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Relativistic effect on the deformation of A(1232 in a chiral quark model
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Relativistic corrections in the electromagnetic transition operators forE@®&11 ratio in the yN—A
process are investigated based on a chiral quark model. The improved result shows that the effect of the
relativistic corrections plays a desirable role in the ratio when compared with our previous calculation.
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[. INTRODUCTION yN—A. It implies the importance of a chiral meson field
effect. An approximate way to realize the nonperturbative

Electromagnetic transitions between the nucleon and itphysics governed by chiral symmetry breaking in QCD is to
excited states, baryon resonances, are important probes fassume that in the low- and intermediate-energy ranges a
understanding the baryon structures. Now, investigation obaryon is composed of constituent quark components and a
the spin-dependent structure functions of nucleons in theneson cloud. It has been suggested that beyond the scale of
resonance region provides a new reason to study barysspontaneous chiral symmetry breaking, a light or strange
electromagnetic properties. Besides the Ellis-Jaffe sum ruldgaryon can be regarded as a system of three constituent
there is the Drell-Hearn-GerasimodDHG) sum rule [1]  quarks interacting by the exchange of Goldstone bosons and
which can be tested in the lim®?—0 (Q? is momentum confinement. This approach was first proposed by Manohar
transfej by absorbing transverse polarized photons on polarand Georgi in 198417]. Since then, much work based on
ized nucleons. This model-independent sum rule connecthis idea has been published. The work of Glozman and
the helicity structure of the cross sections in the inelastidRiska[18] and otherg19] for baryon spectra has shown the
region with ground state properti¢®]. We know that the advantage of the model. This constituent quark model was
DHG sum rule is almost saturated by the low lying reso-extended to investigate the baryon-baryon interadtin21]
nances, such a&8(1232) [3-5]. Therefore, to test the DHG as well. Recently, a nonrelativistic chiral constituent quark
sum rule, we need to understand the baryon properties in theodel[22] was applied to study the deformation&1232)
low-energy range. In addition, a study of th€1232) prop- by Shenet al. Their result indicated that including the chiral
erties provides valuable hints about the quark-quark interacneson field improved the theoretical prediction for the
tion as well as the magnitude of thz-state admixturg6], E2/M1 ratio. The important role of the chiral meson field
which indicates the presence of an oblate charge deformavas reflected in th®-wave admixture in thé (1232) wave
tion, in the wave function. It imposes strong constraint forfunction, which resulted from the tensor force of the Gold-
model-dependent calculations. Experiments at Mdiig ~ stone bosons exchange interaction. However, in this work,
SPring-8[8], SLAC[9], and Jefferson Lafil0] are expected relativistic corrections to the electromagnetic transition op-
to provide new tests for various model-dependent calculaerators of the quark-photon interaction were not included.
tions of the A(1232) properties, such as th2/M1 ratio.  From the quark model analyses in the literatiz8—25, we
Recently, the analysis of pion photoproduction in theeso-  know that the relativistic corrections, such as spin orbit and
nance region by Arndt, Strakovsky, and Workmftl]  nonadditive[23] terms, are very important in generating the
showed that theE2/M1 ratio is around 2.8+-0.93)%. model-independent DHG and Schwinger sum rules and the
Their result and information from LEG$12] about the low-energy theorem in Compton scattering. Therefore, in or-
D-wave admixture in the\ (1232) andP,,(938) wave func- der to give a consistent description of the baryon transition
tions have already provided a challenge for conventionaproperties, one should take the relativistic corrections into
guark model calculations. account.

It should be noted that most quark model investigations in  In the well-known Isgur-Karl model or its relativistic ver-
the literaturg[13,14] used the impulse approximation to cal- sion [13,14], we know that theD-wave admixture in the
culate the helicity amplitudes and tii2/M 1 ratio for the  A(1232) wave function caused by the tensor force of the
A(1232). Their results for that ratio are much smaller thanone-gluon exchange potential is not large enough to predict
the experimental datid5]. As has been show[i6] this dis-  the ratio of the electric quadrupole to magnetic dipole ampli-
crepancy is due mainly to the nonresonant meson exchandede E2/M1 in comparison with the dafd5]. The investi-
mechanism, which cannot be separated using just the procegation of Ref[22] made us believe that the consideration of

the tensor force coming from the Goldstone bosons exchange

interaction could provide improved results for the ratio and
*Electronic mail: dongyb@bepc3.ihep.ac.cn other electromagnetic properties of thé1232) in the low-
"Mailing address. energy region. In this paper, we shall reapply the chiral quark
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model[22] to calculate th&e2/M 1 ratio with the inclusion of analysis of this force could be seen in Rg#6]. So far, the
the relativistic corrections in the electromagnetic transitionstudy of the spin-orbit force is still an unsettled theoretical
operators, and moreover, pred@t-dependent behaviors of issue.

the E2/M1 andC2/M1 ratios forA(1232). To calculate baryon spectra, we determine potential pa-
rameters as follows. First, we choose quark mass0.35
Il. CHIRAL QUARK MODEL GeV and length parameter of the harmonic oscillator wave

function b=0.465 fm. In such case, the first orbital excited

In our chiral constituent quark model, the Hamiltonian of state of the system is about 500 MeV higher than ground

a baryon is state. We determine strong coupling constagtby fitting
5_2 the mass difference between thA€1232) andP,,(938). It
Hg=Bo+ >, m+ — +> (VﬁGE+Vi°j°”f+Vﬁh"a'), should be emphasized that if one uses the conventional
i 2m/) {5 Isgur-Karl model, only spin-spin contact term from the one

(1) gluon exchange interaction contributes to the mass differ-

ence, and the obtained strong coupling constgnrt1.15. In
where, besides the conventional perturbative one-gluon exyr chiral quark model, on the other hand, the spin-spin in-
change potential and confinement, the chiral meson exeractions from both one gluon exchange and chiral field
change interaction between the constituent quarks, whichttribute to the mass difference and therefore, the strong cou-
represents nonperturbative physics, is pling constant is suppressed to bg~0.67. This feature
means that the chiral field plays a remarkable role on the

Vicihlralz Vij+ Vi 2 interaction between quarks. Then, we apply the variational
, conditiondMy/db=0 to define the strength of the confine-
with ment. Finally, withinN<2 harmonic oscillator wave func-
tion space, we calculate the baryon spectra and wave func-
2 2 2 . .
~_ Ych Mz A - - tions. Our calculation result converges well as the model
1747 1om2 A2—m2 Ma(7i- 7)) space for the one-baryon Hamiltonian increases fhosa2
i to N<4.
A3 o In our analysis, we use the symi@&@2S*1X;) . to denote
X\ Y(mgrij) = — Y(Ary) (o4 o) a multiplet according to the underlying $8) spin-flavor
Mz symmetry, wherdB=N, A stands for the S(B) representa-
A2 tion (flavor octet or decuplgt 257X, is the usual spectro-
+| Yo(mari) ——5 Ya(Ary) Sij)a () scopic notationwith X=S, P, D, ..., staying forL and
m;, J(S) for the total angular momentuiispin], and7=S, M,

A indicates the symmetry type of the 8) states(symmet-
and ric, mixed, and antisymmetric, respectivelfComparing the
A(1232) andP,(938) wave functions in present calculation
> ggh and the results in the conventional Isgur-Karl model, we con-
1= 4r p2_g2e Y(m,fij) = m_oY(AriJ) @ firm that the chiral meson field enlarges thewave admix-
7 ture in the wave functions. The expansion coefficients of the
D-wave configuration mixingtA*D s and|A2D )y in-
crease about 25 and 45 % in td1232) wave function,
respectively, and the coefficient dN*Dy,)y increases
about 20% in theP4(938) wave function simultaneously.
All these results mean that the chiral meson effect enhances
the oblate deformation ak(1232) andP,,(938).
The magneticM ;. (or M1) and electricE;, (or E2)
transition amplitudes of thgN— A process have the follow-
ing relations with the transverse helicity amplitudég]:

2

where A(we chooseA=1 Ge\) is a cutoff parameter for
regularizing the potential at short distancgsg, is the chiral
coupling constant, which can be fixed by an empiric&lN
coupling constantgg,= (3m/5M N)gﬁNN(ngNNsz 14.2).
In above equations, we introduce following notati¢@8]:

S;=3(ai1ij) (0} Tij) =00y, 5

Y(X)= e’ Y =1+ 3 + 3 Y 6
(X)=—- Yax)= Xt (x). (6)
1
In Eq. (1), the confinement is the conventional linear poten- M1 == —=(3Az+ \/§A1,2),
! : /et 23
tial. The one-gluon-exchange interaction is
2 1 = IR R 1
VOCE=— —a| —— —| 1+ z0i- 0 | 8(ri) — —=Si |. 1
! 3 3 ! Am?r ] E1r=—=(Az—3A1. (8)
@ 2.3

Here, we mention that we do not include spin-orbit force,
because it has been proved that this force could give oufo calculate the transverse and longitudinal transition ampli-
unacceptable results comparing with the data. The detatldes, we use following transverse transition operdtdr
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e. TABLE |. The E2/M1 ratio atQ?=0 point in various quark
_ cE_ S5 i
H,= 2 [ejrj Ej- CTNdE B model calculations.
] i
e. N N —). —). N
_ i | E;x Pj P E, References E2/M 1(%)
4m, 2mj 2 i )
Isgur, Karl, and KoniukRef.[13]) -0.41
1 (;J. f;| .. .. Capstick and Kar(Ref.[14]) -0.21
2 aMlmm (eE;Xpj—¢E;Xp)), (9)  Gerstein and DzhikiyaRef. [28]) ~0.32
! y ! Weyrauch and WebgiRef. [29]) ~0.69
where the electric and magnetic fields are defined as Bourdeau and MukhopadhydiRef. [30]) —06
Gogilidze, Surovstev, and TkebuchafRef. [31]) —0.65
. 1. Lo
Ei=ioydm 20 exp(—k-rj), Result of Ref[22] without the relativistic effect —-1.09
Result of this work —1.40
. 1. . R
Bi=iv4w Zex k exp(—ik-rj). (10 Particle Data GrougRef. [15]) —1.5+0.4

In addition, the longitudinal currerdty [25]
the data in the Particle Data Group .5+ 0.4)%[15]. Re-
) o cently, the new work of pion photoproduction in there-
e gion [11] and the new analyses of Mainz gro{®2], and
Davidson and Mukhopadhyd3] all show that the magni-

n |eJ |Z (.) % _>)
e+ —=k- (o Xp;
] 4m12 J J

i (;J. o L - o .. tude of the ratio, which is around 2.5%, might be even
—2 gl m |8k pe*fi—ekxp;e*)t,  larger than the value in the Particle Data Grgap).
<l ! ' In Table I, our calculation result for thE2/M1 ratio at

(11 Q?=0 with the inclusion of the relativistic corrections in the
electromagnetic transitions is listed in comparison with our
is also used to calculate t@2/M1 ratio. Clearly, in above previous result without the correctiofi22] and other quark
operators, both the spin-orbit terfthe third term of Eq(9)  podel calculations. To investigate the effect of the relativis-
and the second term of E¢L1)] and nonadditive termthe e corrections in the transitions operators, we see that it
last terms of Eqs(9) and(11)] are included explicitly. The plays a desirable role to the calculation of B&/M1 ratio.

nonadditive term is associated with the Wigner rotation o - :
X . Although, the effect not significantly influence the mag-
the quark spins from the frame of the recoiling quark to the oug e effect does not significantly influence the mag

frame of the recoiling baryof23,27. These spin-orbit and nitude of the magnetiM 1 transition amplitude, it affects the

the nonadditive terms in the transition operators are not con'—52 transition amplitude oA (1232) evidently. The predicted

sidered in our previous nonrelativistic chiral quark modelValué of theE2/M1 ratio for the photoproduction increases
calculation[22]. It has been emphasized that these relativis{om — 1.0 t°_21-4 %. In Figs. 1 and 2, our present calcula-
tic terms are very important in generating the model-tions for the Q“-dependent behaviors of thg2/M1 and
independent DHG and Schwinger sum rufed,25 in the ~ C2/M1 ratios for the electroproduction in the equal velocity
limit Q2_>0 and the |0W_energy theorem in the Comptonframe (EVF) [34] are plotted in Comparison with the results
scattering. Therefore, the relativistic effect must be considof the Isgur-Karl model and our previous nonrelativistic chi-
ered consistently. ral quark model calculatiof22]. In the two figures, the data
are taken from Ref4.35,36 and Refs[36,37], respectively.
IIl. CONCLUSIONS From the figures, we find that the relativistic effect enlarges
the magnitudes of these two ratios and plays a positive role
If one takes SB) symmetry for the wave functions of as well when compared with the data. As a result, our im-
A(1232) andP4(938), which means no deformation in the proved predictions indicate that the relativistic effect is im-
wave functions, only thé1 transition amplitude is left and portant for the determination of the electromagnetic proper-
the E2 transition amplitude vanishes. This is because, in thisies of baryon resonances and it should be considered
symmetry limit, we have a constraint condition consistently.
As,=+/3A1. In addition, the longitudinal transition ampli- Our present result for thE2/M 1 ratio atQ?=0 point is
tude Sy(S1,=(f,1/2|30]i,1/2)) is zero too in this limit. in qualitative agreement with the previous calculations of the
Therefore, the consideration of the oblate deformation in thehiral quark soliton model by Watabet al. [38] and the
A(1232) andP,(938) wave functions, which result from linear & model and chiral chromodielectric mode9]. In
the tensor force, is one way to predict the nonvanishing dat&ef. [38], the NJL model was used to calculate the ratio for
of the E2 and S,;, amplitudes. To indicate that the tensor photoproduction. The effect of the pion cloud does not ap-
force of the one-gluon exchange interaction is not largepear explicitly. It shows that the main oblate charge defor-
enough in the conventional quark model calculations, we dismation is due to the Dirac sea which can be expressed in
play some previous resulf43,14,28—31for theE2/M1 ra- terms of the dynamical pion field. The estimate@/M1
tio in Table I. Clearly, all those results are much smaller tharratio of Ref.[38] was —2.6% which was close to the predic-
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FIG. 1. Qz-dependent behavior of thE2/M1 ratio. The solid, dashed, and dotted curves are the results of our present work, the
conventional Isgur-Karl model, and R¢R2] without including the relativistic corrections in the transition operators, respectively. Data are

guoted from Refs[35,36.
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tion of Ref.[39]. It should be mentioned that, in our calcu- tioned that the spectroscopy Bf ;(1440) andP45(1600) in
lation, the calculated helicity amplitudes,, and A5, still the Isgur-Karl model are more than 100 MeV heavier than
remain almost the same as those in the Isgur-Karl model anghe experimental data. Therefore, the spectroscopy of the two
are smaller than the data, and the estimated value for thetates is perhaps the most problematic in both nonrelativistic
E2/M1 ratio is about a factor two smaller in comparison and relativistic versions of the Isgur-Karl model. The calcu-
with the new dat@11,32,33, although it agrees with the data |ation of photoproduction and electroproduction by Li, Burk-
of the Particle Data Group. These discrepancies mean th@rt, and Li[43] indicated that both resonances might be hy-
limitations of the present chiral constituent quark model,riq states other than three-quark excited states. The
where the meson cloud effect is approximately reflected ingentification of the two states is still an open issue. We

the Goldstone bosons exchange interaction between the Cofjajieve that the future experiments at Jefferson Lab would
stituent quarks for simplicity. To solve the problems, we

; : ; ) .~ provide us hints about their structures.
believe that the consideration of the dynamical model of p|orP

hotoproduction and electroproduction given by Nozawa To summarize this paper, we have show the remarkable
P pr ; P 9 y effect of the relativistic corrections in the electromagnetic
Blankleider, and Le40] is hopeful.

Actually, the present chiral quark model is just one way totransition operators on the determination of th¢1232)
improve the theoretical predictions for the2M1 and properties. The important role of the chiral meson cloud is

. ; also confirmed. We conclude that all the relativistic effects
CZ/Ml ratios ofA(1232). Thg cons'tltuent quark model cal- embodied both in the transition operators and in the configu-
culation based on the consideration of the two-body ex

Tation mixing caused by the tensor force of the chiral meson
_change currents by Buchmann, Hernan_dez, and Fagdsler exchange interaction should be considered simultaneously.
is another method to enhance the predicted value of the ratio

E2/M 1. However, the two-body currents play a negative role  This work was supported by National Natural Science

to the photocoupling$42]. In addition, it should be men-
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