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Main message

SU(3) QCD w/ N; quarks
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Deconfinement
- Polyakov loop B (3E) BU & =D (T3 (finite/large N)

[Polyakov, (1978) / Wilson, (1974)]
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- Large N T 't Hooft Counting(:c}:%’%ﬁ’ﬁl’j‘(i [Witten, (1998)]
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F~OWN® : Confined < color singlets (e.g. glueball, meson)
F ~ O(N?) < each color d.o.f. (e.g. QGP)

Polyakov looplc &% Ecik & BRI H B
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Weakly-coupled YM on R x S%~!
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[Sundborg, (1998) / Aharony, Marsano, Minwalla, Papadodimas, V.Raamsdonk, (2003)]
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Two phase transitions at large N

[Hanada, Ishiki, HW, (2018) / Hanada, Maltz, (2016) / Berenstein (2016) /-]

RN UADIETE. hS—BBHEO_MBANEHNEETLSDS ;

(00)
u (T) = Jde p®O:T)e  g—pp  pPO) = ) ue
n=—oo

P=0 P#0 4 . connected disjointed

Hagedorn GWW

| | transition > transition

—7 7 | - 78
confined “partially-deconfined” “completely-deconfined”
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With finite Nc & infinite Volume

[Hanada, Ohata, Shimada, HW, (in progress)]
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Exploration by lattice QCD

Gauge config. by WHOT-QCD collaboration (phys. Rev. D. 85, 094508 (2012))

. 2+1 flavor, RG-improved lwasaki gauge + NP O(a)-improved Wilson quarks
« T =0 config. of CP-PACS & JLQCD collaboration (phys. Rev. D. 78, 011502 (2008)]
. 323 x n, lattice withn, =4, 6, ---, 16

. =205 a'=279GeV, (a=~0.07fm), m/m ~0.63:heavy quark
T P y

0.3 " ' ‘ ' c.f.) phase structure of large-N theories
ool T, = 190 MeV with fund. matters (e.g. large Nc QCD)
0.2 r |P|
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. oﬁg’ T[MeV] 5
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from [WHOTQCD collab. (2012)] Hagedorn GWW
Nt 16-10 8 6 4 . .
[Schnitzer, (2004) / Hanada, Robinson, (2019) / ---]
T~174, 199, -.-, 697 MeV
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Phase distribution p(0;T)
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“SU(«)” Haar random

Haar randomness
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n-wound Polyakov loops

Ul = — <trP exp [m(J) ,(x)] > de p,(0) e’

space
\ : n@lZ&Z Polyakov loops
SU(3) Haar random T&*1uld. = Y P
u3(s) =—, u®=0
0.0025 r
| uigtS) | —n=7
0.3 | ° ° :n f g
| . oo | Preliminary | —ncs,
preliminary
0.0015 F
—n=1
0.2 F|—n=2
—n=3
§ :2 = 451 0.0010 [
T —n=6
——1/3 1
o1 I 0.0005 | 1
0.0000 E i % i ‘ ;;
0.0 =
| | | | | | _00005 | | | | | |
200 300 400 500 600 700 200 300 400 500 600 700

T [MeVI

u, CEICERDRETRILLIBYD. IFBHLRPREIREERRER

14 / 20 YITP Workshop ¥IBsi & 5 DIER 2023




Viewpoint from characters

Polyakov loop& D6 “KLV EE

R (2) : Representation matrix of rep. r
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Characters & Polyakov loops
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Summary & Prospects
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Relation to global symmetry

LHS LW F U : global symmetry (€ K2 PRIBDECIHR E —5K
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Low-lying Dirac eigenvalues

Chiral condensate: order parameter of chiral symmetry

1 4, . eigenvalues of
X =(yy)=—lim lim E . n - 10
m—0 V— oo , 14, +m (probe) Dirac operator D)
eigenvalue density of massless staggered operator density of first smallest eigenvalue of massless staggered operator
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J,, . Bessel fcn.

c:=VY [I,:mod Bessel fcn.

[Shuryak, Verbaarschot, (1993) / Leutwyler, Smilga, (1992) /-] [Forrester, (1993)]
[Berbenni-Bitsch, Meyer, Schafer, Verbaarschot, Wettig, (1997)]
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Summary & Prospects
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