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Wilson’s Lattice Gauge Theory (4D) Anderson’s tight-binding H (3D)

\5 Y - [U. ot UT] Anderson Hamiltonian (AH):
—~ H(z) = —V? +

[Anderson Localization in LGT?} [Halasz-Verbaarschot 95,...]
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quark propagator in QGP would be drastically affected...

e or AL can even be a mechanism connecting Confinement & ySB
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Anderson H : Level Statistics
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extended modes : level statistics ¢ RM universality
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Random Matrices
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= det [K()Li’ }Lj)]i;el

i,j=1
EV density correlator  (p(1;) ...p(/lp)) = det[K(/li,/lj)]?jzl : Det process
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> Prob(kEVs € 1) = k—agDet (1+zK|) : Fredholm Det
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RM : local EV correlation

p(A)
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NLoM from AH [Wegner *80s]
H=-V*+V(x) _Gaussian av. over ¥(x)

Z(e) = (det(e, - H)" det(e, ~ H)"*)*  (replica)

o <det(e1 — H)det(e, - H)> (SUSY)
det(e! - H) det(e, — H)

Jl H-S transf

/diffusion cst
L ofoa oo
Z()= [\ PU exp(ﬁfd x{D tr(VUY +(g, - &,) tr rU})

Jl E, =D/’ >>0c=0(A) :e-regime = 0 mode dominance
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Z(e)= [dUe* .0dNLoM & RM
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NLoM from AH

Z(e)= [ DU ™!

S[U]= VIA f ddx{D tr(VU)? + 8¢ tr rU}

E, =D/’ >>0¢=0(A) & regime, 0 mode dominance

o€

Z(£)=de eXtr

v

0D NLaM & RM

ergodic regime  Ep, >> A : RMT v
diffusive regime E., > A . perturbation v
“‘mobility edge” FEq ~ A . perturbation X, fixed point

- phenomenological model desirable



ll. Critical Statistics
& Deformed RM
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Critical Statistics

P (s)
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Critical Statistics

Anomalous inverse part. ratio

E <‘wi(x)‘2p> o [ PrP7D
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w/A
2 2 -(1-Dy)/d [Chalker *90]
Sparse overlap E<|w’(x)| ‘wl (x)‘ >Oc ‘Ei B EJ" [Zharekeshev-Kramer *97]
\ distant levels become less repulsive

s small slarge )

Level Spacing P(s) ocsP xe™" -~ Poisson-like
: 2

Level # Variance X7°(S) logs xS

“Level Repulsion without Rigidity”



Universality of 10 RM classes is very robust

s)OP method
- )
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EV distribution, correlation
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proposal: g-analog of OP
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proven to be stable against deformations

like e

AH, (1) =
)

tr H?

n+1(A)

—tr H#

—tr (H+A)?

9 see

+nH,_;(1)

AH,(4;q) = Hpp1 (4 q) + [n] Hy1 (45 )



impressions may vary
q -1. H erm |te E nsem b I e [Muttailb-Chen-Ismail-Nicopoulos "93]

h(h 5q) = E[Z] g P e, Amsinhu (0<g<1)
k=0

q

[ h,(sinhu 1q) b, (sinhu ;q)—— W _0 (n=m)
- (_qe ,Q)oo(_qe 9q)oo
V()L)zzi(sinh‘1 A (x>>1) :weakly confining g=e2 p=e""
a

potential

almost™ uniqgue deformation
K\ (A A NAAAA N—wo K, (x,x)N dxdx' of GUE universality

A x= Lsinh‘l A : exponential unfolding

2a
Jeosh2axcosh2ax' O, (w(x+x);p) O (w(x=x");p)

cosha(x + x") \/ 9, (nx; p)O,(7wx';p) sinha(x-x')

K (x,x")=cst. K (x,x)=1

transl. non-inv. — 1

xx—=>®, x-x=0(1) .| (x-x')=cst. U (w(x—x');e™ “)
bulk limit ‘ sinha(x - x")

. Elliptic Kernel}
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g '-Hermite Ensemble

. 9 (xe ™ "
the essence is simple... K, (x)=cst. 1 : )
sinh ax
1 2 1 A 1
V(A)=—(logA = p(A)=—— = v= AdA=—logA > C-S MM
()~ 5~(log ) PR~ —— " pydar~—log C-S
denom. of Ch-D formula : A-A = &’ —e’® =e““*“sinha(x - x")
2-level correlation function R,(s) =1 - K (s)? LSD Pi(s)=Det(1-K|o,g)  [SMN98, 799]
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lIl. Ordered EV Statistics
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Nystrom approximation to Fredholm Det  Bomemann “10]

Gauss-Legendre Quadrature :

|
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xM}EI, {Axl,...,AxM}>O

f f(x)dx = E f(x)Ax, ,exact for f(x)=x" +lower

[Det(l -K,) = det[éij - K(x,,x;)/Ax,Ax, ]?;1 +relative error O(e™ ™" )}

flattening oscillation = larger error for fitting

14 -
1.2}

1.0}

0.8 7
0.6 f
041

021

I EVD - chGUE

EVD - chGSE

Gaup-like = precise fitting possible [Damgaard-SMN 01]
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Chiral condensate from ordered EVDs [SMN "16]

13/25

exercise 1 : quenched compact U(1) Dirac spectrum vs chGUE
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Chiral condensate from ordered EVDs [SMN "16]

exercise 2 : quenched SU(2) Dirac spectrum vs chGSE
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>a’ =1.07019(38)

condensate

chiral

1068 | | 5 é : Y. within O(10-4) error!




2-level

-1 H E . correlation
q - 2 function SN\

multi-LSD

[SMN *16]
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q'-HE vs AH@ME
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[SMN 99, *16]
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fit MLSDs of AH at ME with MLSDs of q*-HE
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|-> move on to QCD Dirac spectra at high T



IV. QCD Dirac Spectrum at high T



Localization and QCD transition

SU(3) quenched LGT
on 163~20° X 4, KS Dirac op.

40
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first attempt by [Garcia-Osborn *07]
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Lattice setup

€ QCD at physical point [Aoki, et. al., *06]

gauge: Symanzik improved action
quark: 2-level stout-smeared staggered Dirac op.

--_-
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physical point determined by BMW Caoll.

& Dirac EVs at hlgh T [Kovacs-Pittler *12, “13]
----
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Dirac spectra

SU(3) dynamical, V=40 x4
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SU(3) dynamical, $=3.75, V=56%4 , Nonr =3091 19/25
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Dirac spectra: |
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Single LSD

@ME

SU3) Np=2+1, V=32°~48>x4, 6~10LS around A=.3355 vs Unitary DRM: at a=3.6 SU(3) Np=2+1, V=24°~48°x4 vs Unitary deformed RM
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Single LSD

SU(3) dynamical, V=40°x4 SU(3) Np=2+1, V=24°~48x4 vs Unitary deformed RM
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Multi LSD spatial size vs deform parameter
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V. Conclusion
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QCD D on L3 x 1/T(<1/T)

SU(3) dynamical, V=40°x4

EV density p(A)

Py (s)

ME : “identical”
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Anderson H on L3

critical statistics
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Polyakov loop as Impurity?

. (3+1) D _ 3D unitary
CS at ME: [ QCD at high T. Anderson model

| Bruckmann-Kovacs-Schierenberg, 2011] 7> T, (deconfinement phase)

loops as dislocations

islands of Polyakov _ impurities of
Anderson model

TT/)’ M1 Polyakov loop r 0/‘ ‘,0’ ./‘
X + <P(x)> = Y 0/‘/. ‘(’ ‘)/'
4 (Pe) 1 e s
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QCD D on L3 x 1/T(<1/T)) Anderson H on L3
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media: vacuum : electrons in crystal

scale: O(10%V) l O(1eV)

disorder: Polyakov loop : impurity
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deformation par. : a=3.65(6) - : > a=3.572)

critical exponent: v=1.43(6) : v=1.43(4)

conclusion from multi-LSD improvement : DIFFERENT critical statistics



