DOU3HUKA DJIEMEHTAPHBIX YACTHI] H ATOMHOI'O AJIPA
2004. T. 35. BbIII. 7

YOK 539.12: 539.171

FURTHER REMARKS ON ELECTROWEAK MOMENTS
OF BARYONS AND MANIFESTATIONS
OF BROKEN SU(3) SYMMETRY
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The role of nonvalence, e.g., sea quarks and/or meson degrees of freedom in static and quasistatic
baryon electroweak observables, is discussed within the phenomenological sum rule approach. The
inclusion of nonvalence degrees of freedom in the analysis of baryon magnetic moments is shown to
explain extremely strong violation of the standard SU (6)-symmetry based quark-model prediction for
the magnetic moment ratio Ry /5 = (574257 )/(—A) ~ 0.23, while the value Ry, ;5 (SU(6)) = 1
corresponds to the nonrelativistic quark model. We also obtain F/D = 0.72 for the quark-current-
baryon couplings SU(3) ratio. The implications for «strangeness» magnetism of the nucleon, and
for the weak axial-to-vector coupling constant relations measured in the lowest octet baryon (3 decays
are discussed.

B p MK X HOAXOX , OCHOB HHOIO H (PeHOMEHOJIOTHYECKUX NP BWI X CYMM, OOCYXKI €TCs BIIH-
SIHHe HeB JICHTHBIX CTelleHell CBOOOABI, T.e. MOPCKMX KB DKOB /WM ME30HOB, H CT THYECKHEe U
KB 3HCT THYECKHE SJIEKTPOCH Oble MOMEHTHI 6 PHOHOB. YdUeT HEB JICHTHBIX CTENEHeil CBOGOMBI MpH

H JIM3¢ M THUTHBIX MOMEHTOB 6 DPHOHOB OOBSICHSIET UPE3BbIY HHO CHJIbHOE H pYyIICHHE HPEICK 3 Hus
CT HI PTHOH MOZNEIH KB PKOB, OCHOB HHOH H wHcmonb30B HuM SU(6)-cuMMeTpun, Ul OTHOLICHHUS
M THHTHBIX MOMEHTOB Ry /p = (X1 4 2X7)/(—A) ~ 0,23, Tora K K B HEPE/IATHBHCTCKOH MO-
Teu KB PKOB TIOMYd eTcsl 3 demue Ry (SU(6)) = 1. Tomysen 1 xxe pemmuun F/D = 0,72
JUI OTHOIIGHHS KOHCT HT CBA3M TOK KB PKOB ¢ 6 puon mu B SU(3) p-cummerpun. B cBasu ¢ otum
00CYyX/1 I0TCS CIIeNCTBHs Ul BKJI JOB CTP HHBIX KB DKOB B M THHTHbIE MOMEHTBI HYKIIOHOB M IS
OTHOLICHMII KCH JIBHBIX M BEKTOPHBIX KOHCT HT, NOJYY eMbIX M3 H JIM3 (3-p CII JOB OCHOBHOIO CO-
cTosiHusl OKTeT 6 pHOHOB. TIOK 3 HO, 4TO NPH M3BJICYEHNH BETMYMHBI OTHOLIEHUH (g1/f1)-KOHCT HT
U3 [ HHBIX 10 (3-p CI I M THIEPOHOB CJICAyeT YYWTHIB T B H JIM3¢ BKJI Abl OT TOKOB BTOPOTO
POX , T. €. MHAYLMPOB HHbIE H PYLICHUSIMH CUMMETPUH IICEBLOTeH30pHble (opM KTOpBI, WM, UH Ye,
(opMc KTOPBI THII T K H 3BIB EMOTO «CJI GOTO DJIEKTPHYECTB ».

1. In this report we present some further consequences from sum rules
for the static electroweak characteristics of baryons following mainly from the
phenomenology of broken internal symmetries. The phenomenological sum rule
technique was chosen to obtain a more reliable, though not very much detailed
information about the hadron properties in question. The main focus was laid
on the role of nonvalence degrees of freedom (the nucleon sea partons and/or
peripheral meson currents) in parameterization and description of hadron magnetic
moments and axial-vector coupling constants.
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As is known, in the broken SU(3)-symmetry approach, based on the non-
relativistic quark model (NRQM) of the ground state octet baryons [1], where
B < 2¢even + Godd, and the magnetic moments of constituent quarks in the cor-
responding baryons B = {P, N;¥%:=%~; A} satisfy the relation p(u) : p(d) :

u(s) = =2 : 1 : (mg/ms), one obtains the familiar expressions for magnetic
moments
wB)=B = (4/3)¢ — (1/3)qo,
A = s (1)

HAZ) = (1/V3)(u—d)

(herewith, we use the particle and quark symbols for the corresponding magnetic
moments). The most spectacular difficulty of the above parameterization is seen
from comparing two ratios Ry, [2] and Rz,, with experimental values [3] —
the first one is drastically broken, while both should be valid in the NRQM:

428 s(%)

Ry A S(A) vs 0.23 [3], o
20 +227  s(8)
Reyn=—1 =5 =1vs 1.04 [3].

Earlier we considered a number of consequences of sum rules for the static elec-
troweak characteristics of baryons following from the theory of broken internal
symmetries and common features of the quark models including corrections due
to nonvalence degrees of freedom — the sea partons and/or the meson clouds at
the periphery of baryons and no assumptions referring to the nonrelativistic quark
dynamics were made.

Here, we list some of the earlier discussed [4-7] sum rules (we use the
particle and quark symbols for the corresponding magnetic moments):

1 20— =-
25(1_2+—2—EO+E)' S

mag

The D and F' constants in Eq. (3) parameterize the «reduced» matrix elements of
the quark current operators where SU (3)-symmetry-breaking effects are contained
in the factorized effective coupling constants of the single-quark-type operators,
while other contributions (e.g., representing the pion exchange current effects) are
cancelled in all sum rules by construction. The ratio u/d # —2

u BTt -¥%7)-E0E"-27)
is related to the chiral constituent quark model where a given baryon consists
of three «dressed» massive constituent quarks. Owing to the virtual transitions

B D
"~ F+D
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q < q+m7(n),q — K + s, the «magnetic anomaly» is developing, i.e., u/d =

—1.80 £ 0.02 £ Qu/Qq = —2.
The ratio s/d ~ 0.64 demonstrating the SU (3)-symmetry breaking is evalu-
ated via

(5)

Now, we list some consequences of the obtained sum rules. The numerical
relevance of the adopted parameterization is seen from the results enabling even
estimation from one of the obtained sum rules, namely,

(T —2)(EZT+ 27 —6A+2204+257) —
—(E'—E)(EZT + 87 +6A—45" —457) =0, (6)

the necessary effect of the isospin-violating ¥.°A-mixing. By definition, the A
value entering into Eq.(6) should be «refined» from the electromagnetic AX°
mixing affecting p(A)exp. Hence, the numerical value of A, extracted from
Eq. (6), can be used to determine the AX.°-mixing angle through the relation

Sinfpy, ~ Opy = % = (1.43+0.31) - 102 7
in accord with the independent estimate of fpy from the electromagnetic mass-
splitting sum rule [8].

Naturally, our approach is free of the disbalance problem exemplified in
Egs. (2). With the parameters u/d = —1.80 and aop = (D/(F + D))mag = 0.58,
defined without including the A-hyperon magnetic moment in fit and taking into
account the ¥ — A mixing, we obtain Ry p = 0.27 and Rz/p ~ 1.13, which
turn out to be in excellent accord with the data if one takes also into account in
Egs. (2) the A value corrected for mixing: Ay ~ —0.567 n.m. For further use, we
also list below the limiting relations following from the neglect of the nonvalence
degrees of freedom

YFT[ET]=P[-P—- N]+ <A— E) <1+ ﬂ) ,

2 P
=0[=-] :N[—P—N]+2(A—%> (1+%), )

w(AX) = —?N.

We stress that neither NR assumption nor explicit SU(6)-wave function are used
this time. In this case the ratio F//D = 0.64 and it is definitely less than
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F/D = 0.72, when nonvalence degrees of freedom are included. This is the
demonstration of substantial influence of the nonvalence degrees of freedom on
this important parameter.

2. One can note that the accordance of the ratios Ryx,5 =/4 with the data is
valid in two, seemingly dual, parameterizations of the baryon magnetic moments.
The first is specified by the renormalization of the constituent quark characteristics
by the meson current effects resulting in u/d # —2, etc. However, one can
follow a complementary view of the nucleon structure, keeping the constraint
u/d = —2, and the OZI-rule violating the contribution of sea quarks parameterized
as AN) = %, 0. (@) (N[5|N) £ 0.

We have referred to this approach [5] as a correlated current-quark picture
of nucleons and made use of it to estimate the contributions of the sea quarks to
baryon magnetic moments. In particular, the following important sum rules were
obtained (all quantities are in n.m.):

1
AN) = cBFP+N) - »t4n  —2°+27) = —0.0640.01,
d

-1 )
iy (55) = u(s)(N[3s| V) = (1 - ;) A(N) = 0.11,

where the ratio d/s = 1.55 follows from the correspondingly modified Eq.(5)
(that is with Y replaced by (Y — A(N))). By definition, pn(Ss) represents
the contribution of strange («current») quarks to nucleon magnetic moments.
Actually, our Egs. (9) and (5) are equivalent, up to the common factor —(1/3),
which is the electric charge of the strange quark, to the half-sum of two relations
in Ref. 9 that refer to 1 (5s) and where the ratios of effective magnetic moments
of quarks in different baryons should be taken the same. Indeed, within the lattice
QCD approach with a chosen extrapolation prescription to the chiral limit of small
current quark masses [9], two sum rules were written down

34(0) = (1 - ‘—i>1 [2P+N— ul) (o —z)} ,

S u(XT) (10)
s — _é o _M =0 _ =—
w0 =-(1-5) [prav-iGE =),
G3,(0) = (—0.16 £ 0.18). (11)

At last, as the representative of the approach pretending to be the limit of the
QCD with a large number of colours No — oo, we write also the sum rule of
the chiral soliton model [10]

1
G5,(0) = g(N -2t 4% +2° - 327) = +0.32. (12)
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Within still rather large experimental uncertainties, the latest value of the
SAMPLE Collaboration [11]

G5(0)|exp = 0.01 £ 0.29 & 0.31 £ 0.07, (13)

where the three errors are statistical, systematic, and theoretical, respectively,
does not contradict any of the model values mentioned above.

It is quite natural to expect that we have now the evident constraint G%,(0) —
0 in the limit when we neglect all nonvalence quark contributions to baryon
magnetic moments, that is when all the relations of Eq.(8) are put into any of
the sum rules for pun(ss). We notice that our relation for un(s$) and G5,(0)
satisfies this constraint identically, and the lattice QCD relations [9] require the
«environment» influence to be absent, i.e., (u(P)/u(Xt) = (u(N)/u(Z) = 1,
while the chiral soliton relation [10] requires the fulfillment of the substantially
stronger additional assumption A = —(NN/2) which is equivalent to exact SU(3)-
symmetry relations for magnetic moments. This peculiarity makes the last relation
less attractive and, theoretically, more subject to doubts compared to the first two
predicting the negative value of G%5,(0).

3. To estimate a possible influence of the SU(3) breaking in the ratio of
the weak axial-to-vector coupling constants, we adopt the following prescription
suggested by the success of our parameterization of the baryon magnetic mo-
ment values within the constituent quark model. In essence, we assume that
the leading symmetry breaking effect is produced by different renormalization of
the gqW -strangeness-conserving and strangeness-nonconserving vertices with the
participation of the constituent quarks. We note further that in all but one [12]
analyses of the hyperon 3 decays, the absence of the «weak electricity» form
factor g2(Q?) due to the induced second-class weak current has been postulated
from the very beginning. However, the fit to all ¥~ — ne? decay data of Ref. 12
with go # 0 yields g, = (91/f1) — 0.20 £ 0.08 and (g2/f1) = +0.56 &+ 0.37. It
seems that one cannot then define (F'/D)as—1 because data for all other hyperons
have been treated under the assumption go = 0.

Having in mind the evidence of a potentially important correlation between
the values of the axial-to-vector coupling (g1/f1) and the «weak electricity»-
to-vector (go/f1) coupling ratio, observed in the ¥~ — Nev decay [12], we
parameterize (g;/f1),¢ = 1,2 in the strangeness-violating 5 decays by their
(different) F; and D; parameters in the expression

(Fy, Dy) + ra P (Fa, Do) = SH(FE™, DS (14)
fi fi fi

with the same correlation coefficient ro ~ —0.25, quoted in the recent review [13]

for both ¥~ and A semileptonic decays but not measured in the 2%~ decays yet.

The FF and D$T will then play the role of the «effective» parameters defined
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from data with the ad hoc constraint go = 0. Taking F} + D1 = 1.26 and
Fy/D1|as=o = 0.72 we find F5 and D, from the known data on the ¥~ — N
and A — P semileptonic decays

Fl —Dl—f—?“Q(FQ—DQ) = —034i0027 (15)

to obtain «effective» parameters for the =~ and Z° decays equal to 0.19 &
0.03 (0.25 4+ 0.05) and 1.25 4+ 0.03 (1.32 & 0.20), respectively. The presently
measured «effective» parameters [13] are given in the parentheses and they are
seen to be within one standard deviation from the calculated ones. We also notice
that the ratio of |(g2/f1)| in the ¥~ and A decays is close to that calculated
within the dynamical model of Ref. 14; however, the same type ratios including
the =~Y-decay constants are completely different. Accumulation of new data
announced in [13] and their improved analysis is, therefore, of great interest.

4. To conclude, besides the importance of resolution of the problem on the
presence and quantitative role of the weak second-class current and the corre-
sponding form factors in the hyperon [-decay observable, one can also men-
tion major theoretical interest in the careful study of the strangeness-conserving
¥+ — Ae®v(v) transitions which would not only prove (or disprove) hypothe-
ses about the dependence of (F/D) ratios on AS, labelling the transitions, but
also would provide information on the isospin breaking effects underlying the
A — X0-mixing.
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