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Abstract.

The magnetic moments of spéﬁ and spin%+ charmed baryons have been calculated in chiral constitjeark model
(xCQM). The effects of configuration mixing and quark masse® [zdso been investigated. The results are not only in good
agreement with existing experimental data but also showaugment over other phenomenological models.
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INTRODUCTION

Heavy flavor baryons play an important role to understandymamics of light quarks in the bound state as well as to
understand QCD at the hadronic scale [1]. The phenomergabigiplications of the heavy quark component in the
nucleon have been investigated to estimate the possildetintrinsic charm (IC) content of the nucleon [2] as well

as to calculate the static properties like masses, magmeticent etc. [3] which give valuable information regarding
the internal structure of baryons.

The magnetic moments of spi%ﬁ, spin %* charmed baryons have been considered in different appesach
in literature. Calculations have been done in the noniwdsit quark model [4, 5], Skyrme model [6], bound
state approach [7], relativistic three-quark model [8] .eldore recently, magnetic moments have been studied by
considering the effective mass of the quark bound insidédngon [9]. Calculations for the charmed baryon magnetic
moments have also been done in QCD sum rule method (QCDSRJOD Spectral sum rule method (QSSR) [11]
and light cone QCD sum rule method (LCQSR) [12, 13, 14]. Hmvethere is little consensus among the different
model predictions of the magnetic moments of charmed batyon

The intrinsic heavy quarks are created from the quantum fluctuations iassdowvith the bound state hadron
dynamics and the process is completely determined by nanpative mechanisms [15]. It has been shown that
one of the important model which finds application in the rempbative regime is the chiral constituent quark model
(xCQM) [16, 17, 18]. ThexCQM with spin-spin generated configuration mixing is ablegtee the satisfactory
explanation for the spin and flavor distribution functiod® 20], hyperon3 decay parameters [18], strangeness
content of the nucleon [21], weak vector and axial-vectamfdactors [22], octet and decuplet baryon magnetic
moments [23, 24, 25] etc.. The successes©QM strongly suggest that constituent quarks and the weatdyacting
Goldstone bosons (GBs) provide the appropriate degreeseddm in the nonperturbative regime of QCD. Thus, the
guantum fluctuations generated by broken chiral symmetpyG@M should be able to provide a viable estimate of
the heavier quark flavor, in particular tbe[15, 26].

The purpose of the present paper is to estimate the magnetients of spir%*, spin%Jr charmed baryons in the
SuU(4) framework ofyCQM. The generalized Cheng-Li mechanism [23] has been jrorated to calculate explicitly
the contribution coming from the valence spin polarizatfguark sea” polarization and its orbital angular momentum
Further, it would also be interesting to examine the effetthe configuration mixing, symmetry breaking parameters,
confinement effects, quark masses etc. on the magnetic nismen

SPIN STRUCTURE IN CHIRAL CONSTITUENT QUARK MODEL

In this section, we briefly review the essentials of #&QM to calculate the spin structure of the baryons [23, 24, 25
The basic process in thgCQM [16] is the internal emission of a Goldstone Boson by astitent quark which further

splits into agq pair asq. — GB® + o — (q(T) + o, Whereq(T + q/ constitutes the “quark sea” [18, 19, 20, 24]. The
effective Lagrangian describing interaction between ksiand GBs is¥ = gi15q (®) g, wheregss is the coupling
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constant] is the 4x 4 identity matrix. The GB fieldb is expressed as
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SU(4) symmetry breaking is introduced by considefifig> Ms > M, 4 as well as by considering the masses of GBs
to be nondegenerat®l,, > M, > Mg n > My). The parametea(= |g;5/) denotes the transition probability of chiral

fluctuation of the splittingi(d) — d(u) + rr*(~), whereasa?, a3?, a2 anday? denote the probabilities of transitions
of u(d) — s+K~©, u(d,s) — u(d,s) + n, u(d,s) — u(d,s) + n" andu(d) — c+ D°(D~) respectively.

The spin structure of the baryon is definedBas (B|.#'|B), where|B) is the baryon wave function and” is the
number operator defined a¢" =ny, u; +ny_ U +ng,d, +ng_ d_+ng Sy +Ns S +Nc, Cy +Nc_C_, Ng, being the
number ofq. quarks [18, 19, 24]. The “quark sea” contribution to the ltopzark spin polarizationg =g+ — q-)
can be calculated by substituting for each valence qgarks S Pya. + |¢(g+)|?, wherey Py is the probability of
emission of GBs from & quark and /(g )|? is the probability of transforming @. quark [27]. Using the spin and
flavor wave functions for a given baryon, one can easily firdsghin structure and the spin polarizations.

The total wave function for the three quark system made froyndd theu, d, s or ¢ quarks is given afSU(8) ®
0O(3)) = px Y, wheregis a flavor wave functiory is a spin wave function angl is a spatial wave function. TH&J (8)
multiplets are decomposed inf (4) ® SJ(2) multiplets and the details of the definition of the wave fims, can
be found in [28]. The spin structure of a spﬁr‘i and spin%+ baryons are respectively given as

B= (B|.#|B) = cog@(120220y|.#|1202 20 ) g + Si (1682 20v|.# |168%20u) g, )
B* = (B*|.#|B*) = (120%20g|.#|120*205) 5. - ©)

MAGNETIC MOMENT IN  xCQM

The magnetic moment of a given baryon receives contribstfoom the valence quarks, “quark sea” and orbital
angular momentum of the “quark sea” [18, 21, 23, 25] and isesged as

H(B)total = H(B)val+ 1 (B)seat U (B)orbit, (4)

where L(B)ya and p(B)sea represent the contributions of the valence quarks and tharkgsea” to the magnetic
moments due to spin polarizations. The teuifB),nit corresponds to the orbital angular momentum contributfon o
the “quark sea”. In terms of quarks magnetic moments andxparizations, the valence, sea and orbital contributions
can be written as

HU(B)val = AQaillg, M(B)sea= AGseddy, H(B)orbit = AQyar (g4 — qL) ) (%)

g=u,d,sc g=u,a,s,c g=u,a,s,c

where lg = Zih;lq (g =u,d,s,c) is the quark magnetic moment,(q; — q/,) is the orbital moment for any chiral

fluctuation,e; andMq are the electric charge and the mass respectively for thigua
The valence and quark sea spin polarizatiahg,{ andAgseg can be calculated for the baryons using the spin
structure discussed in the previous section. The orbitglil@n momentum contribution of each chiral fluctuation is
given as [18, 25]
, ey eq — e
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where(lg) = % and(lgg) = ﬁ The quantitieslg, Igg) and Mg, Mgg) are the orbital angular momenta

and masses of quark and GBs, respectively. The orbital mbafieach process is then multiplied by the probability
for such a process to take place to yield the magnetic momentalall the transitions starting with a given valence
quark
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The above equations can easily be generalized by inclutiegoupling breaking and mass breaking terms and
can be expressed in terms of tf€QM parametersa, a, 3, {,Yy), quark massedM, My, Ms, Mc) and GB masses
(Mﬂ'a Mk7 Ml’] ) Ml’]/a MDa MDsa Mnc)'

RESULTS AND DISCUSSION

Using the following set offCQM parametera= 0.12,a ~ 3 = 0.45,{ = —0.21 andy = 0.11 as well as the on

mass shell values of quarks and GBs [29, 30], we have cadzultéie magnetic moments of sp%n+ and spin%Jr
baryons in Tables 1 and 2 respectively. In the tables we havgaesented the available experimental data, the results
of NRQM [4] and the results of other model calculations. Fréable 1, we find that our results compare fairly well
with the experimental data available for the octet barydins interesting to observe that our results in the case
of p, Z*, =% andA° give a perfect fit when compared with the experimental va[@gsvhereas for all other octet
baryons our predictions are within 10% of the observed wal8&ce there is no experimental information available
in case of charmed baryon magnetic moments, we compare sultg&vith the predictions of QCD sum rule method
(QCDSR)[10], Light Cone QCD sum rule method (LCQSR) [12],@Spectral sum rule method (QSSR) [11]. Our
results are found to be consistent with these approacheglaaswvith the other models existing in literature. The
explicit results for the valence, sea and orbital contidng to the baryons magnetic moments have been presented.
A cursory look at the results in the table reveals that theasehorbital contributions to the magnetic moments are
significant. The orbital part contributes with the same sigivalence quark distribution, while the sea part contebut
with the opposite sign. However, the sea and orbital coutilns cancel each other to a large extent. The sum of
residual sea quark contribution and valence quark cortobigive the magnetic moment of baryons. Numerically
speaking, the sea quark contribution and orbital contidinstare quite large in magnitude except @f, Act, =¢,

=2 andQ¢.. Itis also interesting to examine the role of configuratidring in spin %* baryon magnetic moments. A
detailed analysis of the configuration mixing parameteeveals that the results with mixing are in better agreement
with the experimental data where the data is available.

In Table 2, we have compared our results for the S}J*inbaryons with other model calculations as well as with
the available experimental data. Presently, only threeegxgental results are available for the decuplet baryons
magnetic moments. Our predicted value for- is well within the experimental range [3]. Similarly, in tlase
of ux+ andQ~, our predicted values agree with the experimental value321 In case of charmed baryons, there
is no experimental information available, therefore, weehaompared our results with the predictions of the QCD
sum rule [10] and Light Cone QCD sum rule [14]. In this casealge have presented the results for the valence, sea
and the orbital contributions separately and we find thatppedictions are in agreement with their results. There is
a small discrepancy in the caseXf magnetic moment, which is due to the significant sea coritobuThe “quark
sea” and orbital contributions are quite large in magnitiedall the charmed brayons except in the cas@0of, Q°,

Qi andQil". The measurements of the magnetic moments of charmed sampresent an experimental challenge
and several groups BTeV, SELEX Collaboration are contetimgahe possibility of performing it in the near future
which would test the success of present scheme.

SUMMARY AND CONCLUSION

We have calculated the magnetic moments of s}jirand %* baryons in the framework of SU(4)CQM. Without
taking any of the magnetic moment as input, a consideralid §jbis achieved in the case of the octet and decuplet
baryons where the experimental data is available. In the chsharmed baryons, our results are consistent with the



other approaches existing in the literature. The succegsC6IM with the Cheng-Li mechanism and configuration
mixing in achieving a fit to the magnetic moments suggest¢bastituent quarks and weakly interacting Goldstone
Bosons provide the appropriate degree of freedom in theertumpative regime of QCD.
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TABLE 1. Magnetic moment of spié+ charmed baryons with configuration mixing (in unitstgf).
Baryon Data NRQM  QCDSR [10] LCQSR Valence Sea Orbital Total
3] QSSR[11] [12]
p 2.79£0.00 3 2.82:0.26 2.7£0.5 2.90 —0.58 0.47 2.80
n —1.914+0.00 -2 -197+0.15 -18+0.35 —-1.85 0.18 -044 211
st 2.458+0.010 2.88 2.310.25 2.2:0.4 2.51 —0.51 0.40 2.39
50 - 0.88 0.69+0.07 0.5+ 0.10 0.74 —-0.22 0.02 0.54
2~ —1.160+0.025 -1.12 -1.16+0.10 -0.8+02 —1.02 0.06 -0.36 —-1.32
=0 —1.250+0.014 —153 —-1.15+0.05 —-1.34+0.3 —-1.29 0.14 -0.09 -1.24
= —0.65040.0025 —-0.53 —-0.64-0.06 —-0.7+0.2 —0.59 0.03 0.06 —0.50
CSGR 0.4% 0.05 0.0 0.46
A° —0.613+0.004 —0.65 —0.56+0.15 -0.7+0.2 —0.59 —0.06 —-0.01 -0.66
St 2.54 2.1+ 0.3 2.32 —0.52 0.40 2.20
5 0.54 0.6+0.1 0.51 —0.23 0.02 0.30
30 —1.46 -16+0.2 —1.30 0.06 —-0.36 -1.60
E/J 0.77 0.77 —-0.21 0.19 0.76
=0 -1.23 ~1.16 003 -019 -1.32
Q9 —0.99 —0.93 0.04 —-0.01 -0.90
A 0.39 0.1% 0.05 0.46: 0.05 0.409 —0.019 0.002 0.392
=t 0.39 0.5G:0.05 0.41 —0.02 0.01 0.40
=9 0.39 0.35 0.05 0.29 —0.0003 -0.01 0.28
=& -0.15 0.025 0.111 -0.080 0.006
=& 0.85 0.79 —0.02 0.07 0.84
Qb 0.73 0.706 —-0.012 -0.004 0.697
TABLE 2. The magnetic moments of the spgrf charmed baryons (in units @fy).
Baryon Data NRQM QCDSR LCQSR Valence Sea Orbital Total
(3] [10] [14]
Ha++ 3.7~75 6 4.13:1.30 4.4-0.8 4.53 -0.97 0.95 451
Ha+ 2.7t19+15+3[31] 3 2.07:0.65 2.2£0.4 227 -061 034 2.00
Hpo 0.0 0.0 0.0 0.0 -025 -026 -0.51
Un— -3 —2.07+£0.65 —2.2+0.4 —2.27 0.12 —0.87 —-3.02
st 3.35 2.130.82 2.#0.6 2.74 —0.67 0.62 2.69
Us+o 0.35 032+0.15 0.2Gt0.05 0.29 —0.29 0.02 0.02
[ —2.65 —-1.66+0.73 —2.28£0.5 —2.16 0.11 -059 -2.64
H=+0 0.71 —0.69+0.29 0.4Gt0.08 0.51 —0.26 0.29 0.54
U=z —2.29 —-151+052 —2.0£0.4 —1.64 0.08 —-0.31 -1.87
Ho+— —2.02+0.06 —-1.94 -149+045 —-1.65:0.35 —-1.76 0.08 -0.03 -1.71
—1.94+ 0.31[32]
M+ 4.39 481+1.22 4.09 —0.80 0.63 3.92
Hser 1.39 200+0.46 1.30 —0.36 0.03 0.97
Hszo —-1.61 —0.81+£0.20 —1.50 0.09 —0.58 —1.99
Hzzr 1.74 168+0.42 1.67 —0.39 0.31 1.59
Hzyo -1.26 —0.68+0.18 —-1.21 0.08 —-0.30 —143
Hoyo -0.91 —0.62+0.18 —0.89 0.05 -0.02 -0.86
Hzsit 2.78 278 -0.44 0.32 2.66
Hzer —0.22 —-0.22 0.04 -0.29 -047
Howr 0.13 0.13 0.02 -0.01 0.14
Mo+ 1.17 0.165 0.011 -0.002 0.155




