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MAGNETIC MOMENTS OF BARYONS, G,/G, , AND
THE QUARK CONFIGURATION STRUCTURE OF NUCLEONS

S.B.Gerasimov

The sum-rule-based analysis of new, precisc FNAL data on hyperon mag-
netic moments results, in particular, in the ratio of the D- and F-type coupling
constants of corresponding quark currents and baryons, which differs from the
same ratio extracted from weak semileptonic decays of baryons. We consider this
difference as due to a possible higher orbital configuration or exotic component
admixture in baryon ground states. The amplitudes of different components of
the nucleon wave function are estimated and further consequences of a general
sum rule approach to baryon electroweak coupliiig constants are pointed out and
discussed.

The investigation has been performed at the Laboratory of Theoretical Phy-
sics, JINR.

MaruuTtHnie MmomenTH Gapuonos, G A/ G,
¥ KBapKOBAs KOH(HIYPALLHOHHAS CTPYKTYPa HYKJIOHOB

C.B.l'epacumos

AHA/N3 HOBBIX NPeUn3NoHNBbIX AaHHBIX DHAJL 1S MATHHUTHBIX MOMEHTOB
TUNEPOHOB, BLINOJIHEHHBI HA OCHOBE MIPABHA CYMM, IPHBOAMT K OTHOLIEHHIO
KOHCTaHT cBa3u F- v D-Tuna ans COOTBETCTBYIOIMX KBAPKOBBIX TOKOB M 6a-
PHOHOB, XOTOPOE OTJIHYAETCR OT TOO XKE OTHOLWEHHS, ONPEAECAEHHOND M3 AaH-
HbIX 10 NOAYAENTOHHBIM pacnanam 6apuonos. Mbt uuTepnpeTUpyem 310 pas-
JIMUME KaK O6YCIORNEHHOE NPUCYTCTBUEM BLICUIMX OPOHTANbHBIX KBAPKOBBIX
KOH(DUrypaumit WIH NPUMECHIO IKIOTHUECKOH KBAPK-IIIIOOKHON KOMAOHEHTDI
B OCHOBHbIX COCTOSHUAX Gapnonos. [IPUBOASTCS UMCAEHHBIE OUEHKHM AMILIH-
TYA PAJTHYHBIX KOMNOHEHT B BONHOBON (hyHKLIMH HYKJIOHOB, @ TAKXKE OTMEUE-
Hbl ¥ 06CYXKACHBI OMONHUTENBHBIC CAEACTBHN BPMMEHEHNS OOLLMX npasui
CYMM K OITHCAHHIO SAEKTPOCAA0BIX KOHCTAHT CBS3N 6apHOHOB.

Pa6ora seinonnena s JlaGopatopum Teoperuueckoit puankn OUSH.

1. Introduction

The rapidly growing precision of measurements of the electroweak
coupling constants, like magnetic moments or the G A/ G, — ratios in baryon

semi-leptonic decays, may be the basis of new, more subtle and detailed
information on the internal structure of baryons. The problem for theory is
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to suggest or elaborate reliable and accurate enough (i.e. adequate to the
achieved experimental accuracy) tools to extract this information. In this re-
port we consider some consequences from sum rules for the static, electro-
weak characteristics of baryons following from the theory of broken internal
symmetries and common features of the hybrid quark models including re-
lativistic effects and hadronic corrections due to the meson exchange
currents. We choose the phenomenological sum rule techniques to obtain, at
the price of a minimal number of the model-dependent assumptions, a more
reliable, though not as much detailed information about the hadron proper-
ties in question.

2. The Summary of the Sum Rule Approach to u (B)

In Ref. [1,2], the following parametrization was introduced for mag-
netic moments u (B) of baryons (B = q: 4y 9o = Yoyens 90 = Ypda B =
=P, N,Z,E):

p(B)y=u(g,)e,+n(g)e +C(B)+4, )
~ 21 12
wW = (Fo,-58) + (10 +u) (55, +3a) s, @

1

ﬂMﬁ=m

(v @) - @) (—}g2 —g,) rc(An, O

A= 3 p(@oV), @

9=u,d,s

where u (g) are the effective quark magnetic moments defined without any
nonrelativistic approximations, &1y are «reduced» dimensionless coupling

constants obeying exact SU(3)-symmetry, 0 (B) is a matrix element of the
OZI-suppressed gg-configuration for a given hadron: 6 (B) = (B lgq|B),
where ¢ ¢ {¢2, qo}, e.g., 3 (N) =(N ISsIN), etc., C(P) = — C(N) and
C (A X) are the isovector contributions of the charged-pion exchange cur-
rent tou (P), u (N) and the A Z-transition moment u (A ). Below, we shall

use the particle and quark symbols for corresponding magnetic moments.
Equations (1)—(4) lead to the following sum rules [1,2 .



P+N+E°+E‘—3A+%(Z++z‘)=0, (5)

(Z-z) (=t +z-p- N)=(2°-=7) (P+ & - p- N) =0, ®

82 =0_ =-
Q= D = 2 _l)=—;‘[l— ], (7)

cp=y (€@ -cm) -1 (P-N+-z-3*457), ®

C(AZ)=;¢(A2)+:/%(E°— s*—%(z*-z‘)), ©)

= = , (10)

an

- = -2 = , (12

ATt =R B pA--, (13)
s d

Reserving the possibility of g (N) #g,(Y), Y=A,Z,E, due to a more pro-

minent role of the pion degrees of freedom in the nucleon, and combining
Egs. (5)—(6), we propose also the following, probably, most general sum
rule of this approach

(z*— 2‘) (>:++ TT—6A + 220+ 25‘) -

- (s"- s') (z++ ST4+6A - 4E0- 45‘) =0. 14



We note that Egs. (11)—(13) are obtained only with d (N) = 0, according to
the quark-line-rule. Now, we list some consequences of the obtained sum
rulcs. By dcfinition, the A-value entering into Egs. (5) and (6) should be

«refined» from the clectromagnetic A Zo—mixing affecting # (A),, . Hence,

exp’
the numerical value of A , extracted from Eq. (14), can be used to determine

the A Zo-mixing angle through the relation

A~A
exp -2
= (1.43 £ 0.31)-10 {as)

smBAz=0Az=Wz—)

in accord with the independent estimate of 6 A3 from the electromagnetic

mass-splitting sum rule [3 . Equation (11) shows that owing to interaction
of the u- and d-quarks with charged pions the «imagnetic anomaly» is deve-
loping, i.c., u/d = - 1.80 £ 0.02 = Q, /Q, = — 2. Evaluation of the lowest

order quark-pion loop diagrams gives [2]: u/d = (Qu + xu) / (Q  HE)) =
= — 1.77, where K, is the quark anomalous magnetic moment in natural

units. The meson-baryon universality of the quark characteristics, Egs.
(10)—(12), suggested long ago [4], is confirmed by the calculation of the

ratio of K* radiative widths

F(K*>K*y)  (uld+s/d\?_
rk**=k*ty) \1+s/d |~

=0.42 + 0.03 (vs 0.44 £ 0.06 |5 ]) . (16)

The experimentally interesting quantities u (AJr Py=pu (Ao N) and

Jli (2*0 A) are affected by the exchange current contributions and for their
estimation we need additional assumptions. We use the analogy with the
one-pion-exchange current, well known in nuclear physics, to assume for
the exchange magnetic moment operator

ﬁ‘_x‘_h = Ei [o,. X aj] , [r‘. X tj] s I(ry)s an

where f (r‘.j) is an unspecified function of the interquark distances, o,(r)
are spin (isospin) operators of quarks. Calculating the matrix elements of
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Hych between the baryon wave functions, belonging to the 56-plet of SU(6),

one can find

C(P)=7‘§-C(A+P)=\/'3'C(Az), (18)

u (8t p; {56})—:/15(1’ N+3(P+N)l+u53) (19)

We postpone further discussion and correction of Eq. (19) until our conclu-
ding section and will concentrate on confronting our a, = 0.571 = 0.002,

following from Eq. (7), with corresponding values of a,. from the baryon
beta-decays. While evaluating Eq. (7) we used baryon magnetic moments
from the PDG-tabulation [6 ] exceptu (E7), from Ref. [7], and u(Z* )exp
= — 2.479 + 0.025 n.m. fromRef. [8]. Wechoose the latest of two available
values of u (2+), because it gives better agreement between a,’s calculated
from the hyperon and nucleon data.

3. The SU(3)- and Broken-SU (3)-Description
of Baryon Semi-Leptonic Decays

The extraction of hyperon structure parameters from their semi-lepto-
nic decays is not yet the fully settled and understood problem. Theoreti-
cally, one should take into account the recoil and other non-static effects
arising owing to differences between the initial- and final-baryon wave
functions and masses. Experimentally, the £ - A ev- and E » Aev-decay
measurements are not still accurate enough. We shall take as our input data
the results of Refs. [9,10]. It was shown that with both A S = | and 0O-tran-
sition (here § is the strangeness) taken for the analysis, a, (no SU(3)) =

= 0.635 = 0,005 (y2/DF = 12.5/11) if the use is only made of the recoil
correction via the recipes of Ref. [11], while the mismatch effects of the
strange- and non-strange-quark wave function are neglected. Taking into
account only the A § =0 transitions one can obtain [9] a,, (SU@3)) =

= 0.584 £ 0.035 and a, (no SU(3)) = 0.62 + 0.040 with equal values of

x2/DF=0.O7. Therefore, we shall usc the aax-values in the range
0.584 + 0.635.
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4. The Electroweak a-Parameters
and Quark Configuration Structure
of the Nucleon

We consider the difference between - Eq. (7), and the a ax’s, given in

Ref. [9,101], as originating from the higher SU(6) x O(3) three-quark confi-
gurations and/or the exotic (3¢ + g)-admixture in the ground state wave
function:

W= AW, ({S6)g, L, = 0,5, = 1/2) + A W, ({10}, L,=0,5,=1/2) +

+ AW, (0}, L=2,8,=3/2) + 4, W, ({20}, L = 1, S = 1/2) +

+ Ag \l’g ({3 q}8c + gsc). 20)
The coefficients 4; and Ag satisfy the normalization condition
: 2 2
2 AjtA =1 @20
i=0

In Eq. (20), Lq (S q) is the quark orbital (spin) moment, and the index «8c»
stands for the color-octet states. To specify different cases, we keep for the

gluon angular momentum two simplest possibilities J;’ = 1* which are the

M1-or E1-gluon modes. Different components of the total wave function are
built of the antisymmetrized products of the flavor (®), spin (x) color (@)
and orbital/radial (W) wave functions:

Y=Pxyxwx ¥(p,A), 22)

p and 4 being the Jacobi coordinates of the 3-quark system. Of many
considered possibilities for W, we present two examples, one for the M1- and

one for the E1-gluon mode

‘l’;m =% [(d)pwp— <I>lwl) x)‘+ (<I>pwp+ Cbi'wl) xp] ‘Psym, 23)
‘l’gE'=%[(‘l”’x”+¢;‘x1) (w”‘l‘l—wllll”)], (24
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2, 52 A _ oy
where W, (L =1L, =0) =W, (p? +4%), wo® (Lowy™ 1 Lpy=0) =

=pA)-¥, (p2 + /12) » Wo (p2 + Az) are unspecified radial wave functi-

ons, ®”®, »P® eic.. are familiar, octet-type wave functions (see, e.g.,
Ref. [12] and earlier citations therein). Thep we find expectation values of
the magnetic moment @ and axial charge (A) operators

p=3 [ga @353 (@) + 5@ ], (q)], @25)
q

A=3 g (9)0; () (26)
q

and define g" in Eq. (1) and the analogous gf."‘, as function of A,...,A,,
8, 8 and 8- Then we take the ratios a, and a,.; from the latter the
unknown (due to various renormalization effects) g . Will be cancelled out.
With the known values of a, o and Eq. (21), we have 3 equations, so that

we can only define A(z), Af and A% as functions of A§ and A:, chosen to be

varied over some reasonable intervals, say, 0 < Ag, A; < 0.2., or so. Below
we reproduce the corresponding bounds on the other A’s, I1G A/ GVI
(calculated here by putting g,,(¢) = 1), and the corresponding bounds on
the expectation values <Sq>, <Lq} and <Sg> entering into the angular

momentum sum rule

1
7 = <Jmt> = <Sq> + <Lq> + <Sg>. Q27

So, we take a,, = 0.571, a, = 0.635(0.584) and W' in Eq. (24) corres-
ponding to the following spin-coupling-sequence: %(J y 01)—»1; x%(l q)—»
»l; x—;—(Sq)xl(Lq). The ‘l’fl, Eq. (24); was found to give the maximal

absolute values of G A/ G, The ‘P;" l-f‘unction, Eq. (23), was considered

earlier in Ref. [13], but there all higher orbital configurations were

neglected. This wave function gives smaller values of G A/ G, especially for
a,. = 0.635, therefore it looks less attractive. Putting, for the simplicity of
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presentation, A3 = 0 we get the following set of numerical values (those in

parcntheses correspond to a, = 0.584):

2 2 2
A A A A2 G,/G, <S> <L>
0 0.56(0.74)  0.14(0.18) 0.30(0.075) 0.88(1.27) 0.203(0.42)  0.3(0.08)

0.2  0.52(0.72) 0.05(0.12) 0.22(0.005) 1.0(1.38)  0.23(0.46) 0.336(0.094)

The use of A; = 0.2 helps us to diminish Af but leaves Ag as big as earlier,
or even bigger, thus looking quite inattractive. The most popular value of
a . = 0.635 creates the problem of very big A; (the D-wave probability) and
toosmall G A/ G, because inclusion of the renormalization effects will make

it, most probably, even smaller, So, the careful re-examination of the
hyperon beta-decay theory would be very desirable.

5. Discussion and Conclusion

Our most surprising and most stable result is that despite the validity of
the celebrated SU(6)-ratio u(P)/u(N) = —3/2, Ref. [14], the SU(6)-
symmetry is strongly broken, and the mean value of the 56-plet amplitude in
the nucleon is considerably less than unity (A(Z)(N) = 0.55 to 0.73,
depending on the used o .0+ The large probability of the {70} M Lq =0,

configuration is matching favourably with the idea of diquarks inside
nucleons. We have mentioned the apparent difficulty of the very large D-
wave in nucleons connected with the use of ax = 0.635 (the broken SU(3)

fi). Witha = 0.584 and A: = (.2 we come to acceptably small A%, but this
option enforces us to acknowledge the existence of the dominant-hybrid

nucleon resonance with J = 1/2% ai not-so-large mass. The obvious
candidate is the Roper resonance (or resonances) around M g = 1450 MeV.

The careful investigation of this region in the photo- and electro-excitation
experiments is very important. Now, what could be the dynamical origin of
the discussed peculiarities? An interesting hint for the answer may come
from the solution of the old problem, namely, the large deviation of

HATP)g, = 3.0+33 nm. 11S] from u(A*P) gy = 2Z u(P). With the

exp
explicit expression of Eq. (19) in mind, we present y(A+P) in the form

A (A
u(AtP) = ol®) u(A*P; {56}) + ou(A* P),

A(N)?

(28)
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where A (A) and A (N) are the 56-plct amplitudes in the A,,-resonance and

nucleon wave functions, 6ﬂ(A+l’) is an unknown contribution due to the
higher A- and N-orbital configuration. Now, with Ay(A) > 1 (hence, all

other A(A) - 0 and u(A*P) - 0) and A;(N) = 0.6+0.7 we removc easily

the above-mentioned discrepancy. This situation is realized with the strong
SU(6)-breaking interactions which are effective in nucleons and weak in
A’s. It is just the instanton-induced gg-interaction [16 ] which possesscs the
required properties. Of course, much remains to be done to elaborate and
thoroughly check this intriguing possibility.

The author thanks Dr. E.L.Bratkovskaya for her invaluable help in
preparing this report.
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