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We calculate the Xy term in the chiral mixing approach to baryons, i.e., with SUL(3) x SUg(3)
chiral multiplets [(6,3) ® (3,6)], [3,3) ®(3,3)] and [(3,3) @ (3,3)], admixed in the baryons, using
known constraints on the current quark masses m, m9. We show that the [(6,3) @ (3,6)] multiplet
makes a contribution enhanced by a factor of 3 ~ 6.33, (purely due to SU; (2) x SUg(2) algebra)
that leads to Xy > (1+ % sin? 6) % (m)+mY)) = 60 MeV, in general accord with “experimental”
values of Xy. The chiral mixing angle 6 is given by sin®> 6 = % (gﬁf’) + gf)) , where g1(40) =033+

0.08, or 0.28 £0.16, and gf) = 1.267, are the flavor singlet and third component of the octet axial
couplings. These results show that there is no need for ¢*§ components, and in particular, no need

for an s§ component in the nucleon.
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1. Introduction

For more than a quarter-century any deviation of the nucleon X,y term extracted from the
measured TN scattering partial wave analyses (in the following to be called “measured value”, for
brevity) from 25 MeV was interpreted as an increase of Zweig-rule-breaking in the nucleon, or
equivalently to an increased s§ content y = % of the nucleon, Refs. [, I, B]. As all “mea-
surements” of Xy have yielded values ranging from 55 MeV to 75 MeV [@], that are substantially
larger than the expected 25 MeV, it has consequently appeared that the s§ content of the nucleon
must be (very) large.

A number of experiments have measured the s§ contributions to nucleon observables other
than the Xy term [H]. Not one of them has found a result larger than a few % of the u (and/or i)
and d (and/or d) contributions, ! thus making the 55 content of the nucleon effectively negligible
y =~ 0. Thus, the enigma has deepened: how is it possible to have such a large X,y term without
any s§ content in other observables? In the meantime the nucleon Xy term has been shown as an
important ingredient in searches for (supersymmetric) cold dark matter, Ref. [d] and in the QCD
phase diagram, thereby only increasing the stakes.

In this report we show explicitly an alternative mechanism of hadronic X,y term enhancement
with strangeness content y = 0 and pin-point the source of the enhancement to the (6,3) = [(6,3) ®
(3,6)] — (1,3) = [(1,1) ®(3,1)] chiral component (in the SU;(3) x SUg(3) and SUL(2) x SUg(2)
notations, respectively) of the nucleon. This component contributes about three quarters of the
enhanced value of Xy > 55 MeV, which would otherwise be > 14 MeV, while keeping a vanishing
s§ component in the nucleon. The same (1, %) chiral component is crucial for the proper description
of the nucleon’s isovector axial coupling gf) = 1.267.

We show in some detail how the Ly term enhancement emerges from the SUL(2) x SUg(2)
chiral algebra. To that end we use a hadronic two-flavor SUL(2) x SUg(2) chiral mixing model, in
which the s§ content of the nucleon vanishes, y = 0, per definitionem. Baryons in the spontaneously
broken symmetry phase may be effectively described by a few chiral components: it was shown in
Refs. [B, B, [d], that several nucleon’s properties can be successfully described by mixing of three
chiral multiplet components. Of the two viable chiral mixing scenarios, only the Harari one [8, [d],
described by

IN) = sin0](6,3)) + cos O(cos |(3,3)) +sin@|(3,3))), (1.1)

has survived the inclusion of the baryons’ anomalous magnetic moments in the three-flavor case [II].
Here we use the original SU;(3) x SUg(3) notation, so as to distinguish between the two kinds of
(%,0) multiplets in SU.(2) x SUg(2), though we shall need only the two-flavor version.

2. Calculation

To calculate the nucleon Xy term, we use the X operator defined as the double commutator

1
L = 35704104 Hysal]. e

IThis makes these effects compatible with the (much more) mundane isospin-violating corrections, from which they
are indistinguishable [B].
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of the axial charges Qf and the chiral symmetry breaking Hamiltonian Hysp 2. It was introduced by
Dashen [[3] as a way of separating out the explicit chiral SU.(2) x SUg(2) symmetry breaking part
H, sp from the total Hamiltonian. Its (diagonal) nucleon matrix element Xy = (N|X|N) determines
the shift of the nucleon mass due to the chiral symmetry breaking current quark masses [[3, [4].
Ensuring that the (spontaneously broken) chiral symmetry is properly implemented is particularly
important in a calculation at the hadron level. In a series of papers [, I3, 04, [, IR, [9, 4,
] we have developed a (linear realization) chiral Lagrangian that reproduces the results of the
phenomenological chiral mixing method.

We follow Ref. [[A], and use an explicit ySB “bare” nucleon mass and the corresponding ¥ SB
Hamiltonian density

3
N _ V.00 A7 L A 0
%SB — lNlMNi]Vl +A(17%)MA(]7%)A(1 1),
1=
where i stands for the three chiral multiplets (1,1), (3,0) and (0,1). A priori, we do not know the
values of the “current” nucleon masses, except for a lower limit: they cannot be smaller than three
isospin-averaged current quark masses: M,(\),i > 3n'12 = % (mg + mg). For simplicity’s sake, we shall
assume, as a first approximation, that all three chiral components have the same “current” nucleon
0 _ A0 a0 g0 a0 a0 _ 3 (1,0 110

mass My = My o) =My, ) =My ) = Mgy =My g =Mis ) =My ) =3 (matmi).

The chiral SU.(2) x SUR(2) generators Q¢ and their commutators with fields were worked out

in Refs. [[4, [, IY, IA]:

a 2 a
[95: Nl = % (32 aht 5T A(L;)) )

a 2 a 1 a
(0580 1)) =% (ﬁTT N(l,;>+3f(3/z>A(1,;)> )

a T

95 Niyo)l = 155Nt 0): 2.2)
a Ta

[O5: N0 1)) = =B 3 No ).

where a = 1,2,3, té 3 are the isospin—% generators of the SU(2) group and 7' are the so-called
2
iso-spurion (2 x 4) matrices, with the following properties (see Appendix B of Ref. [[H])

; 3 1 : i ..
itk _ 2 gik = )i J ° oljkik
T = gt iy ey

TiT*F = Pk, (2.3)
2
The chiral SU.(2) x SUg(2) double commutators for the (1, 1) and (1, 1) chiral multiplet are

) A1, - _ 4
b 7} _ ab ab a b
(05,108 N, Nyl = 578 N(l’l)N(L%)—FA(L%)(ZS —7{r(%),z( )}>A(17%)+...(2.4)

3 3 9 5

where ... stand for the off-diagonal terms, such as N(] i

1 (---)A 1), and their Hermitian conjugates.

2

2For normalization and notational conventions see Ref. [[7].
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We contract Eq. () with %6“” (where summation over repeated indices is understood) to
find:

1 ab b a A _ 41 _ 8~

38105105 Na N pll = 5NNy + 580, h Ay - 2.5)
where we have used the identity tg‘g )z(g )= %14X4, and similarly for the A-field contribution

2 2

1 - 16 13-

§5ab[Q1577[Q(517A(17%)A(17%)H = ?N(l%)N( f) ?A( Q)A(L%)—’_ (26)
This finally leads to

Z s 29 ﬂMo +16M0 + 29 2 MO + 2 MO (27)
N = sin o My T 9 Many cos cos” @ N(L0) sin” @ N(L0)) .

which is our basic result here.

3. Result and Discussion

Inserting our simplifying assumption that all the “current nucleon” masses are equal, one finds
the final result

16
Yo = <1+3sin29> MY . (3.1
Note that the enhancement term 136 sin® @ is due to the factor 41;16 < =~ 6.33 appearing in Eq.

() of the [(1, %) @ (%, 1)] chiral multiplet, which, in turn, is due to the presence of the iso-spurion
(2 x 4) matrices T", that are equivalent to the SU(2) Clebsch-Gordan coefﬁcients (B3L(A)15(i)35(N)).
Thus, the enhancement factor 2 in Eq. (I72) and consequently also the 6sin? 6 in Eq. (&), are
of SUL(2) x SUg(2) algebraic orlgm. This shows that, irrespective of the specific value of the
chiral mixing angle 0, there is room for improvement of the X,y predictions within the chiral
SUL(2) x SUg(2) algebra approach.

The relevant chiral mixing angle 6 has been extracted in Refs. [[§, A, [, IX] as %sin2 0 =
g/(;)) + gf), a function of gf), and the flavor-singlet axial coupling g/(&0) = 0.28 £0.16 [], or
g{&o) =0.33£0.03+0.05 [3]. Here we have taken the values of current quark masses from
PDG2012 [28]: m) = 2.3 x 1.35 MeV and m) = 4.8 x 1.35 MeV, yielding 5 (m) +m0) ~ 4.73
MeYV, substantially lower than before (cf. 7.6 MeV in Ref. [[3]), and inserted them into the current
nucleon mass to find My = 3 (m)+mY) ~ 14.2 MeV and Ly = 59.5+2.3 MeV, with ggo) —
0.33+0.03 +0.05 [I3], or Zzy = 58.0 +4.5 MeV, with g\ = 0.28 +0.16 [22], in fair agreement
with the “observed” X,y value range (55 - 75) MeV, see Ref. [H].

The above result Eq. (BXl) ought to be viewed as a lower bound on the “true” ¥,y value, as we
have assumed that all current nucleon masses MIQ’,- equal three times the isospin-averaged current
quark mass ﬁzg, which is appropriate only when all chiral components of the nucleon consist of
three-quark fields. That, however, condition is not necessary (because there are ¢*g baryon fields
that belong to the same chiral multiplets [I1], and such fields would have a larger current mass
(MO, = 5m that would consequently lead to a higher value of X y), but merely a sufficient one,
as all of these chiral multiplets exist as bi-local three-quark fields [ZO]).
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In summary, the “observed” X,y term values (> 55 MeV) have often been interpreted as a
sign of a substantial s§ content of the nucleon. Here we have shown that values of X 5 > 55 MeV
are readily obtained in the chiral-mixing approach without any strangeness degrees of freedom in
the nucleon, as a natural consequence of the substantial chiral (6,3) = [(6,3) & (3,6)] — (1,3)

multiplet component. The precise value of Xy is a linear function of the sum of the flavor-singlet

ggo), and the isovector gf) axial coupling of the nucleon.
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