Philipsen, Phys. Rev. Lett 105, 152001, (2010)
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The QCD phase diagram

~ )
T @ Quark-Gluon Plasma ° Y °
ps chirally
symmetric phase g e °
o & (*]

OTe
ition

I -

The QCD critical point (CP) ;
the cross over and the first order
phase boundaries between the

hadron and quark-gluon phases are|

@ In compact astorophysical phenomena,

Hd — P
§u:d77é0

@ In the dynamical black hole formation and supernova, neutrinoless (8
equilibrium is not realized. e



Objective and Methods

@ We investigate the QCD phase diagram of asymmetric nuclear
matter by using chiral effective model.

e We discuss the QCD phase transition during the BH
formation and in compact stars.

Methods
@ The QCD phase diagram
e We calculate the phase boudary by using chiral effective model.

--- Polyakov quark meson model(PQM)/schaefer et ai., 07, V. Skokov et
al.,"10].

@ Compact astrophysical phenomena
e BH formation --- We use the BH formation profile,
thermodynamical variable(T', up, du) calculated in the
neutrino-radiation hydrodynamics. k. Sumiyoshi et al., Phys. Rev. Lett. 97
(2006) 091101.]
o NS core --- We calculate thermodynamical variable(u g, dp) in
NS by using a RMF model. [a. onnishi et al., Phys. Rev. C 80, 038202(2009) ]




Results

5,u—>large

¥

Top - low
(the critical point)
temperature

120
100

80
T(MeV) ¢y

40
40

20 60 a(MeV)

L

In NS,the quark matter transition )[ The first-order phase
becomes the crossover transition || boudary vanish for
in this model and parameter set. J| large .




Please come to see our poster!

Thank you.



QCD Sum Rules Based on
Canonical Commutator Relations

Tomoya Hayata
Phys. Dep. Univ. Tokyo

Collaborators: Tetsuo Hatsuda and Shoichi Sasaki
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QCD Sum Rules [Shifman, Vainshtein & Zakharov, 79]

O QCD sum rules = Dispersion relations + OPE;

RGN (0] — D O

(quav — QZQW)H(QQ) = F.T(0|T[j.(z),5.(0)]]0) ,
Db e p(s)
me?) - [ast

E.g., tho meson j* = (uy u — dy"d)/2 ,

d 1 Q2 il : ;
/ o i(c)z = 107 + 550 (0magal0) + Ol G%10)) + 5 -+
d 1
) [ G650 = o,
ds 1 - 1 0 g o -
/% S(p(s)_ﬂ) = —5(< |"7”Lq(1(1|0>+<0|127T 0)) ,

@ILHttFEs TGO Thm & Z DI



Thomas-Reiche-Kuhn Sum Rules in QFT

iF.T.0|T]ju(x), 7,(0)]0) ,

(quV — q2guv)H(q2)

(990 — Pgu)pld®) = ) (2m)*6™ (g — p){0]5.(0)[p) {p5. (0)]0) ,
s p(s)
HiO8) — /dss—l—Q2 :

Naive TRK sum rules in the relativistic theory;

/OOO ds s"p(s) = —% /d3x <0|[[j“(0,x),Mzn_l7ju(0’o)]|o> :

For an asymptotic free theory, we can calculate the UV behavior of spectral function.

p(s) — const(s — oc0)

We consider the renormalization.

O UV divergence = Pertubative divergence.

1

/ooo ds s™(p(s) — p*"(s)) = = /de (O3 (0, %), H]---], ~,,3"(0,0)]|0)xp -

@I e TEUEORfim & T DI 3



Canonical QCD Sum Rules

/Ooo ;1_; s(pv(s) — pv"(s)) = —% (<O!muﬂu]O>NP o <O’mdjd’O>NP) :
jgufggg%PA(s)—'Pﬁﬁ%s))=:g(KOhnuuuK»Np-+<0pndddK»NP)7

o0 d 4 ok
/0 i s(Ap(s) — Ap™(s)) = 3 (<0|mu’au|0>NP pls <0|mddd|0>NP) .
7 dS 2 con 4 35 i
| 5 @0 = AF ) = —5(0m a0 + Ofmzul0)e)
4k 87TC¥S<O|(?_LL’7MtauL = CZL’)/MtadLXL o R)‘O>NP A

O Ch-SB part CQSR = OPE.
O There is no pure gluon condensation.

O Up to linear order of quark mass, CQSR reduces Weinberg’s Sum rule (V-A).

@ILHttFEs TGO Thm & Z DI
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W22 outline

- RDE=R

R EEMETOA—a = LNNBITS

FALY=0CD sum rule
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9 #—3a=r) L quarkonium suppression

T. Matsui and H. Satz, Phys. Lett. B178, 416 (1986)
o
d /LIJ*[” fﬁ” T. Hashimoto et al. , Phys. Rev. Lett. 57, 2123 (1986)
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QCD#H18l acD sum rule

M.A. Shifman, A.l. Vainshtein, and V.l. Zakharov,
« QCD#08I Nucl. Phys. B147, 385 (1979); B147, 448 (1979)
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S. Abe and S. Okuyama, Phys. Rev. E 83, 021121 (2011).
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