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1 Intreduction
« \Why topelegy iXing action: 2

An actien proposed by Luscher previde Us te: simulate with
a fixed tepological charge: by suppressing the field strength

(1 1 — ReP,
— ( “"(mg) _ if admissible
S¢=14 9 :c,;L,z/]-_|1_PMV(33)| /€
| o0 otherwise

» Better statistics of higher topological Ssectors.
» LLocality of Overlap D is improved.
+ Chiral symmetry Is alse improved.

» [[heta vacuum ifione has a reweighting way.
VI Euseher, NUel:Phays. B536;515(1999); INUEl: Phys. B549,295(196909)




1. Intreduction

« @QVeniew
In QCD or 2-d QED (© 0),

(Yp) 7 0 and (Yys7p) =0,

UL 1N case, We expect

(Yyp) 7 0 and (Yysyp) + 0.

Then the i/ has a long-range correlation as

<’I7(:U)T?7(O)> _)|a:‘|—>oo <7vz’75¢><7;’75¢> # 0.




1 Inteduction
« e 2-flaver massive Schwinger model

S = /d2 (F2 + Z Yr(P+ m)@bf-l-GWFW)

+ Confinement

+ Chiral condensation

o U(1) problem (mn, mar)

+ BOsonization picture  strong coupling limit

- w(2) = Yi(a)sti(z) - va(a)rsa(e),
we define ;1) = 1 (z)y511(z) + Po(z)y5tn().




1, Introduction

« How to evaluate & vacuum

0@ = 1 dAdpO (z)eS9~Sr=S0

f dAd?,De_Sg—Sf—Sg

b using [aasOKmfeae

Rl S
i i %

AigpAg

We need =70




1. Intreduction
« How! to evaluate © vacuum

We can calculate (O(az))Q by generating link
variables whichi satisty: LUschers houna

(which are called “admissible™. );

11— Pu(x)| <e forall z,u,v(0 < e < 2),

realized by the fellowing gauge action;

(1 1 — ReP,
LS ( W(J’g) S if admissible
Sa=14 9 :c,;L,z/]-_|1_PMV(33)| /€
e otherwise

lopolegealicharge: Is consened i

0 <=< 71/ 5 —» GW Dirac operator is local.
Vit LUseher Nuel:Phys. B5386,515(1999), Nucl-Phys. B549,295(1.299)




1. Intreduction

« How: terevaltate © vacuum
Topoelogical charge Is defined as

1 :
I

® \\Vithout LLuscher’s bound —TT T
T

lat aw

lopological charge can jump. © — O .




1. Intreduction

*  How te evaluate © vacuum
Note that the continuum lIimit Is the same. as
the standard plaguetie action at any £,

1 1 — ReP

LS ( < “’*’("’g) 5 if admissible
S¢ =14 9 :’E,/j,,l/l_ll_Pll'V(x)l /€

o0 otherwise

1 F2 (2) 4+ O(a?
N 9_2/de ,uu( ) (a<)

1 — % (F2,(z) + O(a?))




1. Intreduction

IHeW terevaltiate O vacuum
Using the following expression,

> dB'(Sg)%
29(8,m) = 29%o0,m)e’? P51,

o0 / Q)
— p liMm DAge_ﬁmang,in det(D + m)Qefﬁ dp (’39)5/’
max 00

52 d8'(5,-52,)%
77

_p3g¥
— e /Bsmi’n} [/ DA(S det(D —|— m)2] €
Classical solution — ~ fluctuation
moduli integral

we can evaluate Z¢ normalizedby Zg—g !




1. Intreduction

« How to evaluate & vacuum

Z9(8, m)
classical solution _fDAgl det(D + m)2_ fluctuation

- >

moduli integral

« Classicall solution Constant field stiength.

= Moedulif(constiant petential which alfects Polyakoy.
loops ) Integral of the determinants

IHouseholder and QL methodl.
= Integral of ASZ(8)) = (Sy — 82,05 — (Se)y= O(=5)
fiting With; pelyaemiyails.




1. Intreduction

« How to evaluate & vacuum
Now we can evaluate

_ Y 0(=))?zg/Z0
YoeZg/Zy

by LUSChEer's gauge actionandlour
[ewelghting methed.

(O(2))” =

Details are shown In
HE, I1.Onogi,Phys.Rev.D68,074503(2003).




1 . I ntrOd u Ctl O n The simulations were done on the

: _ : Alpha work station at YITP and SX-5
« Numerncal simulation atRENP.

» Action : Luscher’s actioni+ DW: fermion withr P\/s.
o Algerithm : e hybraViente Canoe method.

+» Gauge coupling : g=1.0. ([5=1/9?=1.0:)

s Eermion mass : mi= mz= 0.1, 0.15, 0.2, 0.25, 0.3.
s LLatlice size® : 1613< 16 ( >< 6)).

» Admissibility condition : == /2

+ [opological charge : ©Q=-4 +4

+ 50 molecular dynamics steps with the step size
/A= 0.035 In one trajectory.

» 300 configurations are generated in each sector.
» Admissibility'is checked! at the Metropolis test.




2. Eermion Condensates

* Condensations In each sector
Integrating the anomaly equation;

. = ()
8lu,<]2 — 2zm¢’75¢ QWGMVFMV
U

0= [ ,d?2(0,I)% = 2imV (Fr50)? + ([, d®0 ey Fiu)
one obtains the fellewing relation

() = %




2. Eermion €Condensations

* Condensations n © vacuum
\We evaluate

RO S
Zéz:_ 2 etQ0 RQ

Y

Y =4 (Pr5¢) Y RY

<
—
O
<
Se
|




S, e i mesonink O vacuum

* e I correlations in each Sector
'® Connected part (pion results)

Our numericall data shew: a good agreement with
the continuum theory at small' ©;;

2/3 Y

2/3 1/3
/ >

moa X M COS




3. e ) mesen in ©rvacuum
* The 1) correlations Inf each Secior

(Py51p)? # O
\We expect ther) meson has a leng-
lange cosrelation in each topoelogical sector.

\We measure

il @n@)? = 2(tr (5= psm(w.) )
o <tr (75%(% x)) tr (75%(% y)) >Q :

where 2nd part is calculated exactly.




S, e R mesonint O vacuum

* e ) correlatiens in O vacuum
\We evaluate

T (@)n(y))?! =

Y o=_4 ¢ ni (z)n(y))?RY




S, e i mesonink O vacuum

« Clusteringl decomposition
Consider the operators put on t = -1/2 and =1//2
ofi a large box divided into two: parts;

A B
® ®

WysWw -T/2)|  Wwysy T/2)

\We expect the ) correlation in each sector Is
expressed as

(nt(T/2)n(—T/2))% , ,
— T 00 =4 PQ,Q/(@’YSW% (15751#)%_@ :
Q!




S, e i mesonink O vacuum

« Clustering decomposition
+ Q=0 case A

VAT VAT

(Nt (T/2)n(=T/2))¥=0
—>T_>|arge —4 Z PO}Q’<,IZFY5¢>1Q4 (%75¢>§Q
Qf
— —|—4Z PO’Q’ ((&75¢>Q’)2 =0
Q/




S, e R mesonint O vacuum

« Clustering decomposition
s+ O>>0 case

\We assume Q' distribution IS expressed as Gaussian
around Q/2;

(T (T/2)n(=T/2))¥>>0
~ =42 [ 4Q (Grs) U Fs) @ Ve (@-Q/2)7
Q"/mv

(Q/2 — )(Q/2 + g)e
_4[/ 4 (mV/2)2

2
! ~ — 46 < 0Ot
V2 afV2 m2VY 2




45 SUmmean/ anadfDISclssion

* The results of 2-d QED
\We obtain

(Pys)? # 0, and

(' (@)n(y))"

— A(e ™ilz—yl 4 g—mn(L—lz—yl)y 4 Cy.
It IS Important that Vanishing of Cy is non-trivial
evenin ©= 0 case and

A(;Z»yyp)@ iNEfliuctuation o disconnected
diagrams M




45 SUmmean/ anadfDISclssion

« [How alkeuit4-dfQCID! 2
WWe expect

(Pys)? # 0, and

(' (@)n(y))°

— A(e ™ilz—yl 4 g—mn(L—lz—yl)y 4 Cy.
It IS Important that Vanishing of Cy is non-trivial
evenin ©= 0 case and

A<IZ”YS¢>Q iNefluctuation o disconnected
diagrams M




45 SUmmean/ anadfDISclssion
« Hew about 4-d QCID; ?

I QCD, ene obtains the same anomaly eguation;

(Py5)? = —Q/mV.

From the clustering decomposition,

2
im (nf(2)n(0)Q = — <

|z|—large m2V 2’

IS also expected, whichiIs coensistent with
ChPT results in the -regime !!!!

(PR Damgaara et all, NUuchPhys B629(2002)445)),
N2Q2 Nz LE0oP(msy
(PO(@)PO(0)) = —hty + 02D

Q
+(x dependent terms).

—m2V2 l mV




45 SUmmean/ anadfDISclssion
« Application te 4-d QCID) 2
Are RR=Z%/7%'s calculable in 4-d QCD?
Yes (C Inrprnciple: ).
Difficulties
= Fermion determinants
eigenvalue truncation ?
= Moduli'integrals
we need all the selutions on 4-d torus.
= VEV's of action (ASR)
perturbative analysis ?




