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1. !!Ú!.Q~!!Q1!.Q.B 

Compoaite quark modela are successfully applied to describe sta
tic properties of hadrons: masses, magnetic múm~nt5 ~nd 50 o~. How
ever, their c.onnection w·1th QCB loak.& quite pz-o bLematdo; rfit:ks be.came 

. /1/'clear after the method of QCD sum rules . was suggested. Among. 
the,applications of that method there are also the calculations af 
static properties .of hadrons 11-5í • 

OUt of QCD sum r~les it was recognised that thes~ chara~teris~ics 

are basica~ly attributed to the existence of some condensates in the - . 2 ., 
QCD vacuum; quark(Q.(l)(l; I, et c, It seems likely that the most consis. , 
tent attempt to consider th~ QCU vacuum structure in co~pos1te models 
was Undertaken in quark bag models /6/ • Sb, in the MIT v~rsion of 
the model it is supposed that the vacuum 1s complete~y destroyed with
in the bag where quark fields existo , 

However,. this hypothesis was not confirmed with~n the QCD sum 
rules 11/ • The bag constant B characterizing the degree of vacuum 
destruction appeared to be cons1derably smaller than ~he "depth" af 
nonperturbat1ve vacuum calculated trom the QCD sum rules. So, neglect 
of nonperturbative effects in the bag does not look grounded. 

'The aim of this paper is to show that the quark model consistent 
with independent "experimental" calculations of sum rules may be' con
structed only it the I!IT hypothesis on the vacuum fully destroyed by 
colour t'ields is ruled ou-t.We shall propose that the vacuum in the bag 
ia not destroyed and the nonperturbative effecta o! the quark interac
tion are the moat importan~ in this region. 

2. !he~ode!_~lltonla!L 

As a starting point we cho~se the QCD Lagrangian 

):f = - s:« Q )2 + L ~ .(i ~ 'i_ m p (f'i/) 2jf,. (1)
acb .4 f1I1J .' P;i 'f' / 1',;

IJ 'li . 
and the appropriate equations of motion following from it 

. i r/" 17. ljJ -== m lf
O!' / 

(2):iJ/"ct = ! fjir J
~a?fl , 

~'bCllhtielüi~"i tUlt11!TYl ,. 
m!~ BtcSe!t)utmS 

f6~bJlf·!nTEHA 



where 

a 'l Jla: JllfcJlfJ 
E'.rv =jnflv - e, fi +J /")1
 

i} :::i~ +~ J~;
 J 

/"» Vare the Lorentz indices; a} t are colour indices, F 
are spin-unitar-y íil.di-ces. 

Then, the fo~lowing suppositions are rnade concerriing the strué~ 

t ure' of a s~lut1ori that corres.:ponds t.o the ~hoice of a zero approxl
rnation t'o the theory. First, w~ think that the low-frequency and 
h1gh-frequency behav10ur of solution~ are'independent of each other 
w1th a h1gh degree of accuracy. I • " 

Secdnd we suppose the'nigh-frequency úJ~úJ~ (valence) field 
c~rnponents 'are d~scribed by solutions of the bag-model equations. 
Eventuaily, we rnight choose any other reasonable 'equations'defining 
localization o~ valence fields, and the quality of this supposition' 
woul.dn" tchange. 

L'ow frequency (conde'nsat~) components of t h'e fields ev<<::tJ~ 

are solutions of the QCD equations and are characterized by a set 
of numbe'rs', different vacuum condensate quant-í, ties. 

Under such suppositions the model Ham~ltonían of the interaction 
of val.enc e oo.mponents wí th co nde nsa t es Ls' restored urrí.que l Ly, 

'So, to ta.ke lnt o ac count th-e interaction of va.l enc é qua.rks wi th 
vacuum fields, we mak~ in (1) the transformation 

?Jfrx) = 9r'x) ~ o. (2)) (J) 

J/r.2;) =JlrfoX) +Jl~c (2). 

"'Here, 'low-f~equency vacuum fiélds satisfy thé equations of 
motion ' 

ilJV; 11 = m(} , , (4) 

;}j~C~~ =j a)/v~ a) 
where ~ and fl).r are c ovartant , 'd er Lva t'í.v e s ~i t h- respect to 'itva/X). 

In th1s work only nonstrange quarks are considered, i.e. we choose 

mú.=m.d=m~=O. 

In expression (J) 9(X) and )r (x) are Lo caLí.aed c ompcnen t s 
of qua~ a~d gluon fields and, as proposed, they are approximated 
by solutions of the MIT bag model equations 

"l 

i5i~~ =(J ~ 
," (5)!J);~; -===i ~).Q'~ ) in bag, 
I ! 

,.ifrnr~ =~ ) 
an surface.t2r~r1r=O . 
-:. ", 

Here V'rí , ,;Dr ate covarLant d~riv~t1ves with r~spect ~o ,Jr (;):)
 

To tak:e Lrrt o account.the interaqtion. of quarks wi th the field .!I,(x) ,
 
in the bag, the QCD perturbation theory is usad. In,th~. static ca~ity
 

ap~roximation for massless quarks the solutions of equations (5) of
 
() /6/ ' ,zero order in ~ are . • . • 

fk(X)=v!fr?j~:::~~~~) e-c"tu;! , . 
(6 ) 

where Wn. = éfn./I? are single-particle energies of rnassless quarks 
in the bag with radius R. 

The Hamiltonian of interaction of the valence fields i(~) with 
the vacuum ones (]rx)' and fizrac (.:1!) follows from (1)-(6) : 

Hin! = f (f{o () +fJYo9)<- i (1j{- r/a -:nJfof) - ' (7) 

f (1jtr·ro;!If)a j) Jl;cf _! 1f(JF}.a~ )/;7. 

Thus, in our model a hadron is a s e t of subvacuum 'excí. ted states with 
quark quantum numbers localised in the bago These valence quarks are 
quasifree and interact with nonperturbative vacuum through (7) and 
with each other by the QCD perturbative theory. Ttrelatter 1nteraction 
characterises the colour-magnetlc'intetact~onof quarks 'and the former 
defines, in particular, the ·:effective "quark mass in 'the bago 

J. !h~Lfond~!!sa:ll:!_CO!!1.1:ibutiQ!L~2.J:he_Haª-!.Q.~!!~ 
, , , l, 

~ correction to .the hadron energy ,caus,E1d by t he Lnt era.ct í.on is 
d e f í.ned by t he .expr-e s s í.ont, 

L qJ/!-Ic't1IIl/f)~ L cp I f!'t1 i /.lfJ~ ;
t:>E= LqJl?jJ) " 

és} 

~ :~ 
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where lCJ» s- a nonpez-turbated hadz-on wave functioh, the symbol Cã 

means the c1lnnected diagrams 

>1() ::: UiD' _.oc) 1<P) ) (9)1.'1"". o O 

UCO, -bO)=' r ~nJr.dl' ..fJt"TIlIiltr(~j... !l.Id(!n)1. 
J1 .. -o _....o 

- QO

1" 
~o oarry out calculatlans, W~ she11 uSe the f1xed-~o1nt gauge/81 

a,;.. .l!I'tC?)=lJ • I~ ~~is gauge the .f1elds are expresseà as 'a 
sexies ( 7= O ). 

Q(x) =Q<:O} -+- X6'V~ Q(o) -+ ~26' x s: V5 ~ Q(o) + ... _, (10) 

nVl21! a. . _ ;K.! II .xl '1Õ. -q . 
! titr (~) - y ~r + ? (~6C;/,) + ."' 
f 
I 

For instanoe, from (9) we have in the first-qrd~r perturbat10n 
theory: ~ o 

A~,= - i J«({JI.H0t({})j.~itl(I)!{/)) clt. (11 ). 
-00 

"4'} 

In thecase of massless quarks , from (7), (8), (lO),and (ll).w'6 
obtain acorrect1on pr-opor t í.onat to <the quazk condeJ:l.sate, 

A E -= - ~~~> 4J(J ~q;1J~(X)9rj)d:Xdi I//J> 
(12)

2. 
~ - AI !1íL lltJ>~J
 

2A{f:to -1)
 

whe:re AI is t he number of quarks in a hadron. 
Other oontribut1ons from (8) -are depicted '~n the d1agrams of f1g.1. 

In this work we shall consider only the spaoe-h~mogeneous conden
sates. ~cor~ing to o~r basic assumptiona, the vacuum fluctuations with 
fre~uencies tnat are much larger than the chaTacter1stic frequenc1es 
of vaLence quarks in the bag (tJ» tJ 9 ) are taken 1nto account in
dependently by 1ntroduoing 'the interactions with instantons. These 
effeo~B wil1 be discussed 1n the next seotion. 

Under the above assumptions the energy of interaction of quarks 
wi th condensates 1n the bag is define'd by the contributions from 
di~rams~a) ánd f) of f1g.1 x 
-- x As was shown in the QCD sum rules 11,3/ it ia these d1agrams 
that define the speotrum of 1ight mesona. 

2J, 

~ 1., J f 
-G'~-s~--te lf-o

c) -d) _. -o) b) 

'11 
---te lfo--.-J\ ~J~I -1 
--te )to-

e) .f) g) , 

~~ 

---IC >«-;-- ::E~~ 

'j)'h) 
'ig,l 

D:tagrams that éOntribut-e to thehadron energy:,a)-d.) - o.ne-par
tlcle, .e.)-g} - the pair 1nteract101'ls of quarks , .h) - 1) - tbe three
partl.cle Lnt e'rac t í.ons • .N9tat1cm: IC - quarks ~'alves" 'in the 
cond ensat e , ~ ·the same -:furgluon.. 

fN -lf 0 2 .3 -- 2/J..J
Â ~ -= -IV.l!. <fJLG>f1i + !1f ~()-&> IY M 

1'l7c 2" Zo - i 2 '13 .2 a:'o(ao -1') o) 
(1)) 

D 

where for baryons Mo= 12 and for mes ons Mo=. 4 • 

1

It follows from express10n {lJ) that in o~r model, stab11ity of 
the bag ia aohieved in a self-consistent manner due to the intera.ction 
of quarks with phys~cal vacutim. 50, 1n contras~ with MIT model it 1s 
not 'neoessary to 1nt roduce into the mass formula geometr1cal terms such 
as the volume (surfaoa) energy BR3ú í Ra) and the Cag~1r -energy - ir . 
Such contributlons are still ~ndef1n1te in nature, and, -as the cal
culations of lo show 1201 , unimportant numerically. 

~ t~lng lnto aooount tha oorreot~on due to the ~enter of mass 
/10/ .

motion the hadron mass ia defined by the expression: 

.s 



oi ~~ 

2. " 6/'1jp- ()2.' 2 
s-: M-- ~== ffQ -+ A. G~ -to C> fva~ - /ti (- ~<l ) 

where Aí~a;i;,t' is the kinetic energy of quarks in th~ 
is due' to one-cgl.uon 'exchangê" Co'f '''the-QCD' perturbati<Jn 

/9r ' 11/bag ). Choosing the standard values 

cf. = O f' '.c:. Q(1) = - C2S0 MeV) .3s ) '. .J,', .. • " -' 

and using the bag stability conditi~n 
dfVl2_"" "- ,.
li í< - O) 

one obtafns from. (14): 

mA = 1228 MeV, mf = 735 Me V, 

m'ff = 1133 M.eV, m.1j ='.. 591 MeV. 

, 
ir 

I 

(ja) 

bag , ó,çr;' I 
~ ~theorr in th-e 
1, 

(15) \: í 

.{~ 
1 

(16) 

When standard lla:ram~ter~ (15) ~re ~~ed t!?-e mass formula well 
reproduces energias of the ~ -isobar and f -meson and gives essen
t1ally larger values of tne nueleon and 0í -meson masses. In the 
next section we proceed to eonsider the mechanism that has an essen
tial influence on forming the energy· s~ectrum of particles, the wave 
function of w~}~h contains s?alar s~in channels. 

4. ,Instantons 
r.J. --,-~ 

In the QCD vacuum there are alsq f'Luo tue t t ons with Wzrac c:.<- tUo , . 

for which the series (13) already ha~ no sense, and a.l.L expan's10n·'·· 

term~ have to be considered. Instantons are an example of such fluc
tuations /111 • The presence of instantons in the QCD vacuum was 
shown/ 1 2, 131 to result in a specific in\~ra~tion between quarks that 
may ,be r eapons í.bLe fora ap onf'ane ous break í ng of chitAl symmetry in 
QCD'and also for solving the U~I)-;rqblem. Moreover, it is clear from 
the sum-rule analysis /14,151 that instantons render an essential 

influence on the meson~ass spectrum • ~ecen~ly, the effects of ins
tantons of a sma11 si~e ~n' had~on masses hav~ beé~ esii~ated within 
the ~IT 'modelo . Ou~:' ba~ic asswnp~ian is'that' a' n~npert'u~bati~e ~acuurn 

4', ' ' . "'. f • ~ ' J ' •• : 

1s not des tr-oyed in the bag •. ~herefore,:far. ma.ssl.e~ii6urrk~. the .effec
tiv~ Lagrangian induced' by instantons has the form ,71 

. J""II~Ç,h/[URulctRctL +~{il~j\a.~La:R)QJ. - c' (17) 

{,- i 'UR ~L1.ílau.L. ~ 6r vJl. a.d.,,) -+.( R,~ L) J', 
where qR 

1 

1.= 1-,( 1. ±~s) q, , 18 the D.irac field operator "Qf $ qua rk I" 

6 

and" f= ~ff~.~ ' fc !,Ls )l;he ~haracter:1:-~t:i,.p si~e -o.f an /' 
ins-çanton in the QCP 

functions, we o b t at.n 

e;ne~gies of th-e gí 

i ~ 
-6f9í == - R; 

wh~re 

vacuum, Eva1uating {l"'l) with .the- bag 1Il0à·EÜ 'wav..e 
the oontributions ·the direct toof Lnatantons' 

-meson and-eruc'l.eon /16/-: 
1,}3"X (iS) 

AI; =- -7: f'l3 
J li! ., "11 

.;) I • 1 ., :~,' 

;.!':' " 2='4::t;;/o4(x~ .Jrix :l! 2,[j.aG!'.:.t) + j~{X. ~J~ 
D 

{the contributions are equal to zero for ;he ~-mes-on .and b -isobar 
~ecause of the chirality selection rule /14,1 / ) • 

From (14) and (18) for ~c-::. 2 GerI /151 we obtain 'in the fiIst 
order in ff/R2. ,. ',.. , 

m!TI' = 11 7 Me V" m.j\/ = 953 Me V . - . ~ ( 19) 

lt should be 'no t ed that the va.Lue of the Y( -meson mas s i's yery 
sensitive to the paramet er 'j'c. • lnCT~a~ing this s í z e O!liy'bY.' 5,$ .; 
results in a massless 9\ -meson. This fact likely indicates a dec~~ive. ' 

role of instantons'in restoring the chiral s~etry of ,the mode~. 

5. ~!.~~SiO!L21_th~_ªesult-s 

We have constructed the composite quark model in whiéh the in
teractibn of quarks with the QCD vacuum oondeÍlsattls plays a domi
nant role. Moreover, the long-wave fluctuatioris define t~e effective 
qua'rk s mass that dep~nds e8s'~ntially on 'hadron quant um 'numbe.rs and 
is characterized by quark vacuum condensates. On tbe other hand, due 
to inclusion of lhe interaction of quarks with 'the' short-ytave part 
of vacuum fluctuations a1lows us to a gr~at extent to ~xplain the 
mass splitting between the hadron SUf(J) multiplets. To~al co~tribu-' 
tions w-ell describe the mas se s óf hadrons c ompos ed' of ·li ~ and cl-
quarks , ' . f' 

Belng a success ih descr1bing statYé characteristics of hadron 
ground states, the MIT'mode1 bécame very popular. At the' same time 
some questions were left unanswered within this vérsion of the bag 
mode1: the spectroscopy of'excited states of the light hadrons, the 
states with heavy quarks, an un~cõeptable large value of the parame
ter cl.s , and others•. 

On the other hand, there áre'rew approaches describing the pár't
icle properties,. among which the method af QCD sum rules is based 
~ost directly on physí.ca.L "exp.e;r.im..e~tal" infarmation. 'l'herefore, a 
quanturn and qualitative adjus~~:nt of the p~~ameters of our model 

7 
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'w1th the' onea o'i tl:ie obta1ned "qCD sum ruIes seemà to giTe hopa tor 
I
'I

-ext~nd1ng the- range appI:boab111..ty of the bag model x li
The auth~rs ara thánkful to f.N~Bogalubov ~or ,oonstant.attention 11
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x I~ the work 119/ there was also made an attempt to take lnto 
\,aecount the eontrlbut1o~ of long~ave fluetuatlons ~o the bag energy.

The dlagrams oonsld~reà ln 119/, as the.analysls shows, glve a 
oorreotlon to hadron masses whloh ls less than 5~ •	 .~ i 
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nOPQXOB A.E., Ko~eneB H.li~	 ~ 2-~,6:-22-4 

Y~eT CTPYKTYpW BaKYYMa ,KXA B ~ocTaBHoH KBapKDBoH MOAenH. 
Hec-rpamrue aAPoHbI 

TIpeAITaraeTCH MeTo~ y~eTa BaKYYMHb~ KOHA€HCáTOB KXn 
B paMKax cOCTaBHoH KBapKoBoH Mo~enH. CTaGHnbHocTb MemKa 
oõecnevaa ae r-ca c aaocor-nacoaamrua 06pa90M õnar-onaps B9.aHMO
AeHCTBHIO KBapKoB "c KOHAeHCaTaMH B MemKe. TIoKa9aHO, '~T-O 

HHCTaHTOHHwe BKnaAw cymecTBeHH@ AITH ~neKTpocxorrHH CKarrHpHWX 
4acTH~. Hpegno~eHHaH MOAenb YAGBneTBOpHTenbHo orrHCWBaeT 
3Hepr..eTHtIeCKHH cnex-rp OCHOBHbIX COCT'OHHHH ne c'rp aansrx arrponoa , 

, Pa60Ta BbIIIonHeHa B Jlaõopa'ropan T.eopeTH4ecKoI1: ij:lH3HKH 
·mUlH. 

Ilpenpanr OÕ'heAHHeHHoro HHCTHTYU anepnsrx HCCnenOBaHHH. Jly6Ha 1986 

Dorokhov A.E., Kochelev N.l. E2-86-224 
Consideration of the Vacuum of QCD 
in a Composite Quark modelo 
Nonstrange Hadrons 

The method of manifestation of QCD vacuum condensates 
within quark composite mo~el is proposed. The bag stability 
is warranted selfconsistently by taking into account inter
action between quarks and condensates in the bago lt is 
shown that instanton contributions .are imp'Ortant to const
ruct the spectroscopy of scalar particles. The model propo
sed de scr í.be s .well t he energy spectrum of ground states 
of nonstrange hadrons. 

i;' 
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