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The model based on a dominating role of the interaction of 
quarks with QCD vacuum fields was proposed in works / 1•2/ . It 
was shown that the model well r.eproduces the hadron mass spect
rum and allows one to explain such f ea t ures of hadron spectro
scopy as hadron electromagnetic mass dif ferences /3/ and mixing 
o f unitary multiplets / 2/ . 

In the present work, within the ~odel/1, 2 ! we calculate sta
tic characteristics of hadrons: mean .squared chaq~e radii (MCR) , 
magnetic moments and axial-vecto~ constants. We shall také in
to account only the one-particle corrections to these quanti 
ties neglecting effects of quark-quark interaction. 

In the proposed model, such an approximation is justified 
because quarks interact with the vacuum basically in an addi
tive manner / 1/ • This property may be violated. mainly due to 
the interaction induced by instantons. To what extent this 
violation depends on the static properties of hadrons will be 
shorting discussed in the conclusion. 

The one-particle contribution to mean-square charge radius 
lS defined by the expression 

... + 2< r 
... 2 

> L f d r qi (r) r q i ( r ) •eich ( 1) 

where e i is the charge of an i-th quark, ql (r) is the one
particle wave function . 

As the solution of zero approximation in the i n t er ac t i on of 
quarks the wave functions of the bag model !4,5 / were chosen. 
For the 15 state they are 

cu 
~) \4 ijo(Kr/R)U ) 

.... N 

m)~q(r) 
(2)(V417 ( cu ru (;lli,(.. /R1U. 

cu 

. b " (2;R2 2 ) \4where R lS the ag rad1u~, m lS the quark mass, cu = K + m 
is the one-particle energy, K is the solut~on of the equation 

... ®b'bCí!litleIjHhi~ RHCmyT I 
~€~~Z BtC~enOBll~ 

5~5J1!rlCTEKJ.\. 

1 



tg K == K / (1 - mR - cu R), 

N-2 == R3 j 2 ( K )[ 2 cu (cu -. l/R) + m/R] / [ cu (cu - m) 1, 
(3) 

o 

U	 is Dirac spinor.
 
Substituting the wave functions (2) into (1) we obtain
 

R 2L
<;2> == e.{a.[2K~(a.-1) + 4a.+ 2À.- 3] _

ch i 1 1 1 1 1 1
 
.'
 

3 2 2·.	 (4)- -À.(4a.1 1 +2À. - 2K. - 3)1/(3K. [2a.(a.- 1) + À.]),
2 1 1 111 1 

where aI' == R,» ,À · == m . R, a ~ == À~+ K~, K. í.s the solution of(3)í 1 1 1 1 1 1
for m= mi (K = 2.043 for m = O).o 

In	 the case of massless quarks we find 

2K 2 (K - 1 ) + 4K - 3 
o	 o o ~<;2> = R.2 

~ e i ,
ch 
6K 2 (K - 1) .
 

o	 o 

Neglecting masses of u- and d-quarks /3/ we have for MCR 
of the proton, neutron and tr -meson 

~2 . 2 ~2 
< r >

P 
== 0.69 fm, < r )

n 
== O, < ; 2 > 0.61 fm 2. (5 ) 

17 

Here ~Je use equilibrium bag radii from ref. /2/ 

Rp	 = Rn = 5. 8O GeV- 1, R
17 

= 5,. 44 GeV - 1 • 

The values (5) should be compared with experimental ones 

< r 2 > exp = 0.68 fm 2 , < r 2 > e xp = _ O.116 fm 2, < r 2 > exp = O.44 fm 2 • 
P n	 rr 

As we see, the model is in favourable agreement with the MCR 
experimental data. The standard model gives the following va
lues /51 . 

2 MIT 2 2MIT. 2	 MIT 2< r > = O.53 fm , < r > = O, < r >tt = 0.24 fm ,P	 n 

which are in a worse agreement with the data than (5). 
In our model, the magnetic moment of particle is defined by 

the electromagnetic current of quarks in the bago A one-partic
le contribution to the magnetic moment is expressed as 

~ 

11 
1 

L f(rx ].)dr,	 (6)
2	 1 

. 1 

where ri == ei (li (r) yqi (r) i s the current of an i -th quark. Ta
king matrix elements of the operator (6) between spin-unitary 
wave functions of components of the baryon octet /6/ , for the 
magnetic moments we obtain the expressions 

2 1 8 1
I1 p = l1 o' I1n = - 3 /Io" 11 A.== 3 11 s' , I1L+=91l0+glls' I1L-= 

(7)
4 1 2 4 1 4 1 

= - 9 110 + gl1 s ' 113 °= - g-110 - g-P- s ' 113 - = g-'l o - 9 Il s ' 11i\J.,0= - vi 3 110, 

In formula (7) the magnetic moment of an i-th quark is 
equal to 

R(4a. + 2À. - 3.)
1 1 

l1i 
6 ( 4a. (a. - 1) - À. )

1	 1. 1 

'I'abl:e 1. · 

The magnetic moments of the members of baryonic octet 
(in l/2M N unitsJ. (The ual.uee ueed in fitting the 
mod~l parameters are underlinedJ. 

Hadron R(GeV 1) 11 th I1MIT ·IlNR 11 exp 

p 5.80 2.20 1. 90 2.79 2.7928 
n 5.80 -1.47 -1.27 -1.86 -1.9130 
A 5.56 -0.60 -0.49 -0.61 -0.613+0.004 
L+ 5.56 2.08 1. 84 T68 2.379+0.020 
L 5.56 -0.74 -0.68 -1.04 -1.14 +0.05 

5.32 -1.21 -1.06 -1.·44 -1.250+0.014--tz 

30 
5.32 -0.54 -0.44 -0.51 -0.69 +0.04 

ALO 5.56 -1. 23 -1. 10 -1.61 -1.60 +0.07 

The results of calculations with mu == m d = O, ms = 220 MeV and 
the values of radii R obtained in ref./2! are given in Table 1, 
together with the MIT results /5/ (I1MIT ) and the nonrelativis
tic quark modelo It should be noted that in the nonrelativis

31 
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tic calculations a better agreement with the experiment is 
reached by using two additional' parameters: the magnetic mo
ments of nonstrange and strange quarks; while our and MIT rno
deIs are parameterless ones.At the same time the proposed mo
deI describes the magnetic moments of the members of baryonic 
octet much better than the MIT modelo 

Let us consider now lepton decays of baryons: B ~ B'e-v. The 
ratio of decay constants is defined by the operator average: 

~ - ~ + ~
 

gA ~':":11.~~ (x ) À Sz q ( x ) I B t > 
(8 )
 

~ - ~ + ~ gv <B'tl (dxq(x)À q(x)\ Bt> 

\\Th~re À+= À +iÀ and A+ == for decays without and with
1 2 

À4+iÀ5 
changing the strangeness, respectively.À i are generatorsSU F(3)
in the flavour space. The right-hand side of eq.(8) is easily 
calculated by using SU (6 )-syminetric nonrelativist ic wave f1.~.nc

tions / 6! . However, as first was shown Ly P.N.Bogolubov /4í, 

relativistic effe~ts of quark motion play an important role 
in calculating axial-vector constants. 

For ins tance, let us cons ider the de cay n ~ p e -v . The non
relativistic model gives g A/g V == 5/3 whereas the. relativis
t í c formalism leads to the well-known formula /4/ 

gA
 
-~<az >, (9)
 

gv
 3 

-wher e < a z > is the average of z compoue nt; of the quark spinr 

operator. In the case of massless quarks (2) we have 
KfO 

dx x 2 (j 2(x) 
_.Q " .. ,.'.c .~~ =_0.__< a >z "'or dx x 2 (j 2 (x ) 

o 
o 

1 
__ j 2 (x) 

'-'.. ,~_ ._1.. __ ~__. 0.653. 

+ j 2 ( x)
1 

So, the ~orrection gets equal to 30 percent for ultrarelati 
vistic quarks. In the general case (rn # ti) we obtainq 

-+ + ~ ~ 

< a >.. == f d x q, (X)a q. (x ) == z lJ 1 Z J . 

The results of our ca l cu l a t i ons of g A /gv ratio are reported 
in Table 2. There are also given the resultp obtained by using 
MIT'!5/ and the nonrelativistic quark models. 

Tabl.e 2. 

Axial-vector decay constants of the members of baryonic 
octet 

l}. 
I', g gA gA g(_A_)Decay (~) 

gv th (g"V )MIT (~)NR gv exp 

n ~ p e- 14 1.088 1.088 
A ~ p e-v 0.713 0.709 
~- ~ n e" v -0.238 -0.236 
E-~ Ae-v 0.238 0.236 
E-~ ~o e- v 1. 188 1. 181 
EO ~ ~+e- v 1.188 . "l , 181 

5/3 1.254+0.006 
1 0.694+0.025 

-1/3 -O. 36i+0.043 
1/3 0.25 +0.043 
5/3 
5/3 

As we can see, the model gives practically the same values 
as the MIT version. This correspondence is due to the fact 
that the ratio gA/gV depends on the dimensionless parameter 
rn R which is almost the same in bo t h models. It shoul d be aI

s . '. 
so ndted that these models agree much bêtter w~th exper~ment 

than the nonrelativistic quark modelo 
So, the model proposed in / 1, 2 ! in the one-particle approxi

mation describes static characteristic or hadrons with an ac
curacy not worse than 20%. The discrepancies with experiment 
are probably due to two basic reasons. First, a correct consi
deration of the c.m. motion is needed in the bag model; the 
corrections caused by this effect may turrt out to be signifi 
cant /8,9/ • Second, the interaction of quarks induced by ins
tantons 11, 2/ violates addi tivi t y . This violation reaches 100% 
for rr-meson and 20% for a baryonic octet. In particular, it 
leads to a strong collapse of the rr-meson wave fUhction for 
a net quark-quark state ih IS-mode and the formation of scalar 
diquarks in baryons /2, 10 I . 

;) In our opinion, the v.isuable mean-square raduis of rr-me
3K'K. (2(a. - a· ) + À· - À·) _______. ~_j~_-!..--L----.-l__L. . ( 10) son is caused by a large mixing of its wave function 'with ra

3(K;- K2 )[2a (ai - 1) + À ]l!~[~'aj (a 1) +Àj]lh. dial excitations and quark-antiquark sea arising through ins
j i i j 

'\ tanton. On the other hand, the diquark mechanism may explain 
the differences of data from the predictions of the SU(6)-symMaking use of (10), the relativistic corrections for the tran
metric quark model for baryonic sector and obtain, for example,sitions with and without changing stranger.ess were calculated .• 

4 5: 



·	 /11-'131nonzero mean-square charge r ad i.us of the neutron • A 
detailed consideration of these effects will be published el 
sewhere. 
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Aopoxos A.E., Koqenes H.M. 
CTaTHqeCKHe CBOHCTBa aAPOHOB B MO~enH, 
Y~ThlBa~eH CTPYKTypy BaKyyMa KXA 

E2-87-227 

B COCTaBHOH MO~enH, yqHTWB~eH B3aHMO~eHCTBHe KBapKOB 
c BaKYYMHWMH nonnMH KXA, sw~cneHw cpe~HeKB~paTHqHWe 3a
PR~oswe P~HYCW, MarHHTHWe MOMeHTW H aKCHanbHO-BeKTOPHble 
KOHCTaHTW B3aHMO~eHCTBHH ~POHOB. PaCCMaTPHBaWTCH nHmb O~
HoqaCTHqHWe BKn~ B 3TH XapaKTepHCTHKH. iloKa3aHO, qTO B 
PaMKax ~aHHoro no~xo~a 3KcnepHMeHTanhHwe ~aHHwe onHCWBaroT
cn c 20% ToqHOCTbro. B ~enoM nonyqeHo 6onee xopomee corna
CHe c ~aHHWMH, qeM 3To ~oCTHrHyTo B MTM Mo~enH MemKoB H 
B HepenHTHBHCTCKOH MO~enH. 

Pa6oTa BWnOnHeHa B na6opaTOPHH TeopeTHqeCKOH $H3HKH 
OIDIM. 

Coo6llleHHe OOO.e.r:umeHHoro HHCTHTYTa J~AepHbiX HCCJie,llOBilHHH • .l{y6na 1987 

Dorokhov A.E., Kochelev N.I. 
Hadron Static Properties in the Model 
Considering the Structure of QCD Vacuum 

E2-87-227 

The model taking into account the interaction of 
quarks with QCD vacuum fields is applied to calculate the 
mean-square charge radii, magnetic moments and axial-vec
tor_ constants of the hadron interaction. It is shown that 
one-particle contributions of these characteristics des
cribe the experimental data with 20% accuracy. 

The investigation has been performed at the Labor~~ory 
of Theoretical Physics, JINR. 
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