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outline

- Phase transition in large Ne Yang-Mills
theortes, in d=2 (Purhuus-Olesen), possible
uwi\/ersaL'Ltg and stmulations tn d==,4
(Namgawaw—l\:euberger)

- (Fluid)-dynamics of eigenvalues of Wilson
Loops, (complex) Burgers equation - DYyson's

fluid

- Further developments : finite Nc effects as
\/Lscositg correctlons - relation with random
matrix theory.
work downe L collaboration with Maciej Nowalk,

(arXiv: 0R01.1259 - PRL 101:102001 (200%)
and arxiv: 0902.2223)




The Wilsow Loop in SU(N) gauge theories

W (C) = Pexp z'?é/—ludsc“
Jc

Swmall Loops - Short
distance physics - Large Loops
weak unteractions long distance Ph 55105

strong Lnteractions
Cross-over

Becomes a sharp transition as N, — oo (¢2N, fixed)
“Confinement-deconfinement” transition. (?)

universal properties i d=2,3,4 (?)




Spectral density as a function of the area A (d=2)

PN ~ BA-W (A  A=ef  —m<O<m

A< A A= A* A> A

Durhuus-Olesen phase transition
(P. Durhuus and P. Olesen, NPB 1981)




The mowments of the spectral density p(6,A)

The moments are related to Laguerre polynomials

wn(A) = (Tr[W(A)"])

Remarkable properties at large v (A"
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Olesen, Purhuus, Rosst, Kazakov, Pouglas, Gross, Gopakumar,

Matytsin, Migdal, ete.




A random matrix perspecti,\/e

(R_anick and W. wieczoreR, math-ph/0312043)
A model for the Wilsow Loop
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Resolvent and spectral olewsitg

Evolution egquation
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Evolution from small areas to large areas (1)

(from R.janick and W. Wieczorek, math-ph/0212043)




Bvolution from small areas to large areas (2)
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Nuwmeriteal studies on the Lattice

Average characteristic polynomial

Zeros of the average characteristic polynomial

Qn(2,1) = (det(z — W(2)))
Closing of the gap is universal

d=2,d=3,d=4(?)
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(Fluid) dyna mics of etgenvalues and the Burgers equation
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The function ;F(Q) = Hp(0) +ip(0) obeys the Burgers equation

OAF + FOpF =0




BuUrgers equation
and equations of fluid ol Yyna miles

OAF + FOgF =0
(A ~ time, 6 ~ position, F ~ velocity field)

Navier-Stokes equatiow

VP
O+ (u - V)u — vV = -
Buler equation
P
Owu+ (u-V)u = _VT

BuUrger=s equation s often used as a model for turbulence (shocks)

mportant: F Ls here cowq:Le)( %F (0) = Hp(0) +ip(0)

(Hopf-Burgers eqw, free random variable caleulus, Voiculescw ...)




Solution of the complex Burgers equation

OAF + FOgF =0
(A ~ time, 6 ~ position, F ~ velocity field)

cawn be solved with Characteristics
F(A,0) = Fy(£E(A, ), Fo(0) = F(A=0,60)

0 =&+ AFy(€) Characteristics (= Lines
of constant ’veLoaLtg ’)

Singula w',tg when




The qualitative behavior of the solution is determined by the location of the
singularities in the complex plane

1+AF(;(§C) =0

Expanding near a singularity 6 =¢&+ AFy(§)

0= 0+ 5 (€ — £ AR (€) + 5 (6 — £)P AR (€

owne can tnvert the characteristic equation and get

£(A, 0)

Asymptotic behavior of moments

0, = 6" (A) +iA(A) F~ (0 —6.)"

W, = |n|—(u+1)e—nA(.A)Re ez’nG




Gapped phase

p(0,0) =46(0)
‘ Characterisics
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ﬁ singularity
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Closing the gap
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Gapless phase

Start with unitial conditions

1
p(0, Ag) = — (1 + 2€cosb), Ao >1

T

Fo@) = 3 (1+2e7%) 0=+ (A—A)Fo()

singularity
e%e = —¢(A— Ap)
In viclnity of the singularity 0=0.+ %(5 —&.)?
Two cases
A>Ay  bo=m—i (1 B +lne(A—Ao)>
A< Ay 0,=—i (I—A;AOHHG(AO—A))

n the second case, the singularity hits the real axis in a finite time AL

AL A

0=1 +Ine(Ag — Ay)

A> A"




Approaching Ne — 00 (1)

(arxiv 0902.2223 and work Ln progress)

DYyson’s Browntan motion (hermitian matrices)

(6x;) = E(z) At ((62:)2) = At

-3 ()
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Fokker-Planck equation for the joint probability P(z1,---,TN,1)

OP 1<~ 0%P 0
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whose solution reads
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Approaching N, — 00 (2)

Average olewsitg of etgenvalues (“one-particle olewsit5 ”)

p(z,t) :/Hda;kP(xl,--- ,:EN,t)Z(S(iB—CIJl)
k=1

I=1
nfinite hierarchy of equations
OB _APHED D py [ o)

ot 2 0N _8)\PV x—y

ﬁ(xa y) — ﬁ(x)ﬁ(y) + ﬁCOn(xy y)

To study the large N LimeLt, rescale
p(z) = Np(z) T =Nt

and get

Op(x) 0 ply) 1 0*p(x) / Peon (T, Y)
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Approaching N, — 00 (=)

Resolvent
_ /L 1 _ Py, 7)
eor) = (¥ ) = [ 2
N
Average of the characteristic polynomial (det (z — H z—T;)

1=1

Equation for p(z,7) reduces to (tnviscid) Burgers equn. for G (in large N Limit)

0.G(z,7)+ G(z,7)0,G(2,7) =0

Note that . X 5 /1 5 /1
G(Z,T):<NT1"Z_H(T)> 8z< Trln(z—H(T))>:£<Nlndet(z—H(T))>
F(z,7)= %% In (det (2 — H(7))) F(z,7) =~ G(2,7) as N — ¢

F fulfills the viscid Burgers equation (EXACTLY 1)
0 F(z,7)+ F(2,7)0,F(2,7) = —ﬁﬁgF(z T)

(see also Newberger, arxiv
OR06.0149 , 0209.123%)




conclustons

- Many features of the large Ne transition are coded in the solution of a Simple
Burgers equation (universal shocks, ete).

- Provides a simple understanding for the remarkable universality
that Ls emerging from lattice caleuwlations

- Flnlte Nc corrections appears as « viscous » effects itn the fluid of
etoenvalues

- A general picture emerges in the framework of random matrix theory




