Preprint E®H-1009(59)-87 ,

]

EPEMULP SPRMYUSP PLUSPSNRS
EPEBAHCKMA ®OU3UYECKUA UHCTUTYT

YEREVAN PHYSICS INSTITUTE

— ——— ——— I CEU SEE—
—— a—— — S G

S.V.ESAIBEGYAN S. NTAMARYAN

MASS CORRECTIONS TO GREEN FUNCTIONS
IN INSTANTON VACUUM MODEL

UHMMarommupopm. | . s
. EPEBAH — 1987 < *+ U



Ve Lunfry

U. . GUUBR B3N, U. . PUUIr30Y

Yhuh IMRVUSKUBEN by LEPURLINT QUURLLSUEM h
MANWUEE - puUSULSAVUS Ky VUUNW L UATBLh ULS

Spbup wpnyniwpup Inctljgheyncd Swadupldby bu quuqiudubpp
wnwfhu pwSugnwgnn nuganudulipp huuawenuu)ht -wisppuuwsiann-
uwghu I ncljmneughwiubpp Swlunpnaudpg puqiuged huumwenuegpy Ju-
ynemedh dnpbpned: Gyn nugpnudubph  Swadwadwdp Swayyly bu Jbqn-
Uwjhu Sovwbpubpp SwpuwplpwigneP gnctblipp, quinil) LU yubnnulju) gup
opwlph quuqywdwihy | neuwlp b }: ljwn'bw)hy wpuhw) SwumweniBh Jh-
dncLByniiup:

Gplwup 3pgqhljwyp puvnpuncn
bpbwy 1987



Preprint HOII-I009(59)-87

S.V.ESATBEGYAN, S5.N.TAMARYAN

MASS CORRECTIONS TO GREEN FUNCTIONS
IN INSTANTON VACUUM MODEL

The first nonvanishing mass corrections to the effective
Green functions are calculated in the model of instanton-based
vacuum consisting of a superposition of 1nstanton-ant1+instan-
ton fluctustions. The meson current correlators are cai;ulated
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MACCOBWE I[IOITPABKM K OYHKIMAM TPMHA B MOAEM
WHCTAHTOHHOI'O BAKYYMA
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JIEHH KOppPeJATOPH MEe3OHHHX TOKOB C yYeTOM 5THX NONpABOK, Haiime-
HH CIIEKTP MACC IICEBIOCKAJIAPHOI'O OKTEeTa M BeJMUMHA KAaOHHO# akch-

aJBHO! KOHCTAHTH ff_ﬂ .
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1. Introduction

. Refs.[1,2]have shown that the instanton fluctuations ex-
plicitly violate the QCD %. invariance and may serve as a
source of spontaneous hreaking of chiral iavariance (SVCI) of
theory. However, as was shown in e number of works by 3hifinan
et al, (Bee, e.g. [3_] ), it is impossible to take into account
the large-scale ( > 1/GeV) instenton fluctuations by the quasi-
clascical spproximetion method. On the other hand, in Ref .[4 J
it was showri from the phenomenological analysis that the model
of vacuum as instenton "fluid" sllows to describe successfully
many characteristics of the hadroam physics. This model has been
quantitatively realized by Dyakonov and Petrov[SJ « They have
shown that the instanton-anti-instanton configuratidns are do-
minant nonperturbative fluctuations in the vuacuum wave function.
The same authors have suggested in Refs. [6,7] a new mechanism
of the SVCI based on the symmetry breaking interaction of fer-
mions with external chaotic field as well as worked out an gl-

gorithm for calculating the correlation functions in instanton
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vacuunt,.

The appearance of massless pion pole in the polarization
operator was demonstrated, the mass and axial constant 4;
were calculated through the parameters of instanton medium
being in perfect agreement with experimental data and results
of the current algetra.

In this work, within the approach developedlj6,1] , We have
calculated the first nonvanishing current-mass dependence of
three light (iJ,J,.S ) quarks in the effective Green functionc;
the mass spectrum of pseudoscalar octet of mesons as well as

the vslue of the K_-meson axiel consteant x Bre found.
2. Quark Propagator

The general method for calculating the correlation func-
tions in instanton medium proposed by Dyekonov and Petrcov con-
sists in the following. The instanton-anti-instenton superpo-
gitions must be considered as an external classical field; the
correlators in the presence of this field will depend on the
characteristics, i.e. dimension ? » orientation (1 and centre
Z of all pseudoparticles. The averaging over statistical en~-
semble of instantons yields finaelly exact correlators in in-
stanton v.cuum. In this case the averaging is appreciably sim-
plified owing to the following spproximations: _

1) The packing parameter of the instanton fluid 242 .
Ypere R, is the mean distance between pseudoparticles is smsll,
%az Qf47g [ 5] » and therefore the pseudoparticles may be
considered uncorrelated. ‘

2) when the number of colors I\.é is large, the instanton

4



distribution as a function of instanton size f is very narrow
and tends to the g -shaped function at /%”'N, so that in
the leading order over "(/’[\/c all sizes of instantons fI may
be replaced by their mean values 9— ESJ.

According to above~samid, the guark propagator S in
instanton-anti-instanton superpositions we'll express through
the propagators in the background of individual instantons

and expand in Taylor series:
= — ¢ . -7 . .
=g+ 8 T Crry (58055 (S5 (5,78

where ,9., is a propagator of free querk, and coefficients

Gr..T. ere

s, 5= (-Sen)55) (-51) o

Isolate in S'I—,S'O zero mode contribution which is singular

with respect to the quark mass

_ Yr(x) \71/1+(3)
tm

(SI_S:) ("/3) - + nonzero modes (3)
The contribution of nonzero modes has a finite limit atm——QO
and for light quarks in the first nonvanishing mass spproxima-
tion it can be neglected compared to the first singular term.
Besides, the contribution of nonzero modes must be mostly

"absorbed" by renormalization [3] .

4
The substitution of the value .gr '/So to the propagator

exact formula (1) gives +
S:S -— ‘{_ f ';- C l7U VI‘IJ- Ml I.".. \é.n-s. In r (4)
a cm (m ‘m cm -n
n=4{ IJ,:_':I'n I'I‘ eI Ii



Here through VI J we denote the zero mode overlapping integ-
lals:

Vis=< Y leg=imi'fe> (5)

Due to helicity properties of zero modes the matrix eleament

E3:<%E“glﬁr> )

differs from zero only for different types of instantons, and
the terms proportional to SI:S vanlsh at the firat term in\e{;,
so the coefficlents CI,IQ---In for them must be replaced by

unity.
Finally we determine the matrix K H

KIJ =m <“}’rf+:r> (1-éz3) | (0

Then for the total propagetor ,S/ we have:
1 +
= 4 (8)
/SI So-’.l;%(’ +K..£m')I3'\f~7

We see that formula {8) differs from the analogous formula in

Ref.[é] only by the presezice of the term K which is propor-
tional to the quark mass. '

The averaging is quite analogous, only here along with
instanton-anti~inatanton contributions containing |y y there
are present alsc instanton-instanton contributions among which
Kxjshonld be placed. We shall give here only the result.

Determine F;_-j and a.xfunctions.

4 » ";%:,_ SIJ "gljsame charged (9)
T+ K ~im /T 3,_' - FIT opposite charged

.




The application of the Dysbn method after neglecting the
nonplanar contributions which contain sdditional amallness over
’vc brings to nonlinear integral equations:

+ZT'[ d 2, AU, b Dix "'f"ﬁz olthe Kz EI]

(10)

a@IJ”‘Kn +Z-V£qug A, KIL et J"Nzu o/lly TH F ]

where we 1ntroduce the notations:

F}LJ (_hqz

Y 4
¢ = .
m_(iAch'/;
Vo
i =Dt
\/ ~ four-dimensional volume

N/Z - the number of instantons (equal to the number of

anti-inatantons).

By the detinition of D). and fr functions, the edge
pseudoparticles / and _ cannot meet inside the sum, i.e.
L# I, j’/ M # I/ 3  sc that in Krj—the terms proportional
to 8} ¥ egain vanish in integrands. Then in the case afI;tT
they vanish everywhere and equations (10) can be solved ex-
plicitly. Look for the Pourler~transformed images in the
following form:

Frg =f(p) SpUe PTUE  Frr=-flp?) Sptle pitys
(1)

Ty =d(p) pls £, Ty

The definition of matrices P', P~ {, see inL6} .
Solving equations tor,l and 0{ we obtain



V((pz)__;Z\/ch < M(r)
Ve T P ZiiGey « M(P) EE

(12)

VA : ) ) ,02 +~m2
Ay =2 <y zm+ M@ —p
ST NE m P* - 2mM(p) + MXP) ﬁ%ﬂ'_

Here M(P) is the effective mass of the massless quark in

instanton medium and is also determined in [6] .

Thus the S:—,J- terms change only the self-consistency con-
dition of Eq.(10). Extracting them explicitly in the first
term of Eq.(1C) for %II in the ¢tase of I=:r , we'll obtain:

y=2(d'Pde)_ _m

i
]
Al

@t)” My 24 m? . (13)
- 2
-2 e=4VNch“p M (P) m+M(P) 5
m€ =" \amk PE-2mM(p) + M2(p) BoimE

Eq.(13) defines the function 6("1/?/2) also in the first

approximation over Q/Q

E(m) = £

\/_11(”;_&,2 + mé&,
2

(,(o :64(0) = Coh.jf M'IQ 2/!;.

The substitution of the found values of FIS and @II func-

(14)

tions into formula (8) ag well as tHe averaging over the edge
pseudoparticlesI end 'I brings for the quark propagator

to the expression:

AT A p?.
gCF’)Zf—;‘;ﬂ—— — Pfc(m*'”',_) . 15)
pe+m? Per (m— Ly




which in the limit /L =O reproduces the result of Ref lGJ

g(P) _ _P* ¢ M
PreH

3¢ Correlation Functions of Meson Currents

In principle, all correlators must be expressed through
,{(Pl) and c[[p‘) functions, the calculation scheme and hence
the functional dependence remaining absolutely unchanged,
Therefore, here we only present the celculation results which
should be compared to analogous formulae in Ref.[ 7] .

For the connected part of the nm correlator of pseudo-

scalar and axial currents we have
M. __4, cv [z [zep) (16)
N R. (p)

The analytical expression Q (P) as a function of v[(()"-)
and A(P‘?') with account of different masses of quarks has the

form:

R_(p)=1+m &mlg__—- S@g,{p)@( ) 0[0[) (17)

Here and further, 1nd1ces 1 and 2 mean the dependence on the

corresponding arguments, for example

0(1:01(9,011) D/x. = C/(@//ﬂr_) 2

(dp,dle) = zﬁf’é_o)’_fz_ “Ch-P—P).

Using the self-consistency condition and substituting expli-
cit expressions 0/ and j_ , present K_(P) in the form:

?



K_(0)=m,e.+m,g—m, £YNe A
) 2™ N @ti H‘, <P 'ZMM%'H‘CP )

—m. LW (Jl*
My == @ z(P,, = 2m, M+ M2 B +me) +

Qo

+ —2--\—/-—& JQ/PUIP) (N' S M"P‘f‘) (m‘Ml /;:9[ — My, My, —{-%;I")
N R+ 2 2
(éksz4ﬂ4qf-ﬁfzj [QAQWQH%+L(.Q;!nz

A

(18)

2

]

caloulate K_(P) et P*—> 0 in the leading order over small
= — —

parameters ‘/ﬂ y m f . Remind, that § = 1/600 MeV end for

three light quarks the condition M§<< {, is fulfilled. In

calculations we should correctly take into account the non-
enalytical dependence of £ (mg‘:, %Z) on the small parameter
S/k  (i14). The result has the form:

R_(P) =BP +m € « M€, « 4 (mesma) L F ¥ >

p =(e'*sa)z[ 2VNe [ d4K __ME-ZMMIIKIe MK
28 N ) (e (K2 + M?)2

2mE,+M2€2 ~ VNe M(0)

(19)

+
Eo N 3242
These formulae together with the féund velue of FL (o)
\/E’E‘ P -
i (0) = + O(m*?)

& 2 NMe

(20)

determine masses and axial coupling comstants of < Tana K+
mesons. As to the Z‘ particle mass, it can be calculated

neglecting mass uncertainties in ]‘ZQ,) ‘states of mzf order. |
Finally for the mass spectrum we have
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i =g DML LS

= f,(
i, =8 Bt sy,
o (21)
z
n’ls —- __% /)?q-fm?;i-n‘- &rilg 4.,{,.,‘,>

which in the SU(2) symmetry epproximation restore the Gell-
-Menn-Okubo identity (fx vy = / )

2
3Ing +m’;< = 4’”1%1

Let us neglect the { and 0/ quark masses, and taking

into account the nonanalytic depen.dence on mg in the

terms ( €mg).

Then for the ratio of axlal constants with the use of (14) we

have

fl (E+E 8meé | M(0) © (22)
BT e U afr Nem) )
where _
- ¢
oo c) — Fe>
") bl F‘Z)
322

Numerically at hl¢ = 150 MeV

!”/Jr -

Thus we have shown that the instanton vacuum model des-

1"



cribes successfully the physics of pseudoscalar octet of me-
sons the interpretation of which as pseudogoldstone particles
brings to s self-consistent picture. So the meson mass specirum
is described by formulae (21) in sgreement with the results of
current algebra, and formula (22) explains correctly wesk de-

pendence of axial constents on the quark mass.

The authors would like to express their sincere gratitude

to I.G.Aznauryan end S.G.Matinyan for the useful discussions.
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