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Abstract. A new baryonic state Ac(2940)" has recently been discovered by the Babar collaboration in the
D%p channel. Later Belle collaboration also observed this state in the EC(2455)0’++7Ti — AT 7T 7™ chan-
nel. The mass of AC(2940)+ is just a few MeV below the sum of D*% and p masses suggesting a possibility
that this state may be a D*%p molecular state. In this paper we study whether such a molecular state can be
consistent with data. We find that the molecular structure can explain data and that if A¢(2940)" is a D*%p
molecular state it is likely a 1/27 state. Several other decays modes are also suggested to further test the

molecular structure of AZ (2940).

PACS. 13.30.Eg; 14.20.Lg; 12.39.Pn

1 Introduction

Very recently, the Babar collaboration announced that
a new charmed baryonic state 4.(2940)" has been ob-
served in the mass spectrum of D% [1]. Its mass and width
are, respectively,

m = 2939.8 +1.3(stat.)  1.0(syst.) MeV /c?
and
I' =17.5£5.2(stat.) £ 5.9(syst.) MeV .

Its spin and parity have not been determined by experi-
mental measurement yet. Another charmed baryonic state,
A.(2880) T, is also observed in the D°p spectrum by the
Babar collaboration. The state A.(2880)" had already
been observed before by the CLEO collaboration in the
mass spectrum of Af 77~ [2] and the Belle collaboration
has recently also observed A4.(2940)" in Af 77~ channel
via A(2940)" — 2.(2455)0FFrE — AFr T [3].

As commonly believed, A.(2880)" can be categorized
as an excited charmed baryon [4—6]. It has large branch-
ing ratios into both Dp and AF 7+ 7~ decay modes which
can be realized via a subsequent process as shown in Fig. 1.
The new A.(2940)" might also be an excited state, but the
sum of the masses of D** and p, (m p«o +m,, = 2945 MeV),
is so close to the required 2940 MeV makes it very tempt-
ing to view it as a D*%p molecular state. The slight excess
energy above the central value of A.(2940)" mass can be
attributed to the binding energy of the two constituents.
If indeed A.(2940) is a molecular state, the decay pattern
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may be different. In the following we study if a D*%p mo-
lecular state is consistent with data.

2 D*%p molecular states

There is an abundant spectrum in charm-tau energy
range, some of the charmed states are very close to
each other in masses; their peaks even overlap. Some of
them may be molecular states. The picture of molecu-
lar states was first proposed to interpret the behaviors of
scalar mesons fo(980) and a(980), which could be KK
molecules [7—12]. This idea has now been widely adopted
for explaining some experimental data. Rujula, Geogi and
Glashow suggested that (4040) is a D*D* molecular
state [13], Rosner and Tuan also studied the so-called C-
exotic states [7—9]. In a recent work, it was suggested that
Y (4260) is a xc — p°[14] or x. —w [15] molecule. For the dy-
namics, Okun and Volosin studied the interaction between
charmed mesons and molecular states involving charmed
quarks [16]. Following the previous studies it is not unre-
alistic to consider A.(2940)" as a molecular state.

An immediate question one needs to answer, if interpret-
ing 4.(2940)* asa D*°p molecular state, is that whether the
correct binding energy of about 5 MeV can be realized. We
find that one particle exchange model can indeed achieve
this. In this model one deduces the effective potential of
D*%p system by using the linear o model [17]. Following
the standard procedures [18], we calculated the transition
matrix element of the elastic scattering D*° +p — D*0 +
p in the momentum space by regular quantum field theory
method. Then setting gy = 0 where ¢° is the 0-th compon-
ent of the momentum of the exchanged hadrons which pos-
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Table 1. The binding energies and the masses correspond to S-
wave D*Op systems with spin 1/2 and spin 3/2, respectively
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Fig. 1. Decays of excited charmed
baryon A to (a) D%p, and (b)
Afrta™

For case (a) 1/27 For case (b) 3/27

A=0.85~0.89 GeV A=0.90 ~ 0.95 GeV
Epeo,=—T7.2~ ~2.9 MeV Epeo, = —T7.4~ —3.6 MV
My, =2.938~2.942GeV  m ., =2.938 ~2.941 GeV

D*0 D*0

sess appropriate quantum numbers, we carry out a Fourier
transformation from the momentum space to the configu-
ration space to obtain the potential. This is the effective
potential between the constituents D*° and p. Substituting
this effective potential into the Schrodinger equation, one
can obtain the wave function and eigenenergy, which isiden-
tified to be the binding energy of the molecular state.

We have carried out a calculation similar to that in [17]
by taking exchanges of 7, w and p mesons as the lead-
ing interaction of D** and p, which eventually binds D*°
and p into a molecular state, to obtain the binding energy.
In the derivation of the effective interaction in the mo-
mentum space, to compensate the off-shell effects for the
exchanging mesons, one usually phenomenologically intro-
duces a form factor at each effective vertex. A commonly
used form factor is taken as [19,20] (A2 — M2)/(A? —¢?),
which we also use in this work. Here A is a phenomenolog-
ical parameter whose value is near 1 GeV [21], and ¢ is the
four-momentum of the exchanged meson.

Since the spin of A.(2940)T is not determined by ex-
periment yet, we consider two possible cases for the spin
of A.(2940)" in the S-wave state. In this case one obtains
two JE states: (a) 1/27, and (b) 3/2~. We display the al-
lowed ranges for the masses of the molecular states and
their binding energies in Table 1. We see that the binding
energies are in the right ranges. From the spectrum we can-
not distinguish whether the spin is 1/2 or 3/2. Adjusting
parameters in the form factors, we find that P-wave states
with the right binding energy are also possible. In that case
one would have 1/2% and 3/2" states. To get more in-
formation, one needs to invoke the decay rates measured
recently by the Babar and Belle collaborations.

3 Ac(2940)T — D%p, ATt 7~

To have more information about the D*%p molecular
state, we now consider the decay of this state to D°p and

p »
y4 P N
A} (2940) A} (2940)
C O C 0
> ™ p(w)
D™ DO D™ DO

(a) (b)

Fig. 2. The decay of A.(2940)" — pDP by intermediate states
D*%p. Here D*p — Dp with exchanged mesons 7° and p°(w)

Afntn~. Since A.(2940)" is just below the threshold of
D*%%, it can fall apart into D*Op through threshold effects
due to finite width. More specifically, we assume that the
dominant decays of 4.(2940)" occur via two steps shown
in Fig. 2 (3,4). The molecular state A.(2940)" first dis-
solves into D*° and p due to the threshold effect, that is,
the finite width of A7 (2940) about 20 MeV allows on-shell
final D* and p with small three momenta. Thus D*° and
p are treated as on-mass-shell real particles, and then D*0
and p re-scatter into D% or AT7nt 7~ by exchanging in-
termediate states. If 4.(2940)" is a 1/27 or 3/27 state, it
must be a P-wave molecule of D* and p, and its dissoci-
ation into D*p (or derivative of the wave function ¥’(0))
is further suppressed by small three momentum. Thus
the transition rate would be very small. In this picture,
A:(2940) " is disfavored to be P-wave or higher wave bound
states. We then left with S-wave 1/27 and 3/27 to study.

We now proceed to calculate A.(2940)T — D% and
Ac(2940)T — ATwT 1~ decays by the diagrams in Fig. 2
(3,4) with on-shell D*° and p, and then D** and p re-
scatter in to the desired final states. For the A.(2940)"
coupling to D*? and p, we write as [23]

Lbound =g NAMG%*O y (1)

ND*047F (2940)

and

)

N[N =

)

A = d w7 Ac(2940)7, 77 (2940) =
" 4c(2940), TP (2940) =

where ch is the Rarita—Schwinger vector-spinor for
a spin-3/2 particle. For A} (2940) to be 1/2~ and 3/27,
A, are given by: 7,45 (2940) and v° A (2940), respec-
tively. In the above g, . A (2040) parameterizes the bound
state effect which is not known. Since we will be con-
cerned with relative strength of A7 (2940) — D% and
AZ(2940) — AFmt ™, the specific value of g 1. 4+ (9949 18
not important for our purpose.
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T(+ \ P
D*0 { - pl— 4+ Fig. 3. The decay of Ac 2040Vt — Ad 7wt
o by intermediate states pD*". Here D*Op — Dop
(a) (b) with exchanged mesons D*? and p
T (n7)
D04+ AF 704+ D
p . P +< L AF(2940) 7
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* ()
DN - D*0 xt— D E%HH ()
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Fig. 4. The decay of /1C(2940)Jr — AT 7 7™ by intermediate states pD*O. Here D*Op — DOp with exchanged mesons D**

For the couplings of the other vertices in Fig.
write the relevant Lagrangian as

2(3,4), we

L= gNna(o+ivysT-m)) + gNN,ﬂ/;'yﬂﬂ/J - p
+ gy PO, VI 10, Vs -
+ovve [0MVVO,V, —0"VI0,V,| o
+9vv, [(0,VT'1V, = 0"V ITV,) - p*
+ (VTUT Oupy — 0,V p) VH
+ VTM(T -pO vy —T- aule,)]
+ [gvp- VT (P87 — 8, Pr)+h.c]
+ gvppet P [(%pyaavg TP+ 0,V 0, ng}

— .
+ 9N p* At (2285) VN Tu e (2285) D7

o )
95t 24550 NNV T2 (2455) D**

\ +
+ 95t (2a55) pny V15 2¢ (2455)D
| Isd e20)pN

Yrr(2520)N
m

(0.D), (2)

D

where P, V are pseudoscalar and vector mesons D, D*.
The known couplings are given by g, =13.5, gn Np =
325 gD*D*p —29 gD*DW—18 gD*Dp—471GeV and
gD*D*r = gp*D*o = 3.5 [17,22]. The values of the cou-
plings gND*Ag_ (2285)” 9N DX (2455)5 9N D* 3 (2455)
IN DX (2520) and 9N D* 3(2520) are not known. We keep
them here and discuss their effects later.

From the above effective Lagrangian, we can construct
decay amplitudes for A} (2940) — D%, Af7+ 7~ through
the triangle diagrams shown in Fig. 2 (3, 4). These ampli-
tudes are given in the Appendix.

Once the decay amplitudes are obtained, the partial
decay width can be derived. We give three typical examples

and N

in the following

(A (2940)" — D)

d*Ppo 1 d3P,2m, (2m)ist
2M (2m)3 2Epo (2m)3 2E,
(M —Ppo—Pp)
|M( (2940)* — D%)|?,
(A (2940) —Afo— Afntn7),
d3P ¢ 2m ¢ a3pr, 1
de — A (2m)46*
2M (2m)3 2E,; (2m) 2E,

X (M—P 4 PU)
X | M (4:(2940)" — AF0) | x B(o — xt77),
(A (2940)" — T — A7 m7) 5,

/d3P2 9my, d3P, 1 1o
oM 8 2By, (2m)3 2B, "
(M~ Ps, —

Pr)
|M( (2940)* — Zem)|* x B (5. — Afw) .

454

Numerically the branching ratio B(c — nwt7~) is about
0.6~ 0.7 and the branching radio B(X, — Af7) is about
1. [24]. Note that since 9N DA+ (2940) 18 DOt known, we will

not be able to obtain the absolute value. However, we can
obtain the relative strength of each diagram which can still
give information about the decay pattern of A1 (2940).

4 Results and discussions

We now discuss contributions from each diagram to
AF(2940) — D% and A} (2940) — A7+ 7~. Here we have
omitted (and will omit) to indicate the intermediate stage
D*p in the decay chain. Since the spin of 4.(2940)" has
not been determined, we discuss both J¥ =1/2~ and
JP=3/2".

(1) JPA) =3~
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For M(A

have

<(2940)* — D) with 7 and p° exchange, we

|M(A(2940)F — D) o|?
: [M(A(2940)" — D°p) 0 =1.0 x 10%: 1.

Since the Af(2940) wave function is not known (in our

notation the coupling g, . 4+ (2940) is not known), it is

not possible to calculate the absolute value for each of the
partial decay width. However, we are able to obtain the
relative widths which can also provide us with useful in-
formation. For convenience of discussion, in the above we
have normalized |M(Ac(2940)" — D) 0|* = 1. The ma-
trix element squared listed below are all evaluated accord-
ing to the same normalization.

The contribution to the amplitude from w exchange is
close to that from p exchange, that is, M(A.(2940)"
D) 0 ~ M(Ac(2940)" — D°p),,. So when we consider
the decay of M(A.(2940)* — D°p), we can almost ignore
the influence of p and w exchange and consider 7° exchange
only.

For M(A}(2940) — Afnt7x~), we have considered
several contributions coming from A.(2940)" — Ao —
Afntr=,  AF(2940) — X.(2455)m — Afxtn~  and
AF(2940) — Y. (2520)7 — A7t 7~ with exchanges of dif-
ferent intermediate states in various triangle diagrams. For

M(A(2940)T — Afo — AT 7wt 77), we have
|M (Ac(2940)" = Afo) .|
| M (Ac(2940)7 — Af o) |* = 2.0 x 107%:0.015.

In this case N exchange is more important. The result-
ing branching ratio for A} (2940) — Af 7" 7~ will be much
smaller than that for A7 (2940) — Dp.

For M(A}(2940) — X.(2455)m — A7t n~), we have

| M (A:(2040)" — 5.(2455)7) , |
| M (Ac(2940) 7 — . (2455)) . |
| M (Ac(2940)7 — . (2455)) |

. -3 2
- 0'029N02j(2455) +1.5x 10 IND*5F (2455)
. 2
: 9'39ND*EC+(2455) :

Since the couplings are not determined, the numbers can-
not be determined. If the couplings are similar in order of
magnitude, the N exchange is most likely to dominate. We
will come back to discuss this later.

For M(A}(2940) — X.(2520)m — A7t 7n~), we have

| M (Ac(2940) " — £.(2520)7) |
M (A(2940) T — Ee(2520)7) 0|
LM (A 2940) — Xe(2520)7)

=4.2x 10 gNDE+(2520) L. 8 X 10 gND*Ej_(2520)
19.4x 107 gND*ZC*(2520) '

Here D exchange is most likely to dominate.

Xiao-Gang He et al.: A¢(2940)™
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Collecting the above results, we obtain the leading
contributions to the radio of B(A.(2940)* — D%) and
B(AF(2940) —» Afntn),

B (Ac(2940)" — D) : B

(Ac(2940)" — A7t 7))

_ . -3 2 2
— 429 (5.0 X107°0% st amssy + 4095 b (a155)

+1.7x107%g3 | o

x <252o>> ' (3)

There are no data available to determine unknown effect-
ive coupling parameters appearing in the Lagrangian (2).
A rough idea about the relative strength of these couplings
can be obtained from the use of SU(3) for the light quarks,
and the heavy quark symmetry for the heavy c-quark, since
D, D*, A. and X all contain a relatively heavy c-quark.
In the heavy quark limit the spin of heavy quark is de-
coupled [25—-27], so that the dimensionless coupling con-
stants for spin 1/2 and 3/2 heavy baryons and spin 0 and
1 heavy mesons are approximately equal. If applicable, one

would approximately have, g ™ Gy pre(aass) =

ND*AF (2285)
IND* 5 (2455 — IND s (2520) = IND* 3 (2520) —

This approximation is, of course, very rough, but as
an estimation of the order of magnitude, they should
work. Using this approximation, we find that the con-
tribution to A.(2940)" — Afnt 7~ is dominated by the
second term in (3), that is dominated by M (AT (2940) —
D*%p — 3.(2455)m — AFn 7). We then obtain the radio
of A:(2940)" — D%p) and A.(2940)" — Af w7~ branch-
ing radios as:

B(A.(2940)" — D) :
=429:4.0g%.

B(A.(2940)t — Afrta™)

(4)
One expects that the coupling g involves two baryons and
a meson is similar to the couplings to NN7 and NNp
in some way. If it is comparable in size with g, = 3.5,
the ratio R = B(A.(2940)" — Afn 7~ )/B(A:(2940)"
DY) is at order one level, and can be near to one if g is close
t0 gy n. = 13.5.

(2) J7(A8) = §~

For the various ratios similar to the case with JZ(AF) =
1/2~ discussed earlier, we have

| M (Ac(2940)* — D%) o|*: ‘M (Ac(2940)" — D) ’

=20x10%:1,

|M (Ac(2940)" — Afo) .
LM (Ac(2940)T = Afo) |

=3.6x1072:3.4,

| M (Ac(2940)* — Z(2455)7) |
DM (Ac(2940)F — Xc(2455)7)
LM (A 2940) — Xo(2455)7) |

, -3 2
=41x10™ 9ND2§(2455) $6:23 10779 b st (2455

2

2

. -2 2
:5.4x10 IND* 5F (2455) °
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| M (Ac(2940) T — X (2520) |
LM (Ac(2940)F — EC(2520)7T) ol
L | M (A 2940) — Xe(2520)7) |

) -4 2
=8.7x10" gNDzj(2520) :9.0x10 IND*5F (2520)
) 2
: 3'39ND*EC+(2520) :
The leading contributions in the above lead to
B (A.(2940)" — D) : B
=859 (

(Ac(2940)" — Afxt7™)
2 2
0'669ND*A3’(2285) + 0'04gND*25"(2455)

2
+1'259ND*20+(2520)>
=859 :1.95¢7. (5)
We find that in this case the dominant contribution to
AF(2940) — Af 7t~ is from A.(2940)T — 2 (2520)m —
AFrta~

Although both decay modes A} (2940) — D% and
AF(2940) — Afwt7~ have been observed experimen-
tally, no detailed information for B(A.(2940)* — D) :
B(Ac(2940)t — Afnt7~) is available. But the fact that
the Belle collaboration observed AT (2940) — A7t 7~ via
the intermediate X1 (2455) already can tell us interest-
ing information about the property of AF(2940). We note
that with a reasonable size of g between g, and gy, if
AF(2940) is a 1/2~ D*%p molecular state, there is a sizable
contribution to A.(2940)" — Af 7t 7~ via the interme-
diate X.(2455) state, but not for 3/2~ D*%p molecular
state. For a 3/27 state, A.(2940)" — A7t 7~ would be
dominated by X.(2520) intermediate state with a smaller
branching ratio for a similar strength for the coupling g.
Therefore present data support that A7 (2940) tobea1/2~
D*p molecular state.

We now discuss some other decay properties of
AF(2940). If A.(2940)" is an S-wave molecular state of
D*%p, the binding is loose. A.(2940)T may decay into
D*0 and p via the threshold effect. We have considered
the sequential decay of D*® — D70 with the 7° playing
the role of a exchanged particle. The 7 can also be-
come a particle in the final state. Also D*° can decay into
DP%y. Thus A.(2940)* may have other two decay modes:

D% and DPvp with sizable branching ratios because
B(D* — D°7%) = 61.9% and B(D** — D%y) = 38.1% are
large. These decay modes should be searched in future
experiments.

If exchanged particles 7° and p° in Fig. 2 are replaced
by 7~ and p~ respectively, we can get other decay modes
of A.(2940)*, ie., A.(2940)t — DTn, D**n. Since n
is only about 1.3MeV heavier than p, A} (2940) — D%
and A (2940) — D*n should have comparable widths
although the threshold suppression factor is more sever
for the latter. Search for A.(2940)" — D™ n in future ex-
periments should also be carried out to understand the
property of A} (2940).

Since A.(2940)" in A.(2940)" — Afnt7~ has been
observed, the 4.(2940)" in A.(2940)* — AF7%7° should

: a possible molecular state? 887

also occur. We suggest to look for 4.(2940)" in this chan-
nel. From our previous discussion, this decay is likely to
go through A.(2940)" — X.(2455) "7t — AF77° than
A(2940)T — X.(2520) T 7t — AF 7070,

In this paper we have suggested that the newly ob-
served baryonic state A.(2940)" to be a D*°p molecular
state. The molecular structure can naturally explain why
the mass is a few MeV below the threshold, and explain
the observations of AF(2940) — D% and A+(2940)
AFntn~. Observation of AF(2940) — Af7t7~ via XF +
(2455) suggests that the molecular state is a 1/27 sate.
Several other decay modes of A.(2940)" with final prod-
ucts as DTn, D% , D%p and A7 770 can be used to
further test the molecular structure. We urge our experi-
mental colleagues to carry out such analyses.
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Appendix

In this appendix we give the absorptive decay amplitude
for each diagram in Fig. 2 (3, 4). Since AF(2940) is very
close to the threshold of D*° 4 p, the three momenta k for
p is very small in the rest from of A.(2940).

1) JF(2940) = 1

In the following , q is the momenta of the exchange par-
ticle and ¢ = (k — p3)? = m3, + m3 — 2mypY, where mg is
the mass of the particle with momentum ps.

()M (A.(2940)+ — D*%p — D)

M (Ae(2940)F (pe) — D™ (k — po)p(k)
— D°(pa)p(ps)) o (Fig. 2a)

gND*Aj‘ (2940) Ip*pxIN N~

k _
= |:8’|/T]14 q2 — m2 (4kp3 - 4mNmN):| ij

M (A(2940)" — D*(k — pc)p(k)

— D(pa)p(p3)) 0 (Fig. 2b)
_ { k| 2mymp«o Inpeag oD DoINN, ]17’7“7”75
|87 M M 2

o
X Ajeuuaﬁpgp? ’

> —m

(2)M(A:(2940)T — D*0p — Ato — Afntn™)

M (Ac(2940)" — D™ (k — pe)p(k)
— Af(p3)o(pa)) p. (Fig. 3a)
K| 9pxpxs9
8TM

ND*A+ (2940) ND*AZ (

2285
q m2 ) QmD*O
-

X (3mymy — 2kps + mNmAj) /Ic’Y5/1<J:r

M (Ac(2940)F — D**(k — pe)p(k)
— At (pa)o(ps)) y (Fig. 3b)
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_ k| gND*Aj‘(2940) gNN"gND*Aj‘(zzss)
8t M q*—m2
X (67)73\7 — 6mNM + 4kp4 — 2mNmA+ + GmNmN> ]
x AP AL,

(3)M(AF(2940) — D*Op — X (2455)7 — AFmTm™)

M (A(2940)* — D**(k — pc)p(k)
— Zc(2455)(p3)(pa)) p (Fig. 4a)
k| Inpxat 2010y ID* DxIN 5 (2055 D

B |:87TM ¢ —m3

X (4kp3 — 4mNmEC) Z_'C/lj

M (Ac(2940)" — D*(k — pe)p(k)
— 2c(2455)(p3)7(pa)) . (Fig. 4b)

B [ k| 2mnmpso I N at 2040y ID* D7 INSe(2455) D> ]
8 M M
X Sy AL €uaspi vl
M (Ac(2940)" — D*(k — pe)p(k)
— 2c(2455)(pa) 7 (p3))  (Fig. 4c)

q? —mi

k| gND*Aj’(2940) INN=IN 5. (2455) D*

B |:87TM @ —m3

X (6m?\] —6mnM + 4kpy + 2mNmEg“ — 6mNmN> }
x D AT,
(4)M(A:(2940)T — D*Op — X.(2520)7 — AFm7)

M (Ac(2940)" — D*(k — pc)p(k)
— 2c(2520)(p3)w(pa)) , (Fig. 4a)

_ { k|

8TrMmp

gND*Ai (2940) gD*DﬂgNZ'C(252O)D

2 2
q= —mp

x (4kps +4Amymy, ) | Stk AT

M (Ac(2940)" — D*°(k — pe)p(k)
— Xc(2520)(p3)m(pa)) . (Fig. 4b)
[ k| 2mymp«o 9 N D* af (2010) ID* D*nIN 5 (2520) D>
|87t M M
X Sy AL €pvappipl
M (Ac(2940)T — D*°(k — pe)p(k)
— Xc(2520)(pa)7(p3)) 5 (Fig. 4c)
k| gND*A:r(294O)gNngNEC(252O)D*

B [87rM ?-m%

g —mi.

X (6m?\,—6mNM+4kp4+2mNmEj —6mNmN> ]

x Sk, AT

Xiao-Gang He et al.: A¢(2940)": a possible molecular state?

2) JP(2940) = 3~
()M (A.(2940)+ — D*%p — D)

M(Ac(2940)" — D*O(k —po)p(k)
- Do(ps)p(p4))7r0 (Fig. 2a)
_ |: k| gND*Aj’(2940) Ip*prINN=
8TM q2
M (Ac(2940)" — D*(k — po)p(k)
— D°(p3)p(ps)) ;0 (Fig. 2b)
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) 4mN} Py’ Altps,

¢ —m

x Py AT €uapp Dl
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4)M(A(2940)F — D*Op — ¥.(2520)7 — Adnta— 5. D. Pirjol, T.M. Yan, Phys. Rev. D 56, 5483 (1997
p c
i 0 6. A.E. Blechman, A.F.Falk, D. Pirjol, J.M. Yelton, Phys.
M (Ac(2940)" — D*O(k —pc)p(k) Rev. D 67, 074033 (2003)
— Xc(2520) (p3)7r(p4))D(Fig, 4a) 7. S.F. Tuan, Phys. Rev. D 15, 3478 (1977)
K g gon g 8. J. Rosner, S.F. Tuan, Phys. Rev. D 27, 1544 (1983)
- [ k| ND*AF (2940) 7 D* D N e (2520) D 4mN] 9. S.F. Tuan, Phys. Lett. B 473, 136 (2000)
8rMmp ¢ —m% 10. J. Weinstein, N. Isgur, Phys. Rev. Lett. 48, 659 (1982)
% Sgku/ljypg,,, 11. J. Weinstein, N. Isgur, Phys. Rev. D 27, 588 (1983)
I 0 12. J. Weinstein, N. Isgur, Phys. Rev. D 41, 2236 (1990)
M (Ac(2940) — D*°(k — pe)p(k) 13. A.D. Rujula, H. Georgi, S.L. Glashow, Phys. Rev. Lett. 38,
— $c(2520)(p3)7(pa)) . (Fig. 4b) 317 (1977) .
[ K| 2mnmpe0 Inpe st @oany 9D D*wIN Se(2520) D+ ] 14. éiog;;’ X.Q. Zeng, X.Q.Li, Phys. Rev. D 72, 054023
M M g% —m3,. 15. C.Z. Yuan, P. Wang, X.H. MO, Phys. Lett. B 634, 399
x DhAP ATV e pypP (2006)
) . ”O‘Dﬁ*og k" . 16. M.B. Voloshin, L.B. Okun, JETP Lett. 23, 333 (1976)
M(Ac(2940)F — D*(k — pe)p(k) 17. X.G. He, X.Q. Li, X. Liu, X.Q. Zeng, Eur. Phys. J. C 44,
— Xc(2520)(pa)7(p3)) 5 (Fig. 4c) 419 (2005)
|k| g n Innad 0 18. V. Berestetskii, E. Lifshitz, L. Pitaevskii, Quantum Elec-
= |: ND* A (2940)2 2NE°(2520)D trodynamics (Pergamon Press, New York, 1982)
8 M q° —my 19. M.P. Locher, Y. Lu, B.S. Zou, Z. Phys. A 347, 281 (1994)
— 20. X.Q.Li, D.V. Bugg, B.S.Zou, Phys. Rev. D 55, 1423
X 2mN(M—m2C+) EC AC we (1997)

21. In the literature, different types of the form factors are of-
fered, and we have tried several of them and find that by
slightly adjusting the corresponding phenomenological pa-
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