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INTRODUCTION AND SUMMARY OF SUM RULE APPROACH TO µ(B) 

The presently available precise data on hyperon magnetic moments [1, 2, 3] 
may be the basis of new ,more subtle and detailed information on the internal 
structure of baryons,e.g.,the strangeness content of the nucleon ( see,e.g. [4] 
and references therein ).The' main emphasis of this work is put on the role of 
nonvalence degrees of freedom - the sea partons and/or the peripheral meson 
clouds ,which should be reflected in any approach tending to be adequate to 
the achieved experimental accuracy.With these aims in view,we present, ~n this 
report,some consequences of sum rules which follow from the·theory of broken 
internal symmetries and a pirticular parametrization of contributions due to non
valence degrees of freedom to the baryon magnetic moments. In [5, 6], the fol
lowing parametrization was introduced for magnetic moments µ(B) of baryons 
(B = q;qo, _qe = qeven, qo = qodd, B = P,N, :E,3): 

µ(B) = µ(qe)92 + µ(qo)91 + C(B) + Do, (l) 
2 1 1 2 

µ(A)= µ(s)( 392 - 391) + (µ(u) + µ(d))( 692 + 391) + Do, (2) 

1 1 · 
µ(A:E) = y'3(µ(u) - µ(d))( 292 - 91) + C(A:E), (3) 

D. = ~ µ(q)8(N), (4) 
q=u,d,s 

where µ(q) are the effective quark magnetic moments defin~d without any non
relativistic approximations, 92(1) are "reduced" dimensionless coupling constants 
obeying exact SU(3)-symmetry, 8(B) is a matrix element of the OZl-suppressed 
qq-configuration for a given hadron: 8(B) =< BlqqlB >, where q </.. {q;,q0 }, e.g. 
8(N) =< Niss IN >, etc., C(P) = -C(N) and C(A:E) are the isovector contribu
tions of the charged-pion exchange current to µ(P), µ(N) anq the A:E-transition 
moment µ(A:E). Below, we shall use the particle and quark symbols .forthe 
corresponding magnetic moments. Equations (1) - (4) lead to the following sum .rules 
[5, 6]: . . . . . •,,. . . 

. . 1 •. ··. 
P + N + 3° + 3- .- 3A + 2(:E+ + :E-) = 0, (5) 

(:E+ - :E-)(:E+ + :E- - P - N) - (3° - 2-)(3° + 3- - P - N) = 0, (6) 

D 92 - 291 ·1( 3° - 3- · ) a - -- - ~--- - - 1 - ------- (7) 
- F + D - 2(92 - 91) - 2 :E+ - :E- -· 3° + 3- ' 

C(P) = !(C(P) - C(N)) = -
2
1 

(P ~ N + 3° - 3- - :E+ + :E-), 
2 . 

(8) 

C(A:E) = µ(A:E) + ~(3° ~ 3--' 1(:E+ - :E-)), (9) 

u - d I;+ - :E- - 3° + 3-. __ . _ = -------
u-s 

(10) 



u E+(E+ - E-) - 3°(3° - 3-) 
d = E-(E+ - E-) - 3-(3° - 3-)' 

s 1:+3- - 1:-3° 
d = E-(E+ - E-) - 3-(3° - .::.-) , 

,0,.++ = ~n- = ~,0,.--. 
s d 

(11) 

(12) 

(13) 

Reserving the possibility of g;(N) -f. g;(Y), Y = A, E, 3, due to a more prominent 
role of the pion degrees of freedom in the nucleon and combining Eqs. (5)-(6), we 
propose also the following, probably, most general sum rule of this approach 

(E+ - E-)(E+ + 1:- - 6A + 23° + 23-) 

-(3° - 3-)(E+ + 1:- + 6A - 43° - 43-) = 0. (14) 

Eqs. (11) - (13) are obtained provided 6(N) = 0. Hence,we relate them with 
the chiral constituent quark models, where we assume the validity of the OZI (or the 
quark-liiie) rule. Eq.(14) should be valid provided the A - value is "refined" 
from the e.m. AE - mixing effects,therefore it can be used for evaluation of the 
corresponding AE - mixing angle [6, 7]: BxF· ,= (1.43 ± .31)10-2 • Equation (11) 
shows that owing to 'an interaction of the constituent u- and d- quarks with charged 
pions the "magnetic anomaly" appears, i.e. u/d = -1.80 ± 0.02 -f. Qu/Qd = 
-2. Evaluation of the lowest order quark-pion loop diagrams gives [6]: u/d = 
(Qu + Ku)/(Qd + Kd) = -1.77, where Kq is the quark anomalous magnetic moment 
in.natural units. For more detailed parametrization of the pion exchange current 
.contributions to Eqs.(8)-(9) and to the transition operators µ(,6.+ P) ~ µ(.6.0 N) 
and µ(E* 0 A) we assume [7],by the analogy with nuclear physics, 

µexch = l)o'; X o\h[r; X Tjhf(r;j), (15) 
i<j 

for the quark-pion exchange magnetic moment operator,where a';( i;) are spin 
(isospin) operators of quarks, f ( r;i) is the known, within the specified models, function 
of the interquark distances,( e.g. [8]). Calculating the matrix elements of µexch 

between the baryon wave functions, belonging to the 56-plet of SU(6), one can 
find 

C(P) = ~C(.6. + P) = v'3C(AE), (16) 

1 ( 1 1 - u/d) µ(.6.+P;{56})= y2 P-N+ 3(P+N\+u/d . (17) 

where Eq.(17) may serve as a generalization of the well-known SU(6)-relation 
[9, 10]. Repeating the calculations of [8] with the explicit (gaussian) radial wave 
function;, we find that a needed numerical value of C(P), Eq.(8), is obtained with the 

. i 
oscillator parameter giving the radius < r2 > 2 = 0.5 fm for the quark "core" of 

2 

the nucleon. We close this section presenting the set of sum rules following 
from Eqs.(1)-(4) with C(B's) =6(B's) = 0: 

. N 2N 
E+p:;-J = P[-P- N] + (A - 2 )(1 + y), (18) 

N N 
3°[3-J = N[-P .c_ N] + 2(A - 2 )(1 + 

2
P), (19) 

v'3 
µ(AE) = - 2 N, (20) 

The numerical values of Eqs. (18)-(19) coincide almost identically with the resu1ts 
of the SU(6)-based NRQM taking account of. the SU(3) breaking due to the 
quark-mass differences [11].We stress,however,that no NR assumption or explicit 
SU(6)-wave funct_ion are used this time. In calculations we used baryon magnetic 
moments from the PDG-tabulation [1] except µ(3-) and µp::+), from [2] and 
[3] ,respectively. · 

OZI RULE VIOLATION IN MAGNETIC COUPLINGS OF BARYONS 

Here we follow a complementary view of the nucleon structure, absorbing C(N's) 
into g(N's),keeping the constraint u/d=-2,and 6(B's) non-zero. We shall refer to 
this approach [12] as a correlated current quark picture of nucleons.Then,instead 
of Eq.(11) we have (in n.m.) 

1 
.6.(N) = 

6
(3(P + N) - E+ + E- - 3° + 3-.) = -.07 ± .01, (21) 

, d . 
µN(ss) = /t(s) < NlsslN >= (1 - -)1""" 1 .6. = .13, (22) 

s 

where the ratio d/s=l.55 from the correspondingly modified Eq.(12) is used. By 
definition, µN(ss) represents the contribution of strange ("current") quarks to 
nucleon magnetic moments.Numerically, Eq.(22) agrees fairly well with other more 
specific models (see,e.g. [13]). The calculated quantity indicates violation of the 
OZI rule and the strange quark contribution µN(ss) is seen to constitute a sizable 
part of the isoscalar magnetic moment of nucleons 

1 -

2(P + N) = µ(uu + dd) + µ(ss) '."' .44, (23) 

This observation helps to understand the unexpectedly large ratio [14] 

BR (!._N -Hp t "Tr) ~ (10 ± 2)%, 
PN--+w+1r 

(24) 

reported for the s-wave N N - annihilation reaction. 
lndeed,the transition (P N)s-wave --+ V + "Tr, where V = y,w,<p, is of the mag-
1wtic dipole type.Tl1erefore the transition operator should be proportional to the 
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isoscalar magnetic moment contributions from light u- and cl-quarks and the 
strange s-quark,Eq.(22).The transition operators for the w- and efi-mesons are 
obtained from µ(qq) and µ(ss) thr(?ugh the well-known vector meson dominance 
model ( VDM ). Using for the photon-vector-meson junction couplings the "ideal" 
mixing ratio 9w : 9¢ = 1 : ,/2 and µw : µ,t, = µ(qq) : µ(ss) according to Eqs.(22) 
and (23),we get ' 

(
PN--> ¢i + 1r) ( · µ(ss) )

2 (p~·m.) 3 

BR _ '.:::'. _ - '.:::'. 6%, 
P N --> w + 1r ,/2.µ(uu + dd) Ptm· 

(25) 

which is reasonably compared with data. 
The structure constants connected with the vector part of the weak neutral current 
( NC ) are obtained from the electromagnetic ones by the substitution 

Q(q)--; VNC(q) = tL(q) - 2Q(q)sin2 Ow, (26) 

where Q( q) is the quark electric charge,tL-the 3rd component of weak isospin, 
sin20w = .23,0w-the weak angle.In this way we get for the NC analogue of 
magnetic moments of the proton,neutron and deuteron ( in the units of n.m.): 

µNC(P) ~ 1.293(1.067), 

µNC(N) '.:::'. -1.248(-1.474), 

µNC(d) '.:::'. .04(-.41), 

(27) 

(28) 

(29) 

where values in the parentheses refer to the neglect of the strange quark contri
butions. Therefore the planned detailed investigation of the 7 - zo interference 
effects and measuring µN(ss) via the P- odd effects in polarized electron-nucleon 
scattering [13] will give an important information on the strangeness content of 
the nucleon. 
The value of< Niss IN > in Eq.(22) can be considered as the difference of the av
eraged values< Nllz(s )+o"z(s )IN> of strange quarks and,respectively,antiquarks, 
lz(s) and <Tz(s) being the orbital and spin operators of corresponding quarks in 
the polarized nucleon. Taking,for the sake of qualitative estimates, µ( s) =-e/ ( 6t:s) 

I 
'.:::'. -.7 n.m.,where we put cs '.:::'. (m/ + Ps 2)2, ms(::::'. 150MeV) - the "current" 
quark mass,p,('.:::'. 400MeV)-the mean momentum of sea quarks, we obtain 
< Niss IN >'.:::'. -.17, which can be compared with the other strange quark spin 
characteristics ~s '.:::'. -.1, as given by the polarized DIS data, e.g. [15] 

CONCLUSIONS AND REMARKS 

I.The deviation ~of the ratio F/D = .75,Eq.(7), from the SU(6) -value 2/3 and 
more detailed analysis of a set of sum rules carried out in [7] show,that despite 
the validity of the celebrated SU(6)-ratio [9, 10] µ(P)/ µ(N) = -3/2 ,the SU(6)
symmetry is strongly broken.Its breaking may be effective in nucleons and weak in 
~'s [7],giving evidence of the. instanton-induced,spin-dependent qq-interaction 
[16] which posesses the required properties. 

4 

·l 
l 

tl 
i( 
1 

2.The real meaning of all failures ( and relative successes,of course) of the "naive" 
NRQM results ( e.g.[11]) ,coinciding with values from Eq.(18)-(20),is the neglect 
of contributions due to the nonvalence degrees of freedom ( the sea partons and/or 
meson clouds at the periphery of hadrons). 
3.The strange current quarks considered as a part of the constituent quark in
ternal structure should be explored by the probes with the resolution capability 
comparable with the constituent quark size,i.e. in the processes with high enough 
momentum transfers or the energy release.• · 
4. The "strange" content of the nucleon may also include,· in addition to the strange ss
quarks,some admixture of valence gluons [17],which could help to unde~stand 
the different F /D - ratios following from the rriagrietic moment and semileptonic 
hyperon decay analyses [7] . This would be most natural if the dominant-hybrid 

' ' ' 

nucleon resonance had-not so large mass,e.g.,iri the region of the Roper resonance 
( or resonances) arou-;d MR'.:::'. 1450 MeV. , 
The author is grateful to M.G .. Sapozhnikov for a useful discussion of data - . -, , 
ion the OZI - rule violation in the antinucleon annihilation reactions.The author 
wishes also to express his deep gratitude to the International Science Foundation 
for the travel grant.This work was supported in part by the Russian Fund for 
Fundamental Researches ( grant No.94-02-05702-a ). 
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,repaCHMOB C;B.. . . . 
Ma~HTHh£Mor-ieHThl 6apHOHOB H CKphITaSI CTJ)aHHOCTb HYKJIOHa 

• _, ,_ -- •- • i ' • a• • • • .-,. . • 

<l>euoMeHOJIOrHqecKHH ··. HOAXCm, . OCHOBaHH~H . iia npHMeHe~m{ npaBJUI 
. CYMM/ HCno,n1,3yeTCSI ~JISI o6cy~eHHSI aaBHCHMoCTH HeKO'fOphIX. 3Jie~TpoCJia.:: 
. 6blx CTaTHqecKHX xapaKTepHCTHK HYK.IIOHOB/ OT .ii::£ KBapKOBOro COAep)KaHHSI. 
'IloKa3ami' Ba)KHOCTb. yqeTa IIeBaJieHTHhIX CTerieueii c:eo6oihl· (nal)TOHOB MOpSI . 
. n/ HJIH Me30HHhIX. TOKOB Ha rrepmpepHH HYKJIOlIOB) C Amt aAe.KBaTHOro :shl6opa 

H_ ·riapaMeTpH3aU:mt:· Ha6JIJOAaer,UilX ::ieJIHqHH' :_ Ha . OCHOBe .·. BHyTpeHHHX. 
· cHMMeTpHH. 0TMe1JeHO BJIH51HHC npucyTC'I'BHSI CTJ)llHHhIX KBapKOB B _H)'KJIOHe 
Ha BeJIHqHHY HapyineHHll ripaBHJia"OKy6o ::- U:seiira;~-: l1irnyKH a peaKi:iHSIX .. 

. HYKJIOH.:.aHTHHYKJIOHHOHa.HHl1:rHJISI~HH; OT~eqeHhl H·oocy~eFlhl HeI<OTOpbie 
APYrHe CJieACTBHSI o6m;ero IlOAXOAa· Ha OCHOBe npasHJI· cyMM AJISI 3JieKTpoc.n:a6hlx 

.KOHC~aHT CBSl3H.6apHOH013 ... < .. • ' . . .":·. :·• --: . :. ,:.:. :,, • . 

: Pa6ciTa BhIIlOJIHena" B .Jla.6opaTop~H ieope;HqecKOH ¢irn~I<H Hrd: H.I-1.Boro-
. mo6osa 011.SIH:_· · .· : . .·· .· . . . . 

.. IlpenpmiT Om,ei1111e;1i10ro·~«~rn-ryTa ll'Aep11h1x11c6ie~oa'am1w. )l:y6ua, i 995 · 
.. . ,,··. .-- . - . ·_ .. . .. - . .,. 

5he phenomenological sum...::..ru.1e:.:....based approach· is u·sed to discuss 
:the. quark composition dependeitce of soine static electroweak' characteristics . 
. of nude~ns. The role of non valence degrees of freedom (th·e micleon sea partoris 
~and/ or peripheral nieson currents) is shown to be important to select and make 
~rise of the • relevant symmetry . parametrization of·. hadron. observables. 
·Th.eimplication of hidden strangeness of the nucleonfor the recently observe·d 
. OzI.:rule violation in antinuclecm-nucleori annihilation reactions is pointed.out·:. 
Some further consequences of ·a general sum· rule ·approach·· to• bary~n 

. electroweak coupling constants are presen!ed and-discussed: ... · ..... . 
. ....... :., 

•• • • •~v ~•••-: 

The investigation_ has. been performed 
. :otTheoretical Physics, JINR. ·: :; ...... . 


