Distribution of the Dirac modes in QCD J

Marco Catillo, Leonid Glozman

Karl Franzens - Universitat Graz
35th International Symposium on Lattice Field Theory

Granada, June 18-24, 2017

KAR - =RANAENS UNIV-RSITAL GRAS

UNIYERSE Y OF GRaZ UNl - LL": é@ NA!!!

1/17



Introduction

Introduction
o Banks-Casher relation: M. Denissenya et al. Phys. Rev. D91 (2015)
S — _{(dg) = Nr = 2 degenerate quarks:
(@a) = 7p(0) 02 6 10 14 20 00,
e Truncated quark propagator mass.
MeV
1
D;IZD*I—;X_M;M)\;‘ 2000 1
k = number of removed % |
low-lying modes
1000 1
@ Restoration of Chiral
Symmetry 500 - g
SU(2)r x SU(2)L x U(1)a 0 S ‘ ‘
08 40 65 93 125 180  ©.MeV

o Emergence of

L. Ya. Glozman Eur. Phys. J. A (2015)
A L. Ya. Glozman, M. Pak Phys. Rev. D92 (2015)
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The Problem

o Low-lying modes carry the information about Chiral
Symmetry Breaking

o ChRMT provides an explanation of the low-lying modes
distributions

E.V. Shuryak and J.J.M. Verbaarschot Nucl. Phys. A560,
(1993)

e We ask the question:

What happens for higher eigenmodes?
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QCD and ¢ regime

Effective chiral Lagrangian o(p®), coming from Chiral Symmetry Breaking,
SU(NF)L ® SU(NF)r — SU(Nf)v. H. Leutwyler and A. Smilga Phys. Rev. D46 (1992):

Lerr(U) = F Tr ((‘LUT(X)&‘ U(X)) — mXRe {ei"’iF Tr (UT(X))}

4

If AgcpL > 1 and m;L < 1 < e-regime

Zetr = / e~ J I (U)gy — / P(W)dW

2
P(W)dW = N(det D)NFe="% TH(WTW) gy

e D= (‘T/T IW) is the Dirac operator E.V. Shuryak and J.J.M.
! m Verbaarschot Nucl. Phys. A560,
e Wisan Ny x N_ matrix, Ny + N =N (1993)

@ [ is the Dyson index
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Lattice Setup

o lattice size: V =13 x L, =163 x 32
o a=0.1184(30) fm, L = 1.9 fm

o N = 2 dynamical fermions with same mass
m = 0.015

» 100 configurations (JLQCD) S. Aoki et al. (2008)
s 3 =230

o Topological charge Q =0

o Overlap Dirac operator Dy, (m)

o m; =289(2) MeV

In our case the chiral condensate is ¥ = (251 + 7 4+ 11 MeV/)3,
ViIim~4and m;L~3

We are not in the e-regime
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Stereographic projections

Overlap Dirac operator:
Do, (m) =
m m .
= (p+3) + (=3 ) esien(Ho) =
m
=|1-— Dov
< 2p) O +m
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)
L 0/2
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Lowest eigenvalue distribution

0.4 i
035 8 —— ChRMT
Defining 0.3 i —— Lowest Eigenvalue
0.25 f
o = Vim pl(()oz# \
° (= VIA -/ L\
0.15
e and sorting the eigenvalues o E/ T\
M << <\ 005){
00: = 1 2 3 4 5 6 7 8 9 10
From ChRMT we can get ¢
@ the distribution pi(Cx) for each
3 - - -
“ pr(Gr) = const - Gre™ ¥ (&) — h(G)(G)
o the total distribution
p(¢) =22 Pe(C) where

Nz
@ [,(x) is the modified Bessel function
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NNS distribution

An important prediction of RMT is

1.4
given by the nearest neighbor spacing a
12
(NNS) distribution p(s): a
1 -
—bps? :
ps(s) = ags’e . osf
w r
> o6l
0.4
ensemble ag bg a
ChGOE (B =1) /2 w/4 021
ChGUE (B =2) 32/72 4/m o
ChGSE (3 =4) | 262144/7297° | 64/97 0

sn = &nt1 — &n
An
&n = 5()\,7) = /0 p()\)d/\
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p(s) for low and higher eigenvalues

Range eigenvalues: 110 Range eigenvalues: 81 — 100
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Contains information about
SU(2)r ® SU(2), and U(1)a breaking
Consistent with ChRMT and previous results

Sensitive to confinement physics
SU(4) symmetric regime

They are identical!
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Lattice simulation

p(s) distribution

for 100 eigenvalues

Results do not depend on definition

of A
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Conclusions

o The nearest neighbor spacing (NNS) distribution
p(s) is the same for

@ low eigenmodes 1 — 10
© higher eigenmodes 81 — 100

© All possible range of eigenvalues
Q different stereographic projections

o In all these cases p(s) follows the Wigner
distribution

predicted for the GUE

o The Wigner distribution that is consistent with

the Chiral Symmetry Breaking is connected in
reality to something of more general
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Chiral Symmetry on the lattice

1
{75, Dov(0)} = ;DOV(O)%DOV(O) Ginsparg-Wilson equation (1982)

Im Moy

The eigenvalues:

Doy (m)|A) = Aov(m)|A)

are on the cirlce:

e Radius: R=p— 3
e Centre: (p+ 2,0)

and they come in pairs

(Aov(m), Aoy (m))
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Conclusions

Distribution of the first 4 lowest

eigenvalues

The distribution of ¢ for VXm > 1, using ChRMT, is given by

p(C) = (Jo(C)+J1(C))

--- ChRMT
045 — 1st

E ™ -~ 2nd
04 B ~ 3th -

- T K [ O/ [ o [ RMT
0B E e 2/T| 272 | 019 2.70
03 F | - B 3/1 4.35 0.28 | 4.46
025 E4 ] 4/1 5.92 0.38 | 6.22

r€) LB . 4/2| 217 | o008 230

L 4/3 1.36 0.03 | 1.40
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Distribution of the first 100 eigenvalues of
the Dirac operator

¥ = (232.18 4 0.85MeV)3

14f-{[] m=0.015 14 From theoretical arguments the
r |— ChRMT distribution for A < Agcp is given
12; — (3/4m2)\ + % /7 by
' T (N -4)
- A) ==+ 205N+ o(A
P(Oo.s: gl o) T 32m2NF* Al +o(3)
06: H‘J and for A > Agcp:
TF 7
C Mm Ne (3
Eﬁ il PN = e a2
027, ! ! ! !

A. V. Smilga (1995)
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Unfolding Procedure

S() = %(Z (0 = A))

[ Histogram n(\)
— Quintic Polynomial, x = 0.0062

=[S = oAy

0.6

L e e L B L B BB B

1) =€) + m(N) "
@ M =100 is the number of eigenvalues

. 0.2

studied
. A

° the smOOth part IS 5()\) = ‘fo p()\)dA 0 100 200 300 400 500 600 700
e na()) is the fluctuating part A(MeV)
Consequences:

@ The density distribution §(¢) =1

@ in a small region of the spectrum such that in the limit M — oo it contains a lot of
levels, then p(A\) = %, with D = (Any1 — An) , therefore £(X) = 5.
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Conclusions

Higher eigenvalues for different
stereographic projections

For higher eigenvalues the

distribution
p(s) doesn’t change!

Range eigenvalues: 81 — 100
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