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Definition of the eigenvalue density

Eigenvalue equation
(Dnyn + py0)¥; = 259

Eigenvalue density

N :
p f(ZQZ*?ml ru')

<Z §2(z — zj)>

QCD

(@) — f dA Odet(Dyyy + pyo + m)™r e Smld)
e f dAdEt(D”'YTI + pyo + mf)"\"! e—Svm(A)

One flavor

Ne=1
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le eyt mi) pFe V'V =38
m{gY)V = 60

100;

50

Im[z] () V

-50+

Lo

089

50 100 150

Osborn, PRL 93 (2004) 222001
Akemann, Osborn, Splittorff, Verbaarschot, hep-th /0411030
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How to calculate the The replica way of writing the é-functions
unquenched eigenvalue
density

. 1
PN, mo ) = lim —0,+0-10g ZNI"(m, -+, )
n—0 mn

generating functionals for the eigenvalue density

ZNI(m, 2, 2% ) =

/ dAdet(Dyy, + pyo + m)™| det(Dyyy + pyo + )2 =Sl
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Finite volume low energy QCD One flavor
Relp 7 (o2 ) EAT = 10

e=limit at non-zero chemical potential.

1 1
—~ =~ VV
me M

zNpn = DU

/U(Nf-i—Qn)

" e—ﬁg%“—'zTr([U,B][UT,B])+@§>—VTr(UM+MTUT)

Leutwyler, Ann. Phys, 158 (1984) 142

V' - Tl | f i‘\ J ’1{') | i;-'(,‘a grl J —"z’{.‘”.’ 7
tephanov, Toublan, PLB 464 (1999) 183
=Yg 26 ( ,".'lelri _‘i ‘:):MJA-’)

Int. J Mod . Phys, B15 (2001) 1404

0t NPRB 683 (2004) 467

NPB 694 (2004) 59

(We)2v
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AMPLITUDE: el @#6V. MAX VALUE ~ 14000
PERIOD: ~ 1/V

Akemann, Osborn, Splittorff, Verbaarschot, hep-th/0411030
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The chiral condensate from the

eigenvalue density

(§)(m) = +0m109 Z (mi )

1 pN (Y, m; 1)
= = [ dad
V[ 5 x+iy+m

The oscillations of the density are |
lresponsible fqr_____gr_)__ir_a_‘lmsyﬁmmetg breaking___d3

density

T he chiral condensate
from the eigenvalue




Dr. Kim Splittorff, Nordita (KITP Lattice FT 2-28-05) The Banks-Casher Relation at Nonzer o Baryon Chemical Potential

Page 7

Do the y-integral first

Structure:

o~ Vv +f(@mipn)] iVy g(z,min)

Pcorr

In the y = a 4 ib-plane

o~ VIa2=b24f(z,;m;ip)]=Vb g(z,m;pn)

weiVa glz,m;u)—i1V2ab

Pcorr

For m < x < 2u2F2/{¢n):

peorr SUPPressed in strip to the left of the pole.

Deform the contour into this strip

= dyw—% is given by the pole.
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The contribution from the pole

Conclusion
The residue at the pole is
> 12 _ ' .
penn (2 = m) = — L S¥¥) ® An oscillatory spectral density can give a disconti-
Arp? nuity of the chiral condensate.

independent of = simply because
e The entire oscillating region of the complex eigen-

pn(z=m) =0 value plane contributes to the chiral condensate

and
e Uncovered using: The exact eigenvalue density of

pN,(2) = pn,=0(2) + peore(2) the QCD Dirac operator for fixed
m(GY)V,  2(PY)V, piFAV

which has oscillations with a period of order 1/v
and an amplitude ~ e#V

u-independent chiral condensate from a
complex & oscillating pu-dependent density§




