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We investigate the electromagnetic transitions of the singly charmed baryons with spin 3/2, based on a
pion mean-field approach, also known as the chiral quark-soliton model, taking into account the rotational
1/N, corrections and the effects of flavor SU(3) symmetry breaking. We examine the valence- and sea-
quark contributions to the electromagnetic transition form factors and find that the quadrupole form factors
of the sea-quark contributions dominate over those of the valence-quark ones in the smaller Q? region,
whereas the sea quarks only provide marginal contributions to the magnetic dipole transition form
factors of the baryon sextet with spin 3/2. The effects of the flavor SU(3) symmetry breaking are in
general very small except for the forbidden transition £y — Z:0 by U-spin symmetry. We also discuss the
widths of the radiative decays for the baryon sextet with spin 3/2, comparing the present results with those

from other works.

DOI: 10.1103/PhysRevD.103.074025

I. INTRODUCTION

It is of great importance to understand the electromag-
netic (EM) structure of a baryon, since it reveals how the
baryon is shaped by its constituents. A baryon with spin
3/2 has a finite value of the electric quadrupole (E2)
moment, which indicates that its charge distribution is
shown to be deformed to be either a cushionlike form
(oblate spheroid) or a rugby-ball-like one (prolate sphe-
roid), depending on the signature of its charge in the body-
fixed frame [1]. This implies that a singly heavy baryon
with spin 3/2 may reveal a similar structure. It is also
known that the effects of the vacuum polarization or those
of the pion clouds are known to contribute significantly to
the E2 moment of the baryon decuplet [2]. This leads to an
interpretation that the E2 moment of a low-lying baryon
with spin 3/2 is governed by long-distance pion clouds [3].
While experimental information on the EM transitions of
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the singly heavy baryons is still inconclusive [4-7], there
has been a great deal of theoretical work within many
different approaches such as chiral perturbation theory
[8-12], the quark models [13-15], QCD sum rules
[16-18], and so on (see also a recent review [19]). In
lattice QCD, the EM transition form factors for Q% — Q0
were calculated [20,21]. Thus, anticipating that the exper-
imental data on the EM transitions of the singly heavy
baryons will be available in the near future, it is of great
interest to investigate the structure of the EM transition
form factors in a different theoretical framework.

In the present work, we investigate the EM transition
form factors of the low-lying singly heavy baryons with
spin 3/2 within the framework of the chiral quark-soliton
model (yQSM). The model is based on a pion mean-field
approach. As was proposed first by Witten [22], in the large
N limit, the light baryon can be viewed as a state of N,. (the
number of colors) valence quarks bound by the pion mean
fields that have been produced self-consistently by the N,
valence quarks [23,24]. The model was extended to the
description of the singly heavy baryons [25-27], being
motivated by Ref. [28]. In the limit of the infinitely heavy
quark mass (my — o), the spin of the heavy quark cannot
be flipped, which makes the heavy-quark spin conserved.
This causes also the total spin of the light quarks inside a
singly heavy baryon conserved. In this limit of my — oo,
the flavor of the heavy quark does not come into play. This

Published by the American Physical Society
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is known as the heavy-quark spin-flavor symmetry
[29-31]. Thus, the singly heavy baryons can be expressed
within the SU(3) representations. That is, two light valence
quarks (3 ® 3) will allow one to have the baryon antitriplet
(3) and sextet (6). The spins of the two light valence quarks
can be aligned either in the spin-singlet state (0) or in the
spin-triplet one (1). Hence, by combining them with the
spin of the heavy quark, one can have two degenerate
baryon sextets. This degeneracy can be removed by the
color hyperfine interaction in order 1/m [25]. Note that
the infinitely heavy quark can be regarded as the mere static
color source. This indicates that the light quarks govern the
dynamics inside a singly heavy baryon. Based on this
heavy-quark spin-flavor symmetry, the pion mean-field
approach was developed also for the singly heavy baryons
that can be regarded as the bound state of N. — 1 valence
quarks. The heavy quark inside a singly heavy baryon is
required only for the construction of a color-singlet state of
the singly heavy baryon.

This pion mean-field approach or the yQSM described
various properties of the singly heavy baryons quantita-
tively well, compared with the experimental data, without
any free parameters [25-27,32-35] (see also a recent
review [36]). The EM form factors of the low-lying singly
heavy baryons have been studied in the yQSM [37,38].
Since the heavy-quark mass is taken to be infinitely heavy,
the heavy quark gives a constant contribution to the electric
monopole form factor constrained by the gauge invariance,
whereas contributions to the magnetic dipole from factor
from the heavy quark is negligible. The numerical results
were in good agreement with the lattice data [39]. In the
present work, we want to investigate the EM transition form
factors of the baryon sextet with spin 3/2. While the Q%y —
Q0 radiative decay was computed in lattice QCD, there is
no work on the EM transition form factors for all possible
radiative decays for the baryon sextet with spin 3/2. Thus,
we will consider for the first time the magnetic dipole (M1)
and electric quadrupole and Coulomb quadrupole (C2)
transition form factors for the baryon sextet (6) with spin
3/2. We will compare the results for the Qly — Q0
radiative decay with those from the lattice calculation.
We will compare the present numerical results for the decay
rates of the radiative decays for the singly heavy baryons
with those from other theoretical works.

The present work is organized as follows. In Sec. II, we
define the M1, E2, and C2 transition form factors of the
singly heavy baryons. In Sec. III, we explain explicitly how
the singly heavy baryon state can be consistently con-
structed based on the heavy-quark spin-flavor symmetry in
the limit of the infinitely heavy-quark mass. We show that
the heavy-quark field can be decoupled from the singly
heavy baryon and its mass contributes to the classical mass
of the singly heavy baryon in a simple manner. In Sec. IV, we
show briefly how to compute them within the framework of
the yQSM. In Sec. V, we first compare the numerical results

for Q. +y — QF with those of the corresponding lattice
data. We also examine the dependence of the EM transition
form factors of Q.+ y — QF on the pion mass. We
then scrutinize the valence- and sea-quark contributions
separately and show that the sea quarks or the Dirac
continuum play a crucial role in describing the E2 and
C2 transition form factors of the baryon sextet with spin 3/2,
which can be interpreted as the pion clouds. We also
study the effects of the explicit breaking of flavor SU(3)
symmetry breaking on the EM transition form factors of the
baryon sextet with spin 3/2. We compare the present results
for the decay rates of the radiative decays for the singly
heavy baryons with spin 3/2 with those from other works.
Finally, we summarize the results from the present work and
draw conclusions.

II. EM TRANSITION FORM FACTORS OF THE
BARYON SEXTET WITH SPIN 3/2

To describe the EM transition from a singly heavy baryon
with spin 1/2 to that with spin 3/2, By* — B*, we assume
that the baryon with spin 3/2 is at rest. In this rest frame, we
define the 4-momenta for the baryon with spin 3/2, the
baryon with spin 1/2, and the photon, respectively, as pp:,
pa, and ¢, which are explicitly written as

pp=(Mp.0), p=(Ep.—q). q=(w.9q). (1)
where ¢ and @, denote the 3-momentum and energy of
the virtual photon. The energy-momentum relation is given
by E3 = M% + |q|* and E%. = M3.. Using this relation, we
can express the momentum and the energy of the virtual
photon as

s (M + M+ 00N\,
|Q| = Mz,
2M g
(M%*—M%,—Q2>

@q = My

q

where 0> = —¢* > 0.
We start with the EM current defined by

Vi(x) = w(x)r" Qu(x) + By(x)r" 0 ¥i(x).  (3)

where w(x) and W, (x) denote, respectively, the light and
heavy quarks. The first term in Eq. (3) is the EM current for
the light quarks with the charge operator defined by the
charges of the light quarks O = diag(2/3,—1/3,—1/3).
The second term represents the EM current for the heavy
quark with a heavy-quark charge Q,. If one considers the
charm quark, then Q;, = 2/3. In the case of the bottom
baryon, we have Q;, = —1/3. In the present work, we will
consider only the charmed baryons. The transition EM
matrix element between B* and B is then parametrized in
terms of the three real EM transition form factors
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(B*(p',.2)|V¥(0)|B(p,A)) = \@ (p . A )TPu(p.2). (4)

A and A’ denote the helicities of the baryons with spins 1/2
and 3/2, respectively. uz(p,A") and u(p, ) stand for the
Rarita-Schwinger and Dirac spinors, respectively. I'*# in
Eq. (4) denote the three real EM transition form factors,
I = Gy (Q)KN, + G (KIS + G (K, (5)
where Gy, Gf,, and G, are known, respectively, as the
magnetic dipole transition form factor, the electric quadru-
pole one, and the Coulomb quadrupole one. The corre-

. B .
sponding Lorentz tensors IC%1 are written as

—3(Mp +M
,Cﬁ'/;ltl: ( g+ 129) > E,/J’ym'quﬂ
2Mp[(Mp- +Mp)* + Q7]
6 Mg+M .
Kty ==K - 4M3.|q|? BMB el P, g, 6" % p e agsiy’,
3 Mg +M,g :
b= —angr o, PP -areliv. (©)

The Lorentz tensors are required to satisfy the gauge-
invariant identities qﬂlC%’ £2.c2 = 0, which arises from the
conservation of the EM current.

The EM transition form factors can be extracted exper-
imentally by using the helicity amplitudes. The transverse
and Coulomb helicity amplitudes are defined, respectively,
in terms of the spatial and temporal components of the EM
current,

Al:_

¢ BPrere
> +1
\/ “Wq

- (B*(3/2, )|y (r) Oy (r)|B(1/2.4 - 1)),

e 1 .
Sip= ———/d3re"1"
/ V20,2
x (B*(3/2,1/2)l(r) 0y (r)[B(1/2,1/2)), (7)
where 4 is the corresponding value of the helicity of the
baryon B* with spin 3/2, i.e., A =3/2 or 1/2. Note that
the transverse photon polarization vector is defined as

é = —1/v/2(1,i,0). The helicity amplitudes are expressed
in terms of the EM transition form factors

e 1

Ayp = 2a) dca — (G —3Gpy),
e V3 .
Az = _\/TTC,E< w1+ Gia)s

S = )
12 \/E“'CAMB* c2

— M o
where CpA = \/W\/l —+ m Then, we are able
to express the EM transition form factors inversely by the
transition amplitudes

(%) = —2¢, / 13, (lglirl)
x (B*(3/2. 1/2)|F x V], |B(1/2. ~1/2)).

20 o .
Gio(0%) ~ 204 / s (seriali) )
072121 l50/21/2)
G5 (0%) :4CA &rv10zj,(|ql|r)

lq |
X (B*(3/2,1/2)[Y2(F)Vo|B(1/2,1/2)). (9)

Note that we neglect a term that provides a tiny correction
to the E2 transition form factor at low-energy regions,
which implements the current conservation.

From the form factors, the well-known quantities Rgy
and Rgy;, which are defined, respectively, as

G*E 2 G* 2
R @)= 2] (@) - o)
(10)

can be obtained. The decay width is expressed in terms of
the helicity amplitudes [40]

w2 M
q B 2 2
— A A
n2MB*(| 1217 +143)2]%)
_ AEM (M%;* _1‘4%)3
16 M3.M5

I'(B*— By) =

(0)P+3IG(0)P)

(11)

(1G

with the EM fine structure constant agy.

III. SINGLY HEAVY BARYON IN THE CHIRAL
QUARK-SOLITON MODEL

The pion mean-field approach or the yQSM has one
great virtue. The model allows one to describe both light
baryons and singly heavy baryons on an equal footing.
While various properties of singly heavy baryons
were investigated in the previous works based on the
x¥QSM, it was not discussed formally how a singly heavy
baryon can be explicitly constructed in the yQSM.
Thus, before we compute the EM transition form factors
of singly heavy baryons, we first want to show how a singly
heavy baryon can be formulated in the present approach.
Let us first define the normalization of the baryon state
<B(P/J/3)|B(PJ3)>:217051’3]3(2”)35(3)(17/—”-In the large

N, limit, this normalization can be expressed as

074025-3
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(B(p. J3)|B(p..J)) = 2M b, (276 (p' —p). where
M p is a baryon mass. Since a singly heavy baryon consists
of the N, — 1 valence quarks and a heavy quark, it can be
|

expressed in terms of the loffe-type current of the N, — 1
valence quarks and a heavy-quark field in Euclidean
space as

B.p) = lim explipsx)N(p) [ dxexplip x)(—i¥](x.x)r) e x)[0)

(B, p| =yiiggoexp(—ipﬁ;yat)f\/*(lf)/d3yexp(—ip"y)<0|JB(Y,y4)‘Ph(y,y4)7

(12)

where NV (p)(N*(p')) stands for the normalization factor depending on the initial (final) momentum. J(x) and Jj(y)
denote the loffe-type current of the N. — 1 valence quarks [23] defined by

1

N1

Jp(x) = (N.—1)! Cayay, 11 (TTY)(JJ3Y)

17 Ne=1

i _
JB(Y) = mea,---amq (TT5Y)(JI,YR)

where f---fy _; and a;---ay _; denote, respectively,
the spin-isospin and color indices. I'(7r,y)(ss,y,) are ma-
trices with the quantum numbers (T75Y)(JJ3Y) for the
corresponding baryon. For example, a singly heavy baryon
¥ can be identified as the state with J =1/2, T =1,
T5 =0, and Y = 2/3. The right hypercharge Y for singly
heavy baryons is constrained by the number of the valence
quarks. Note that Yz = N,./3 for a light baryon, whereas
Yr = (N.—1)/3 for a singly heavy baryon. The right
hypercharge Yp =1 with N. =3 allows one to get the
lowest-lying representations for the SU(3) baryons, i.e., the
baryon octet (8) and decuplet (10) for the light baryons.
On the other hand, we find the baryon antitriplet (3),
sextet (6), and so on [25,36]. w4, (x) denotes the light-
quark field, and ¥, (x) stands for the heavy-quark field. In
|

LN (N (p) lim

Zeff X4—>—00 y4—>00

(B(p',J5)|B(p,J3)) =

Vi ()C) Wy ay, <x)’

(=i 0)ra)pra - (=0 )74y oo (13)

I
the limit of my — oo, a singly heavy baryon satisfies the

heavy-quark flavor symmetry. Then, the heavy-quark field
can be written as

W), (x) = exp(—imgv - x)¥),(x), (14)

where W, (x) is a rescaled heavy-quark field almost
on mass shell. It carries no information on the heavy-
quark mass in the leading-order approximation in the
heavy-quark expansion. v denotes the velocity of the heavy
quark [29-31,41].

We can show explicitly that the normalization factor
N*(")N (p) correctly turns out to be 2M . The normali-
zation of the baryon state can be computed as

lim exp (—iy4p) + ix4p4)

X /d3xd3yexp(—ip"y+ip-x)/DUDI//DI//TD@hD‘f‘ZJB(y)\I’h(y)(—i‘PZ(x)n)J;(x)

X exp [ [ 0 @9+ U i) () + W - 994 2)

= L N ()N (p) tim

Zeff X4——00 y4—>00

lim exp (—iy4p)) + ix4ps)

x / Bxdy exp(—ip' - y + ip - x) (Jg(y) P, (») (=i} (x)74)T 5 (%)) (15)

where Z.g represents the low-energy effective QCD partition function defined as

Zogp = /DU@XP(_Seff)- (16)
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S.sr 18 called the effective chiral action defined by
Seit = =N Trln [i + iMU"s + in]. (17)

(...)¢ in Eq. (15) denotes the vacuum expectation value of
the baryon correlation function. M represents the dynami-
cal quark mass that arises from the spontaneous breakdown
of chiral symmetry. The U”s denotes the chiral field that is
defined by

_ 1=y

Urs (Z) 7

U(z) +U'(z)

1‘|')/5
18
)

with
U(z) = exp[in®(z)A7], (19)

where 7%(z) represents the pseudo-Nambu-Goldstone
(pNG) fields and A¢ are the flavor Gall-Mann matrices.
m designates the mass matrix of current quarks
im = diag(m,, my, my). Note that we deal with the strange
current quark mass m perturbatively. Thus, we will
consider it when we make a zero-mode quantization for
a collective baryon state. The propagators of a light quark in
the yQSM [23] are given by

1
Gy, x) = (y| i+ iMU" + im
= O(ys—x4) > _ e B0y, (y)y (x)

E,>0

—0(xs = a) 3Oy, )yl (x), (20)

E,<0

(iy4)]x)

where ©(y, — x,) stands for the Heaviside step function.
Here, m represents the average mass of the up and down
current quarks: m = (m, + mq)/2. E, is the energy ei-
genvalues of the single-quark state given by

Hy,(x) = E,y,(x), (21)

where H denotes the one-body Dirac Hamiltonian in the
presence of the pNG boson fields, which is defined by

H = y47,0; + yaMU” + y4ml. (22)

The heavy-quark propagator in the limit of my — oo is
expressed as

Gu(y.x) = 0] ai x) = Oy, —x)6O0( —x).  (23)

(B*,p'|V*(0)

2

Using these quark propagators and taking the limit of
v4—x4=T — o0, we can derive the baryon correlation func-

tion (J5()¥,(y) (=i} (x)74)J5(x))o as follows [23,42]:

(T5(0) ¥ () (=¥} (0)74) T3 (%))
~ eXp [_{(Nc - 1)Eval + Esea + mQ}T]
= exp[—-MpT]. (24)

The result for the correlation function given in Eq. (24) is
canceled with the term exp (—iy,p}y + ixyps) = exp[MpT]
in the large N, limit, ie., —ip), = —ip, = My =
O(N.). Thus, the normalization factor becomes
N*(' )N (p) = 2Mp. Using this normalization and
Eq. (24), we are able to produce the classical mass of
the singly heavy baryon correctly to be

Mg = (Nc_ I)Eval+Esea+mQ’ (25)
which was already defined in a previous work [26].

IV.EM TRANSITION FORM FACTORS FROM THE
CHIRAL QUARK-SOLITON MODEL

In the present section, we will present here only the final
expressions of the EM transition form factors, since
detailed formalisms of how to derive the form factors of
the SU(3) baryons can be found in previous works. For a
detailed calculation, we refer to Refs. [43—45] (see also the
review [42]). The EM current for the heavy quark given in
the second term of Eq. (3) can be expressed in terms of the
effective heavy-quark field [46]

— iV} ()7 Q¥ (x)
— iexp(=imgu - )] ' 5,-3
= —iexp(—imgyv - x)¥; (x) |:1Jﬂ +2mQ (0, —9,)
1 s = -
+ %Gyu(ay + aﬂ):| Qh‘Ph (x)
~ —iexp(—imgv - x) P} (x)v,0,P)(x). (26)

This indicates that the heavy quark does not contribute to
the EM transition form factors of the singly heavy baryons.
It only gives a constant contribution to their electric form
factors, which yields the correct charges corresponding to
the singly heavy baryon. Thus, we can simply consider the
light-quark current to compute the matrix element of the
EM current [44]

1 T
B.p)=—Z—lim exp [—i(pﬁm)—] / d*xd’yexp(—ip"y+ip-x) / DUDy Dy’
eff £ 7

xJp (0. T/2) (=i (0))7, Qy(0)T 5 (x,~T/2) exp [/d4Z(l//T(Z))£(i¢?9+iMU“+i"h)fgl//"’“(1) - (27)
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Since we ignore the meson fluctuation, the integration
over the pNG fields can be carried out easily. However,
there are the rotational and translational zero modes
that are not at all small, so we need to integrate exactly
over these zero modes. This is known as the collective
zero-mode quantization. For details about the zero-
mode quantization in the SU(3) yQSM, we refer to
Refs. [24,42].

a1

65 r) = () + - 010 ) & DB - =

2 K K
-3 <—1 X, (r) = M, (r)> (B*|DY DB — A (1—22 X, (r)

3

The explicit expressions for the densities Q;, X, and M; can be found in Appendix A. The (B*|..

Having taken into account the rotational 1/N, and linear
my corrections, we obtain the magnetic dipole form factors
GBB as

6
GB—»B** Q2 = —¢ / d3r7 r B—»B r), 28
wi (Q7) A ﬁh(lqll NGur® (r), (28)

where the corresponding magnetic dipole densities
G878 (r) are defined as

1

* 8 *
2(r) (B DG B) = - Xa(r) (B dysDig) I |B)

% 8 8
- M2<r>) (B1d,sD D) 1B)

2 o (8 2 “ () (8
= S mMo(r)(BIDG3B) + 3 mMo(r){B* DY DG3B). (29)

.|B) stands for the matrix

elements of collective operators [35], of which the explicit values are found in Appendix B. /; and K stand for the moments
and anomalous moments of inertia [42]. The expression for the electric quadrupole form factors is given as

Gl (@) = s [ dr Ve o (il ) 87 ), (30)

with the electric quadrupole densities G2, (r),

. 2 .
GE" (1) = = 1 Tualr) (3(B" IDgas|B) = (B(DG,1|B))
4 K, A1 n® n®) “1p® p®)
_7§ms 1—11152(") = Kig2(r) ) (3(B*[Dg; DQ3|B> — (B*|Dg; Dy; |B)). (31)
|
.. . B B—»B( B—>B
The explicit expressions for 7z, (r) and ;g (r) can be foEz.cz) (r) = g(M] o) r)+G o E2 cz (r)

found in Appendix A. The Coulomb quadrupole form
factor GB7B™* is written as

GE5(0%) = caV/40 / d*r—n(\anwgB*B*( )
(32)

where G238 (r) is simply the same as G55°8" (r). Note that
for the E2 and C2 form factors, the leading contributions in
the large N expansion vanish, so that the rotational 1/N..
corrections take over the role of the leading-order con-
tributions. Note that the present model satisfies a general
scheme of large-N,. QCD [47].

To scrutinize each contribution, it iS more convenient to
decompose the densities into three different terms:

931/2463/2(0) . 1
F) = ——
M1 ( ) 4\/5

Qp_p (Qo( )+

+ anleEz (). (33)

The first term represents the SU(3) symmetric terms
including both the leading and rotational 1/N, contribu-
tions, the second one denotes the linear m, corrections
arising from the current-quark mass term of the effective
chiral action, and the last terms come from the collective
baryon wave functions. When the effects of the flavor
SU(3) symmetry breaking are considered, a collective
baryon wave function is not any longer in a pure state but
becomes a state mixed with higher representations. Thus,
there are two different terms that provide the effects of flavor
SU(3) symmetry breaking. The explicit expressions of these
three terms for the M1 form factors are then given as

L ——»@(r)), (34)

074025-6
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™0 == Ly (500 - 0)

60v/3 \ —4Qz = +3
mg QA -2 K2 my 7QA -3 >
—X,(r) — My(r M, (r), 35
10f< ~—>E;+2)<12 ) 2”) 60f< 0z .z 41N ()
3172632 (wf) qis 4Q/\(-—’2Z >< 1 11 >
r)=—1 ) +—Qi(r) =5 X (r
0 = (Lo ) (@@ e
——X 36
240< ~5Qs = +4)<Q°(r)Jr Q) a0 ). (36)
in the basis of the [A, — =i, E, — EZ] for 3;/, — 655, and
61/2—63/,(0) 1 ( 1 11 11 )
r 305, Q) +—9,(r)+=——X,(r) +=—X,(r) ], 37
50 = 30y~ 2)(Q) + 1)+ )+ ) @)
4Qs 3 =5 ©
96”2*6”20‘))@):_27’2)26 205z~ | (Tle(r>_M1(r)>
2Q0, ~o; +3 :
5Qs 5 +7 © —14Q5 5 +7
_1312/5 7Qz oz =2 (1—2)52(")—/\/12(")>+27}gi/§ —16Qz = + 11 [ My(r),  (38)
Qoo +3/) ~16Qq o + 15
g [ 2m 8 1 1 11
61263/ (WE 5
50 A5 | 0sn =4 | (@) + Q0 -1 X0 - S0
0
Qs .y +1 5 )
3
20z 5 +4 Qy(r)+—9 —X —X r>, 39
| 2ee (90 + - @) - 7 21 = - 20 (3

in the basis of the [X, — X, B — E;, Q. — Q] for 6,/, — 65,,. Similarly, the densities for the E2 form factors are
written by

6,/2—635(0) 1 1
g 1/2 /o r) = 3Q . N T ’ 40
7)== =21 T (0
212/2—>63/2(0P)<r) —— 13§1\>§ 8952_,52 -1 (I—IIIE2(I') - ICIEQ(r>> N (41)
495 5 =8 Qs _x: +1 .
212/z—>63/2(wf) (r) = —% q7s SQEL—Eﬁ -4 - ?/—2% 2QE’(—>EZ +4 I—IIE2<F), (42)
0 300 0 +6/) ]!

in the basis of the [X, — Xi, B, — E;, Q. — Q] for 6,/, — 63/,. Qp_p stand for the charges of the corresponding
heavy baryons. Note that the E2 and C2 transition from factors [3, 2(J =0) = 65,(J =1)] are forbidden
within this model.
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V. RESULTS AND DISCUSSION

A. Comparison with the lattice data

Since we use exactly the same set of the model
parameters as in Refs. [26,37,38], we proceed to present
the numerical results and discuss them. To compare the
present results with those from lattice QCD [20], we need
to employ the values of the unphysical pion mass. We refer
to Ref. [39] for details. In the left and right panels of Fig. 1,
we draw, respectively, the results for the M1 and E2
transition form factors with the pion mass varied from
the chiral limit (m, = 0) to m, = 550 MeV. We find that
when the larger value of the pion mass is used the results for
both the M1 and E2 form factors fall off more slowly, as Q>
increases. This feature is already known from the results for
the EM form factors of both the light and singly heavy
baryons [37-39,44]. There are only two lattice data at
0% =0 and Q> =0.2 GeV?, and they indicate that the
lattice data on the M1 transition form factor of the QJy —
Q0 process falls off rather slowly, compared to the present
results with the corresponding value of the pion mass, i.e.,
m, = 156 MeV. As shown in the left panel of Fig. 1, the
present results are overestimated approximately by 50%.
Considering the fact that the lattice data on the Q¥ — Q0
E2 transition form factor show large numerical uncertain-
ties, we are not able to draw any definitive conclusions
from the comparison with the lattice data. Actually, the
lattice data on the E2 form factors of Q:° contain similar
uncertainties as shown in Ref. [48]. We anticipate future
experimental and lattice data, which will allow one to make
a quantitative comparison.

It is also interesting to see that the magnitude of the E2
form factor of the Q%* — Q_ transition increases drastically
as Q? gets closer to zero. This is in line with what was
found in Ref. [9], where the radiative decay X} — A_.y was
examined. This indicates that the effects of the vacuum

2.0y

18l % LQCD (m, =156 MeV)
— 1_6§ ------ xQSM (chiral limit)
‘”@ 1.4l — - XQSM (m, =140 MeV)
?T/ 19 \ —— xQSM (m, =156 MeV)
E 1.00™ XQSM E i
G508
O o0.6] .

o4 TomSmeo

o

00 02 04 06 08 1.0
Q? [GeV?]
FIG. 1.

polarization or the sea quarks become dominant over those
of the valence quarks as Q? decreases. We will later discuss
each contribution of the valence and sea quarks to the E2
form factors in detail.

It is of great importance to know the magnetic dipole
transition form factors of the baryon sextet with spin 3/2,
since they provide essential information on their radiative
decays. As expressed in Eq. (11), the values of the M1 and
E2 transition form factors at Q%> = 0 will determine the
decay rates of the radiative decays of the baryon sextet with
spin 3/2. However, since the values of the E2 transition
form factors are known to be rather small in the case of the
baryon decuplet, we expect that they would be also small in
the case of the baryon sextet with spin 3/2. As will be
shown later, the magnitudes of the E2 transition form
factors are indeed very small, compared with those of the
M1 transition form factors.

B. Valence- and sea-quark contributions

In Fig. 2, we show the results for the M1 form factors of
the EM transitions from the baryon antitriplet to the baryon
sextet with spin 3/2, drawing separately the valence- and
sea-quark contributions. On the other hand, Fig. 3 depicts
the results for those from the baryon sextet with spin 1/2 to
the baryon sextet with spin 3 /2, again with the valence- and
sea-quark contributions separated. In general, the valence-
quark contributions dominate over those of the sea quarks.
In the case of the radiative excitation 20y — =0, the effect
of the sea quarks is negligibly small. Note that the
magnitude of this M1 form factor is approximately more
than ten times smaller, compared with those for the Ay —
it and 2fy — ZXt excitations. This is due to the U-spin
symmetry, which will be discussed later. Comparing the
results in Fig. 2 with those in Fig. 3, we find that the M1
excitations for the baryon antitriplet are larger than those
for the baryon sextet except for the 20y — =0 excitation.

—
—c

0.08

0.07k * LQCD (m,,.:15f5 MeV)
— e xQSM (chiral limit)
S 0.06 ¥ —- \QSM (m, =140 MeV)
= 0.05 —— XQSM (m, =156 MeV)
S 0.04 ——- XQSM (m, =350 MeV)
&G 0.02 3 |

0.01\:

0.00==

0.0 0.2 0.4 0.6 0.8 1.0
Q? [GeV?]

Numerical results for the magnetic dipole and electric quadrupole transition form factors of the Q.y — Q transition with the

pion mass varied from 0 to 550 MeV, drawn, respectively, in the left and right panels. The results are compared with the lattice data taken

from Ref. [20].
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FIG. 2. Results for the magnetic dipole transition form factors from the baryon antitriplet to the baryon sextet with spin 3/2, with the
valence- and sea-quark contributions separated. The dashed and short-dashed curves draw the valence- and sea-quark contributions,

respectively. The solid ones depict the total results.

While this can be understood by comparing Eq. (34) with
Eq. (37), the physical interpretation of these results is
originated from the spin configuration of the light valence
quarks inside heavy baryons. The spins of the light valence
quarks for the baryon antitriplet are in the spin-singlet state
(S, = 0), whereas those for the baryon sextet are in the
spin-triplet state (S; = 1). The M1 transitions occur more
likely due to the spin flip of the light valence quarks based
on the naive quark model. Thus, the M1 form factors for the
radiative excitations from the baryon antitriplet to the
baryon sextet with spin 3/2 turn out naturally larger than
those from the baryon sextet with spin 1/2 to the baryon
sextet with spin 3/2. On the other hand, the sea-quark
contribution arises from the polarized Dirac continuum due
to the presence of the N, — 1 valence quarks. This can also
be interpreted as the contributions of the pion clouds with
spin zero in a traditional term. This means that those of the
pion clouds are suppressed for the M1 transitions.

When it comes to the E2 transitions, the situation is
the other way around. The E2 transitions are forbidden

between the different spin states. Thus, we have only the
finite results for the E2 form factors for the EM transitions
between the baryon sextet with spin 1/2 and with spin 3/2,
as shown in Fig. 4. The sea-quark contributions to the E2
form factors are remarkably sizable, which was already
shown in those of the baryon decuplet [43,44]. In the case
of the 29 - =0 and QY — Q:° EM transitions, the sea-
quark contributions dominate over those of the valence
quarks, in particular, in the smaller Q? region. This implies
that the effects of the pion clouds play a significant role in
describing the E2 form factors. Knowing the fact that the
E2 transition form factors reveal how a baryon with spin
3/2 is deformed, the outer part of the charge distribution
governs the E2 form factors. As shown in Refs. [45,49], the
sea-quark part constructs the outer place of the charge and
mechanical distributions in a baryon, whereas the valence-
quark part is responsible for the inner part of these
distributions. In this sense, it is natural that the sea-
quark contributions contribute significantly to the E2
transition form factors in the smaller Q> region. Note that
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Results for the magnetic dipole transition form factors from the baryon sextet with spin 1/2 to the baryon sextet with spin 3/2,

with the valence- and sea-quark contributions separated. The notations are the same as in Fig. 2.

as Q7 increases the sea-quark contributions fall off much
faster than those of the valence quarks, which is also
understandable.

The magnitudes of the E2 transition form factors of a
baryon are in general much smaller than those of the
M1 transition form factors. The leading contribution to
the E2 form factors vanishes within the yQSM, so the

rotational 1/N, correction takes the place of the leading
contribution as shown in Eq. (40). This indicates that the
magnitudes of the E2 form factors should be smaller than
those of the M1 ones. Moreover, the E2 form factors are
suppressed by the mass of a decaying baryon. Considering
the fact that the mass of a singly heavy baryon is much
larger than those of the baryon decuplet, one can expect
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FIG. 4. Results for the electric quadrupole transition form factors from the baryon sextet with spin 1/2 to the baryon sextet with spin
3/2, with the valence- and sea-quark contributions separated. The notations are the same as in Fig. 2.

that the E2 transition form factors of the baryon sextet
would turn out to be much smaller than those of the
baryon decuplet. In addition, the matrix elements of the
SU@3) Wigner D functions for the baryon sextet are
smaller than those for the baryon decuplet. Thus, the
magnitudes of the E2 transition form factors for the
baryon sextet become approximately five to ten times

smaller than those for the baryon decuplet. Figure 5
presents the numerical results for the Coulomb quadru-
pole form factors from the baryon sextet with spin 1/2 to
that with spin 3/2. The main conclusion is the same as in
the case of the E2 transition form factors. The sea-quark
contributions are again dominant over those of the valence
quarks in the smaller Q? region.
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FIG.5. Results for the Coulomb quadrupole transition form factors from the baryon sextet with spin 1/2 to the baryon sextet with spin

3/2, with the valence- and sea-quark contributions separated. The notations are the same as in Fig. 2.

C. Effects of explicit breaking of flavor
SU(3) symmetry

leading contributions to the Z2 — =0, The reason is clear
as mentioned previously. The U-spin symmetry forbids the
neutral EM transition from Z? — Z:°. As shown in
Eq. (34), the SU(3) symmetric leading contributions are
proportional to the charge of the singly heavy baryons
involved in the transition due to the U-spin symmetry. Note

In Fig. 6, we examine the effects of flavor SU(3)
symmetry breaking on the M1 transition form factors.
While the linear m corrections are very small to the A] —
¥+ and EF — Z5T magnetic transitions, they become the
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FIG. 6. Results for the magnetic dipole transition form factors from the baryon antitriplet to the baryon sextet with spin 3/2. The
dashed curves draw the results in flavor SU(3) symmetry, whereas the solid ones depict those with flavor SU(3) symmetry breaking

taken into account.

that Z0 belongs to the U-spin singlet, while 20 is the U-
spin triplet. Only when mg # m, 4, it allows the Z — =0
transition mode. As a result, the magnitude of the Z0 —

M1 form factor is tiny, compared to those of the other M1
transition form factors. In Fig. 7, we depict the results for
the M1 transition form factors from the baryon sextet with
spin 1/2 to the baryon sextet with spin 3/2 with the linear
mg considered. The effects of the flavor SU(3) symmetry
breaking are again negligibly small. It is interesting to
compare these results with those for the M1 form factors of
the baryon decuplet presented in Ref. [50]. While the linear
mg corrections are also very small in the case of the M1
transition form factors for the baryon decuplet, they turn
out to be much smaller for the baryon sextet than for the
decuplet. In the case of the E2 transition form factors, the
linear mg corrections are sizable for the X} — X** and
=t — =it E2 excitations as shown in Fig. 8. It is also
interesting to see that the linear m, corrections suppress the
E2 transition form factors for the X7 — XiT excitation.
These can be understood by examining Eqgs. (41) and (42).

=0
—c

In Fig. 9, we draw the numerical results for the C2
transition form factors from the baryon sextet with spin
1/2 to that with spin 3/2. Knowing that the densities for
them are the same as those for the E2 transition form
factors, we can understand the sizable effects of the linear
mg on the £ — Xi and Ef — EX* transitions.

D. Decay widths of the radiative decay for the baryon
sextet with spin 3/2

In Table I, we list the results for the widths of the
radiative decays from the baryon sextet with spin 3/2 to the
baryon antitriplet in the first three lines and to the baryon
sextet with spin 1/2 in the next lines. As written in Eq. (11),
the decay width for the B, — By is proportional to
|G| + 3]Gy)?. Since we have already shown that the
values of G}, are much smaller than those of Gj,;, the
decay widths are approximately proportional to |G}, |*.
The results Results for the radiative decay widths of
By — B*, which are listed in Table I, indicate that the
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FIG. 7.
The notations are the same as in Fig. 6.

baryons in the sextet are more likely to decay into those in
the antritriplet. As explained previously, the spin state of
the decaying baryon is flipped in the M1 transition. This
explains why the decay rates from the baryon sextet with
spin 3/2 to the baryon antitriplet are much larger than the
63/, — 6,5y decays. As we have already seen from the
results for the form factors, the effects of the flavor SU(3)
symmetry are rather small. The fourth column lists the

— xQSM (m, =180 MeV)
xQSM (my;=0 MeV)

0.0 0.2 0.4 0.6 0.8 1.0
Q*? [GeV?]
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Results for the magnetic dipole transition form factors from the baryon sextet with spin 1/2 to the baryon sextet with spin 3/2.

results from the chiral quark-soliton model in a model-
independent approach [35] where all dynamical vari-
ables were determined by experimental data on the light
baryons." The present results seem overall underestimated,

'Note that in Ref. [35] the formula for the decay width contains
an error. The present results listed in the fourth column are the
corrected ones.
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FIG. 8. Results for the electric quadrupole transition form factors from the baryon sextet with spin 1/2 to the baryon sextet with spin

3/2. The notations are the same as in Fig. 6.

compared with those from Ref. [35]. What is interesting
is that the present results are in agreement with those
from chiral perturbation theory [12]. On the other hand,
lattice QCD yields a very small value of the decay width
for Q0 - QY%, compared with the results from all
other works.

We already observed that the E2 transition form factors
are very small. This means that the ratios Rgy as defined in
Eq. (10) will turn out to be also very small. As listed in
Table II, the values of Ry, for the radiative transitions of
the baryon sextet with spin 3/2 are indeed very small.

Except for the Efy — Et excitation, the values of the
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FIG.9. Results for the Coulomb quadrupole transition form factors from the baryon sextet with spin 1/2 to the baryon sextet with spin
3/2. The notations are the same as in Fig. 6.

ratios Rgy and Rgy; are approximately two times smaller ~ baryons with spin 3/2, based on the pion mean-field

than those for the baryon decuplet. approach or the chiral quark-soliton model. Having taken
into account the rotational 1/N . and linear m corrections,
VL. SUMMARY AND CONCLUSION we computed the magnetic dipole, electric quadrupole, and

Coulomb quadrupole transition form factors for the radi-
We aimed in the present work at investigating the  ative excitations from the baryon antitriplet and sextet with
electromagnetic transition form factors for the singly heavy spin 1/2 to the baryon sextet with spin 3/2. Since the
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TABLE 1. Results for the radiative decay widths of By — B* with and without flavor SU(3) symmetry breaking, given in units of keV.
xQSM xQSM LQCD Bag QCDSR

I'(B.y = B:) (my=0MeV) (m; =180 MeV) ¥SM [35] [20] [51] ¥PT [12] [16,17] QM [15]

Afy - =it 63.37 69.76 191.13 £ 15.15 e 126 161.8 130(45) 151(4)

Efy - Eif 34.14 31.97 55.77 £5.22 443 21.6 52(25) 54(3)

B0y — =0 0 0.08 1.61 £0.42 0.908 1.84 0.66(32) 0.68(4)

Tty - ZEtt 1.12 1.08 241 +£0.22 0.826 1.20 2.65(1.20)

Sry - X 0.07 0.06 0.11 £0.02 0.004 0.04 0.40(16) 0.140(4)

Sy — 20 0.28 0.30 0.80 £ 0.06 1.08 0.49 0.08(3)

Bty > Bif 0.09 0.09 0.21 +£0.02 0.011 0.07 0.274

B0y — =0 0.35 0.34 0.64 +0.05 1.03 0.42 2.142

Qy — Q0 0.38 0.34 0.49 +0.08 0.074 1.07 0.32 0.932

TABLE I Results for the Rgy and Rey on By — B* with and We also examined the effects of flavor SU(3) symmetry

without flavor SU(3) symmetry breaking.

xQSM (my=0MeV)  yQSM (m;=180MeV)

REM[%} RSM [%] REM[%} RSM [%]
THyo It —0.87 ~0.88 ~0.75 -0.76
Ty - Tt —0.87 ~0.88 —0.58 ~0.59
30y — 330 —0.87 ~0.88 —0.89 —0.91
By > =t —0.93 ~0.95 ~1.63 ~1.69
20y - B0 —0.93 —0.95 ~1.04 -1.06
Qly — Q0 096  —0.98 ~1.19 -1.22

model parameters were already fixed in producing proper-
ties of the light baryons, we use exactly the same set of the
parameters for the present investigation. We compared the
results for the magnetic dipole and electric quadrupole
transition form factors with those from a lattice calculation.
However, the lattice results for the form factor for the Q0 —
Q0 M1 transition seems to be underestimated in compari-
son with those from other works. Since the lattice calcu-
lation suffers from large uncertainties in the results for the
corresponding E2 transition form factor, we were not able
to draw any conclusion from the comparison of the present
results with the lattice ones. We then examined the valence-
and sea-quark contributions to the M1, E2, and C2
transition form factors. While the sea-quark contributions
are marginal to the M1 form factors, they dominate over the
valence-quark contributions in the smaller Q? region. On
the other hand, the sea-quark contributions fall off faster
than the valence-quark ones as Q” increases. The magni-
tudes of the M1 transitions form factors from the baryon
antitriplet to the baryon sextet with spin 3/2 are in general
larger than those from the baryon sextet with spin 1/2 to the
sextet with spin 3/2. This indicates that the M1 transitions
occur more naturally between the states with the total spin
flipped. Since the E2 and C2 transitions take place in the
transitions without any spin flip, we have null results for the
transitions from the baryon antitriplet to the sextet with
spin 3/2.

breaking by considering the linear mg corrections.
Except for the Z0 — =0 transition that is forbidden by
the U-spin symmetry, we found that the effects of the flavor
SU(3) symmetry breaking are negligibly small. Since the
U-spin symmetry is broken by the finite value of the
strange current quark mass, the M1 transition form factor
for the 20 — =¥ radiative excitation is finite but tiny,
compared with those for other transition modes. Similarly,
we found that the linear m corrections yield also very small
contribution to the E2 transition form factors except for the
5 — Xt and Ef — EXt transitions. Similar features
were seen in the results for Coulomb quadrupole form
factors. We also computed the widths of the radiative
decays for the baryon sextet with spin 3/2. The results for
the transitions within the baryon sextet are in agreement
with those from chiral perturbation theory. Finally, we
presented the results for the ratios of the E2 over M1 and
C2 over M1. They turn out to be approximately two times
smaller than those for the baryon decuplet. As the electro-
magnetic (transition) form factors provide the most valu-
able information on the structure of the hadrons, it is
extremely important to measure them, experimentally and/
or by lattice QCD computations. So far, very limited
information is given for the charmed baryons, and further
experimental and computational efforts are highly desired.
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factors are expressed explicitly as follows:

Qo(r) = (N = D)(vallr)y* {7 x 6} - 2(rlval) + N,y _Ry(E,)(nlr)r* {7 x &} - 2(rln),

0,(r) =L (N, = 1) S SEUED (1) 515 x ) x al{rlval) - (valleln)

240) = (Ve = 1)'Y e vall)y (7 o) ol - afefval) 5 NS Ry E) e 5 o o) - (),

(vallr)y’ {# x 6} - 7{r|n°) (n°|val) + NCZR5 (E,p, Eo)(m|r)y’ {# x 6} - ©(r|n°) (n°|m),

70 n val n0m

Mofr) = (Ne = 1) o (vallr)y™ (7 x ) - (el vl

ngval —n — Fval

NS RalEy B e x 0 - elrlm) ),
M) = (Ve = 1)Y g (ally {7 % o rln) - (ol el
— NS RaEy, Bl 17 x 0} rln) - (nlyelm),

M) = (Ve = )3 G (allry (7 o} - (el (] vl

= NeY Ro(Epo. Ey)(mir)y* {7 x 6} - 2(r|n®) (n°|y°|m). (A1)

n’,m

The densities of the electric quadrupole transition form factors are given as

VIO a(r) = (N = 1) S e (valleln) - (nlr) (VARY, ® 71}, {rval

n#val val

NS Ry By )nfehm) - (mle) (VARY, @ 2} ).

~2VI0K (1) = (N = 1) 32— (vallyOeln) - nlr) (VY © 71} rfval)
n#val 7 val
# NS Rs (s Eu) ) - () (VAYs @71 ) (A2)

The regularization functions in Eqgs. (A1) and (A2) are defined by
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Ry (En) =

Ro(E,.E,,)

2k

R’J’(En’Em 2\/—/

1 o du 2
-— _E e uE;
N A Pu)—- e,

duE e“Em—Ee“ﬁ

_ Eme—uE,Z,, + Ene—uE%

En - Em
uEfZ _ e—uEfl

Ra(Ey.Ey) / e du/ daeE 1) -uEh
_ sign(E,) —sign(E,,)
s(E,, E,

EH +Em '

E,(1-a)-aE,

va(l —a)

(A3)

with proper-time regulator ¢(u) = cO(u — A7?) + (1 — ¢)0(u — A5%). The cutoff parameters c,A;, and A, were
determined in Ref. [42]. |val) and |n) denote the states of the valence and sea quarks with the corresponding eigenenergies

E,, and E, of the single-quark Hamiltonian 7(

U.), respectively [42].

APPENDIX B: COLLECTIVE MATRIX ELEMENTS OF ELECTROMAGNETIC FORM FACTOR

In Tables III, 1V, V, and VI, we present the results for all relevant matrix elements of the SU(3) Wigner D functions.

TABLE III. The matrix elements of the collective operators for the leading-order contributions and the 1/N,. rotational corrections to
the electrimagnetic transition form factors.
B3y* — Bg Ay" — Z¢ By — Ep Bgy* — Bg Iy - X Byt — B Qy* —
8 1 __1 8 1 1
(Bs| DY |B3) e ik (Bs| DS |B) 3 T3 sva T 0
8 1 8 1 __1
(Bs| DY |B3) 0 3 (Bs| Dy |Be) oG TG _L. /2
8 —_1 1
(Bs| D3y 73| B3) 0 0 (Bs| DS 73| Bo) 5 1) vl 0
8 1
(Bs| Dy 73|B3) 0 0 (Bs|DR 73| Bs) 1572 3072 72
8 —_1 1 8 —_1 1
(Bs|dap3 D5 | Bs) vl il (B|daps DS 7| Bg) 03 13 oval 0
8 1 (8) 1 1 1
(Bs|dup3 Dy /| Bs) 0 8 (Bs|d.p3 Dy /5| Bo) 10V6 20V6 5v6
8
(Bs|D3; 7,1 B3) 0 0 (Bl 1 1Bo) 0 0 0
8
(Bs|Ds: /.1 B3) 0 0 CALALD) 0 0 0

TABLE IV. The matrix elements of the collective operators for the m corrections to the electromagnetic transition form factors.

B3y* — Bg Ay" — X8 Ey' - E; Bey* — B6 - X Byt - Ei Q' —
g 1
<BG\D88 033 |B5) A ? <Bf,|Dgg & 1Bo) 2T, wvals ?
1
<BG\Dgg 83 Y |Bs) 0 By <B6|Dg D8;|Bﬁ> ~30vE 0 ov%
1 1 1
<B6‘D83 38 |B ) 20v/3 ﬁTS <B6|D |B6> %7;3 45\/§T3 (])
(Bo|D{Y D 88 3 |B3) 0 b (Bs|DY) D |Bo) ~ 0% ? s
8 8)
<Bﬁwdubzz>ga 'Dy)|B3) 0 e (Bs|dups Dy Déh |Bs) -2 M 573
8) 1 8) 1 1T
<Bﬁwdab3D3a D< ) 1B3) 10 1673 (Bg|ds DS D) |Bs) 575 3 el 0
8 8
(Bo|DE' DY) |B5) 0 0 (Bs| D DY |Be) —%\/§T3 a5 \/Ts 0
8 8 _ 1 _ 1
<Bﬁngg |Bi> 0 0 <B(,|DéJ 1B N 57 v
<BG\D81 Dsl '|Bs) 0 0 <Bs|Dsl D31)|Bé> %\@Ts —i \/VTs 0
1 1
(B¢|DY) DY |B) 0 0 (Bs| DY DY |Bs) v,) T
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TABLE V. The relevant transition matrix elements of the collective operators coming from the 15-plet component of the baryon wave

functions.
Bzy" — Bg Ay" = 2 Bt —EL By — Bg oyt - X Byt — Ei Q' —
8 1 8 1
(B¢| DS |Brs) VL —¥3T, (Bs| D |Brs) 53 13 WE N 0
8 1 8 _ 1 _ 1
<BG\D§s3)|BE> 0 is <B6|D§33>‘BE> BVt 6v10 0
8 8 1
(Bg| D3| Bys) 0 0 (Bs| D 73 |B55) wils N 0
8 8 __1 __1
(Bo|D J5|Brs) 0 0 (Bo|D J5|Brs) i Ve 0
8 1 8 1
<Bs\dab3D§a>Jb|Bg> Wi -5, (Bo|d 3 DS, 7, Brs) TV +1\/2T5 0
8 8 _ 1 _ 1
(Bs|dus Dy 1| Bis) 0 é\/g (B|daps Dy 1| B1s) /15 12,10 0
8 8
(B6|DY)J1|Brs) 0 0 (Bo|D) 1| Brs) 0 0 0
8 8
(B6|DY) 1| Brs) 0 0 (B6|DY) 71| Brs) 0 0 0

TABLE VI. The relevant transition matrix elements of the collective operators coming from the 15- and 24-plet components of the

baryon wave functions.

Bzy* — BB Ayt — % Byt - E; Bgy* — Bﬂ Xyt - Xk E’Cy* - B Q" — Q
8 1 8 1 1
(Bs|DY)|B3) vl ~ BT, (B DY |Bs) o3 s VL 0
8 8 1 1 1
(B[ D4 |1B3) 0 12 (B D B6) Y %0
8 8 _ 1 _2
(Bi5|DYJ5|B5) 0 0 (Bz|DY 15| Bs) VAL =73 0
8 8 1 __1
(Bi5|DRJ5|B5) 0 0 (B3| D 731Bs) -2 i 3
8 1 _ 1 8 1 2
<Bﬁ‘dab3Dga>Jb|B§> 2v30 2vs 13 <Bﬂ|dab3Dga)Jb |Bg) AL R 0
8 8 1 1
<Bﬁ‘dab3D§za>Jh|B§> 0 é\/% (Bﬁ|dah3D§za)Jb|Bﬁ> =1/3 15 15
8 8
(Biz|DS)J,|B) 0 0 (B DY) J:[By) 0 0 0
8 8
(B5|D 7:|Bs) 0 0 (B3| DT |Bg) 0 0 0
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