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We estimate the valence quark contributions for the y*Y — A* (Y = A, 20) electromagnetic transition
form factors. We focus particularly on the case of A* = A(1670) as an analogue reaction with y*N —
N(1535). The results are compared with those obtained from chiral unitary model, where the A*
resonance is dynamically generated and thus the electromagnetic structure comes directly from the
meson cloud excitation of the baryon ground states. The form factors for the case ¥ = X in particular,
depend crucially on the two real phase (sign) combination, a phase between the A and A* states, and the
other, the phase between the A and X radial wave functions. Depending on the combination of these two
phases, the form factors for the y*3% — A* reaction can be enhanced or suppressed. Therefore, there is a
possibility to determine the phase combination by experiments.
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I. INTRODUCTION

With the development of modern accelerators, the study
of the meson and light baryon structure has become one of
the most exciting topics in physics. Although the under-
lying theory of strong interaction, quantum chromodynam-
ics (QCD) has been known for a long period, its complexity
in the low energy region forces us to use some effective
theories (aside from lattice QCD), either based on the
quark and gluon degrees of freedom, or some effective
interactions between the mesons and baryons. Among the
various possible meson-baryon reactions, the reactions that
involve strangeness are particularly interesting, due to the
accessibility of modern accelerators to strange particles
such as kaons, K, antikaons, K, and hyperons, 2 and A.

In this study we focus on the electromagnetic excitations
of the A hyperon ground state. The A ground state A(1116)
is JP=J" and belongs to the spin 1/2 octet baryon
multiplet, in which the nucleons also belong. The lowest
mass of the A excited state (A*) reported by the particle
data group [1] is A(1405), a J© = %_ state. The A(1405)
state has created a great deal of interest over the years for
the following reasons: (i) it has been suggested as a dy-
namically generated state (molecularlike state) composed
largely of the 772 and KN states [2-5]; (ii) it is difficult to
classify in terms of naive quark models based on SU(6)
symmetry. In the representation of spin-flavor SU(6) sym-
metry the A(1405) state can be a mixture of three dis-
tinct 3-quark states, including the A-singlet state [6-8].
However, its mass is difficult to predict in the Karl-Isgur
model [8], as well as in the cloudy bag model (CBM) [9].
In the CBM, the A(1405) state was interpreted primarily
as a KN bound state [9]. Thus, there is a strong indica-
tion that the A(1405) state is a dynamically generated
meson-baryon molecularlike state with a single or a double
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pole structure [9-19]. In particular, it was demonstrated
that the A(1405) state is composed substantially of the
meson-baryon components within the chiral unitary model
[13]. Nevertheless, there are some works that support
A(1405) as a 3-quark state [20-22].

Therefore, the study of the y*A — A" reaction is very
interesting for the following reasons. In one aspect this
reaction has a possible analogy with the y*N — N*(1535)
reaction. Because y*A — A* is a transition between the
JP'=1% and JP =1 states, we have the possibility of
interpreting the A(1405) state as a p-state excitation of one
quark in the ground state A(1116), analogous to N*(1535),
a p-state excitation of the nucleon [23]. However, the
A(1405) state has considerably lower mass than
N*(1535). Furthermore, it has a larger mass difference
with the nearest d-state partner A(1520) compared to the
case of N*(1535) and N*(1520). The mass order is even
reversed for the A(1405) case. Because of the reasons
discussed above, it is very difficult to interpret naively
A(1405) as a simple p-state excitation of A(1116).

Searching for the next higher mass excited state of
A(1116) with J* = %7, one finds A(1670), which can be
an analogous with §; excitation of the nucleon, N*(1535).
Since 3° is the neutral 3 ground state (J* = 1*) which
belongs to the spin 1/2 octet baryon multiplet, and the
y*2% — A* reaction is similar to the y*A — A* reaction,
we also focus on the y*2% — A* reaction in this study.
Because A(1116) and 2°(1193) are similar in masses, the
two reactions differ mainly in the initial state quark con-
figurations. As for the other interesting aspect, we note that
the A(1670) resonance can also be described as a dynami-
cally generated meson-baryon state [18,19], and the
¥*Y — A* transition form factors for ¥ = A, 20, were
calculated in chiral unitary model [17].

© 2012 American Physical Society
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In the previous works, a valence quark model was applied
to study the y*N — N*(1535) reaction, and the correspond-
ing transition form factors and helicity amplitudes were
studied [23,24]. The reaction was also studied in coupled-
channels chiral dynamics (chiral unitary model) [25]. In the
chiral unitary model the contributions for the transition
form factors come entirely from the meson-baryon states
(meson cloud effect). For the y*N — N*(1535) reaction
the transition form factors F} (Dirac-type) and F; (Pauli-
type) can be expressed in terms of the transverse (A, ;) and
longitudinal (S ») helicity amplitudes [23,26]. In Ref. [23],
it was found that the F7 can be explained very well just
taking into account the valence quark effect. By contrast,
the meson cloud seems to play a very important role for the
F3, in particular, in the low Q? region [25]. Then, such
different roles between the valence quark and meson cloud
effects may be reflected in the experimentally extracted
helicity amplitudes S/, and A, /,. This possibility was in-
deed demonstrated in Ref. [24]. We will also briefly review
these results.

Therefore, one of the main motivations of this study is to
investigate whether or not the different roles of the valence
quark and meson cloud effects observed for the y*N —
N*(1535) reaction can also be observed in the y*Y — A*
reactions with ¥ = A and 3°. In particular, we focus on
the structure of A(1670) in this study. Assuming that
A(1670) is a radial p-state excitation of A(1116), we
estimate the valence quark contributions for the y*Y —
A transition form factors as well as the helicity ampli-
tudes. For this purpose, we use the covariant spectator
quark model [23,27-29], which was successfully applied
to the study of the y*N — N*(1535) reaction. The results
of the covariant spectator quark model for the y*Y — A*
reaction are also compared with those obtained with the
chiral unitary model [17], where the A* is generated as a
meson-baryon molecularlike state such as the NK, A7,
and EK states. Then, one of the interests is the structure of
the A(1670) state, namely, how it can be interpreted, either
it is predominantly a meson-baryon molecularlike state, or
dominated by the 3-valence-quark state. Furthermore, we
also show that the y*3° — A* transition form factors
depend crucially on the combination of the two unknown
real phases (signs), a phase between the A and A* three-
quark wave functions (to be denoted by 7,+), and a phase
between the A and 3° wave functions (to be denoted
by 1,50).

This article is organized as follows. In Sec. II, we define
the v*Y — A* (Y = A, X°) transition form factors and
their relations with the helicity amplitudes. In Sec. III,
we present the covariant spectator quark model and esti-
mate the valence quark contributions for y*Y — A*
(Y = A, 2%. We discuss in Sec. IV the A(1670) state
based on the chiral unitary model and estimate the contri-
butions from the meson-baryon states in the y*Y — A*
(Y = A, 29 reactions. In Sec. V, we present the results
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from both models, and provide a discussion. Finally, in
Sec. VI we provide the conclusions of the present study.

II. FORM FACTORS AND HELICITY AMPLITUDES

The y*Y — A" electromagnetic transition current for Y
a strangeness S = —1 and J* = 1" state, and A" a J© =
1

5 excited state of the A ground state (J© = %*), can be

represented as [23,26]
v
= (-2 1o + 2

Y (2
Q) s )

where F lY (i = 1, 2) are the transition form factors, and ¢
the four-momentum transfer (defined below) with Q% =
—q?. The factor e is the absolute electron charge given by
e = «/4ma with a being the electromagnetic fine structure
constant. Note that the form factors are frame independent
since Eq. (1) is Lorentz covariant. We are particularly
interested in the cases ¥ = A and X in this study.

The current J} can be projected on the initial state
uy(P_, S.) and final state iy (P, S%) Dirac spinors, where
P_ (P.) is the initial (final) momentum, ¢ = P, — P_,
and S, (S7) the spin projection.

More familiar matrix elements may be the helicity am-
plitudes. In this case the current J4 is projected on the

photon polarization states e( ), where the polarizations can
be longitudinal (A = 0) or transverse (A = *). As the
photon polarizations depend on the frame, the helicity
amplitudes are frame dependent. The most common choice
of the reference frame is the final state rest frame, A* at
rest. In this frame we can define the transverse (AIY/Z) and

longitudinal (S /2) helicity amplitudes as [26]

2ma . 1 1
o=y N s =g [ [rs==5)
2
’277a . 1\ lqly
S1/2 K e<A SI E(O)‘JY Y,SZ=+§>j,
3
with @ = £, and
M2, — M3

In the above ||y is the absolute value of the photon three-
momentum ¢ in the A* rest frame,

_ [0y My T Oy
IR

— 2 7
lqly My)”+ 0 ]

(&)

The subindex Y is to label the initial state.
In the A* rest frame we can relate the helicity amplitudes
with the form factors [26]:
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My —M
A, = —2b[F1Y TR T ] (6)
A* Y
|(I|y My« — My
Y =\2b(M,-+M —[—FY— FY], 7
1/2 \/—( A Y)Qz MA*+My1 T ()
with
2
=< ___ (®)
(My- + My)?
and
My + My)* + Q7
b=e(A 2y) 2Q' ©)
8My(M3. — M3)

II1. SPECTATOR QUARK MODEL

In the spectator formalism [30-32] a baryon is repre-
sented as a 3-quark state and the wave function is ex-
pressed in terms of the corresponding baryon spin flavor
[27,29,33]. Then the baryon system is decomposed as
an off-mass-shell constituent quark, free to interact with
electromagnetic fields, and two on-mass-shell quarks.
Integrating over the on-mass-shell momenta we reduce
the baryon to a quark-diquark system which has an effec-
tive diquark mass mp [27,33,34].

The electromagnetic interaction with the quark is de-
scribed in terms of a vector meson dominance parametri-
zation (to be described later), that simulates the constituent
quark internal structure. The quark structure parameterizes
effectively the interactions with gluons and quark-
antiquark polarization effects. The quark electromagnetic
current was calibrated previously by the nucleon and dec-
uplet baryon data [27,33], and also tested in the lattice
regime for the nucleon elastic reaction as well as for the
yN — A transition [28,33,35,36]. The model was also
applied to the physical regime to study the octet baryon
and decuplet baryon systems [28,37-42], and some of the
excited states of nucleon and A [23,43,44].

A. Wave functions

We next discuss the spin-flavor-radial wave functions of
the systems relevant in this work, namely, A, 2°, and A*,
where A is interpreted as a 3-quark excitation of the
A ground state with negative parity. The structure of
the A and 20 systems are based on Ref. [28], which studied
the octet baryon electromagnetic properties. As for the A*,
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based on the structure considered for the N*(1535) in
Ref. [23], we generalized it.

1. Spin-flavor wave functions

In Ref. [28] it was shown that the octet baryon systems
can be described reasonably well in an S-state configura-
tion for the quark-diquark system, and that the same struc-
ture of wave function applies for all the members of the
octet baryons except for the flavor states. The general
structure of the wave function is written by [28]

VP, = LBy + UM TP, (10)
where P is the total momentum of particle Y, k the diquark
momentum, ¢ is the radial wave function, and d)g’l are
the spin wave functions. The flavor wave functions are
presented in Table I. The spin wave functions (the same
for all the octet members) are expressed as [23,27,28]

d)g‘ = uY(Pr Sz)r ¢le‘ = _(8;)Q(AD)U?(P’ Sz)’ (11)

where U is the vector-spinor [27,40],

a

1 P
Ug(P,s) = ﬁ%(?’a - M_Y>MY(P’ S, (12)

and uy(P, S,) the Y-Dirac spinor with the spin projection
S.. In Eq. (11), ep(Ap) with Ap =0, = are the spin-1
diquark polarization states defined in the fixed-axis repre-
sentation as a function of the ¥ momentum [27,45]. For
later discussions, we note that, even the flavor states can be
well defined, the total wave functions can have sign
ambiguities due to the normalization constants for the
radial wave functions iy. Note however, that the sign is
not relevant for the elastic reactions like the A and X
electromagnetic form factors, since the results are propor-
tional to the integral with the product of the two (real
number) functions ¢y, although they have different argu-
ments [28].

As for the A* state with J¥ = %_, we use the analogy
with N*(1535) to represent the corresponding wave func-
tion. Assuming as in Ref. [23] that A" is dominated by
the internal quark states with a total spin 1/2 and has no
P states inside the diquark (pointlike diquark), it is
written by

1

WA*(Pr k) = \/E

[P, M)\ — PyIMg)A]h 5= (P k), (13)

TABLE 1. Flavor wave functions of A and 0.
Y |Mg)y |M4)y
A %[(dsu — usd) + s(du — ud)] 711=E[s(du — ud) — (dsu — usd) — 2(du — ud)s]
30 7]1—2[s(du + ud) + (dsu + usd) — 2(ud + du)s] M(dsu + usd) — s(ud + du)]
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where ®, and ®, are the spin states to be defined
shortly, and 5+ the A" radial wave function. Note that
A" and A are described by the same flavor wave function
(see Table I). The states P, , are defined, respectively,
by [23],

O,(x) = —ysN-[(eg Ruy (%) = V2(es - Buy (7)),
() = ys Ny [eo - DelUS.(2)
—V2(e+ - k)eLUS.(F)] (14)

where * hold for the spin projections S, = * %, and g,
is a short notation for £p(0) of the diquark polarization
associated with the A*, and N'\. is the normalization

factor, and
Pk

k=k-—
M3.

P. (15)

This last four-momentum reduces to the diquark three-
momentum in the A* rest frame. As for U§-, it is defined
by Eq. (12) with My — M ,-. The normalization factor
N\ can be represented as

Ny = nyN, (16)

where N = 1/v/—k%, and 7,- is a relative phase (sign)
between the A and A" states to be discussed later.

The states @, and ®, in Eq. (14) are constructed,
respectively, to be antisymmetric and symmetric for the
interchange of the quarks 1 and 2 [23].

2. Radial wave functions

Since the baryon and the diquark are on-mass shell in the
spectator quark model, we can represent the baryon radial
wave function in term of (P — k)2. We can use then the
dimensionless variable

(Mp — mp)* — (P — k)

= , 17
XB Mymyp, (17)

where Mp is the mass of the baryon B and myj the
diquark mass. Following Ref. [28], we take the form for
the Y ( = A, 2°) wave functions,

Ny
mp(By + xv)(Bs + xy)’

where the values of 8, and B; were fixed in Ref. [28] as
B1 = 0.0440 and B3 = 0.7634, and Ny is the normaliza-
tion constant. We assume that Ny is positive. While 3,
parameterizes the spacial long-range distribution of the
quarks which are dominated by the light quarks, 85 regu-
lates the short-range structure in a system with only one
strange quark. The normalization constant, Ny, is deter-
mined by the condition

py(P, k) = (18)

jk 1y (B OP = 1, (19)
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where P = (My,0,0,0) is the Y momentum in its rest
frame, and [, stands for [ % , where E, is the diquark
D

on-mass-shell energy. Note that Eq. (19) only determines
the magnitude of Ny, but not the sign.

For the A" wave function, we also take the form of
Eq. (18), except that yy is replaced by y,-, meaning that
the My is replaced by M ,-. This choice is equivalent to
stating that A and A* have the same radial wave function,
and they are distinguished only by the spin states. It also
means that the normalization constants in the radial wave
functions N, and I\ - are equal' and therefore have the
same sign.

We can now discuss the sign 7, in Eq. (16). Since it is
already assumed that the normalization constant of the
radial wave function N, is positive, n,- defines the
sign of the y*A — A* transition form factors. Because
we have no clue for the sign of the form factors until the
date, we will keep the factor n,- in the following equa-
tions. We also call attention to the fact that the sign
corresponding to the y*N — N*(1535) reaction is equiva-
lent to m+ = 1, where this was determined by the experi-
mentally extracted sign for the form factor Fy [23].

B. Electromagnetic transition current

The electromagnetic current for the transition
v*Y — A* in a relativistic impulse approximation is given
by [27,28,33]

Ty =3e) /k V(P kAW (P k),  (20)
r

where I" = {s, A\p} (the scalar diquark s, and the vector
diquark polarizations A, = 0, *=1), and j§ is the quark
current operator associated with the quark 3. The factor 3
accounts for the contributions from the quark pairs (13)
and (23) [the same contribution as that from the pair (12)].

1. Quark current

The quark current j§ (in e units) can be represented as
[27,28,33,40,41]

iot’q
) + . y’ 21
N A Y (2D
where M is the nucleon mass, and
. dq
eyt (22)

and j; (i = 1, 2) are the Dirac and Pauli quark operators,
respectively. The inclusion of the term ¢g* /g in the quark

'For the radial wave functions with the structure of Egs. (17)
and (18), the normalization condition given by Eq. (19) uses

XB = 2(% — 1), which is independent of the baryon mass. As a

consequence, the normalization constant is independent of the
baryon mass.
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current is equivalent to using the Landau prescription
[46,47] to the final electromagnetic current. The term
restores current conservation but does not affect the
observables calculated [46].

The operators j; (i = 1, 2) act on the flavor states |M )y
and |M ), written in terms of the symmetry with respect to
the quark 3. The operators j; can be decomposed into the
sum of SU(3)-space operators [28,33],

=t A @)

where A, = diag(1, 1,0), A3 = diag(l, —1,0), and A, =
diag(0,0, —2), and f;, (i=1, 2, n =0, *) define the
constituent quark form factors. The operators act on the
third quark, where the quark wave function is represented
by ¢ = (uds).

The quark electromagnetic form factors are normalized
as f1,(0) =1 (n =0, %), f,2-(0) = k=, and f5)(0) = «,.
The isoscalar (k) and isovector (« _) anomalous magnetic
moments are related with the u and d quark anomalous
magnetic moments by x = 2k, — kg and kK = Sk, —
%Kd [27]. As for k,, it is the strange quark anomalous
magnetic moment [33,42].

2. Quark electromagnetic form factors

To parameterize the quark current (23), we adopt the
structure inspired by the vector meson dominance mecha-
nism as in Refs. [27,33]:

fra = Ayt (=) e e
foe = afd m%’"f%’gz - di)M%Mf’%QZ},
Ja = K‘Y{dombeQz + (1 — dy) M}%A?QZ}

where m,,, m, and M), are the masses, respectively, corre-
sponding to the light vector meson m,, ~ m,,, the ¢ meson
(associated with an s5 state), and an effective heavy meson
with mass M, = 2M to represent the short-range phe-
nomenology. For the isoscalar component it should be
m, = m,, but we neglect the small mass difference be-
tween the p and w mesons, and use m,. The coefficients
co, c+ and dy, d- were determined in the previous studies
of the nucleon (model II) [27] and )~ [33]. The values
are respectively, ¢, =4.160, ¢ = 1.160, d, =d_ =
—0.686, ¢y = 4.427, and d, = —1.860 [33]. The parame-
ter A, = 1.21 is fixed to give the correct quark number
density in deep inelastic scattering [27].

In this study we use the values of the parameters deter-
mined by the study of the octet baryon electromagnetic
form factors [28]:

PHYSICAL REVIEW D 85, 093014 (2012)

Kk, = 1.6690,  k;= 19287, K, = 1.4620. (25)

With the wave functions (10) and (13) one can write the
quantity in Eq. (20) as

= A 45 » AR
D W,y = +f{ 10,943 + j1 D,
r

ict’q, 0}
2 oM 7S

Al o= . 57
~S {0y + 59,

ioht'q, 1}
M s
(26)

where
JE = MaljilMy)y, 7P = MgljilMg)y,  (27)
for i = 1, 2, and they are the coefficients that encap-
sulate the flavor effect [28,33,41], and A =
N p- (P, K)py(P_, k). In Eq. (26) the sum in the
diquark polarizations Ap is implicit for the vector diquark
contributions (terms in gb}g).
The calculation of the coefficients le,s (i =1, 2) gives

o 1 . 1
= 8fi+: Jt=—fir —4fp0) (28)

18
for the y*A — A™ reaction, and
i = _Lf. 'AZLJC. (29)
]1 \/Ti i— ]1 \/1—'2' i—»

for the y*2° — A* reaction. In the case of y*A — A*, the
coefficients are the same as ones calculated in Ref. [28] for
the elastic A electromagnetic form factors. As for the
y*20 — A* reaction, they are explicitly calculated, and
the coefficients are the same as those for the reaction
y*A — 20, and reflect the isovector nature of the reaction
[48]. In both reactions, there is no interference between the
|M,)y and |Mg)y states, which are in the initial and final
states.

Note that, in the second term in Eq. (26), there is a
dependence on the diquark polarization vectors &p (Ap)

and €5"(Ap). As already mentioned, these states are de-

fined according to the fixed-axis representation [45] and
depend also on the masses of the final (M ,-) and initial
(My) states, respectively. Taking into account the sum in
the diquark polarization states, we have [40,45],

Ak = 28g+ (/\D)&‘Ilzf (Ap)
Ap

pepP PP
) A S

P,-P_ M3.
P+'P7 B
X(Pp————P_), 30
(P =" ) (30)
with
a MMy 31)

P, P_(MyMy+P, P
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The calculation of the current (20) is carried out by the
reduction from Eq. (26) to the evaluation of a few matrix
elements. We present in Appendix A the explicit expres-
sions for these matrix elements.

The final result is given by

Jy = +te= (311 + DIy P ys

ioc*’q,
2M

1
- e*(3j2 - JQ)IY Yss (32)

2

where

1,(0%) = — ﬁ Nieo - )b oo Py Dby (P ). (33)

The integral Iy is covariant and includes the radial depen-
dence of the wave functions. We call I, the overlap
integral.

C. Form factors

Combining Eqs. (1) and (32) with the coefficients in
Eq. (28), we obtain the form factors for the y*A — A*
reaction,

FHOY) = (/1@ ~ 2@, G

MA* + MA I

FQ%) = *fzo(QZ) (35)

As for the y*2% — A* reaction, using Eq. (29) we obtain

1
FX(Q*) = - J—T-z-fI,(QZ)I s, (36)

=+
M Ie. 37

F3(0%) = +ff2 (0%
Note that the presence of the factor 2M in the form factor
expressions, which is a consequence of the quark Pauli
current expressed in terms of the nucleon mass M [27,33]
in Eq. (21).
The overlap integral Jy can be evaluated in the A* rest
frame to give a simple expression [23],

k
15(0%) = ny- [k (P (P, (39

where

= (EY: Ox Or + = (MA*) 0) 0) 0)7 (39)

—laly),

. M2, +M3+Q?
with Ey = ‘/M%, +ql3 = 25— QM;

From Eq. (38) we may conclude that the signs of the
overlap integrals for ¥ = A and Y = X depend on the
relative sign of the A and 3 scalar wave functions.
Defining the factor,

PHYSICAL REVIEW D 85, 093014 (2012)

NN
I Vo T E (40)
AINS
which gives the relative sign between the A and X, radial
wave functions, we can write in the limit M, = Mso as

sgn (Is) = nyso X sgn(y). 41)

This result is equivalent to state that the relative sign of the
integrals J, and Is is given by the relative sign of N
and Ny (or m,so0). Since the M, and Mo values are
close, it is expected that relation (41) also holds for a
certain region of Q. The phase 7m,so is unknown at
present, as the same reason for the sign of the y*A — X°
transition magnetic moment u,vo is unknown [1]. If the
sign of w,so is determined, we may be able to fix the sign
for the y*X%— A* transition form factors within the
present approach. Therefore, although we will assume
Mnase = 1 in the presentation of our results later, we will
also discuss the alternative sign possibility.

For later discussions, it is also important to mention that
the integral (33) has a behavior,

I(0 = ldqly, (42)

for small |qly. Recall that |q|y, given by Eq. (5), is the
photon three-momentum in the y*Y — A* reaction in the
final A" rest frame. See Appendix C of Ref. [23] for
the derivation of the relation (42).

We can now discuss the Q2 range applicable for the
present model. From the definition of the transition form
factors (1), we can conclude that the Dirac-type form factor
FY should be zero or vanish when 0 — 0. However, in the
present case if M- # My, one has F(0) # 0. That is a
simple consequence of the relation (42), from which we
can conclude that J,(0) # 0 in the case of Q> = 0, when

M2, —M?
laly = laloy = 731‘4‘«* :
Y and A™ states not being orthogonal in the spectator quark
model.> The two states would be orthogonal only in the
case of M- = My, when |qlyy = 0. We can regard the
states as approximately orthogonal when |q|yy is very
small, which leads to J,(0) = 0. Then, we can assume
that the condition Jy(0) = 0 is satisfied when Q% > |q|3,

Interpreting A* as A(1670) (M- = 1.670 GeV) the
model is then applicable when Q2 > |q|3 = 0.21 GeV?
(M, = 1.116 GeV) for the reaction involving A, and when
0% > |ql3 = 0.17 GeV? (Mso = 1.193 GeV) for the re-
action involving 2°.

. This result is equivalent with the

This is a consequence of the fact that we cannot simulta-
neously have Y and A* at rest when Q> = 0, unless the particles
have the same masses. Considering, for instance, A* at rest in the
following. According to Eq. (39), one gets P, = (M-, 0,0, 0),

M3 +M .
but P_ = ( St ,0,0, _Iqloy). Therefore, Y is not at rest.

2
)4
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IV. CHIRAL UNITARY MODEL

In this section, we briefly explain the description of the
A(1670) resonance and the calculation of the correspond-
ing form factors in the chiral unitary approach. Here we
consider the model presented in Refs. [17,18].

A. Description of A(1670)

In the chiral unitary model, A(1670) is dynamically
generated in s-wave meson-baryon scattering in the
coupled channels of KN, 72, ynA, KE, wA, and 3
with zero total charge. Here we take small isospin breaking
into account in the masses of the mesons and baryons. The
s-wave scattering amplitude in these channels is calculated
with the scattering equation given by

T(W) = VW) + V(W)GW)T(W), (43)

where W is the center of mass energy of the two-body
system. Based on the N/D method, neglecting the left-
hand cut, a solution of the scattering equation can be
obtained by a simple algebraic equation [19]

T=(1-VG) V. (44)

For the interaction kernel V in Eq. (44) we take the
lowest order of the chiral perturbation theory, which is
the Weinberg-Tomozawa term, as

1

with the coupling strength C;;, the meson decay constant f
being fixed as f = 1.123f, with f_ =93 MeV, the
baryon mass M;, and the normalization of baryon state
N; =+ (M; + E;)/(2M,), where E; is the baryon energy in
the center of mass frame. It is important to note that the
coupling strength C;; is fixed solely by the flavor SU(3)
group structure of the channel, and thus once we fix the
meson decay constant, there are no free parameters in the
interaction (45). We do not include an explicit pole term in
the interaction. This is the reason that the obtained reso-
nance in the scattering amplitude is called a dynamically
generated resonance.

The diagonal matrix G in Eq. (44) is the meson-baryon
loop function given by

d*p 2M,; 1
G(W)=1i ! ,
(W) lf(ZW)4pz—M12+i6(P—p)2—ml-2+i6
(46)

with the center of mass energy P = (W, 0,0,0) and the
meson mass m;. The divergent loop function can be calcu-
lated in an analytic form using dimensional regularization,
which isolates the divergent part from the integral. The
remaining finite constant being called a; is determined
phenomenologically by experiments. Here we use the
threshold branching ratios of K~ p to wA and 772, observed
by stopped K~ mesons in hydrogen [49,50]. In this study
use the following a; constants determined in Ref. [18]:
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agy=-—184, a,s=-2.00, a,y=-1383

_ _ _ (47)
anpn=—2.25 a,s=-238, agz=—2.67,
with the scale of the dimensional regularization

Mm = 630 MeV.

Since the obtained amplitude is written in an analytic
form, we can perform analytic continuation to the complex
energy plain to look for resonances poles in the second
Riemann sheet. The pole position for the A(1670) reso-
nance in this model can be found at

z = 1680 — 20i [MeV]. (48)

We also obtain the coupling strength g/, of A(1670) to the
channel i as a residue of the scattering amplitude at the
resonance pole. The values of the couplings are given in
Ref. [17]. The couplings characterize the structure of
A(1670). A(1670) has large couplings to the nA and
KE channels. As discussed in Ref. [13] the values of the
constants a; are very important for the nature of the dy-
namically generated resonance. If we take the constants a;
determined in the natural renormalization scheme which
excludes the Castillejo-Dalitz-Dyson pole contributions
[13], we obtain a resonance pole at 1700 — 21i MeV
[17]. This is not so different from the pole position (48)
determined phenomenologically by the K~ p threshold
branching ratios. This means that the resonance obtained
in this parameter set is composed mostly by meson-baryon
components.

B. Transition amplitude

We calculate the transition amplitude of the A(1670)
resonance using the method developed in Ref. [25]. In the
following we adopt an alternative parametrization for the
transition current to Eq. (1) as given in Ref. [17]:

JYNR = MWRgrt + MIRPY G- g+ MWRgra - g, (49)

where o* = (0, ) with the Pauli matrix ¢’ for the hy-
peron spin space and P4 = (M-, 0,0,0) and g* are the
A* and photon momenta, respectively. The current J ;‘ NR 1S
projected on the Y and X° Pauli spinors. This representa-
tion is equivalent to the transition current J} of Eq. (1)
once one understands that the spin projection on the
asymptotic  state Dirac  spinors uy(P_,S.) and
ip-(P4, S!) is already performed in the A* rest frame
(39). The index NR is intend to indicate that we will
make a nonrelativistic reduction of the operators and take
the leading order contributions, but still the current itself is
covariant. The parametrization (49) together with the
gauge invariance condition,

MR+ MYRg - P, + MERg? =0, (50)
is equivalent to the representation of Eq. (1).

With these amplitudes the transition form factors are
written as
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1, 1 [My( My

Y2\ — N2 Y A NR NR

FOI=0" 17~ MA*\MerMA*:MZ M )
(5D

1,1 [M
FY(0?) = (My + M - )2 —| —— =
2(Q%) =My +Mp)*~ = 7%

M\
X (——A MYR + 73\42“‘), (52)
My + MA* -

where 7 is given by Eq. (8), My and M »+ are the masses of
the hyperon ¥ and A*, respectively, and we set® M- =
1670 MeV. In the above equations, the factor % must be
included since the form factors defined by (1) are defined
without e and the transition amplitudes MR include the
factor e as shown next. The absolute phases of F] and F}
are arbitrary in the present model. Here we define the
phases of the transition form factors obtained in the chiral
unitary model so that the value of Af/z(Qz) at 9> = 0 for

each hyperon Y should be real and positive. This is equiva-
lent to set the value of F}(0) real and negative from Eq. (6)
with F¥(0) = 0 thanks to gauge invariance.

The transition amplitudes MR are calculated based on
the Feynman diagrams shown in Fig. 1 in a nonrelativistic
formulation in which the operators are expanded in terms
of 1/M; and only the leading contributions are taken. The
amplitudes are decomposed in terms of the Lorentz struc-
tures given by Eq. (49). As shown in Egs. (51) and (52), the
transition form factors can be expressed by MR and
MR, Since it was found in Ref. [25] that diagram
(c) has only MR term, which is irrelevant for the form
factors, we can actually omit diagram (c) for the present
purpose. It should be noted that the amplitudes M)® and
MR remain finite although each process contains one-
loop integral. Since diagram (b) has the yBB vertex having
the 1/M; factor, diagram (b) gives only subleading
contribution in the nonrelativistic limit and we neglect
diagram (b).

Each vertex in the diagrams is given by the chiral
effective theory. The basic interactions of the mesons and
baryons are given by the chiral Lagrangian:

D _
L oypg = — NeT; Tr[By, vs{o* D, B}]

_F

\/-2—f Tr[BY,u YS[GM(I)’ B]]’ (53)

with the meson and baryon fields, ® and B, defined by

*In the previous work [17], M~ = 1680 MeV was used. This
value corresponds to the real part of the pole position for the
A(1670) in the present model.
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’\/\’l"/‘vx,\\p /,’_>\\\\ / R .
e e
(a) (b) ()
FIG. 1. Feynman diagrams for the phototransition to the A*.

The solid, dashed, wavy, and double lines denote octet baryons,
mesons, photon, and A", respectively. Diagram (b) gives sub-
leading contribution in the nonrelativistic limit.

ﬁﬂ'ovLﬁn a K
b= T —7157TO+7131; K | (54)
- 0 _ 2
1 0 1 +
B = P —71320+713A n | (55
= =0 _2

The meson-baryon coupling constants are obtained from
the Lagrangian as g', /(2f) with the axial coupling constant
g', given by D and F together with the Clebsch-Gordan
coefficients. The parameters are fixed as

D = 0.85 £ 0.06, F=0.52 £0.04, (56)

so as to reproduce the observed axial vector coupling for
the octet baryons. The photon couplings to mesons and
baryons are given by the gauge coupling:

L yB = _eTr[B'}/,u,[Qch’ B]]AM; (57)

L,y =ieTt[d, PO PIIA*, (58)
with the charge matrix Q., = diag(3, —1, — 1) and ¢ > 0.
The Kroll-Ruderman terms of the yMBB couplings are
obtained by replacing the derivative acting on the meson
fields 9, P with the covariant derivative D, ® = 9, ® +
ieA,[ Qe @] in the Lagrangian (53). The A coupling to
the meson and baryon has an s-wave form

Lo, = giA*]\*q)iBi’ (59)

with the coupling constant g‘A determined by the chiral
unitary model. The explicit values are given in Ref. [17].

The amplitude given by —it = J - € for diagram (a) with
channel i is calculated as

d'p (p—q)-0@2p—q)-e
Qm)* (Py — p)? — M? + ie
% 1

(p?> —m? +ie)(p — q@* — m? + ie)’

— ith, = iQyA;

(60)

with Q,, the meson (M) charge and A; is given by A; =
gig'\-M;/f. After some algebra shown in Ref. [17,25], we
obtain
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, Lo fx d'p (p+(—1)q) o
—itt =i0yA2 | d d .
a = 10uA; ,[0 x/o yf(zw)“ (7 — Sk + i€

X(2p+@2y—1)g+2(1—x)P.) €, 61)
where S/, is defined by
Si=2P, - q(1 — x)y — M3.x(1 — x) — ¢*y(1 — y)
+ M?(1 — x) + m2x. (62)

In Eq. (61), only even powers of p give contribution after
performing the integration. The MR and MYR ampli-
tudes can be calculated as finite numbers. After performing
the integration, we get the MR and MYR components for
the channel i as

;(‘11\111) (Q4A74TAj /dZ(y—l)(l )’ 63)
Mé((l;fR) (Q4M1;42/ [d y—l)(_Z)f )_ (64)

In order to take into account the charge distribution of
the constituent mesons and baryons, we multiply the tran-
sition amplitudes obtained above by the electromagnetic
form factors of the mesons or baryons to which the photon
couples. The Q? dependence of the helicity amplitude of
the A* resonance, thus, stems from the form factors of the
meson and baryons components and the intrinsic Q2 struc-
ture of the loops. For the mesons and baryons form factors,
we take monopole form factors:

2 A2
F (Q ) = AZTQZ’ (65)
with
A, = 0.727 [GeV], (66)
Agx = 0.828 [GeV], (67)

which are determined by the radii of the mesons. These
values correspond to (r*) = 0.44 fm? and (*) = 0.34 fm?
for the pion and the kaon, respectively. For the baryon, we
take the same form factor as for the corresponding meson
to keep gauge invariance. Thanks to the practically negli-
gible effect of the baryon terms, the approximation made
there has no practical consequences.

V. RESULTS

We first present the results of the valence quarks (spec-
tator quark model) and meson cloud (chiral unitary model)
for the y*N — N*(1535) transition form factors in the
charge +1 channel (namely for the proton target case).
Although some of the results were already reported in the
previous works [23,25], we present again some results of
the form factors, since they are important and can help
make the later discussions more clear.
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After analyzing the results for the y*N — N*(1535)
reaction, we will discuss the reaction y*Y — A* for
Y = A and 3°. The results of the y*Y — A* reactions
will be compared with those of y*N — N*(1535).

We recall that the applicable region of the present va-
lence quark model is Q? = 1 GeV2. As for the chiral
unitary model, we cannot extend the results for an arbitrary
large Q2, because the amplitudes are calculated using the
vertex given by the chiral perturbation theory. Therefore,
we expect the results of both formalisms can be compared
in the region Q> = 1-2 GeV?, where the correlation be-
tween the two effects can possibly determine the final
result for the transition form factors.

About the chiral unitary model we recall that the con-
tributions from the valence quarks (or baryon core) for the
form factors are real numbers. The results from the chiral
unitary model are based on a meson-baryon coupled-
channels formalism [17,25], and the states are constructed
as a consequence of the meson cloud dressing of the bare
octet baryons, and the transition amplitudes are calculated
by photon couplings to the hadron constituents. In the
diagrams with the baryon dressing (see Fig. 1) one can
have on-mass-shell states for the mesons or baryons; there-
fore, the amplitudes and the form factors become complex
number functions. As we have already mentioned, the
absolute phase is fixed so as to make A;/, to be real and
positive, or equivalently F, real and negative, at Q> = 0.

A. v*N — N*(1535) form factors

The results of the covariant spectator quark model and
the chiral unitary model for the y*N — N*(1535) transi-
tion form factors are presented in Fig. 2. The individual
results for the helicity amplitudes were presented in
Ref. [23] (for the valence quarks) and in Ref. [25]
(for the meson cloud). The results from the covariant
spectator quark model are restricted to the region Q2 >
1 GeV?, since the applicability of the model requires

2
0> > (M M) ~ (.21 GeV?, where M corresponds to

this case to the N*(1535) mass [23].

For the y*N — N*(1535) reaction we can observe dif-
ferent roles of the valence quark and meson cloud degrees
of freedom. Since in both cases for F| and F; the imagi-
nary part is small, we will focus only on the real part. In
Fig. 2 one can notice the dominance of the valence quark
effect for the Dirac-type form factor F7, with the prediction
very close to the data [51,52] for Q> > 1 GeV?. In this
case, the meson cloud contributions are about an order of
magnitude smaller than those of the valence quarks. As for
the Pauli-type form factor F5, one can see, on the other
hand, that the meson cloud contributions are sufficient to
explain the data for Q> <1 GeV?. Furthermore, the va-
lence and meson cloud contributions have opposite signs
with similar magnitude for Q%> > 1 GeV?. The cancellation
between the two contributions may be the main reason of
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FIG. 2 (color online). Valence quark and meson cloud contri-
butions for the y*N — N*(1535) transition form factors, F7(Q?)
and F;(Q?). While the valence quark contributions are obtained
by the covariant spectator quark model [23], those of the meson
cloud contributions are obtained by the chiral unitary model
[25]. Data are from CLAS [51] and MAID [52].

the experimental result, F;, = 0 for Q> > 1 GeV? (see F;
in Fig. 2).

For later convenience, we also study the falloff of the
form factors for the valence quark contributions in the
large Q? region. Apart from logarithm corrections (very
smooth variation with Q%) [23], the falloff behavior of the

2
form factors can be expressed by F' ’I‘(Qz) ~ (AZAT%Q7) and
1

3
F3(0%) = (A%Angz) , where A?=~26GeV? and A=

2.7 GeV? for Q% =2 GeV?. Therefore, the y*N —
N*(1535) transition form factors have much slower falloff
than that for the nucleon elastic form factors, where the
corresponding cutoff is A2 = 0.71 GeV?.

We recall that the individual contributions, those from
the valence quarks and meson cloud, are based on the
different frameworks. The valence quark contributions
are estimated by a constituent quark model that takes
into account the quark internal electromagnetic structure
(including possible quark-antiquark internal excitations),
but it does not include the processes where a meson is
created by the overall baryon. On the other hand, the meson
cloud contributions are estimated in the meson-baryon
interactions where both states are considered as structure-
less particles but modified by monopole meson form fac-
tors (see Sec. I'V). Because of the differences in the degrees
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of freedom used in the two approaches described above, we
cannot simply combine the individual contributions to get
total results for the form factors. However, the opposite
signs of the individual contributions for F} are very sug-
gestive, that a strong cancellation between the valence
quark and meson cloud effects may take place in a unified
approach.

The results shown for the y*N — N(1535) reaction
suggest that the form factor representation may be very
convenient to analyze the transition between the nucleon
and the first excited state of the nucleon with a negative
parity. Using the form factor representation, it is clear that
while F} is dominated by the valence quark contributions,
F3 may be a result of the competition between the valence
quark and meson cloud effects. This simple separation is
not obvious in the helicity amplitude representation.

The results obtained for the y*N — N*(1535) reaction,
and the simplified interpretation in terms of the individual
(valence quarks and meson cloud) contributions, raise a
question, namely, whether or not such a trend can be
observed for similar reactions. Therefore, we next study
the y*A — A* (Y = A, 39 reactions with A* = A(1670).

B. ¥*A — A* and y*X" — A* transition form factors

We now discuss the y*Y — A" reactions, for Y = A and
30, As in the previous section we will compare the con-
tributions from the valence quarks and those from the
meson cloud dressing for the corresponding form factors.
The results of the valence quark contributions derived from
the covariant spectator quark model are given in Sec. III
[Egs. (34)—(37)]. The meson cloud contributions calculated
in Ref. [17] using the chiral unitary model, are reviewed in
Sec. IV [Egs. (51) and (52)].

1. Results of spectator quark model

First, we discuss the valence quark contributions, which
are presented here for the first time, using the covariant
spectator quark model. As mentioned already, the valence
quark contributions depend on the two different phases
(signs), M+, the relative sign between the A and A™ states,
and 7m0 given by the relative sign between the A and 3.°
radial wave function normalization constants. We first
consider n - = 1 case, since it is equivalent to the phase
for the N*(1535)-nucleon case as already discussed. The
sign was determined by the experimental form factor data*
[23] (see Fig. 2). As for the reaction involving the 2°, we
take n,so = 1, which is equivalent to state that the A and
>, radial wave function normalization constants are both
positive.

“The sign of the N*(1535) wave function was adjusted to
generate F;(Q?) <0, in agreement with the data from
Refs. [51,52]. In fact, for F7 the valence quark contributions
give a very good approximation to describe the data [23,24].
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FIG. 3 (color online).
panel).

The results are presented in Fig. 3. The Q? region shown
is extended up to Q> = 8 GeV?, in order to observe better
the falloff behavior of the F! and F} taking advantage of
the covariant nature of the model. We focus on the region
0? > 1 GeV? that satisfies the model applicable condition,
0% > 0.2 GeV? for both the reactions, since |ql3, =
0.2 GeV2. We can observe in Fig. 3 the slow falloff for
both form factors in both reactions, particularly for F¥. We
will come back later to the falloff of the form factors.

Another interesting point in Fig. 3 is the magnitude of
the form factors F! and F} which is very similar for both
cases A and X°. However, the form factors for the reaction
with 20 dominates over the one with A in the high Q?
region. This is particularly noticeable for FJ.

The similarity between the results for y*A — A* and
y*2% — A* can be understood by the expressions for the
form factors given by Egs. (34) and (35) and Eqgs. (36) and
(37). In both cases there is a dependence on the overlap
integral Jy. As the scalar wave functions have the same
parametrization for the A and 3° the difference in the
overlap integrals in their respective rest frames are only
due to the masses (M, and M), leading to almost the same
results for both cases. Therefore, the main difference in the
form factors comes from the flavor factors that are multi-
plied by the overlap integrals. Although the flavor factors
contain the functions f;, f;— and f;y (i = 1, 2) which are
dependent on Q?, we can make a simple estimate in the
exact SU(3) limit taking f;y = fie = fio (i =1, 2). In
this limit we have F¥(Q?) = /3F(Q?) (i = 1, 2) consis-
tent with the magnitude shown in Fig. 3. We note that our
results are different from those in Ref. [53] obtained using
a constituent quark model, and also different from those of
the chiral unitary model [17] which shows |F5| > |F2|
for Q% =~ 0 as seen later. This relation comes from the A*
decay widths to yA (I',,) and yX° (I',50), which are

predicted to be I',s0o>T,, (in general Iy
IAf/Z(O)I2 o« |FY(0)|?). We recall again that the results of

the present valence quark model are valid for Q2 >
0.2 GeV? and the region near Q> = 0 is excluded, and
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Valence quark contributions for the y*Y — A(1670) form factors, for ¥ = A (left panel), and ¥ = 30 (right

thus we cannot predict the corresponding decay widths
reliably.

‘We discuss next the rate of the falloff of the form factors,
again apart logarithm corrections. We measure the falloff

2 2 2 3
based on Fj(Q?) = (%) and F5(Q?%) = (%) for
Q? =2 GeV?. While for y*A — A*, we have A?=
3.6 GeV? and A} = 3.6 GeV?, for y*3% — A* we have
A7 = 3.1 GeV? and A} = 3.2 GeV?. In all cases, we have
slower falloff than that for the y*N — N*(1535) reaction.
Since in the flavor symmetric limit the falloff should be
same among the octet baryons, the differences among N
and A (or 20), and N* and A*, are a consequence of a
special role of the strange quark which breaks flavor
symmetry.

There are two factors that can cause the slower falloff of
the y*Y — A™ transition form factors than the one for the
v*N — N*(1535) reaction. The first one is the difference
in the quark distributions between the nucleon-N*(1535)
and the Y — A" systems. The second one is the difference
in the kinematics between the two systems. As for the
difference in the quark distributions, A and 30 are more
compact systems than that of the nucleon, because they
have one heavier strange quark in contrast with the nucleon
which have only the light quarks. Therefore, A and X0 are
characterized by the radial wave functions (18) with a
larger extension in the momentum space, and consequently
the overlap integral becomes larger than the one for the
v*N — N*(1535) reaction. However, this is not the main
factor, since the parameters corresponding to the A and X°
wave functions are not different significantly from those of
the nucleon.” The second factor is the difference in the
kinematics between the two reactions. For the radial wave
functions given by Eq. (18), it is possible to show that the
systems with the same parametrization are characterized

SWhile the A and 3° radial wave functions are characterized
by the parameter 85 = (.76 [28], that of the nucleon system is
parameterized by B, = 0.72 [27] (smaller momentum scale). In
both cases the additional range parameter is 8, = 0.05 [27,28].
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by the overlap integrals Iy, which are functions of the ratio
|}f‘4—lyy (see Appendix B). Therefore, the falloff of Iy is

laly
My

the falloff is. Comparing the values of % with the corre-

determined by the factor %1 . The larger the ratio, the larger

sponding ratio % for the y*N — N*(1535) reaction, the
latter has the larger ratio for Q> = 0 ('iM| = 0.48 compared
with % = 0.41) and this is also true for larger values of

Q2. This means the overlap integral has stronger falloff for
v*N — N*(1535), and it is reflected on the faster falloff of
the form factors.

To compare the falloff for the reactions y*A — A* and
y*20 — A*, we need to analyze them in more detail to
explain the difference in the observed behavior, namely,
the falloff for the reaction involving 3° is faster (smaller
cutoffs) than that for the reaction involving A. In this case,

the ratios % are close, % = 0.41 and % = 0.36, for
Q? = 0. The important effect now is the contribution
from the flavor factors in the form factors, given by
Egs. (34)—(37). The form factors for the reaction involving
A have dependence on the strange quark form factors f
and f,(, and that these functions have slower falloff with
Q? than those with the reaction involving the 3°, which
depend only on the light quark form factors. Then, the
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FIG. 4 (color online). Meson cloud contributions for the Dirac-
type form factor FY(Q?) of the y*Y — A* transition for ¥ = A
(left panels) and ¥ = 30 (right panels). The solid line shows the
total contribution coming from diagram (a), while the dashed,
dotted, and dot-dashed lines denote the K, 7, and K* contri-
butions, respectively.
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corresponding transition form factors for the reaction
with A also have slower falloff than that for the reaction
with 29

2. Results of chiral unitary model

Next we show the result of the transition form factors
calculated in the chiral unitary model. In Figs. 4 and 5, we
show the results of the Dirac- and Pauli-type form factors,
FY(0Q?% and FY(Q?), for the y*Y — A* transition, respec-
tively. As seen in the figures, in the meson cloud model the
FY form factors for both cases are 1 order of magnitude
larger than the FY form factors. This is a tendency that is
very similar to that for the N(1535) case.

In Figs. 4 and 5 we also show the contribution coming
from each meson separately. For the A transition form
factors, the pion contribution is very small. This is because
only the isoscalar component of the photon current can
contribute the y*A — A™ transition in the isospin symmet-
ric limit, while the pion with isospin 1 can couple only to
the isovector part of the photon current. Thus, with very
small isospin breaking effect there is little pion cloud
contribution in the y*A — A™ transition. It is also interest-
ing to mention that for the y*A — A* transition there is
cancellation between K~ and K contributions, while the
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FIG. 5 (color online). Meson cloud contributions for the Pauli-
type form factor F3(Q?) of the y*Y — A* transition for ¥ = A
(left panels) and ¥ = 30 (right panels). The solid line shows the
total contribution coming from diagram (a), while the dashed,
dotted and dot-dashed lines denote the K, 7 and K contribu-
tions, respectively.
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y*20 — A* transition is dominated by the K™ cloud com-
ponent. In this way, for both form factors F! and F}, the
transition from X is larger than that from A. Especially for
the Pauli-type form factor, F' 22 is almost 7 times larger than
F2. This cancellation is also found for the helicity ampli-
tudes (see Ref. [17] for the details).

3. Comparison of the two models

Finally, we compare the valence quark contributions
with those from the meson cloud for the reactions involv-
ing A and 2°. The comparison is shown in Fig. 6, for the
reactions involving A (left panel) and X° (right panel).
Note that the chiral unitary model results have both real
and imaginary parts, and the absolute phases are fixed at
Q% =0 to give a real and positive value of Af /2(0), or
equivalently real and negative FY(0), as mentioned before.

One can see in Fig. 6, the imaginary part is small in
general. Therefore, we will focus only on the real part
hereafter. Another interesting point is that while both
form factors for the reaction involving A are dominated
by the valence quark contributions, this is not the case for
the reaction involving 30, For the latter case, one can see
that the valence quark contributions for F 12 are larger than
those from the meson cloud (about 2.5 times near Q> =
2.5 GeV?), although the magnitude is similar for F 22

A point of particular importance about F 22 is the relative
sign between the valence and meson cloud contributions.
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FIG. 6 (color online).
and Y = 30 (right panel).
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Since, as mentioned before, the factor 7, yo is unknown at
present, we cannot decide if there is a positive or negative
interference between the contributions. The results for
the form factors involving X° are determined using
MNa:Maso = L. If this is the case, there is a combination
of the signs to enhance the total magnitude of F. 22 On the
other hand, if the sign is opposite, ny<m 50 = —1, one can
expect a cancellation between the valence quark and meson
cloud effects, leading to the result F. 22 =~ (), or to a magni-
tude similar to Fl2 An example of a quark model with
F 22 > ( can be found in Refs. [53,54]. Note that in the case
of np*mase = —1, the reaction y*X° — A* has similar
properties with the reaction y*N — N*(1535), discussed
previously. This result suggests that the experimental de-
termination of the sign for Fz2 is very important to pin
down the relative phase between the A and X° wave
functions in the present model as we explain next.

From the discussions above, we conclude that if
Na-MNaso = +1, it is expected that Fz2 becomes larger in
magnitude. In the alternative case, nx+nps0 = —1, F22
should be smaller in magnitude, and comparable with
F 12 Therefore, once the sign 15+ is known, 7,yo can be
inferred from the result for F3. Note also that in our model
1A+ can be fixed by the results for the reaction y*A — A*,
since the valence quark effect dominates that transition
(FlE o« ya+). Then y*A — A* can be used to determine
N aso, Which fixes also the sign of w yo.
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Valence quark and meson cloud contributions for the y*Y — A* transition form factors for Y = A (left panel),
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FIG. 7 (color online).
Y = 30 (right panel).

The covariant spectator quark model can also be used
to calculate the valence quark contributions for the y*A —
30 form factors in general and the transition magnetic
moment w,so in particular. Assuming that the valence
quark effect is the leading contribution as demonstrated
reasonable for the octet baryon system [28], one can con-
clude that p yyo © —n,v0 [48], namely, the sign of w o is
the opposite to that of 7, yo. Thus, once we determined the
sign of 1o corresponding to the reaction y*30 — A*, we
can determine the sign of w A so.

For completeness, we also present in Fig. 7 the results
for the helicity amplitudes A} , and S} , converted from F

and F) by Egs. (6) and (7), assuming the same phases as
the form factors.® For the y*A — A* reaction we can also
observe the dominance of the valence quark contributions
over the meson cloud contributions. As for the y*2° — A*
reaction, the more interesting point is the closeness of the
valence and meson cloud contributions for the Slz/2 ampli-
tude. Also in this case we can conclude that if ny~ns0 =
+1, S 12/2 is enhanced, while the alternative case,

Na*Maso = —1, we expect a substantial reduction of the
Slz/2 amplitude. The similarity in the behavior for Slz/2 and

Fzz, as discussed before, is a consequence of the partial

suppression of the F| contribution for the 3y amplitude,

1/2
My«—My

due to the factor REST Another interesting point in

°The A}, helicity amplitude shown in Ref. [17] has a different
absolute phase from the present work.
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Valence quark and meson cloud contributions for the y*Y — A* helicity amplitudes for Y = A (left panel) and

Fig. 7 is the flatness of the valence quark model result
for A/, as a function of Q? around the region Q> =

2 GeV?. This is because the region Q> = 2 GeV? is the
turning point of changing the Q> dependence in the am-
plitude. For the larger Q2 region, however, the expected
falloff with Q2 can be observed.

VI. CONCLUSIONS

In this study we have analyzed the contributions from
the valence quark and meson cloud effects for the y*B —
B* reactions with B= N, A, 2° and B* = N(1535),
A(1670). While the valence quark contributions are esti-
mated using a constituent quark model [23,27,28], those
of the meson cloud are estimated using the chiral unitary
model [17,25]. In the chiral unitary model, N(1535) has
some components other than meson-baryon dynamics as
discussed in Ref. [13], but for the calculation of the
transition form factors we take only coupling of the
photon current to the meson component and do not
take into account of photon couplings to genuine quark
components. In this approach, A(1670) is almost com-
posed of meson-baryon components [17]. Since the
valence and meson cloud effects are calculated by the
different formalisms we cannot simply combine both
contributions to obtain the final, total results for the
transition form factors. Nevertheless, the magnitude and
signs of the individual contributions presented here are
sufficient to conclude that it is possible to have a can-
cellation from the two effects, the valence quark and
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meson cloud effects, in a consistent, unified approach
including both effects.

For the y*N — N*(1535) reaction, we have found dif-
ference in signs for the two contributions for the Pauli-type
form factor F3, which can be the main reason for the
experimental observation, F} =~ 0 for 0> > 2 GeV>.

As for the reactions y*Y — A(1670) (Y = A, 29), we
conclude that generally the valence quark contributions
dominate for the ¥ = A case, but the two contributions
are similar for the reaction with ¥ = 3%, A particularly
interesting case is the form factor F2E Namely, if we
assume the same sign for the A and 3 radial wave function
normalization constants (9 ,s0 = 1) and p,+ = 1, we have
an enhancement for F. 22 Instead, if we assume 1+ s0 =
—1, we have a substantial cancellation between the two
effects. Then, the F2E contribution for the reaction cross
section would be very small.

A consequence of the observation made above is that the
y*20 — A* reaction can provide an indirect method to
determine 7 ,yo, which can be used to pin down the sign
of u 5o consistently within the present approach. This can
be of fundamental importance, because the sign of the
y*A — X0 transition form factors, and, in particular, the
sign of the transition magnetic moment, t,yo, is not
determined experimentally. Also, this sign has not been
related consistently with the other reactions so far.
Although the sign is predicted to be negative within the
unitary symmetry approach [55] (the same sign with the
neutron magnetic moment), the consistency with the other
reaction was not studied within the approach.

From the discussion made above we conclude that the
theoretical and experimental studies of the reactions
Y*N — N*(1535) and y*Y — A*, with Y = A, 39, as
well as the correlations between them, are very interesting
topics of investigation. The results from these transition
form factors can be used to estimate the light and strange
quark distributions in the baryons, as well as to predict
other reactions.
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APPENDIX A: CURRENT MATRIX ELEMENTS IN
THE COVARIANT SPECTATOR QUARK MODEL

The calculation of the matrix elements for a transition
between a J* = 1" initial state and a J” =1 final state
follows the same steps as that of Appendix B in Ref. [23]
for the y*N — N(1535) reaction. Here it is sufficient to
note that in the transition current involving W+ the terms
in (. - k) vanish in the k integral. Therefore, only the
terms proportional to the integral

Iy=—n [ Neo-Buvun @D
survive in the current. The minus sign is introduced for
convenience.

With this simplification we can derive the following
results:

fk (B, 940y try = — Iyl 97 ysuyh, (A2)

- io*’q, _ ioM*’q,
ﬁ[¢pw¢g]¢/\*¢y:h{uﬁ i J’suy}, (A3)

= 1
ﬁ[¢Af’“¢§]¢A*¢Y = g-fy{ﬁ/\*f’“%uy}, (A4)
- io*’q, 1 _ io*q,
/kl:q’/\ 2Mq ¢.19]¢A*¢Y: _le{”A* 2Mq YSMY}-
(A5)

Inserting these results into the expression of the current,
we obtain

ic*’q,
2M

1. ) N 1. )
Jy =+e§(3ji‘+1f)1y7“75—65(3J§—J§)Iy Ys.

(A6)

APPENDIX B: OVERLAP INTEGRAL

Consider the overlap integral in the final state (A™) rest
frame, given by Eq. (38), with the radial wave functions of
Eq. (18),

Iy(Q%) = ny

NNy f&{ 1
mp kK[ LBy + xa)(B3 + xa+)

1
8 (B + xy)(Bs + XY)}.

In the above equation, yp is determined by Eq. (17) for the
momenta defined by Eq. (39). Therefore,

(BI)
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E
Xa = 2(—” - 1), (B2)
mp
and
Ey Ep | laly )
=2(— —=+—k — 1} B3
XY (MY mp My (B3)
where
Ey |‘h/|2
—L =1+ :
My ! M3 B4

From Eq. (B2) we can see that y,- has no dependence on
Q? (or |qly), and that from Eq. (B3) yy is a function of the

ratio %. Therefore, we can write

1) - B4 (85)

laly
My
can conclude that the absolute value of the integrand

Furthermore, since Yy increases when increases, we
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function in Eq. (B1) decreases with % for a given Kk,

and therefore | Jy| decreases when the ratio % increases.

These results show that, when we have two reactions
described by the same radial wave function (the same
values for the parameters B; and f3), the reaction with
larger ratio % for a given Q2, gets the smaller value
for | Iy].

A simple consequence of the above result applies for the
nucleon-N*(1535) and A — A* transition form factors,

when the wave functions are parameterized exactly the

same, % for the nucleon case is larger than % for the A

case, and we have

| 7A(0)] > [Ty (Q?)]. (B6)

This relation also explains the faster falloff of the
v*N — N*(1535) transition form factors than that of the
v*A — A* transition form factors.
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