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In the present work we explore the production potential of A.(2880)" at PANDA. With the J* =3+
assignment to A, (2880)", we calculate the differential and total cross sections of pp — A7 A.(2880)". We
also perform the Dalitz plot analysis and give the pD? invariant mass spectrum distribution of the process

pp — A7 pD°, where the signal and background contributions are considered. Our numerical results
indicate that the production of A,(2880)* may reach up to about 20 ub. About 107 events from the
reconstruction of pD° can be accumulated per day, if taking the designed luminosity (2 x 1032 cm™2s™!)

of PANDA.
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I. INTRODUCTION

The higher orbital excitation of the A, baryon family
A.(2880) was first announced by the CLEO Collaboration
through analyzing the M(Afztz~) — M(A) mass differ-
ence plot [1]. In 2007, Belle carried out the study of
A, (2880), where A.(2880) decay into X.(2455)% 7+~
was observed. What is more important is that the meas-
urement of its spin-parity assignment was given, i.e., its J©
favors 5/2% [2]. In Ref. [3], A.(2880) — D p was reported
by the BABAR Collaboration. The resonance parameters of
A.(2880) include [2-4]

Belle: M =2881.2+0.2+0.4 MeV,
I'=58+0.7+1.1 MeV,

BABAR: M =2881.9+0.1 £0.5 MeV,
'=58+15+1.1 MeV.

The above experimental phenomena show that the exper-
imental information of A,(2880) is quite abundant among
all observed charmed baryons [4].

After the observation of A.(2880), different theoretical
groups have performed theoretical studies of A.(2880).
Most of the theoretical studies of A.(2880) mainly focus on
the decay behavior of A.(2880), as we are going to
introduce. By the quark pair creation model, the strong
decay behaviors of charmed baryons are investigated
systematjzcally [5]. The results indicate that A.(2880)
favors A.3(5/2%) (the notation of the charmed baryon
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can be found in Fig. 3 of Ref. [5]) since the correspond-
ing total decay width and the ratio T'(X.(2520)x)/
I'(X.(2455)z) are consistent with the experimental
data of A.(2880) given by Belle [2]. In Ref. [6], Cheng
and Chua calculated the strong decays of A.(2830)
by the heavy hadron chiral perturbation theory, where
A.(2880) can be a mixture of L =2 charmed baryons
A (5/2%) and Al5(5/2%) [6]. Later, Zhong and Zhao also
studied the charmed baryon strong decays via a chiral
quark model, which contain the A.(2880) two-body strong
decay [7].

Although studying the decay behavior of A.(2880) is
helpful to reveal the inner structure of A.(2880), exploring
the production of A.(2880) is also an important and
intriguing research topic. Until now, all experimental
observations of A,.(2880) have been from the B meson
weak decays [1-3]. Thus, it is natural to ask whether
A.(2880) can be produced by other processes. To answer
this question, in this work we will carry out the study of the
A.(2880) production. We notice that A.(2880) can decay
into D°p [3], which shows that there exists the strong
coupling between A.(2880) and D°p. In addition, search-
ing for the charmed baryon is one of the physical aims at
PANDA [8]. Considering the above reasons, we study
the discovery potential of A.(2880) at PANDA, which
can provide valuable information to future experimental
exploration of A,(2880) at PANDA.

This work is organized as follows. After the Introduction,
we present the selected process of A.(2880) produced at
PANDA and the corresponding calculation detail. In Sec. III,
the Dalitz plot and the pD° invariant mass spectrum are
given, which contains the analysis of the signal and
background contributions. Finally, this paper ends with a
discussion and conclusion in Sec. IV.
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FIG. 1. The diagram describing the pp — AZA.(2880)"
process.

II. THE PRODUCTION OF A, (2880)

Since A.(2880) can couple with pD° [3], A.(2880) can
be produced in the proton and antiproton collision process
pp — AZA.(2880)" by exchanging a D° meson, which is
shown in Fig. 1. In the present work, we do not consider the
contribution from the direct pp annihilation, which is
suppressed by the Okubo-Zweig-lizuka rule [9-12].

In the following, we calculate the production probability
of A.(2880) in the process pp — A7A.(2880)" by the
effective Lagrangian approach, where the differential and
total cross sections are discussed.

A. The Lagrangians and the coupling constants

As measured by Belle [2], we take the quantum number
of A.(2880)" to be J*¢ = 3*. For depicting the coupling of
the nucleon with the charmed meson and the charmed
baryon, we adopt the effective Lagrangians [13—15]

IDNA, ¥
Lpya, = — e —— Aysy*0,DN +He., (1)
g —
Lpnr = —WDT%R”D}’SYX(@@”@D)N +He., (2)

where N, R, and D are the isodoublet nucleon field, the
A.(2880) field, and the isodoublet D meson field, respec-
tively, with the definitions N = (p,n)T, N = (p,n),
D= (D, D"), and D= (D° D7)". In the following
formulas, we take gy = gpya, and gg = gpyg for the sake
of convenience.

The propagators for the fermion with J = 1/2,5/2 are
expressed as [14,16—-18]
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where §,, = —g,, + pup./p* and ¥, = =y, + pp,/p*. In
addition, p and m £ are the momentum and the mass of the
fermion, respectively.

By an approximate SU(4) flavor symmetry, the coupling
constant g, is equal to gyyx = 13.2 [19-22], which is
larger than g)yx = 6.7 2.1 estimated by the QCD sum
rules [23,24]. The former one is adopted in this work.
Additionally, the coupling constant g can be obtained by
fitting the measured partial width of the A,.(2800)"(Q) —
D°(K)p(P) decay, where the partial decay width is

mgmy | 5 |K]
dr; = o7 IMP = dQ, (7)
Vi1 my
with
m3 — m?, + m>
Eg = =12, (8)
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Here, Ex and K are the energy and the three-momentum of
the daughter D° meson, respectively. my and m, are the
masses of proton and D° meson, respectively. Furthermore,
the concrete expression of the corresponding decay width is

K 1
r - mRle | Z|Tﬂ|2

_ gzzemN|K|
12ﬂmR(mN + mR

x K, K, (Q)i
_ 9R|K|
24xmg(my + mg)?

x P1(Q)ysKK Ky, (10)
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where P/ 2(Q) is the projection operator for a fermion
with J = 5/2 as defined in Eq. (5). Since the measurement
of the branching ratio of A,(2880)* — Dp is still absent,
we can, thus, determine the coupling constant gr by the
theoretical result of the branching ratio of A.(2880)" —
D°p. In Ref. [5], the estimated branching fraction
BR(A.(2880)" — D%p) is around 20%, where the quark
pair creation model is adopted. The corresponding partial
decay width is 1.2 MeV. Considering the above situation, in
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FIG. 2 (color online). The kinematically allowed region for
the momentum of the transfer momentum in the processes
pp — AZA.(2880)".

this work we take a typical value I'(A,(2880)" — D°p) =
1 MeV to extract gz = 40.69 GeV~2, which will be
applied to the following calculation.

Before carrying out the study of the cross section of
pp — A7A.(2880)", we display the kinematically allowed
region of the square of the transfer momentum ¢° (see
Fig. 2), which is the function of /s. In Fig. 2, the maximum
of ¢? is negative and less than the mass square of the
exchanged D meson in the energy range of our interest.

B. The production of A,(2880)

The transition amplitude for the process
AZA.(2880)" shown in Fig. 1 is expressed as

pp —

_ 9A IR
(mp, + my)(my + mpg

x 0p(p1)C(q) vy (P3)Gp(*) F?(q* mp).  (11)

) itg(P4)Cr(q)u,(p2)

where C(q) =ysq and Cgr(q) = ys4q,q, describe the
Lorentz structures of the vertices of D° interacting
with pA. and pA.(2880)*, respectively. Gp(q?) =i/
(¢*> — m?) is the propagator of the exchanged meson. In

addition, the monopole form factor

2_ 2
A —m3,

Flgh ) = 2

(12)

is also introduced for the strong interaction vertices, where
the phenomenological parameter A can be parametrized as

A = mp + aAQCD (13)
with Agep = 220 MeV, where the dimensionless param-

eter a is expected to be of order unity [25]. Later, we will
discuss how to constrain the value of a.
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The transition amplitude of pp — AZ A can be obtained
by replacing Cx(q) with —C(q) in Eq. (11). The unpolarized
cross section is [4]

do _ mymymy mg 1

d_ 2 14
dt l6zs  |pi]? ’ (14)

STy

where
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)2|GD<q2>|2f4<q2,m%>

P1r—my P3Ny,
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x r[ 2my 2my, rCly ] (15)

Before giving the numerical results of the production of
A.(2880)*, we should constrain the value of a.

We noticed that the reaction pp — AA has been mea-
sured by the PS185 experiment at the Low Energy
Antiproton Ring, and the data for the corresponding cross
section have been reported in Refs. [26-29], which is
shown in Fig. 3. If considering the approximate SU(4)
flavor symmetry, pp — A.A, is similar to pp — AA,
which makes us constrain the a value by the experimental
data of pp - AA. By extending the formulas of pp —
A A, to the reaction pp — AA, one can easily obtain the
corresponding cross section. In Fig. 3, we show the
calculated total cross section of pp — AA and the com-
parison with the experimental data. It is obvious that our
numerical result can describe the experimental data when
a = 1.15. This a will be applied to obtain the cross sections
of pp —» A7A.(2880)" and pp — A7A} just shown in
Figs. 4 and 5, respectively. With o = 1.15, the cross section
of pp = AZA.(2880)* can reach up to about 20 b, while
that of pp — AZAl is about 0.2 ub.
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o our result
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10"k PS185 (1991) ||
PS185 (1996) | |
PS185 (2000)
1 -2 N 1 N 1 N 1 N
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FIG. 3 (color online). The obtained total cross section for
pp — A~A*. The data are from the PS185 experiment [26-29].
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FIG. 4 (color online). The obtained total cross section for pp —
AZA.(2880)" with different a, where the result of a = 1.15 is
plotted by the solid line.

In Fig. 4, the variation of the total cross section of pp —
AZA.(2880)" to the different values of the parameter a is
also plotted, where a is taken as 1.0-2.5 with the step of
0.5. Our results of the A.(2880)" production indicate that
the cross section of pp — A7A,(2880)" strongly depends
on the adopted values of a. For example, the cross section
of the A,.(2880)" production with @ = 1.0 is smaller than
that with @ = 2.5. Thus, we need to use the pp — AA
experimental data to constrain the a value. In the following
background analysis, we take a = 1.15 to present the
numerical results.

The variation of the total cross section of pp — ATAZ
to a is also given in Fig. 5. It is obvious that the cross
section for this process is rather smaller than that
of pp - A7A.(2880)".

In addition, we also present the differential cross
section of pp — AZAF(2880) with different values of
the center-of-mass energy /s, which is shown in Fig. 6.
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T
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i
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FIG. 5 (color online). The obtained total cross section for pp —
A7 A} with different a, where the result of @ = 1.15 is plotted by
the solid line.
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FIG. 6 (color online). The differential cross section for pp —
AZA,(2880)" dependent on —z with the fixed center-of-mass
energy /s =5.2, 5.3, 5.4 GeV.

III. THE BACKGROUND ANALYSIS
AND THE DALITZ PLOT

Besides giving the total and differential cross sections of
the production of A,(2880)" in the pp collision, it is also
important to perform the background analysis and the
Dalitz plot of the corresponding reaction, which can
provide more abundant information of the A.(2880)"
production at PANDA. In the present work, we consider
the processes pp — AZpD°, where pD° is from the
intermediate resonance A.(2880)" or AS as shown in
Fig. 7. The process pp — A-AS — AZpD° with the
off-shell A} is as the main background contribution.

The transition amplitudes of pp — A7 pD° are written as

2
-/]-R‘ — gR gL = —C
ULy <mN+mR> my, + my “p(l?4)[ r(Ps)]

x Gy (K)Cr(q)u, (p2)55(p1)C(q)v5, (P3)
x Gp (42 F(¢* M3), (16)

(b)

FIG. 7. The diagrams for pp — D°pA, with the intermediate
A.(2880)T (a) and A (b) contributions.
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7> ’ u, (P4)C(P5)G}\/(.2 (k)

x [=C(q)]u,(p2)v;(p1)C(q)v; (P3)
x Gp(q*)F*(q*, Mp), (17)

which correspond to Figs. 7(a) and 7(b), where the
expressions Cp and C are defined in Sec. IIB. The
definition of the involved momenta can be found in Fig. 7.

With Egs. (16) and (17), one obtains the square of the
total invariant transition amplitude

MP = ITF + Ty

2, (18)

The corresponding total cross section of the process
pp — AZpDO is

m3, | M]?
d0=7Nu(2ﬂ)4d¢s(p1+pz;p3,p4,ps), (19)
p1-pa| 4

with the definition of the n-body phase space [4]

n 3 3
Bk,
dq)n(P;kl,...,kn):54(P— E kl) | |W

i=1 i=1

To numerically calculate the total cross section of pp —
AZpD° including both signal and background contribu-
tions, the MATHEMATICA and FOWL codes are utilized.
In Fig. 8, the variation of the total cross sections to /s is
given, where o and o, correspond to the signal and
background contributions, respectively. As shown in Fig. 8,
the line shape of oy increases rapidly near the threshold.
Since the process can proceed via on-shell intermediate
A.(2880)", a steep increase appears at about /s =
5.17 GeV and oy can reach up to about 5 b at the energy

G (nb)
=

10-4: i 1 1 1 1 1 ]
505 510 515 520 525 530 535 540

Vs (GeV)

FIG. 8 (color online). The obtained total cross section for
pbp — A7 pD°. Here, 6 and o), are the results via the exchanged
A.(2880)" and A/, respectively, while o7 denotes the total cross
section.
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range of our interest. 6, has a dominant role at /s <
5.11 GeV. However, 6; becomes important when /s
increases, and then og is much lager than ¢, when
/s > 5.18 GeV, which indicates that the signal can be
easily distinguished from the background in this energy
region.

After giving the total cross section of pp — AZpDP, we
also carry out the analysis of the Dalitz plot and the pD°
invariant mass spectrum for this process, which are useful
for studying the production of A.(2880)" in the proton-
antiproton collision pp — A7 pD°. In Fig. 9, the Dalitz plot
and the corresponding pD° invariant mass spectrum at
V/s = 5.35 GeV are given. When 107 events are generated
in the Monte Carlo simulation, the signal event can reach
up to about 10* events/0.005 GeV?. The pD° invariant
mass spectrum indicates that the signal can be well
distinguished from the background. This is due to the fact

12.2¢

: Entries 10000000}
12
11.8F
11.6F
11.4F
o 11.2F

2 2
Mp A (GeV~©)

11F
10.8F

10.6F
104F
78 8

82 84 86 88 9 92 94

Mi - (GeV?)

=
(=]
T

(o]

Events/0.005 GeV2

N W A Y2

—_
'oo UL RN RARRN AN RN LR LR LR LR Y4
[e e}

P Bars

82 84 86 88 9
2 2
MpDO (GeV~®)

92 94

FIG. 9. The Dalitz plot (top) and the invariant mass spectrum
distribution (bottom) for pp — A7 pD° at \/s = 5.35 GeV.
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that the contribution from the signal is far larger than that
from the background at the energy range /s > 5.18 GeV
(see Fig. 8 for more details).

IV. DISCUSSION AND CONCLUSION

In this work, we investigate the discovery potential of
charmed baryon A,(2880) produced at PANDA, which is
different from the A.(2880) production in B meson decay
[2]. Thus, this study will be helpful to further the exper-
imental search for A.(2880) at the forthcoming PANDA
experiment, where searching for the charmed baryon is one
of the most important physical aims of PANDA [8].

The total and differential cross sections of the A, (2880)"
production indicate that pp — A7A.(2880)7 is a suitable
process to explore the A.(2880)" production at PANDA.
Considering the designed Iluminosity of PANDA
(2 x 102 cm™2s7!), we can estimate that there are about
107 A.(2880)" events accumulated per day by reconstruct-
ing the final pDP. In addition, the background analysis and
the Dalitz plot are given in this work, where the process
pp — AZpD° is calculated by including the signal and
background contributions. We find that the contribution
from the signal is much larger than that from the back-
ground when +/s > 5.18 GeV, which is a suitable energy
window to study the A.(2880)" production at PANDA.
These results also show that the A.(2880) can be easily
distinguished from the background.

It should be mentioned that there were some discussions
of the initial state interaction (ISI) and final state interaction
(FSI) effects on the nucleon-nucleon collisions when the
transition occurs near the threshold [30-34], where the ISI
and FSI effects are thought to be governed by the non-
perturbative QCD effects and are rather complicated. The
authors of Ref. [35] studied the ISI effect on meson
production in NN collisions, where the ISI leads to a
reduction of the total cross section of the order of
202 = 11 (p)eos? (5, (p)) + 11 = 1 (p)]2. which relates

PHYSICAL REVIEW D 90, 014014 (2014)

to the phase shift §;(p) and inelasticity 5, (p) of NN
scattering. With increasing the energy, the dependence of
|A|> on energy becomes smaller. In addition, by studying
the reaction NN — NNy, the authors in Ref. [33] claimed
that the FSI effect is not universal and depends on the
concrete meson production mechanisms. Usually, the Jost
function is utilized to describe the FSI effects [36].
Haidenbauer et al. also discussed the contribution of FSI
to the cross section in the frame of the Jiilich meson-baryon
model [37]. Their results indicate that the cross sections do
not change by more than 10%—-15% when the ISI effect is
included.

However, as the first theoretical estimate of hunting the
charmed baryon A,(2880) at PANDA, the present work
does not seriously consider these effects in studying the
production of A.(2880) since the ISI and FSI effects are
rather complicated, especially for the discussed production
process. Further study by including the ISI and FSI effects
is an interesting research topic, which should be explored in
future work.

In summary, we suggest a future PANDA experiment to
perform the search for the charmed baryon A.(2880)".
This experimental study cannot only further confirm
A.(2880)" by different processes but also provide more
abundant information to A.(2880) ™, which will be valuable
to reveal the underlying structure of A.(2880)".
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