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1. Intr8ductbn 

'l'here are tbree basic approac hea t o t h e pr o b l em of n.as s spli t 

ting within the hadr8n multiplets. First, the n8nrelativistic quark 

rnod e L where spli t t r.g is defined by the I;FlGS differunces o f c8rnpoí 

sed quarks and quark mass dependence 8f Dreit-Fermi p8tential /1/. 
Sec o r.d , d í.f'f ar-e n t v e ra í ons cf the baf 1.18(: c I L 1'1' /2/ e xp La in tlli G 

effect by the differences o f current qua r-k n.aas e s and d e p enô cnc o 

o f t h e g Lucn exc hang e on quark f Lav our-s , 'l'lJe t!Jird on e , 1I18St C8not

rucUve, iH ussed 8n us:ing the QC]) surn rulf:r, /3/. lIere, the baEj'c 

e8ntrjbuti8n to the mass splittinc: js ,:iven by the quark ~nterac

tion wi th the QC;D vaCUUlTl. 

T6is paper is the c8ntinuati~n of ~he wDrk /4/, where a ncw 

quark model af hadr8ns has been pr8p8sed. The rn8del unificd the 

Q8St attractive features Df these ab8ve-mentioned appr8aches. 

Namely it t08k i~t8 acc8unt b8th the c8nfinement specific 8f C8lTl

p8site rn8dels and the quark interacti8n with the QCD vacuum conden

cates d811linotin[ in the QG:J sum rule meth8d. The mass 8f hadrDns 

c8ntairinf~ lTla8sless ?1- and d - quarks was calculated in rer. /4/. 

In the present paper, the resulte 8f /4/ are rcneralized t8 the 

case Df hadr8ns with nDnzer8S stranr,eness. 

2. h:as8 fJrmula 

In the model /4/ the hadron,; mass 1s def1ned as 

M2=E 2 _ <p 2) 
2 (1) 

where E j s the bal:' energy, <P > is the contri buti8n due to 

the center 8f lTlass m8tion. The bar enerGY 

E= EKi n. + AE9 + fj. ELnst + a Eva.c (2 ) 

consiste Df the quark kinetic energy EKi~ , the one-gluon 

exchar:fe patential quark interaction caused by 1nsli Eg. , the 

tantans à El.r\!lt and the interaction 81' quarks wi tb long-wave 

funct:ians Ó. EvetC • The kinet ic energy and the c ontri butions 

due to the one-gluon exchang'e are calculated by using the standard 

MIT cavity perturbation theory /2,5/: 
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EKLn =No ~o!R + Ns[a>: + emsR)2.l í'R , (3) 

AE = 0)35cls [M + (1. - Oi3m.~R)Mos + (1-0 25m R)M ]
Ll ~ 3 R 00' ' s 55 . 

. (4) 
1'/In expressions (3), (4) W is the number of light (1A-)cl~o 

quarks in hadrons, N is that of strange quarks , deD and ae5s 
are defined for íS state from the solutions Df the equation 

[t-mR - (~2+ (mR)2.) Y2J ~~ = de (5) 

at m=0 nnd. m= m respectively, R is the bag radiS 
us, 0(5 is the quark-gluon coupling and the values Df the mat
rix elements ~ are contained in Table I 

Table I. Matrix elements Df the one-gluon exchange 

I ~	 '* 
hadron 9l'K 9 Y) p)WK $ N1\ I ~ â r =: Q. 

-6 ·0 -2 -4 2 o o -3 -3 1 o 3 1 o oMoo 
o	 -6 o o o 2 o o o -4 -4 o 2 2 oMos 
o	 o -4 -2 o o 2 o o o 1 o o 1 3Mss 

The inclusion Df the quark interaction with the quark and glu
on condensates is the most important new feature Df the model /4/ 

in contrast with the bag model MIT /2/. Within the model /4/ the 
energy Df interaction with the l.ow-frequency component Df vacuum 
fields is obtained by perturbation theory 

f1Evo.c = (cpl HII<P>con ,I~> = U(-OO)O) ,CP»)
 
O t~_1
(_L)"	 (6) 

· U(~"",O)= f nr )dt i .. · dt,TlH1 (t i) ...H 
1
(t n)J 

I'\~O • -00 _00 

2 

with the interaction hamiltonian /4/ 

HI ~ ~ (li KDq + qtoQ) + ~ (qtJo{) - doa ~O~) 

-~(âtÀq + qt"l'Q)JI; -! qtf)·!1~ Jl; 1 

(7 ) 

f2a'~ 
where W is the one-particle quark energy lA.J=( /1!2 -m"), ~)() 
are the valence and vacuum quark wave functions, respectively, ~q 
is the vacuum gluon field. 

Evaluating (6) with the wave functions Df mass quarks /2/ 

- (úJ+m)~ i L~(~.:!.) U )
{j.. No W Ó R.

q)cz

V4? (('AJ~m)f/2(6fJj~(~R'9LJ (8) 

when LJ is the Dirac spinor, 

R3;Yo-2 J o(X) [2 W( t.J - -t) + ~1/[w(w-m)J 
and preBerving the contributions of only quark condens8t~s /4/ we ob


tain:
 

-	 ·32 
aE -::::-N,!ff ~Oll1íL/O> R2_N [f <:OI5SI0'>R:~~~+ 

vQ.C 024 Zo -1 s {2 ~s2.[2~(~-i)-r(l1 

-t- §2<o/au./O):;'R~~{M + 4!1(if··O:/2'o(~-1'l(toI5SI0)\2M + 

IfS2 dfo (:Jeo -1} 2 
011 [2~(~-i)1' 0.]2 ae 4 

\l.OlÜLtIO» ss 

+	 (al'2+!á)(M+a/(a?o-i2 ~MSSIO~ M }. (Q)
 

de [2~ (~-i) + 0..1 ~O\UU\o) so s 

a 



In expression (9) lOlITUIO> :::~oladIO> _ are tbe AE --.b 6EI(=--b ó E -:=)0 - 4.À s 
U !Ti - R'!. J 3 )condensates of ligbt li-, d- quarks, lOlSSIO> is the stran R ~ 3R! ) 

ge quark condensate, ~:: úJ R , a== trlt.R and the values of the 

coefficients Mi.j are listed in Table 2. 
L\ Eo :=' àE~ = ~ t K* =b.E~ =0 AEl")/::::.R.Áo-t2~s)

l 
tl" 

J ) {aR! 
Table2. Coefficients F1L~ 

Ã E}/ = - 2~ , .1 E" = -:- >'4 ~~Ào ÃEI: "'.1 E:=:=-* ~;,J 

("12)hadron q( K r,J' 'p,W K* cp N f\ r.:; tJ. L*tQ~ Ll Eti = ~ E1:*~ À E=:It ;:: O I- 4 O 4/3 8/3 4 O O 12 4 4 O 12 4 O O 
wbere .À =gJ~~R6p21 fi. -==} *Ij(W1*I)Moo o I o .) e o J C; .1\.0 m s I "loS . o }
- O 4 O O O 4 O O 8 8 8 O 8 8 O
 

l .~ 2Mo~ 1 
0
=Jolx.x2. [j~(geoX) +Jl.. (lle.X)1 ~ (13) 

O O 8/3 4/3 O O 4- O O O 4 O O 4 12f1 ss 
-2. ! .2 '2
 

The mass formula (1) contains also the interaction ene~gy of
 Iç.= ~ Sclx~2[Jo(~o~)+J!C~oX)J ~ 
IVo ~valence quarks with the high-frequency component of vacuum fluctua

tions - instantons /4/ 

• [j.2.(;l€'s~) Ci+ ~s) + J:Cres x) (1- ::5)L 
~ Ei.nst == - (et>l et.l.nstICP) 

(10)
 

Under the factorization supposition cr.inst was shown in /6/
 Nos are the normalizations Df the wave functions Df massJ.ese and 
to be of the forro atrange quarka respactively. From (12) and (13) it folloWB that theU,ol,S 

contrlbution Df the interaction induced by inatantona decreaaes witb· d:.- t~L ,/-,[0 q (j Q + increasing quark mass /6,7/. It should be noted that this conclusionLns i~j lJ vi. R il. YJR -~ JL 
disagreos with the resulta of ror. /8/ where the isotopic differences 
Df baryon masses have been considered. .1. ( - Cl - Cl - ~ - 6).Q. - ri\ô .\1 

The last term in (1) takes into account the center of masses-to32 qiR.À qtL ~jR À ~ JI. 4 ~iR r ~LL~d~ ~JW 
of quark motion and is approxlmated by the expressions /9/:. 2. (11) 

where qlI,L =: ~( 1~~5) ~ J QLJ =: f 9í2f.~ m~iém~ m1), <p~>~ NJff +115 &:y (14 ) 

* 2lT."2. - 2 *' "* 111m -::=. --A- <OI U LlIO> Pc rYt i. ::=. yYt i. + rn
3 J ' ) As·usual /2/, the bag radius ia defined by the balance conditionl 

jD~ 1s the characterist1c d1mension of 1nstantons in the QCO va d11dR 
2
=0 

cuum. The matrix elements (10) ~ere evaluated in /7/. Their values (15 )
 

in dependence on hadron states are equa~ to
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The maaaee of hadrona containing u-,d- J 5 -quarka in 1S 
atate were evaluatedby formula (1) - (15). By analyaing the maaa 
apeotrum the value of a atrange quark maaa ia 

l!'\ l!'\ C\J --t 

(16 )m, ~ 2.20 ~ 3D MeV . 

The valuea of other parametera were choaen aa in /4/ 

rJ..S -= 0,1- ,fe -= ~ r;eV-~) eotãuro» =<O/SS'/O/=-(2S'O~J 
The reaulta of calculationa (wi th m~ = 220 MeV) are liated 

in Table 3. 
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3. Mixing paeudoscalar meaona 
Q) 

..o 

.p e- C\J 
o o C\J 

o 
C\J 
o 

q· l!'\ 
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I - instanton (anti-instanton). 
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Firat, consider 2- ~' mixing. In the basia 

~ 1'" 1.3- (ilu",d d ... 55) 'Q. &-:; @-(Üu. +dd- 25S) 
8 _!~ O , ~?"/o -= Rg ~ 0,1 , r 1+~ R!..tbe maas formula i8	 \. (20)

J	 where the relation /12/ of tbe decay coupling -P~", with radii 
was used. The estimations (20) obtained describa well tbe experimentalM= (Mt MtR) 

J situation /13/. . 

Mu. M! Analogously, we can evaluate 7--1.- J? / mixing that is 
due to mass difference Am= m4(-mll< /14,15/. Expanding (1) over

(17 ) 
tI-} ~ quark masses, we find the nondiagonal matrix elements 

where Mi and M8 are the masses of 111. and 18 
M\9-:::.1J (M~~-Ms!; 4- C}Q- ).~)/R3.)J1''',i5 are the masses of partic- MJTC''1.:=-D,52 Am , .M ]i o ~ , ;;:. - .{) O2. A m. 
les consisting o f u.(u) ar 5 (5) quarks (ant qua rke }, Rí 

La tbe me an r ad í.us of 'r21. and ~a •	 /16/ a l'\With Óm = 3.80 :!:' 1.57 MeV an 0r =14 0 we have 
8y diagonalizing (17) wí.t h the belp o f transformation 

~::= QgCosBp +~t SLnSp ) ~;-~gSi.rtep+l(\CosQr	 MJTo~ 4.24 +- 1.75 MeV, M
r.0~' ~ -0.98 ~+ 0.40 MeV, 

or for the m±dng angles 
we have	 for the singlet-octet mixing angle 

8Ji.Vj, ~	 (-1.03 1: 0.42) .10-
2 

, eJ.~' = (-:0.12 1: 0.05)'10-~ 
(21 )~28p=	 ~ 

(18 ) This result (21) sbould be compared with that obtained by using
M~-Mi PCAC /10,14/: 

Note, as f'o LLowa from our resul t s , in the case of !Jí-, ~ 
I 
-lne~ol1$ 

the. use Df perturbation theory becamos unjustified, (Corrections eJjO~ ... 1.3 • 10-2 e.]jO~1 -0.1 • 10-2 • 

became large). That ia why for the mixing angle estimatioTls we 
shall conslder tbe instanton dimension ~c as an effective Conclusion 
parameter whicb takes into accaunt alI orders Df perturbation theory.

o: IIn other worda, for Y/-) 12 -mesons the, ina t an t on energy contri bu- The model proposed in /4/ describes well both the mass differen
tion (12) enters into the minimization condi tion (15) • Th.e 9í -rnes on cea within SLJI(3) multiplets and ~ixing between them. Theae 
becomes maas Leaa , as is expected at mu.:: mot:: O,snd maas and radius ~L effecta are due to depe~dence of the kinetic energy, one-gluon ex
of ~' -meson are obtained	 change ene~gy, the interaction with long-wave vacuum. fluctuationa

}~ 
and the inatanton potential on quark massea. The value obtained for 

m~' = mi-= 996 MeV ~ 
Ri. == 1, 21; CeV - ' . the strange quark maaa ia in agreement with the resulta of ourrent 

algebra /16/. At the same time in alI veraiona of the MlT model /2/ 
(19 ) the strange quark maso ia predicted large.
 

Substituting (19) and tbe values M~\4.. = 591 MeV, ft1s~ The authors aro doeply indebted to P.N.Bogolubov for constant
 
= 907 MeV, Rs = 5 GeV-1 obtained from (1-15) into formúla attention an~ 1ntereat in the work and to S.B.Gerasimov and A.V.
 

(1élo), we find
 Radjuahkin.for d1souasions. One of ua (N.K.) also thanks l.Ja. 
Chaanikov for support. 
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