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We report a calculation of the low-lying baryon magnetic nemits using covariant chiral pertur-
bation theory within the extended-on-mass-shell renamatibn scheme including intermediate
octet and decuplet contributions. For the case of the baogtet, we succeed to improve the
Coleman-Glashow description by including the leading SkH®eaking effects coming from the
lowest-order loops. We compare with previous attempts atstime order using heavy-baryon
and covariant infrared chiral perturbation theory, anaass the source of the differences. For
the case of the decuplet-baryons we fix the only unknown LE® thie well measured magnetic
dipole moment of th€& ~ and predict the corresponding ones of #{&€232) isospin multiplet. In
particular we obtaipi++ = 6.0(6) un andu+ = 2.84(34) uy that compare well with the current
experimental information.
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1. Introduction

The magnetic moments of the baryons are of utmost importsince they contain information
on their internal structure as read out by electromagnetibgs or photons. A starting point in the
understanding of the magnetic moments of the octet is th&¥ptsymmetric model of Coleman
and Glashow [1] that describes the eight magnetic momemishta\Z, transition moment in
terms of two parameters. The success of this model reliesealmost preserved global SU{3)
symmetry of QCD withu, d andsflavors. The description of the symmetry-breaking coroettiof
the baryon magnetic moments can be addressed in a systeamaticodel-independent fashion by
means of chiral perturbation theoryRT) [2, 3]. Different calculations have been performed i th
last decades either in the heavy-baryon (HB) [4, 5, 6, 7, 8®@]ariant infrared (IR) [10, 11] or
covariant extended-on-mass-shell (EOMS) [12, 13, 14]Jieessof baryonyPT. Only in the EOMS
approach a good convergence of the chiral series and anvampent over the Coleman-Glashow
description at next-to-leading-order is obtained. The parson with the othePT schemes
highlights the importance of analyticity and full covari@13] and the relevance of implementing
the spin-3/2 resonances withircansistenframework [17, 18, 14].

The aforementioned covariant approach that includes bottt @and decuplet contributions
have been also applied to the description of the electroetagstructure of the decuplet reso-
nances [15] updating the HB calculation of Ref. [16]. In mwatar, the magnetic dipole moments
of theAt andA™** are predicted using the well-measured one of2heo fix the only LEC appear-
ing up to this order. The relevance of these results lies @otigoing efforts from the experimental
side to measure the magnetic moments of these two reson@eed®r instance Refs. [19, 20, 21]).
On the theoretical side, calculations from many differgagraaches have arisen in the last decades
(see for instance [15] for a complete list of references)dricular, the lattice QCD have recently
made remarkable progress to tackle the study of these @isesvfrom first principles [22, 23, 24].

Finally it is worth mentioning that this covariant formatishas been applied to predict, up
to 0(p*), the vector hyperon decay char@ig0) [25], which is essential to extract the Cabibbo-
Kobayashi-Maskawa matrix elemewt; from the hyperon decay data.

2. Results

The Feynman diagrams contributing to the electromagnetim factors of the octet and de-
cuplet baryons are displayed in Fig. (1). All the vertices alptained from the chiral Lagrangians
shown in Refs. [13, 14, 15]. In particular, for the magnetioments, the vertices describing the
tree-level diagranga) introduce two unknown parameters, the LE&sandbt, for the octet and
one unknown parameter, the LEfg, for the decuplet. These describe the leading order (LO)
SU(3)-symmetric contribution to the baryon-octet and -decuplagnetic moments respectively.
If the two LECs appearing for the baryon-octet are then fitteethe corresponding experimental
values, one recovers the description of the Coleman-Glashadel. For the case of the decuplet-
resonances, the single unknown LEC can be fixed using themezkured magnetic moment of
the Q~, Uo- = —2.024+0.05. At next-to-leading order (NLO) the only contributionse ajiven
by the loop-diagramgb)-(f) that depend on relatively well known couplings and masses (s
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Figure 1: Feynman diagrams contributing to the electromagnetic ffarctors of the octet and decuplet
baryons. The external and internal lines represent eitbt @r decuplet baryons, the dots lowest-order
meson-baryon-baryon vertices and the crossed dot theingugflthe external electromagnetic current.

Table 1: Baryon octet magnetic moments in chiral perturbation therto @' (p3). We compare the SU(3)-
symmetric description with the different(p®) xPT calculations discussed in the text. We display the HB
and the EOMS-covariant results with (O+D) and without (@ iiclusion of dynamical decuplets and the
IR-covariant with only dynamical octet-baryons. We alsdile the experimental values from Ref. [27].

Heavy BaryonZ(p®) | Cov. IRG(p®) | Cov. EOMSE(p®)
o(r) o O+D 0 0 O+D Expt.

p | 256 | 3.01 3.47 2.25 2.60 2.61 2.793(0)

n | -1.60 | -2.62 -2.84 -2.67 -2.16 -2.23 -1.913(0)
A | -0.80 | -0.42 -0.17 -0.61 -0.64 -0.60 -0.613(4)
>~ | -0.97 | -1.35 -1.42 -1.15 -1.12 -1.17 | -1.160(25)
>t | 256 | 2.18 1.77 2.38 2.41 2.37 2.458(10)
0 | 0.80 | 0.42 0.17 0.61 0.64 0.60

== | -1.60 | -0.70 -0.41 -1.12 -0.93 -0.92 -0.651(3)
=0 | -0.97 | -0.52 -0.56 -1.28 -1.23 -1.22 | -1.250(14)
AZ° | 1.38 | 1.68 1.86 1.88 1.58 1.65 +1.61(8)
b | 240 | 4.71 5.88 4.70 3.92 4.30

bE | 0.77 | 2.48 2.49 0.43 1.28 1.03 —

x% | 0.46 | 1.01 2.58 1.30 0.18 0.22

Refs. [13, 14, 15] for details). Therefore, the SWReaking of the magnetic moments up to
NLO comes as a prediction xPT.

Nonetheless, thBS-regularized loops with heavy fields as baryons produce pomenting
problems as first noticed in [3]. Different techniques tooresr the counting have been developed,
the most important of which are the HB [5], the covariant IR][&nd covariant EOMS [12] renor-
malization prescriptions. All of them produce loop-ampdiés with the same non-analytic terms at
a given order. The covariant approaches besides includtvistic corrections, although only the
EOMS implement them in a way consistent with analyticitye(f& instance [26]).

The question is then whether the S{@)reaking corrections to the baryon-octet magnetic
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Table 2: Values in nuclear magnetonsy) of the magnetic dipole moments of th€1232) isospin multiplet

in SU(3) relativistic chiral perturbation theory up @( p®) including both octet and decuplet loop contribu-
tions (O+D). We compare our results with the SU(3)-symmagirediction and with the experimental values
presented by the Particle Data Group [27].

e A* A° A~
SU@3)-symm. | 4.04 2.02 0 -2.02
Covariant(O+D)| 6.0(6) 2.84(34) -0.36(11) -3.56(11)
Expt. 5.6£1.9 2719+15+3 — —

moments can be successfully addressed from a first prinaggeoach by means gfPT; namely
whether or not the chiral loops improve the Coleman-Glastiegcription. In Table 1 we show the
numerical results for the baryon magnetic moments obtaiyethinimizing x2 = 5 (Lt — Hexpt)?
as a function of the abovementioned two unknown LECs. We havecluded the\=° transition
moment in the fit and, therefore, it is a prediction. We corapghe SU(3)-symmetric description
with different & (p®) xPT approaches. Namely, we display the HB and the EOMS-aviarésults
with (O+D) and without (O) the inclusion of dynamical-detetp states and the IR-covariant with
only dynamical octet-baryons. The experimental valueobtained from Ref. [27].

For the HB approach, one sees how the corrections of the dgahivaryon -octet and -
decuplet go in the same direction and are of equivalent §iaasequently, the description obtained
with only the baryon-octet, that already overestimated3bk3)-breaking corrections, gets much
worsened when the decuplet is included. From the resultsradat in HB, one is unavoidably led
to wonder about the contributions of higher-mass resorsanicethe covariant approach we have
different results attending to the renormalization schem® the inclusion of the decuplet. Re-
stricting ourselves first to the comparison between the E@QNMSBIR schemes with only dynamical
baryon-octet contributions, we observe large numericsdrdpancies for differences that are for-
mally of higher-order. As it was explained in Ref. [13], weerpret the unrealistic IR behaviour
as a manifestation of the alteration that this approachymesl on the analytical properties of the
loop-functions. Our results indicate that this known penblof the IR amplitudes may already be
relevant for the scales around the massds ahdn mesons.

The results in EOMS show an unprecedented NLO improvemaenttbe tree-level description
within dimensionally regularize PT, where octet and decuplet contributions have been iadlud
We can study the convergence properties of the chiral sigesrizing the tree-level at'(p?) from
the whole result up t@’(p®). We also separate the loop fraction into the octet (seconabey)
and the decuplet (third number) parts in the parenthesis

lp = 3.46(1— 0.28+0.035) , = —2.86(1—0.16—0.06) , pip = —1.43(1—0.46—0.12),
ps- = —0.60(1+0.25+0.70) , pis+ = 3.46(1— 0.34+0.025) , piso = 1.41(1—0.47—0.11),
pi=- = —0.60(1—0.07+0.61) , pizo = —2.86(1— 0.48—0.09) , irs0 = 2.48(1— 0.28— 0.06).

Except for theZ~, the relative contributions of the octet and the decuplditha overall(p%)
terms, are consistent with a maximal correction of abmogf/Aysg, and the decuplet corrections
are, in general, smaller than the octet ones. Moreover, fn[R4] the large decuplet mass limit
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was investigated and it was found that the decuplet decstiptean averag®lp slightly above the
physical average.

For the decuplet resonances only the magnetic moment offahe mmembers of the decuplet,
namely theQ ™, has been accurately measured. In Table 2 we show the poedidn nuclear
magnetonsfy) for the A(1232 isospin multiplet magnetic moments in SU{3plativistic chiral
perturbation theory up t@(p3). We compare our results with the SU(3)-symmetric desanipti
and with the experimental values presented by the Partiate Group [27]. The error bars are
an estimation of higher-order contributions obtained Ingkat the ratio between NLO and LO
contributions and assuming a good convergence of the ddrads (we take 30% of the NLO over
LO ratio) [15].

Our results are consistent with the central value of the rxm@atal numbers fopa++ and
Ua+ . Furthermore, for the former we do agree very satisfagtavith the latest experimengiy++ =
6.14+0.51 [28]. Comparisons with results obtained in several dtfveoretical approaches can be
found in Ref. [15]. The convergence properties of the cliegies of the magnetic moments for the
A(1232) can be accessed looking separately at the LO and NLO cotirilsu Moreover we can
separate the contribution coming from octet loops (secamdb®r) and the decuplet loops (third
number):

Upss = 7.76(1—0.14—0.08) , pip- = 3.88(1—0.18— 0.09),
Hpo =0—0.31—0.05 , pp- = —3.88(1— 0.02— 0.06).

As in the case of the baryon octet magnetic moments the aqpenee properties are good. This is
also true for the chiral series of the magnetic moments oféleof the decuplet members [15].
Finally it is worth to mention that in this approach not onhetmagnetic dipole (moment) of
the spin-3/2 decuplet resonances has been investigategldouthe electric quadrupole and the
magnetic octupole moments and the charge radius [15].

In summary, we have studied the electromagnetic structlitkeolow-lying baryons in the
approach of chiral perturbation theory up to next-to-lagdirder. More precisely, we have succes-
fully described the magnetic moments of both octet and detilyaryons by using the covariant
formulation within the EOMS renormalization prescriptitat is an extension ®flSand therefore
fulfills the principles of analyticity as well as relativitizor the decuplet baryons we are able to pro-
vide predictions for the magnetic dipole moments of Ai@232), in particular,py++ = 6.0(6) Ly
andpa+ = 2.84(34) un.
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