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1. Introduction

There arc three basic approaches to the problem of niass split-
ting within the hadron multiplets, First, the nonrelativistic guark
model where splitting is defined by the uwass differcnces of compo-
sed quarks and quark mags dependence of Breit-Fermi potential /1/.
Second, different versions of the bag wodel i1IT /2/ explain this
effect by the differences of current quark masses and depcndence
of the gluon exchange on guark flavours, The third one, most const-
ructive, is based on using the QCD sum rules /3/. Here, the bvasic
contribution to the mass splitting is ,-iven by the quark interac-
tion with the QCD vacuum.

This paper is the continuation of the work /4/, where a new
quark model of hadrons hes been proposed. The model unified the
nost attractive features of these above-mentioned approaches.
Wamely it took ir.to account both the confinement specific of com-
posite models and the quark interaction with the QCD vacuum conden-
cates dominating in the QCD sum rule method. The mass of hadrons
contairing massless U andg CL - quarks was calculated in ref. /4/.
In the present paper, the results of /4/ are jeneralized to the
case of hadrons with nonzeros strangeness.

2. Wass formula

In Lhe model /4/ the hadron; mass is defined as

M'=E° - (P? -

where E is the bag energy, <F) > is the contribution due to
the center of mass motion, The bag energy )

E"Extn+AE9 + 8 Eingt +aE qc (@)
consists of the quark kinetic energy Kih , the one-gluon
excharyge potential 4 E_ , the quark interaction caused by ins-
tantons A E;lnst and the interaction of quarks with long-wave
Tunctions AEVQC . The kinetic energy and the contributions
due to the one-gluon exchange are calculated by using the standard
MIT cavity perturbation theory /2,5/:
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In expressions (3), (4) N is the number of light (1*‘ [i)

quarks in hadrons, NS is that of strange quarks x and xs
are defined for 15 state from the solutions of the equation

[1-mR - (22+ MR 1 tge =22 )
at m=O anad m= mS respectively, R is the bag radi-

us, d(s is the quark-gluon coupling and the values of the mat-
rix elements Pq are contained in Table I g

Table I. Matrix elements of the one-gluon exchange

mazon UK D D' QWO NAZZATZQ

p1°° -6 0 -2 -4 2 0 0 -3-3 1 0 3 1 0 0

pq 0-6 0 00 2 0 0 0-4-4 02 2 0
(13

P4 0 0 -4 -2 0 02 000 10 0 1 3
sS

The inclusion of the quark interaction with the quark and glu-
on condensates is the most important new feature of the model /4/
in contrast with the bag model MIT /2/. Within the model /4/ the
energy of interaction with the low~-frequency component of vacuum
fields is obtained by perturbation theory

AE o= @ H: D, | |'f> =U(-20,0) 1P},

o

.U(.oo,o):soQ‘V;L—!)-ogdti..;gdthT[HI(tJ...Hl(t,,)(f])

with the interaction hamiltonian /4/
He=4(81° +Gy'0) + 5(gy°aa -20)7)-
%(@f“ﬁ?{@ﬂﬁ Q) A~ 4Gy 2 q{ij; :

are the valence and vacuum guark wave functions, respectively,

2 2,42
where &J) is the one-particle gquark energy b):(x/ez 1“/7?})2}0
e/

is the vacuum gluon field, ./m
Evaluating (6) with the wave functions of mass quarks /2/
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when L] is the Dirac spinor,

7= R @ ew - )+ L1/ ww-m)

and preserving the contributions of only quark condensates /4/ we ob-
tain:
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In expression (9) <OIuLLlO> 40!8-(1‘0) are the
condensates of light -, d- quarks, éOlSSIO> i8 the stran-
ge quark condensate, g=wR ,0::- MR and the values of the
coefficients MLJ. are listed in Table 2,

L
Table 2. Coefficients MLA-

hadronerU OBquJN,\Z AZ gz

p1 4 0 4/3 8/3 4 0 O 12 4 4 0 12 4 0 O
00

Pt

P4 0 4 0O o 0 4 0 0 8 88 0 8 8 0
1)

Fa 0 0 8/3 4/3 0 0 4 0 0 0 4 0 O 4 12
sS

The mass formula (1) contains also the interaction energy of
valence quarks with the high-frequency component of vacuum fluctua-
tions - instantons /4/

AE st = -l L inet| P . (109

Under the factorization supposition Ofl:ﬂsl‘ was shown in /6/

to be of the form
m&
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.pc, is the characteristic dimension of instantons in the QCD va-
cuum. The matrix elements (I0) were evaluated in /7/. Their values
in dependence on hadron states are equal to
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No XS are the normalizations of the wave functions of massless and
atrange quarks respectively. From (12) and (13) it follows that the
contribution of the interaction induced by instantons decreases with
increasing quark mass /6,7/. It should be noted that this conclusion
disagrees with the results of ref. /8/ where the isotopic differences
of baryon masses have been considered.

The last term in (1) takes into account the center of masses
of quark motion and is approximated by the expressions /9/:

=) ik (]

As'usual /2/, the bag radius is defined by the balance condition:

im—a
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(15)
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The masses of hadrons containing U.—,d.—, 5 -quarks in 415
state were evaeluated by formula (1) - (15). By analysing the mass
spectrum the value of a strange quark mass is

ms’—‘-'ZQ.O * 30 Mev .- (16)

The values of other parameters were chosen as in /4/

=07 , pe=2 Gev™? cordulos =40/§$»/0>=—(250/%u)’.

The results of calculations (with f?ls = 220 MeV) are listed

in Table 3. :
As we see, the agreement with experiment is satisfactory, The

discrepancy is shown only for Q' -meson. In the next section we
shall discuss the mechanism removing these defects.

3. Mixing pseudoscalar mesons

In calculating masses of the ground meson states there was
supposed that the vector mesons are ideal mixed unitary states:
= gS) &)=7§I_ [ﬁl[*alal). In contrast with the pseudoscalar sec-
tor, mixing of unitary octet with singlet was not taken into account.
This is valid if in the vector channel the OKubo—Zweig—Iizuka (0z21)
ruls ig fulfilled that forbids the transitions between the states
with different quark flavours.

In /10,11/ the instanton mechanism of mixing was proposed and
its self-consistence was proved. Accordingly, the diagrams contri-
butive to mixing are

¥ oM
Ei a) zi b)

Fig. I. Mixing diagrams: a) annihilation, ©b) scattering,
I - instanton (anti-instanton).

Such contributions are equal to zero for vector mesons and the 0ZI
rule is fulfilled in this channel, In the pseudoscalar c¢hannel
these diagrams are nonvanishing (12-13) and cause 117‘7/mixing.
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is the badron mass without instantons, AMinst is the instanton correction.

Masses and radii of hadrons

Table 3.

9,5 K ¢ & £

-
e

5 K nn ¥ A Z

"591 758 805 699

hadron

1535 1665

1228 1393

1022

1448 736 890

1298 1309

1133

Ma(MeV)

-181r -205 -160 O

-180

-471 -310 -252 540

Minst

(MeV)

1228 1393 1535 1665

120 448 553 1239 953 1117 1169 1288 736 890 1022

Mtecr
(MeV)

940 1116 1192 1315 ;?g 896 1020 1236 1385 1532 1672

140 498 550 960

exp
(MeV)

5.44 5,08 5.08 5,20 5.80 5.56 5.56 5.32 6.16 5,68 5.40 6.04 5.68 5.56 5.44

R(Gev™ 1)




First, consider —vz’ mixing. In the basis
- m [ = A 171+ flr)~ DE
0= H AU +dd~5S) , ny= Fe(du-dd-25)
the mass formula is .

P14 hqig a
May My
17)

where 1 and are the masses of ,ZI and }73 s
M\i:’gz‘ (MRK“M’gs* e‘)\,— ).5)/‘23)1_[\4,;"35 are the rfxasses of partic-
les corsisting of (J(W) or § ¢ §) quarks (antiquarks), R
is the mean radius of ﬁh and Qa .

By diagonalizing (17) with the help of transformation

n= ?QCOSQP +n, Sin 8, QQ—QSSLnGPm\CoseP

M =

we have for the singlet-octet mixing angle

tg28,= 2Ms_
d5°r~ v
Ms"i
/
Note, as follows from our results, in the case of gﬁ',?'ﬂnesohs
the, use of perturbstion theory becomes unjustified, (Corrections

(18)

become large). That is why for the mixing angle estimations we

shall consider the instanton dimension ¢ as an effective

parameter which takes into account all orders of perturbation theory.

In other words, for 97— 5 4?"—mesons the‘instanbon energy contribu-

tion (12) enters into the minimization condition (15). "I‘h,ef-meson

becomes massless, as is expected at mu_-_ mo{.—_Oland mass and radius '
of Q' -meson are obtained [

M, = = 996 MeV , R =724 Ger™

1

R

(19)
Substituting (19) and the values Mi\q~ a 591 MeV, M'gg
= 907 MeV, Rg =5 Gev"1 obtained from (1-15) into formula
(18), we find

8

(20)
where the relation 112/ of the decay coupling —Pq,ql with radii
was used, The estimations (20) obtained describe well the experimental -
situation /17, .

Analogously, we can evaluate T - f" 'Z/ mixing that is
due to mass difference A= md—m“ /14'15/. Expanding (1) over
L‘? 611 quark masses, we find the nondiagonal matrix elements

MI,,Z:—O,EZ am _MIO,Z,——-—{,oz am.

With AM = 3.80 % 1.57 MeV 716/ gna’ QF =14° we have

M.’H"IQ_ a - 4,24 Y 1,75 MeV, M qul = -0,98 % 0.40 MeV,

or for the mixing angles

2

8 n - (-1.03 ¥ 0,42) -1072 | 0. .= (0122 0.05)+107%

Ji J'rl
(21)

Thie result (21) should be compared with that obtained by using
PCAC /10,14/,

Bﬁ.q =-1,3.1207° ey = 0.1 + 102,
7
Conclusion

The model proposed in /4/ describes well both the mass differen-
ces within SLJg(ao multiplets and mixing between them. These
effects are due to dependence of the kinetic energy, one-gluon ex-
change energy, the interaction with long-wave vacuum fluctuations
and the inatanton potential on quark masses. The value obtained for
the strange quark mass is in agreement with the results of current
algebra At the same time in all versions of the MIT model /2/
the strange quark mass 1s predicted large.

The authors are deeply indebted to P,N,Bogolubov for constant
attention and interest in the work and to 3.B,Gerasimov and A.V.
Radjushkin for discussions, One of us (N.K.) also thanks I.Ja.
Chasnikov for support.
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YueT crTpykTypn Bakyyma KX B COCTaBHOI1 KBapKOBOit MOJAeNH,
CrpaHHbe agpoOHH

Meropg yyeTa BakyyMHRIX KOHAeHcaros KX/ B pamkax cocTas-
HOH KBapxoBOji Mogenu o6o6maeTcs Ha cliyuad agpoHOB, Cogepxa—
IOMX CTpaHHHe KBAapKH, BuBemeHa MaccoBasa ¢opMyna ans agpoHOB,
Hs ananusa cmexTpa HHSEDHX afpOHHHX COCTOSHHH onpepesieHa Mac-—
Ca CTPaHHOI'o KBapka, BblMHCJIEHW YIJbi CMEMHBAHHA CEBAOCKAIAp—
HbIX ME30HOB, ’ i

PaGoTa BumonHeHa B JlaBopaTOPHH TeOpeTHUYECKOH (H3HKH
OHAH.

CooGiuenne OGbenMueHHOro HMHCTHTYTa SOCpPHBIX HcciefoBaHui. llyGHa 1986

Dorokhov A.E,, Kochelev N,I. E2-86-355
Consideration of the Vacuum of QCD
in a Composite Quark Model, Strange Hadrons

The method of inclusion of QCD vacuum condensates
within the quark copmosite model is generalized to the case
of hadrons containing strange quarks. The mass formula for
such hadrons is obtained. The mass of strange quark is de~
fined by analysing the energy spectrum of hadron ground
states. The mixing angles of pseudoscalar mesons are esti-~
mated.

The investigation has been performed at the Laboratory
of Theoretical Physics, JINR.
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