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I. INTRODUCTION

It is known that the history of the study of dibaryons,
such as H and d* particles, can be traced back to about 60
years ago (refer to the review articles by Clement [1, 2]).
Theoretically, the possible dibaryon states have been
carefully investigated with many approaches from the
hadronic degrees of freedom (HDF) to the quark degrees
of freedom (QDF). In 2009, the evidence of d* was firstly
reported by CELSIUS/WASA and WASA@COSY Col-
laborations [3-6]. Observations of the existence of such a
dibaryon were claimed in their series of experiments.
This is because that their observed peak cannot simply be
understood by the role from either the intermediate Rop-
er excitation or from the #-channel intermediate AA state,
except by introducing a new intermediate resonance with
its mass, width, and quantum numbers being 2370 ~
2380 MeV, 70 ~ 80 MeV, and I1(J¥) = 0(3*), respectively.
Since the baryon number of this resonance is 2, one be-
lieves it may just be the light-quark-only dibaryon
d*(2380) that has been hunted for several decades.

According to the mass of 4* and the relevant
thresholds of the two-baryon (AA), two-baryon plus one-
meson (NNr), and two-baryon plus two-meson (NN7r)
channels nearby, one could believe the threshold (or
cusp) effect should be much smaller in the case of this

resonance than that in the cases of the exotic XYZ reson-
ances [7-10]. And due to its narrow width, one may think
of this dibaryon as a state with, at least, a hexaquark-
dominated structure. Up to now, several theoretical pro-
posals for its internal structure have been investigated.
Among them, two proposed structures have attracted
much attention. The first one comes from the study in
QDF. The calculation showed that d* has a compact
structure and is a candidate of an exotic hexaquark-dom-
inated resonant state [11-17]. (A similar assumption re-
gards the d* state being a deeply bound state of two As
[18, 19], however its width is larger than the measured
value.) The other calculation, in HDF, considers it as a
molecular-like hadronic state, which originates from an
assumption of a three-body resonance ANm or a molecu-
lar-like state Djpm [20-23]. Although the mass and the
partial widths of the double pionic decays of such a hypo-
thetical dibaryon resonance can be reasonably repro-
duced by both proposed structures, the interpretations in
the two proposals are entirely different. Of course, there
are many other studies for understanding the structure of
d* and pp — n*d reaction, for instance, the triple di-
quark model [24] and the triangle singularity mechanism
[25]. Whether they can systematically explain all exist-
ing experimental data still needs to be further tested.
Therefore, it is necessary to look for other physical ob-
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servables in some sophisticated kinematics regions or
some processes other than p—p (or p—d) collision, which
might explicitly provide significantly different results for
different structure models, especially the two d* struc-
ture models highlighted earlier. Actually, such theoretic-
al analyses have been carried out on the electromagnetic
form factors of d* [26, 27] and on the possible evidence
in the y +d processes [28].

Up to now, the dibaryon d* has been observed by
WASA@COSY Collaborations in the process of pn —
dnrm and the fusion process of pd —3 He+nn. It seems
that d* was also observed in another process, y+d
— dnr at ELPH [29-31]. It should be stressed that the
forthcoming experiments at Panda (Pbar ANnihilation at
DArmstadt) are expected to provide a confirmation of
this dibaryon state if it does exist. This is because that at
Panda, the antiproton beam collides with the proton tar-
get and the momentum of p could be in the range from 1
to 15 GeV/c. This corresponds to a range of the total cen-
ter-of-mass (CM) energy +/s of the proton —antiproton
system being from ~2.25 to ~5.5GeV [32-34], which
covers 2My ~4.76 GeV. Therefore, future experiments
based on the pp annihilation reaction can provide anoth-
er way to produce dibaryon and anti-dibaryon pairs, d*d*,
and can further give the information of this d* resonance.

In this work, a phenomenological effective Lagrangi-
an approach (PELA) is employed to study the production
of a spin-3 particle d*. It should be mentioned that this
approach has been successfully applied to many weakly
bound state problems [9] in the exotic meson sectors of
X(3872), Z,(10610), and Z,(10650) [35-38] and the exot-
ic baryon sector of A.(2940) [39, 40], and also the deuter-
on (S = 1) [41]. For the pion meson, which is different
from the above-mentioned loosely bound states, its prop-
erties can also be reasonably obtained by this approach
[42]. Moreover, this approach has been applied to the
study of the dibaryon candidate of NQ (S = 2) [43], pre-
dicted by Ref. [44] and the HAL QCD collaboration [45].
Therefore, as an extrapolation, PELA could be adopted as
a reasonable tool to estimate the cross section of
pp — d*d* in the energy region of +/s € [4.8, 5.50] GeV at
Panda.

This paper is organized as follows. In Sec. II, we
show the description of the spin-3 dibaryon states by
PELA. Then, a brief discussion of the cross sections of
the pp — AA and pp — AA — d*d* processes is given in
Sec. III. The numerical results are presented in Sec. IV.
Finally, Sec. V is devoted to a short summary and discus-
sions.

II. DESCRIPTION OF THE SPIN-3 PARTICLE
d*(2380) IN PELA

By considering the interpretation of d* in the nonre-
lativistic quark model in Refs. [11, 13-17], we write the

effective Lagrangian of d* (3*) and its two constituents
(for example two As) as

Lian(x) =ga-an f d*y D) Ay (x +y/2)L @ hkes)- B

XAG(x=y/2)d; . () +h.c. (1)

1H2[43
where A, is the spin-3/2 A field, and AS stands for its
charge-conjugate with AS = CAT and C=iy*y°. In the
above equation, d;, , , (x;A) represents the spin-3 d* field
with polarization A. It is a rank-3 field. The coupling of
the two As to d* relates to the two spin-3/2 particles and a
spin-3 particle. The three-particle vertex reads [46]

r‘as(ﬂlﬂzﬂz)»ﬁ — [7/#1 (gﬂzwgﬂlﬁ + gﬂzﬁgﬂzo/)

yﬂz (gﬂlagﬂlﬁ + gﬂlﬁgﬂla)
+y (g + ghPg)). (2)

+ O\ =

The correlation function ®(y?) introduced in Eq. (1) de-
scribes the distribution of the two constituents in the sys-
tem and makes the integral of Feynman diagrams finite in
the ultraviolet. This function is related to its Fourier

transform in momentum space, ®(-p?), by ®(?)=
4

d . - .
f (2—[)746‘11” x®(-p?) where p stands for the relative Jac-
Fis
obi momentum between the two constituents of d*. For
simplicity, @ is phenomenologically chosen in a Gaussi-

an-like form as
B(-p?) = exp(p*/A?), 3)

where A is a model parameter, relating to the scale of the
distribution of the constituents inside ¢*, and has dimen-
sion of mass. All calculations for the loop integral, here-
after, are performed in Euclidean space after the Wick
transformation, and all the external momenta go like
P =’ 3 - P =" p) (where the subscript "E"
stands for the momentum in Euclidean space) with
p*=—ip’. In Euclidean space the Gaussian correlation
function ensures that all loop integrals are ultraviolet fi-
nite (details can be found in Ref. [9]).

Then, one can determine the coupling of d* to its con-
stituents by using the Weinberg —Salam compositeness
condition [47-50]. This condition means that the probab-
ility of finding the dressed bound state as a bare (struc-
tureless) state is equal to zero. In the case of d*, our pre-
vious calculation in QDF [11, 13-17] shows that d* con-
tains |AA > and also |CC > components, which are ortho-
gonal to each other. As a rough estimate, a simplest chain
approximation is used. Then this condition can be writ-
ten as
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€] (1
- I ) (P IZ 0y P?)
d)» —_ _——_——————— —_——
P |y, P |y
=24 an +Zacc) =0, @)

where P is the momentum of 4*(2380), A A) orcoyM3)
is the non-vanishing part of the structural integral of the
mass operator of d* with spin-parity 3" (the detailed de-
rivation can be found in Refs. [51, 52]). Here we assume
these Z; (an) and Z; (cc) are independent. Since the prob-
abilities of the AA and CC components are about
Pap ~1/3 and Pcc ~2/3, respectively in quark model
calculation, therefore,

Y) 2
1 GZ(AA (P9
Zian) = 3 6—50)2 =0 (5)
Pr=M
(1 2
2 32(Cc)(7> )
Zy(co) = 3T g =0, (6)
Pr=M

and the coupling g, aa can be extracted from the compos-
iteness condition of Eq. (5). The mass operator of the d*
dressed by the AA channel is given in Fig. 1. It should be
stressed that the coupling constant determined from the
compositeness condition of Eq. (5) contains the renormal-
ization effect since the chain approximation is con-
sidered (also refer to Refs. [51, 52]).

The explicit expression of the full mass operator can

be written as
P
=33
exp A2

SE0P) | an(A)] f oy

K+ Mn g Vﬁyﬁ
xTr{l"a ey ( &+
2kPKF kg —yP kP
" YpKp 7ﬁ Xl"(”/)
3M§ 3Ma B
, @y kY kY
,k] X _gaa+ Y'Y + 171
k2 3 33
YK —V”kT o
3Ma k|:P—k’

with ) and y; being the abbreviations of (/1’1,./1’2,;/3) apd
(u1,p0,13), respectively. In general, according to its
Lorentz structure, the mass operator 2(”)(” )(SD) takes the
form

W)y — N 7 EDW) D) (2
e (P)_IZ:L(I)(L) o), (®)

A(ky)
The mass operator of the d*(2380) — AA.

Fig. 1.

with Z(l) (702) being the structural integrals appeared in the

express1on of the full mass operator, and the Lorentz
structures being

2 _ L i g g g i
L?;) (1 6[gw4 (gHat gt 4 gl ghtittz
+ gMGﬂz( gﬂéul gﬂ%m + guéus g/l%ul)
+ gﬂ;us (gﬂ;uz gu;m + gu;u. gu,%ﬂ:)] ,
1

=8[ga.ﬁx (gazﬂz gasﬁa + gazﬁz ga/zﬁz) + o ] 9)

with «; € (], 15, 15) and B € (u1, a2, 143),

1 O, (@ 103 @
18w Slem (g g 4 g P g b)),
(10)
L?;)) (U ) [Paq ¢)ﬁ (g(lzﬁ asf3; + gtlz,Bw axﬁz) + .. ] (1 l)
LEZ)) S ) [7)(117)5 (g(Y %gﬁzﬁz) 4o, ] (12)

) ) 1 2 31 23 32 1P3
L) < (g0 P g0
+gﬂxﬁzgﬁlﬁz) + o +7)517)52 (ga/lﬁs @3

+ 0P g g g0 gy y ] (13)
ngé))(u) 5 [p“'P" PhPP(g®F) 4 .., (14)
10 L popogongi i

L PEPRPRp () 4], (15)
L?S‘)) (1) it bt it it o bt (16)

Clearly, due to the property of the polarization vector of
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spin-3 particles, like €,,,,,,(#, 1) shown in Ref. [26], only
the first term on the right-hand side of Eq. (8) gives a
contribution while the other terms do not. We introduce
the Lorentz projector

D) 1~'1~"~'z1 GHaMs GHH
T(f (u =E[gﬂlﬂ (BHoHe GHSH 4 Hath gHiH )

+ g,ﬂ’.uz ( gﬂ’zﬂl g,ﬂsﬂs + g,.u;/tz g,ﬂ;ﬂl)

+ g,ﬂiﬂ: ( g,ﬂé#z gﬂém + g,,u}#. gﬂ&ﬂz)]

| Lt ~ Ll Ll ~ L1l
- E[gﬂlﬂz (gﬂx/llgﬂzllz +gﬂ3ﬂ2gﬂlll3 +gﬂ3ﬂ3gﬂwll,)

+ g/—‘;/l; (gl‘é/ll gﬂz#; + gﬂ;}lz gﬂl,“z + g/—l;}lg g}ll,uz)

+ gﬂ%/‘; (gﬂ?lh gﬂzﬂz + gﬂ/lﬂzgﬂlﬂz + gﬂ]ﬂi gﬂlﬂz)] ,

(17)
with
PHPY
g=g=-¢"+ : (18)
M2,

It satisfies following relations

PITU) =0, ) € ) ihpil) o g € (ropiaopss),  (19)

1 7, i
LE;:%,(/J,)TT =, (20)
and
L T =0, (1=2,3,...8). 1)

Thus, when the full mass operator ¢ )®)(P) acts with
the Lorentz projector T (f")’(“’), the product gives the scal-
ar function ZV(P?) in Eq. (4), and it will contribute to the
compositeness condition. Finally the coupling constant
lgl* ., can be determined from Eq. (5).

It should be stressed that here we have adopted the
Gaussian-type correlation function of Eq. (3), ®(-p?) =
exp(p?/A?), where the model-dependent parameter A
relates to the size of the system in the non-relativistic ap-
proximation, at least in physical meaning. Thus, one may
roughly connect b, representing the size of the d* in the
non-relativistic wave function, to the parameter A by
b*/2 ~ 1/A%. According to the quark model calculation in
Ref. [14], b ~ 0.8 fm, and we choose the parameter value
A ~0.34 GeV.

III. CROSS SECTIONS FOR pp — AA AND
pp — AA — d*d*

A. Cross section for pp — AA
There are only a few experiments of the pp—

A(1232)A(1232) process in the literature [53-57]. Refs.
[56, 57] studied pp— AA at 7.23 and 12GeV. The
samples were obtained from the large exposures of the 2-
m hydrogen bubble-chamber (HBC) experiment to the U5
antiproton beam at CERN. The account of ppr*n~ was
thought to come dominantly from the A**A*++ channel. It
was believed that the process can be described by the #-
channel pion or reggeized pion exchange. A good de-
scription of the mass and #-distributions for the reaction at
3.6 and 5.7 GeV was given by the one-pion exchange
model [58]. Moreover, the cross section of the process, in
terms of the Mandelstam variable of s, is parameterized
as o(s) = As™" with A = (67 £20) mb and n = 1.5+ 0.1 [56].

This pp — AA process can also be estimated theoret-
ically by using an effective Lagrangian [59]

1y ) 2 v
L08) = g F(poA Tpw - #FOND +he,  (22)

where g and F(p,) are the effective coupling constant
and phenomenological form factor, respectively, the lat-
ter function is chosen to be

2 _ 2\
F(p) = (AMz—_pz) exp@p;), (23)
M t

with the parameters A}, ~1GeV and n=1. In Eq. (22),

2 3/21%
L= Clt”,1/2t§"

the cross section is

é; is the isospin transition operator. Then,

(T:f(Zﬂ)464(p1+pz—ps—p4)
4/(p1-p2)—mim]

— 2 dps d’py
M , 24
szol” f ‘ (2m)32E,, (270)2E,, @4

where pi, (or p34) are the momenta of the incoming (or
outgoing) particles, |/V(,~f|2 stands for averaging over the
polarizations of the initial states and summing over the
polarizations of final states. We can write the matrix ele-
ment M,;;, representing the contribution of the tree-dia-
gram to pp — A**A**, via 7 exchange with the Lagrangi-
an of Eq. (22), as

Ho AT AT _
MY :gzerAF2(Pt)[U§P?“(P1)]

1
o [PopVipa] @29

X

mz

The resultant cross section is shown and compared
with the parameterized empirical cross section in Fig. 2.
It should be mentioned that in Ref. [60] Fxya = fana/mx,
and in order to fit the decay width of A — 7N, where the
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G(mb)

sI/Z (GEV)
Fig. 2. (color online) Estimated cross sections for
pp — AT*A++ compared to that with a parameterized form of
o(mb) = 67571 (red curve). The black solid, dashed, and dot-
ted curves represent the calculated results with the parameters
of (1;,(GeV),a(GeV?)) being (1.15, 0.2), (1.0, 0.2), and (1.15,
0.25), respectively.

initial momentum of A is set to be zero, the value of fyya
is taken as 2.2+0.04. Thus, their Fyya~ (15.7+0.285)
GeV'. In our present numerical calculation, to fit the
parameterized cross section, we introduce an additional
trajectory functlon exp(0.2¢) (p> =t < 0) and take

Frna ~ 10. 75GeV . Here, we find that the 10% variation
in Fpya may cause about 50% change in the total cross
section since the cross section is proportional to F2, . In
addition, the change of the estimated +/s-dependent cross
section with respect to the variations of the parameters
A}, and o are shown in this figure as well. Those curves
show that the cross section with smaller /s becomes lar-
ger when A}, deceases or a increases. The combined ef-
fect of A}, and a on the cross section, namely the effect
of the phenomenological form factor, is more pro-
nounced in the small +/s region. Therefore, the current
Lagrangian is flexible enough to fit the experimental data.
It should be mentioned that in this calculation, we only
consider the one-pion exchange, insert a phenomenolo-
gical form factor, and take the coupling of F,ya as a free
parameter. It seems that our tree diagram result is reason-
able to reproduce the total cross section of pp — A*tA*+,
although we do not consider the contributions from other
meson exchanges, for instance the p meson. In conclu-
sion, the effective Lagrangian L ) mentioned above is
appropriate for describing the cross section of the
pp — AA process, so it should also be acceptable and
reasonable to be further used in the investigation of the
d*d* generation in the pp — AA — d*d* process.

B. Cross section for pp — AA — d*d*

The Feynman diagram of the pp — d*d* process via
AA intermediate is shown in Fig. 3. In this diagram, d*d*
pair is generated from the pp — AA annihilation reaction.
It should be noted that in the loop, in the higher order ap-

d*(ps)

p(p1)
(pe) A

-

Fig. 3. (color online) Feynman diagram for the
pp — d*(2380) +d*(2380) process, where the red bold line and
black double line stand for the internal A (or A€) field and the
outgoing d*, respectively.

proximation, when pp annihilation generates a AA pair, it
can also create a corresponding CC pair, therefore, when
A interacts with A (or A interacts with A), a correspond-
ing hidden-color component CC (or CC) would exist.
According to the conclusion in our previous quark model
calculations, about 1/3 of AA (AA) and 2/3 of CC (CC)
can form a d* (d*), as

1 2
d* >~ \[=|AA > ++[=|CC >,
'>\£' >\@' >

with the spin and isospin quantum numbers of the colored
cluster C being 3/2 and 1/2. Thus, to estimate events of
d* (d*) creation, we can only use 1/3 of the AA (AA)
component, because it corresponds to one d* (d*). It
should be further stressed that the process in this diagram
can occur only when the Mandelstam variable satisfies
Vs >2M, ~4.8GeV. It is clear that the threshold of this
production channel is lower than the upper limit of the
CM energy of the Panda device.

To calculate the matrix element of Fig. 3, we have to
use the vertices of L,y in Eq. (22) and Laa in Eq. (1).
The matrix element of M, for the process of pp — d*d*
reads

p—d'd*
Ml(;p )

=N (P2, un (P (p3) ™)

X ()(d* (pa)™ (D), (26)

with

a, o C B2 BigC
Moy = f (2,T)4 DS 32,00 KUy S 312,08, (K3)
B F( )
‘ ‘Sz/zm.a.)(kl)lﬂ D
t ﬂ'
(ki —k3)g  (ky—k3);
X exp —( e E4 e £ X C1s0,

27
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where the exponential factors in the last bracket on the
right side of Eq. (27) come from the consideration of the
phenomenological bound state problem of d* discussed
explicitly in Sec. II, and the subscripts "E" and "M" de-
note "Euclidean" and "Minkowski", respectively. The
propagators of a spin-3/2 particle A and its charge con-
jugate are

32,0 (ps Mp) =(p—m) ™!

oo o YuYy | 2PuPy | YuPr = YvPu
8uv 3 3M§ 3M, )
/2,01 M) =CS 11 (. MC, o9

with the charge conjugate operator being C =iy?y°.
Moreover, the constant Crs, = 7/18 represents the isospin
factor since the intermediate state can be either A**A*+,
or A*A*, or A°A? (here we only consider the pion-ex-
change in the pp — AA process). Then, the cross section
of such a process is formally expressed by Eq. (24),
where the matrix element is replaced by Mf}’p 24D given
in Eq. (26). Notice that the square of the matrix element
is proportional to g%,  and g} ., respectively. Here,
since the d* is a spin-3 particle, its field can be described
by a traceless rank-3 polarization vector like €,,,,,(P, ).
This polarization vector has the properties of €,,5=0,
€afy = €Bay, and PY€,p, = 0. Therefore, in the summation

calculation, we have

* pa—
2 Sorapy =

pol.

[gua(g\/ﬁgo-y + gvygaﬁ) + gpﬁ(gmgay + gvygo‘a)

=

+ Zu(Zr0Bop + Bpdoal)|
- % [~ﬂV(g0'(Ygﬁ7 +80p8ay + g(rygaﬁ)
+ Zuo(@valsy + BvpBay + BvyBap)
+ gvrf(~ﬂagﬁ7 +8up8ay + gwgaﬁ)]’
(29)

with g,, showed in Eq. (18).
IV. NUMERICAL RESULTS AND DISCUSSIONS

A. Discussion of g4 aa

In this work, we employ our phenomenological ef-
fective Lagrangian approach to describe the spin-3 reson-
ance d*. Consequently, the Feynman diagram of Fig. 3
can be calculated covariantly and relativistically. In the
calculation, there is only one unique model parameter A.
We fix this parameter according to the qualitative conclu-

sions obtained from the dynamical calculation in the non-
relativistic constituent quark model [14, 15]: (1) d* con-
tains two components |[AA > and |CC > with probabilities
1/3 and 3/2, respectively; (2) d* is a compact system with
a size about b ~ 0.8 fm; and (3) In the quark model ap-
proach, the strong decay widths of d*, in the leading or-
der approximation, are dominantly contributed by the AA
component. Thus, A% ~2/b*, which gives A ~0.34 GeV
when b ~ 0.8 fm. Further taking Paa ~ 1/3, we can calcu-
late the coupling constant of d* to AA using the formulas
shown in section 2. The result shows ggaa ~3.35. We
present the change of the dimensionless coupling con-
stant g = ga-an/ VPaa with respect to the variation of the
model parameter A in the region of [0.25, 0.45] GeV in
Fig. 4.

The curve in Fig. 4 shows that the dimensionless
coupling g, relates to the model parameter A and to the
integral of the mass operator structure. When A increases,
the integral of the loop structure increases, and con-
sequently the obtained g, decreases. In addition, al-
though g, does not depend on Paa, g4aa 18 proportional
to the square root of the channel probability +Paa. Fi-
nally, we would mention that we cannot dynamically de-
termine the size parameter as well as the probability in
this approach. Instead, to proceed with the calculation
without contradicting the results given by the quark mod-
el, we simply borrow the corresponding qualitative con-
clusions given in those dynamic quark model calcula-
tions.

8.25 — 0?3 — 0.‘35 — 0?4 — 045
A(GeV)

Fig. 4. 8a* = gd*AA/VPAA in PELA versus A € [0.25, 0.45] GeV.

B. Cross section for pp — AA — d*d*

In the CM energy region +/se€ [4.8-5.5]GeV, the
evaluated total cross section of the process pp — AA —
d*d*, shown by the Feynman diagram in Fig. 3, is given
in Fig. 5. Here, we reiterate that the cross section is eval-
uated based on the qualitative interpretations of d* in the
non-relativistic quark model approach, with which all ob-
served properties of d* can be well described. The cross
section curve in Fig. 5 tells us that the total cross section
in the d*d* pair production process is about 46 orders of
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100 T e T T
E AGeV)

o(nb)

s o s by b s by by s by
0.01
48 49 5 5.1 52 53 54 55
12
s (GeV)

Fig. 5. (color online) Estimated cross section for the reac-
tion of pp — d*d* in units of (nb).

magnitude smaller than that in the pp — AA reaction.

We know that the cross section in Fig. 5 is dependent
on the phase space as well as the matrix element M.
The phase space increases with the increasing +/s. The
matrix element of M;; relates to model parameter A as
well as to +/s. The estimated total cross section of
pp — AA — d*d* is also subject to the impact of the inter-
pretation of the d* state, namely its size and the probabil-
ity of its AA component. The resultant cross section (with
a fixed value of Pap ~ 1/3) in Fig. 5 shows its depend-
ence on A. Actually the coupling g aa is proportional to
VPaa and the matrix element M is proportional to Ppx.
Thus, the obtained cross section changes with respect to
PiA. Moreover, the coupling gsaa and the matrix ele-
ment M are closely related to the structure of the mass
operator in the structural integral and to the loop calcula-
tions of Fig. 3, respectively. Here, we only display the A
dependence explicitly in Fig. 5. It shows that in the small
/s region, say less than 5.2 GeV, the cross section is dis-
tinctly suppressed, because the coupling constant g, de-
creases due to the increase of A. However, when +/s is
greater than 5.5 GeV, the production cross section with a
smaller A value, say less than 0.34 GeV, may increase
dramatically with the increase of +/s due to the larger
structural integral, caused by a larger A-dependent gy aa
value, and a larger phase space. It should be reiterated
that as a rough estimate, we only consider the production
cross section for the d*—d* pair in this paper, and do not
take the complicated background contribution into ac-
count. When the CM energy is about 5.2 GeV, the A de-
pendence of the cross section becomes small, and the es-
timated cross section becomes significant.

It should be noted that the obtained cross section of
pp — AA — d*d* is in the order of nb. According to the
designed luminosity and integrated luminosity of Panda,
which are about ~ 2x 1032 cm™2/s and ~ 10* nb~!/day, re-
spectively, we expect that about (0.51,0.71,1.19)x 10*
d*d* events can be observed per-day at
Vs =(5.0,5.1,5.2) GeV, if the overall efficiency is 100%.
On the other hand, from a technical point of view, d* can-

not be directly observed. Observation of d* is usually
achieved through the measurements of its strong decay
processes, namely measuring various mesons and bary-
ons, such as 7, proton, neutron, etc., and measuring some
invariant mass spectra and Dalitz plots, etc. It is noticed
that the dominated decay channels of d* are d* — dnr
and d* — pnrr with their partial decay widths of about
27 and 31 MeV, respectively, which correspond to the
branching ratios of about 36% and 41%, respectively. As
a consequence, the possible production events of
pp—d*d* — d* dnm (or  pp—d*d* — d*drr) and
pp — d*d* — d*pnar  (or pp — d*d* — d* piinwr) can
roughly be estimated. They are respectively about
((0.18,0.21), (0.26,0.29), (0.43,0.49)) x 10* per-day at /s =
(5.0,5.1,5.2) GeV (if the overall efficiency is assumed
100%). Finally, it should be further mentioned that in or-
der to avoid the interference caused by the background of
a large number of produced pions and nucleons, accord-
ing to our previous discussion [61, 62], it may be more
practical to confirm the existence of d* by looking for d*
via the decay channels in above brackets.

V. SUMMARY AND DISCUSSIONS

In this work, we estimate the cross section of the
pp — AA — d*d* reaction, which might possibly be meas-
ured at forthcoming experiments at Panda in the CM en-
ergy of /s€[4.8,5.5]GeV. A relativistic and covariant
phenomenological effective Lagrangian approach is em-
ployed in the practical calculation. To describe the struc-
ture of the outgoing d*d* pair, qualitative conclusions
from the sophisticated and dynamic calculations in the
non-relativistic constituent quark model, with which all
existing data can be well explained, are directly adopted
to approximately fix the model parameter A. The estim-
ated production cross section for d*d* should be a lower
bound, since in our assumption, only 1/3 of AA is con-
sidered to be an ingredient of d*. The result shows that
the estimated production cross section of this reaction is
in the order of nb which is much smaller than the known
cross section of pp — AA whose value is in the order of
mb. Nevertheless, among a huge amount of events of pro-
duced hadron pair at Panda, there may still exist a certain
amount of events of produced d*d* pairs. These events
are expected to be observed through measuring the final
baryons and mesons in some strong decay processes of
d*, such as d* — dnr (or d* — dnrn) and d* — pnnn (or
d* — pinr). We also roughly estimate the event probabil-
ities of these processes from the branching ratios of the
d* strong decays as a reference.
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