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We evaluate the light baryonium spectrum, viz. the baryon-antibaryon states, in the framework of QCD
sum rules. The nonperturbative contributions up to dimension 12 are taken into account. Numerical results

indicate that there might exist eight possible light baryonium states, i.e. p—p, A—A, T—X, and 2—Z with

quantum numbers of 0~ and 17~. For the A=A, -5, and E—Z states, their masses are found above
the corresponding dibaryon thresholds, while the masses of p — p states are not. The possible
baryonium decay modes are analyzed, which are hopefully measurable in BESIII, BELLEII, and LHCb

experiments.
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I. INTRODUCTION

The establishment of quark model (QM) in 1960s [1,2]
led to a renaissance in the exploration of micro worlds. The
spectroscopy of conventional hadrons (¢g or gqq) in QM is
being gradually confirmed through experiments and will be
completed soon. Entering the new millennium, with devel-
opment of technology, the emergence of the so-called
exotic state such as X(3872) has been reported [3], and
new ones tend to appear more frequently. Presently, a
bunch of charmoniumlike/bottomoniumlike states XYZ
and pentaquark states P. are observed in experiments; this
situation is similar to the phase of particle zoo witnessed in
the last century. To discover more exotic states and explore
their properties is currently one of the most intriguing and
important topics in particle physics, which may greatly
enrich the hadron family and our knowledge of the nature
of QCD.

Facing the observations of tetraquark and pentaquark
states, it is nature to conjecture existence of the hexaquark
states, and it is time for hunting them. Deuteron, created at
the beginning of the Universe and its stability is responsible
for the production of other elements, is a typical and well-
established dibaryon molecular state with J¥ =17 and

*Correspondin g author.
giaocf@ucas.ac.cn

wanbingdong 16 @mails.ucas.ac.cn

izhangshenginO @mails.ucas.ac.cn

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI. Funded by SCOAP’.

2470-0010,/2022/105(1)/014016(21)

014016-1

binding energy Ep = 2.225 MeV [4]. Interestingly, the
strong interactions bring stability to deuterons and also
allow various other stable deuteronlike dibaryon states;
however, no such states, though speculated about many
times [5—12], have been observed yet [13]. On the other
hand, the baryonium state composed of a baryon-
antibaryon pair is another special class of heaxquark
configuration. The interaction between baryon-antibaryon
pair is analogous to that between two baryons, which will
provide important hints to understanding the absence in
observation of the stable deuteronlike dibaryon states.
Actually, the history of the investigation of baryon-
antibaryon states dates back to the 1940s, when Fermi and
Yang proposed that z-mesons may be composite particles
formed by the association of a nucleon with an antinucleon
[14], and their scenario was later on replaced by the quark
model. Entering the new millennium, the heavy baryon-
antibaryon hadronic structures, and, hence, the term of
baryonium, were proposed and employed to explain the
extraordinary nature of Y(4260) [15,16] and other char-
moniumlike states observed in experiments. Later on, more
investigations on baryonium are performed from various
aspects [17-22]. Partly due to the small spacings between
light hadron states, it is normally hard to discriminate
exotic states from conventional ones. However, with a large
amount of J/y samples, BESIII Collaboration is carefully
examining the physics happening in the energy region
around 2.0 GeV [23-32], which motivates a fresh interest
in light exotic states. In the literature, theoretical inves-
tigations on light baryonium were made through various
techniques, including flux tube model [33,34], one-boson-
exchange potential (OBEP) model [35], Bethe-Salpeter
approach [36,37], and QCD sum rules (QCDSR) [38].
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Of those techniques, the model with the independent
Shifman, Vainshtein, and Zakharov (SVZ) sum rule tech-
nique [39] has some peculiar advantages in exploring hadron
properties involving nonperturbative QCD. Rather than a
phenomenological model, QCDSR is a QCD based theo-
retical framework which incorporates nonperturbative effects
universally order by order and has already achieved a lot in
the study of hadron spectroscopy and decays. Its starting
point is to construct the proper interpolating currents
corresponding to the hadron of interest, which possesses
the foremost information about the concerned hadron, like
quantum numbers and the constituent quark or gluon. With
the currents, the two-point correlation function, which has
two representations, the QCD representation and the phe-
nomenological representation, can be constructed. Equating
these two representations, the QCD sum rules will be
formally established, from which the hadron mass and
decay width may be deduced.

In this work, we investigate the light baryonium states,
i.e., B — B states with quantum numbers J*€ = 0+, 0+,
1+, and 17~ in the framework of QCD sum rules, where B
denotes light baryon. The possible baryonium decay
channels are also analyzed. The rest of the paper is
organized as follows. After the introduction, a brief
interpretation of QCD sum rules and some primary
formulas in our calculation are presented in Sec. II. We
give the numerical analysis and results in Sec. III. In
Sec. IV, possible decay modes of light baryonium states are
investigated. The last part is left for conclusions and
discussions.

II. FORMALISM

To evaluate the mass spectrum of B— B states in
QCDSR, the appropriate currents coupling to the states
have to be constructed. The lowest order interpolating
currents for B — 13 states with quantum numbers 07+, 0+,
17", and 17~ can be respectively constructed as

J (%) = ing(x)ysns(x), (1)
Ju (X) = a(x)y,ms(x), (2)
J (%) = ip(x)ng(x), 3)
Ji (%) = iig(x)y,rsns(x)- (4)

Here, we use the notion 5 to represent the Dirac baryon
fields without free Lorentz indices. As shown in Ref. [40],
np may takes the following quark structure:

N5(x) = i€anclall (x)Crsaj,(x)]gk(x), (5)

where the superscripts i, j, and k denote the flavor
of light quarks, subscripts a, b, and ¢ are color indices,
and C is the charge conjugation matrix. In our calculation,
(i,j, k) = (u,d,u), (u,d,s), (u,s,d),and (s, u, s) for p, A,
2 and E states, respectively.

With the currents (1)—(4), the two-point correlation
function can be readily established, i.e.,

M(g?) =i / dhxe (0| T{(x), JF(O)10),  (6)

M (q?) = i / de v (0|T{j,(x). H(O)}0).  (7)

where j(x) and j, (x) are the relevant hadronic currents with
J =0 and 1, respectively, and |0) denotes the physical
vacuum. For j, (x), the correlation function has the follow-
ing Lorentz covariance form:

9,49 9.9
H,w<q2>——(g,w— : )n1<q2>+ ). ()

where the subscripts 1 and 0, respectively, denote the
quantum numbers of the spin 1 and O mesons.

On the phenomenological side, after separating the
ground state contribution from the hadronic state, the
correlation function prc(qz) can be expressed as a

dispersion integral over the physical regime, i.e.,

(lXPc )2 I [ pXPC (S)
iphen 2y — el —/ ds———, (9
JPC (C] ) (m;(PC)Z _ q2 T Js, § — q2 ( )

where the superscript X denotes the lowest lying B — B
hexaquark state, mfpc is the mass of X with the quantum
number of J*€, p%,.(s) is the spectral density that contains
the contributions from higher excited states and the
continuum states above the threshold s,, and A¥ is the
coupling constant.

On the operator product expansion (OPE) side, the
dispersion relation can express the correlation function

%0 (¢*) as

X ,OPE
o plic(s)
e () = / ds == et (10)

where s, is the kinematic limit, which usually corre-
sponds to the square of the sum of current-quark masses
of the hadron [41,42]. pYu™(s) = Im[IT;™ (5)] /7 is the
spectral density of the OPE side and contains the contri-
butions of the condensates up to dimension 12 which can
be expressed as:
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pOE(s)

= pP(s) + pla9) (5) + p'%) (5) + pl199) () + pla” (5) + p(@) (s)

+ plaa)taGa) (s) 4 plaa)*(@) () + plaGar* () 4 plaa)*(@Ga) (5 + plaa)* (s)

= g cps".
n

(11)

Here, ¢, is the coefficient of the s” term with corresponding vacuum condensates.
To calculate the spectral density of the OPE side, Eq. (11), the full propagators iS?j(x) of alight quark (¢ = u, d, or s) are

used:
, 6, Opm, i14GY )
iS50 =5 3 " a " e O H0) —

i6 Xy _ 1iOap | _
: —(g,q0

192

where the vacuum condensates are clearly displayed. For
more explanation on above propagator, readers may refer to
Refs. [43,44].

Performing a Borel transform on both Eq. (9) and
Eq. (10), and matching the OPE side with the phenom-
enological side of the correlation function IT(g?), one can
finally obtain the mass of the hexaquark state,

LfPC,l (SOv M%})

—_—— 13
prc.o(so, M3) 13)

m¥pe (50, Mp) =

Here L and L, are respectively defined as
S0
L% ((s0.M3) = / dspid™ (s)e™/Ms (14)
Smin

and

0
a 1 JPCA’()(SO’M%?)' (15)

B

Ly, (s0. M%) =

III. NUMERICAL ANALYSIS

In the numerical calculation of QCD sum rules, the input
parameters are taken from [44-50]:

(3q) =—(0.24£0.01)% GeV?,

(55) = (1.15£0.12){gq),

($2G?) = (0.88+£0.25) GeV*,

($3G?) = (0.045£0.013) GeV®,
(g9,0-Gq)=mi(qq), (5g,0-Gs)=mg(5s),

)=
m}=(0.8+0.1)GeV?, m;=(95+5)MeV,
m,=2.167032 MeV, m,=4.67"08MeV. (16)

l(sjkx _ 5jkx2 _
GQ> 768 (Uaﬂx + xaa/})mq <gsq0 GCI> (12)

Note, a large strange quark condensate value is taken in
numerical evaluation according to the recent lattice QCD
calculation [51].

Furthermore, there exist two additional parameters, i.e.,
the continuum threshold s, and the Borel parameter M2,
introduced in establishing the sum rule, which can be fixed
in light of the so-called standard procedures abiding by two
criteria [39,48,52]. The first one asks for the convergence of
the OPE, which is to compare individual contributions with
the overall magnitude on the OPE side, and then a reliable
region for M3 will be chosen to retain the convergence. The
second criterion of QCD sum rules is the pole contribution
(PC). As discussed in Refs. [53-55], the large power of s in
the spectral density suppresses the PC value; thus, the pole
contribution will be chosen larger than 15% for hexaquark
states. The two criteria can be formulated as follows:

X.c 2
RY.OPE _ Ljscy (50, M) (17)
]PC LX (S M2) ’
.]PC,O 0> B
X 2
RXPC LJPC O(S()’MB) (18)
Jre LX (oo MZ)'
JPCO ’ B

Here, the superscript ¢, denotes the contribution given
by the ¢ term. In addition, to find an optimal Borel window
the contributions of ¢, ¢,, and c3 terms are also taken into
account.

In order to determine a proper value for s,, a similar
analysis in Refs. [41,42,56,57] will be carried out. Since the
continuum threshold s, relates to the mass of the ground
state by /sy~ (m* + ), in which & lies in the range
0.4-0.8 GeV [48,58], various /s satisfying this constraint
are taken into account. Among these values, the one which
yields an optimal window for Borel parameter M% should
be selected out. That is, within the optimal window, the
mass of hexaquark is somehow independent of the Borel
parameter M% as much as possible. In practice, we will vary
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/30 by 0.1 GeV, which obtained the lower and upper
bounds hence the uncertainties of ,/sj.

With the above preparation the mass spectrum of
baryonium in light sector will be numerically evaluated.
For p — p states, the ratios RQ’_]Z’OPE and R(];’_]X‘P € are shown
as functions of Borel parameter M% in Fig. 1(a) and
Fig. 1(b) with different values of /sy, i.e., 2.4, 2.5, and
2.6 GeV. Since the ¢ term will vanish in the chiral limit,
we estimate the OPE convergence by inspecting the
contributions of ¢; over ¢, and ¢, over c¢3, which clearly
indicate that higher dimensional terms yield relative small

w
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FIG. 1. Figures for N — N baryonium states. (a) The ratio R

[

OPE

contributions, as shown in Figs. 1-4. The dependence
relationships between m(’)\'ﬁ and parameter M% are given in
Fig. 1(c). The optimal Borel window is found in the range
1.6 < M3 < 2.2 GeV?, and the mass m)N can be extracted

(Vs
as follows:

m)N = (1.81 £0.09) GeV. (19)
The ratios RII\CZY'OPE and Ri\@P € are presented in

Fig. 1(d) and Fig. 1(e) with different values of /s,
ie., 2.4, 2.5, and 2.6 GeV, and the relationships between
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state as functions of the Borel parameter M% for different values of

/S0, where blue lines, red lines, and green lines represent the contribution of ¢ terms, contributions of ¢; over ¢,, and the contribution
of ¢, over c3, respectively. (b) The pole contribution Rgﬁ as functions of the Borel parameter M% for different values of ,/5y. (c) The

mass M)™

(c), respectively, but for the 17 state.

"\ as a function of the Borel parameter M% for different values of /5. The same captions for (d), (¢), and (f) as in (a), (b), and
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m’l\’fy and parameter M% are displayed in Fig. 1(f). The
optimal Borel window is found in 1.6 < M% < 2.2 GeV?,

and the mass m’lvfi' can be evaluated as follows:
mN = (1.82 4 0.10) GeV. (20)

For A — A states, we show the ratios RQ_’}’OPE and Ré\_]}P ¢
in Fig. 2(a) and Fig. 2(b) with different values of /s, i.e.,

2.8, 2.9, and 3.0 GeV, and the relationships between m(’)\,’_\+

and parameter M% are given in Fig. 2(c). The optimal Borel
window is found in 1.9 < M% < 2.5 GeV?, and the mass

m{"t can be obtained as follows:
mM = (227 +0.13) GeV (21)
o = (2. . .
0.0
o1
oo
Y S B
$0=3.0GeV— — — —
Sp =2.9 GeV:
-1.0 $0=28GeV- - - —-—- -1
' ‘1‘6‘ ' ‘1‘8‘ ' ‘2‘0‘ ' ‘2t2‘ ' ‘2t4‘ ' ‘2‘6‘ ' ‘2‘8‘ ' ‘3‘0
Mg%(GeV?)
87—+ "7 T+ T T T
NG (b) Vs =30GeV— — — —
0.6?\.\ V50 =2.9 Gev 1
. ~
: N Vso=2.8GeV: - - - -
o 04 ™ 1
oo
0.2
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1t6 1i8 2t0 2i2 2:4 2i6 2:8 3t0
Mg?(GeV?)
4 —
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3 :
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w »
Q
I<I . L
<o
t Vso=30GeV — — — — — —
T Vsp=20Gev ——— ]
b V5o =28GeV -c------- -
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1.8 2.0 22 24
Mg?(GeV?)

The ratios R’l\_/_E’OPE and R’l\_’—}'P © are shown in Fig. 2(d) and

Fig. 2(e), where /5o = 2.8, 2.9, and 3.0 GeV, respectively,
and we display the relationships between m{‘fg and param-
eter M% in Fig. 2(f). The optimal Borel window is found in
1.9 < M3 < 2.5 GeV?, and the mass m?\ can be estimated
as follows:

mM = (2.34 4 0.12) GeV. (22)

For the T — ¥ states, the ratios R?‘;OP E and R(Z),Z;P € canbe
found in Fig. 3(a) and Fig. 3(b) with different
values of /sy, ie., 2.9, 3.0, and 3.1 GeV, and the
relationships between mg_% and parameter M% are pre-
sented in Fig. 3(c). The optimal Borel window is found in
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FIG. 2. The same caption as in Fig. 1, but for the A — A states.
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FIG. 3.

2.0 < M3 < 2.6 GeV?2, and the mass m>=

o=+ can be acquired
as follows:

mz% = (239 £0.13) GeV. (23)

We present the ratios Ri:_i_*OPE and Ri:_i_’P in Fig. 3(d) and
Fig. 3(e) with different values of /s, i.e., 3.0, 3.1, and
3.2 GeV, and the relationships between m** and parameter
M?% are shown in Fig. 3(f). The optimal Borel window is

found in 2.0 < M% < 2.6 GeV?, and the mass m>> can be
extracted as follows:
mE = (2.48 +0.12) GeV. (24)

For the E — E states, the ratios Rg_E;OPE and R%.E;P € are
shown in Fig. 4(a) and Fig. 4(b) with /sy = 3.1, 3.2, and

The same caption as in Fig. 1, but for the = — ¥ states.

3.3 GeV, respectively, and the relationships between mg_%

and parameter M% are given in Fig. 4(c). The optimal Borel
window is found in 2.1 < M% < 2.8 GeV?, and the mass

mg=. can be obtained as follows:

mEE = (2.67 +0.12) GeV.

(25)

The ratios RIE_E_’OP E and RIE_E_’P € are shown in Fig. 4(d) and
Fig. 4(e) with different values of /s, i.e., 3.2, 3.3, and
3.4 GeV, and the relationships between mla_i_ and parameter
M? are given in Fig. 4(f). The optimal Borel window is
found in 2.1 < M% < 2.9 GeV?, and the mass mLE_E_ can be
evaluated as follows:

==

mZE = (279 £ 0.11) GeV. (26)
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FIG. 4. The same caption as in Fig. 1, but for the Z — = states.
The errors of the results, (19)—(26), mainly stem from the IV. DECAY ANALYSES

uncertainties in quark masses, condensates, Borel param-
eter M%, and threshold parameter ,/s,. The nonperturbative
contributions by dimensions higher than 12 are also
evaluated, and it is less than 10% of dimension 12, so
the convergence of OPE makes the high-dimension con-

densates contributions negligible.

We also analyze the B — B states with the situations of
0"+ and 17", and find that no matter what values of M%
and /s, take, no optimal window for stable plateaus exists.
That means the currents in Egs. (3) and (4) do not support

To finally ascertain these light baryonium states, the
straightforward procedure is to reconstruct them from their
decay products, though the detailed characters still ask for
more investigation. In our evaluation, the masses of A — A,
> -3, and E — = states are above the threshold of their
respective BB dibaryons, so the AA, XX, and Z= decay
channel will be the primary decay mode, respectively. On
the other hand, the masses of p — p states are below the
threshold of pp dibaryon, so the pp decay channel
should be forbidden. The typical decay modes of the light

the corresponding.B — B hexaquark molecular. states. baryonium for different quantum numbers are given in
_ For the convenience of reference, a collection of con- Typle 11, and these processes are expected to be measurable
tinuum thresholds, Borel parameters, and predicted masses iy the running experiments like the BESII, BELLEII,

of hexaquark states are tabulated in Table I.

and LHCb.
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TABLE 1. The continuum thresholds, Borel parameters, and
predicted masses of hexaquark molecular states.
B-B  JPC /5o (GeV)  M3(GeV?)  MX (GeV)
N-N 0~ 25+£0.1 1.6-2.2 1.81 £0.09
1— 25+0.1 1.6-2.2 1.82 £0.10
0++
1+t
A-A 0" 29+0.1 1.9-2.5 2274+0.13
1— 29+40.1 1.9-2.5 2.344+0.12
0++
1++
DIED 0~ 3.0+£0.1 2.0-2.6 2.39 +£0.13
1— 3.1+£0.1 2.0-2.6 248 +£0.12
0++
1++
E-E 0~ 32+0.1 2.1-2.8 2.67+0.12
1— 33+0.1 2.1-2.9 2.79 £0.11
0++
1++
TABLE II. Typical decay modes of the light baryonium for
each quantum number.
Jre N-N A=A - E-E
0+ nrn AA =3 EE nKK
N N n mr N KK
zrn zrn nrn nn'n
KK KK m'n
1= p270) AA P EZ wKK
g b 7,20 b 7/40) ¢ppr KK
g nng WK
zK*K* nK*K* wpn

V. CONCLUSIONS

In summary, we investigate the light baryonium states
in molecular configuration with quantum numbers of
JPC=0"", 17, 0**, and 1™t in the framework of
QCD sum rules. Our results suggest that there exist eight
possible light baryonium states, i.e., p — p, A=A, T —Z,
and E — E with quantum numbers of 0~F and 17—, and their
masses are tabulated in Table I. According to our

(GGYmam;  (qgGq)(m3 + 4m,m, + mj)m,
219 % 3710 215 % 3748
(aq)*(m3 + 24m,my + 14m3)

214 5 3246 ’

- (q9)

C3 =

+

evaluation, the masses of A — A, X — %, and E — E states
are above their corresponding dibaryon thresholds, while
the masses of p — p states are not. Moreover, the primary
and potential decay modes of these light baryonium states
are analyzed, which might serve as a guide for experimental
exploration in BESIII, BELLEII, or LHCb.
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APPENDIX: THE SPECTRAL DENSITIES B-1B
HEXAQUARK STATES

1. The spectral densities of 0~ * p —p hexaquark states

The 0~ p — p hexaquark state spectral densities on the
OPE side can be expressed as:

pb 2 S0 /M2 sum ( 142
7 (5. M3)= [ e/ "c,s"ds+TI™(M3). (Al

Smin n

Here,
1
AP EEIVECIVER R (A2)
m,(2mg + m,)
€6 = 520 3 32 % 52 % 710" (A3)
_ mg(mg +2m,)m;  (gq)(my +2m,)
37T 019 3% 52,10 217 % 32 x 5248
(GG)
222 X 32 X 5271.10 ’ (A4)
4 221 % 3 x 5710 216 % 3 x 578
L _mami . (aGa)(mqa +2m,) (39)*
218 5410 217 w3 x 548 214 %3 x50
(AS)
my(2mg +m,)m;  (GGq) (GG)(my +3m,)
214 % 348 213 % 376 218 5 32,8
(A6)
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o — _(md+2mu)<Z]CI>3 n (11m3 + 18m,my + m3)m3 (GG) (aq)?
2T 27 x 3%7* 212 % 376 212 5 32,46 94
L [ {CG)Bmy +m)mi; _ (GGq)(mg + 14m,m, + 9mi) @0)
216 % 348 212 % 370 4
(aGq)ymgmi(2my +m,) (GG)(gGq)(my+3m,)  (3Gq)* (A7)
+ 213 8 + N 21,6
1 = <L_]q>4 _ mu(3m§ + 11mumd + 3mﬁ)<é‘]>3 3m§m3 7<GG> (md + mu)mu <ZIGq>(md + 2mu) <— )2
Y 28 x 374 21176 214 % 376 26 x 374
(gGq)(Tmd 4+ 10m,m, + mz)m;  (GG)(qGq)]
I 21170 T2 |9
(GGY(qgGqym2(3my+m,) (qGq)*(m3+ 10m,my + Tm?) (A8)
+ 2168 + 213,46 ’
W [(GGYmmi (qGq)(2mG + Tm,my + 2mz)m,] | (qGq)*mi(6my + 8m,my + my)
co = (qq) 212 5 3.6 + 28 4 + 2126
(@q)*(mg +18mmy +11m3) — mami(aq)* 2mg +m,) m,(q39)(GG)(gGq)(m4 + m,)
20 x 3272 27 x 374 211 % 376

and IT*"™ is the sum of those contributions in the correlation function that have no imaginary part but are nontrivial after the
Borel transformation, and

(qq)mi(24mgm, + 14mg + m3) | (3q)*(aGq)mgmi,(2my + m,)

sum(Ag2) Al0
I (M3) 28 x 3272 * 28 x 37* (A10)

2. The spectral densities of 0** p —p hexaquark states

The 0t p — p hexaquark state spectral densities on the OPE side can be expressed as:
1
T T 3T x5 x 20 (Al1)
mu(mu - zmd)
€6 = 530 5 32 3 52 % 71410° (A12)
7 -2 22 - m> GG)?

Cs = <(11671>(m§ ’271“8) + mulg e 2n11(§i) T 532 < 2 > 210" (A13)

2 x 3 x5 27 x3 x5x 275 x 3 x 57
o, Ggm 3 = m (gt m)) | (GGPm(m, = mg) _(GGamy | Omimi— 168 @a)

! 216 % 3 x 578 2% 3 %520 27 x3x528 2B x32x5700
Ca = <— > <GG>2(md - Smu) _ mi(mdmu + 4m¢21> <GG>2mdm3 + <QGQ>mu(2mdmu - mtzj + mi)
3TMD T 38 2 % 318 219 % 3710 215 % 378

2(gq)*m, (4mq +9m,,) + (qq)*(=m3) + 2(39)(aGq) AlS
+ 214 X 32”6 ’ ( )

(7q9)(GG)*m7(Tmy + m,,) N (GG)*(qGq)(m, — my) N
B 216 % 378 217 % 378

—5 [mii(15(aq)*mj; = 11(aq)(aGq)) + ma(22(qq)*mi - 6(q4)(@Gq)m.)

o _ (gq)’m,  (aGq)?
+ <QQ><qGQ>m5 + <QQ>2mi] - 77 % 3]1_4 - 714 & 3”6 ’ (A16)

(aGq)m;(mgm, +2m3)
21378

o
™)
I
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(@0 my(Tmm, + -+ ) (GG P my(my+m,) | (aGa)m,

_ ~ \2
a=- 2844 +(99) 21475 25 x 378
+ <GG>2<qGQ>m§(3md + mu) _ <ZIGQ>2(_2mdmu + mfzi B Smlzt) + <QQ>4
2168 213,46 25 % 32,2
malmi((39)*mg - (49)(aGq)) — 14(@q)(@Ga)mam, — 11(39)(aGq)my] (A17)
+ 2116 ’
. (aq)* (22mgm,, + m3 + 15m3)  (qq)’mim;,  (3q)(GG)*(gGq)m,(mq + m,)
0 26 5 32,2 27 4 2126
N <Z]q>2<Z]Gq)mu(3lmdmZ +Tm3 + Tm?) N (Z]Gq)zmﬁ(Smdl;ﬂn%—l— 6m2 + m3) , (AI8)
28 x 37 2
and
39)*(gGq)(m>m3) mym; mim? mé
[Isum M2 _ <qq> <q d""u - \4 d"y d"u u ] A19
(M) N\ T e T E e (A19)
3. The spectral densities of 1~ ~ p —p hexaquark states
The 17~ p — p hexaquark state spectral densities on the OPE side can be expressed as:
1
T T 3 1 52 % 7210 (420)
m,(Tmg + 4m,,)
€6 T T2 32 % 52 x 410 (A21)
Ce = <qq>(3md + 7mu) _ mdm5(3md + 7mu) _ <GG> (A22)
ST 532 2% 7a8 2B x3x 52 x 770 221 x3x 52 x 7710
 @aym25mam, + 5w+ 6m3) _ (GG (Smy - 6m,) _ (@Gq)(Smy+ Vim) __mimb (g
4 217 % 32 x 578 222 % 32 x 5710 218 % 32 x 548 218 % 5710 211 % 33 % 5767
(A23)
3 212 % 32 % 576 216 5 32 % 578 214 % 3 x 578 213 % 32 x 579
B (GG)Ymym3 _{gGq)m,(19mgm, + 4m? + 5m2) (A24)
219 % 3710 215 % 3 x 578 ’
A{qq)*(Tmy+17Tm,) [ mi(3Tmgm, + 23m2 + 2m3) 7(GG)
= A Tiaar|- 213 % 375 7215 % 3245
+ (@) (GGYm2(Tmy +2m,)  (qgGq)(52mgm,, + 3m? + 3Tm3)
KX 217 % 348 214 5 376
_ _ _ , (A25)
2138 215 % 370 219 % 378
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(aq)’m,(38mgm, +9m?% 4+ 9mk) (GG)(qgGq)ymi(3m,+ m,)

= 28 x 3274 - 21678
+ @e? |- 1{GG)m, (myg+m,) (gGq)(Smq+12m,)  mimy
44 213 x 325 2 x 32 28 % 345
GGqyma(32mgm, + 23m? 4+ 3m3)  5(GG)(gG
+ B0 0 0) 000
2V x3rx 2 x 31
_(@Gq)*(13mgm, +mg +10mz) — (gq)*
212 % 370 22 x 3322’
(G Ommy - m 120E) (G g Byt m)
0 26 x 3272 27
_ | (GGYmym} (qgGq)m,(94mm, + 25m? + 25m?)
+(q9)* |- o6 210 3 3.4
4 3(q9)(GG)(gGq)m,(mg +m,) (gGq)>my(8mym, + 6m3 + my)
146 21246 ,

and

B 25 x 322 27x% 28 x 3272 28 x 37* ’

4. The spectral densities of 1** p —p hexaquark states

The 1t p — p hexaquark state spectral densities on the OPE side can be expressed as:

1

T T 3 52 % 7210
m,(Tmg + 4m,,)
ce = — ,
6 222 % 32 % 52 x 7710
(qq)(B3mg+Tm,)  mgmyz(3my +Tm,) (GG)?

S T 632 2 x 728 2B x3x52x 770 221 x3x 52 x 7710

(@q)m,(25mgm, +5mg+6my) (GG)*m,(Smq+6m,) (gGq)(Sma+11m,) 2Tmim;+2'7*(gq)>

C4= 217 %32 % 578 22232 % 5710 218 %32 578 218 %33 % 5710

e = (7g) [(GG}z(md +4m,)  mgmi(11mg + Sm,) 13(gGq) ] B (GG)*mym?}

216 % 32 x 578 214 x 3 x 578 213 x 32 x 57° 219 x 3710
_(gGq)m,(19mgm, + 4m? + 5m2) B (Gq)*(28mgm, + m3 + 18m?)
215 x 3 x 578 212 x 32 x 57° '

o - (a9)*(Tmg +17m,) 7(39)*(GG)* _ 5(aGq)* _ (4Gg)mama(2mq + m,)
? 210 % 3774 215 % 322% 215 x 328 2878
m2(Tmy + 2m, 7(gG gGq)(52mym, + 3m> + 37m2
+ <qq> <GG>2 ( = d . ) _ 15<q Z>6 <q Q>( d14 . d )
2" % 3z 21 x 3°x 2'% x 37
(GG)*(qGq)(3my + 11m,) _ (qq)*mi(3Tmam, + 23mg + 2m;)

219 5 378 213 % 370

’
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(gq)*m,(38mym, + 9m?% + 9m?)  (aq) (_ 1{GG)*m, (my +m,) (gGq)(5mq + 12mu))

= 28 x 327* 213 % 3276 27 x 3%7*
211 5 376 213 % 3276 22 % 3372
3 (GG)*(gGq)m2(3my + m,) B (gGq)*(13mgm,, + m? + 10m2) B (gq)*m%m}
21648 212 % 376 28 % 370
_ (@) (19mgm, + mg + 12m3)  (gq)’mgm;(3mg + m,)
o= 26 % 3272 + 297
_ [ (GGYmgmi  (gGq)m,(94mgm, + 25m3 + 25m2)
+(qq)" |- 216 210 5 34
(39)(GG)*(qGqymym;,  (§Gq)*my(8mgm, + 6m3 + my)
- 7146 - 2126 ’

and

mamy m?ﬂﬂi) (@9)* (mamiz(my + m,,))

29374 2944 27 % 3242

[ (3) = (éq>2<éG4><

5. The spectral densities of 0~ * A — A hexaquark states

The 0~ A — A hexaquark state spectral densities on the OPE side can be expressed as:

1
1T B 32 % 52 % 72410
m?
€6 T30 3 32 52 x 710"
B (GG) (5s)my
O T M 3T % 52710 217 % 32 % 5248”
(GG)ym? (3Gs)m; (qq9)* (55)

4T T 3 540 T 217 3 % 548 213x32><57r6+214><32x57z6’

_ {aq)?*mi  (sP’mi (55)(GG)my (39)(qgGq) _ (35)(5Gs)

3= -
211 X 327[6 214 X 327[6 217 X 3271.8 212 X 32].[6 213 X 32].[6 ’

(GG)  (ss)m, ] _(aq)(aGq)ym;

_ (3Gs)m,  (55)° (aGq)* | (3Gs)?
¢2=(aq)’ {213 X320 x| 20x3g0 <GG>{

2165378 " 2135 3276| " 213370 21370

2974 213 % 370

(55)’m;  (55)(5Gs)| | (aGq)*m;  (q9)*
214 %376 213 x 370 2126 25 x 3272°

m% sGs)mg 5s)2 _ 55)(q mg q
e e

+(66)|

o _ ag)y'mi | (q)*(5s)’mi  (39)(GG)(aGq)ms
07 24 x 322 2> x 3272 212 % 376 ’

(A35)

(A36)

(A37)

(A38)

(A39)

(A40)

(A41)

(A42)

(A43)

(A44)

(A45)

It should be noted that, the contribution of the masses of u and d quarks are so tiny for A — A, X — X, and 2 — = states that

we have not displayed them.
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6. The spectral densities of 0* * A — A hexaquark states

The 0** A — A hexaquark state spectral densities on the OPE side can be expressed as:

1
T B w32 % 52 % 72710°

C7 =

m;

220 % 32 % 52 x 71710°

Ce =

(3s)m (GG)?
217 % 3 x 5278 222 % 32 x 52710°

C5 = —

(GGY*m? 3(sGs)m, + 87%((35)> — 2(gq)?)

4T 02 3 3% 5410 217 % 32 x 578 ’
- (55)(GG)’m,  m3((55)* — 8(qq)*) + 2(55)(5Gs) N (9)(gGq)
3 217 5 378 214 5 32,6 212 5 3276 °

(GG)*(3(3Gs)m, + 87> (5s)*) n (3Gs)* =2'2°(35)(qq)°m; _ (39)*(GG)*>  (3Gq)*  (aq)(qGq)m;
216 5 32,8 214 5 30 213 %3276 213 5 36 210 5 370

Cyr =

: 212 % 375 ' 2% x 3272 27 7 213 % 376
_ (35)(GG)*((55)m5 + 2(5Gs)) n (aGq)*m; | (3Gs)(qq)’m,  (aq)*
214 % 370 21276 27 x 374 25 x 3272’
o taa)ymi  (qq)*(5s)’mi (29)(GG)*(aGq)m:
07 24 32,2 25 % 3272 212 » 346 )

7. The spectral densities of 1-~ A — A hexaquark states
The 17~ A — A hexaquark state spectral densities on the OPE side can be expressed as:

1

T 7920 3% 52 x 72410
m;

67 T 3T 52 % 7410

G, ()
S T 2 2 X 78 221 x 3 x 52 x TV
- (GGYym? (3Gs)m; (q9)* (55)*
4T T 35510 T 21T x 3% 578 214 x 3346 214 5 32 % 56
(qq)*m? (55)2m? (35)(GG)m (9)(gGq) | (55)(5Gs)

O3 T T 328 T 212 5 32 % 570 | 216 % 3 % 578 | 210 x 32 % 570 ' 213 x 3276

5(s)m;, _ (GG) } (q9)(aGq)m3

29 % 3274 215 % 345 210 % 370 216 5 378 213 5 32,6 21576 M4 5 3767

= (a0

+(GG) [_ (5Gs)my (55)? } ~ (@Gq)*  (3Gs)?

e = (aq |- (GG)mi  (aGq)m,  (5Gs)m;  (5s)* () (GG)(qGq) (35)(gGgq)m
! 2253726 27 x 3744 27 x3z* 24 x 322 212 % 3276 25 x 3274

(oo [SI00s_ oPnt ] _@ogint __tia)

213 % 375 213 x 3276 2126 24 x 33727
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(A48)

(A49)
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- \4. 2 ~ \2/5c\2,.,,2 - GGV aG 2
o = — <4qq} m_ <qq6> <SS2> oy (29)( o ){(a 6Q>ms_ (A61)
PASRES 4 2° % 3*xw 2% % 3x

8. The spectral densities of 1** A — A hexaquark states

The 17+ A — A hexaquark state spectral densities on the OPE side can be expressed as:

1
T T TN 3 52 x 72410 (A62)
2
mS
€6 = 520 « 32 x 52 x 7110 (A63)
(5s)ymy (GG)?
= - - , A64
cs 25 %32 x5 x 778 2% x 3 x 5% x 720 (A64)
GG)’m? 9(3Gs)m, + 87*(3(5s)> — 5(gq)*
o= GGPmE 9Gs)m, + 8 (345s) = 5(q4)”) (65
2 x3 X 5% 2" x 3> x 57
)G m, _ =20Gq) it +2(5s) 2 + 5(55)(5Gs) | (aa)(aGa) (A6
37016 5 32 5 548 213 % 32 x 57° 210 % 32 x 5757
(a9)(qGq)m;  3(5Gs)* —3522*(55)(qq)*m; _(GG)*[3(5Gs)m, — 62*(qq)* + 87*(5s)*] (3Gq)*
L 214 5 320 - 216 3% g (A7)
¢ = (34) (55)(gGq)m,  (GG)*(3Gq) N (GG)*[m3(6(gq)* = (55)%) + 3(55)(3Gs)]
! 24 x 327* 212 x 3246 213 x 3246
2126 27 x 374 24 x 32 24 x 32’
gq)*m? 3q)? (5s)*m? 79)(GG)*(gGq)m?
CO:_(é‘qq>2A2_<qq6>< 2>2‘+<6161>< 12><@76qr> : (AG9)
2°%x 3w 20 x 3°x 2% x 3x
9. The spectral densities of 0~ * X — X hexaquark states
The 0~F X — £ hexaquark state spectral densities on the OPE side can be expressed as:
1
€1 T 3 32 x 52 x 7210 (A70)
ce =0, (AT1)
(gq)m (3s)m (GG)
05 T To16 32 % 52,8 | 21T 32 % 52,8 | 222 5 32 x 52410 (A72)
(aGq)m, (a9)° (aq)(5s)
= , AT3
T T 3% 5785 | 2 x 32 x 5725 | 213 x 32 x 57 (A73)
(aq)°m; (5s)m;  (GG)mg  (gGq) (5Gs) (5s)’mi  (55)(GG)m, _(55)(qGq)
C3:212X32”6 < > _212X32ﬂ6_217x32ﬂ8_213X32”6_213x32ﬂ6 214 5 3246 218 32,8 _213X32ﬂ.6’
(A74)
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(55)’m;  (gGqym; = (55)(GG)|  (qq)°m, (ss)m; (3Gs)
¢2={49) |55 233~ 511 6 T o6 — 57t (Ga) |5 6 3 6
2° x 3°g% 2M x3x°% 20 x 3%x 2" x 3w 2% x 37 29 x 37
_ul (GG) (3s)m (GG)(gGq)m, = (qGq)*
- A7
(aq) {213 x 3275 28 x 327 217 x 378 214 % 37°° (A7)

e = o) | GO, _ ) (1G], 608 ), g flaams | GOm0

28 x 37* 2% x 374 213 x 376 214 x 376 2874 28 x 32* 25 x 3272
(@Gq)*my _ (3s)*(aGaym,  (aq)’(Ss) _ (55)(GG){3Gyq) (A76)
21376 2% x 37* 24 x 3222 214 %325
S NALD 2 A3 e\ 2 2 N2 e D)
o = <4QQ> m_ <qg> <S;>Ts (g49) <ss2> ;. (AT7)
2* x 3°x; 2% x 3z 20 x 327
10. The spectral densities of 0*+ X —X hexaquark states
The 07+ X — X hexaquark state spectral densities on the OPE side can be expressed as:
1
T T 3 x5 x 2 (AT8)
¢ =0, (A79)
{aq)m, (s5)m; (GG)?
€5 T 516 5 32 % 52,8 217 % 32 % 5278 222 % 32 % 52410° (A80)
T2 x3x 528 28 x32x 555 21 x 32 x 575
_ o [2Es)mE + (5Gs) | (GG)’my  (4Gq) (35)(GG)’m; m3(4(qq)* + (55)%) | (55)(qGq) ARD
=9 | TR AT S x| 23RS 2R3 B (A8
o — _ tag)’m; @q) (@Gq)mi _ (55)’m; _ (55)(GG)*| | (3s)(qq)’m,
: 27 x 327* 2 x 325 28 x327% 213 x 3275 28 x 37*
_{aGq)(2(ss)m; + (5Gs)) _ (GG)*(aGg)m, , (94)*(GG)*  (4Gq)* (A83)
213 % 37° 217 x 378 213 x 3275 214 x 3287
_ [ (55){@Gg)m; | (55)(5Gs)m, »(_(5Gs) (aGq) (@Gq)my((55)* +6(29)°)
= - GG -
¢ = 44) A T e OO g as T )| T 2% % 37
_(aGa)’m: _(a9)*(3Gs)m, +87*(55)7) . (qq)*(5s)  (55)(GG)*(aGq) (A84)
21376 28 x 3274 24 x 3272 24 %325
= NG 2 2 \3e N2 2 AD e \D D
o — <4qq> m_ <qz> <S‘;>Ts <qq6> <Ss2> ;. (AS5)
2" x 3w 2" x 3w 2° x 3°x
11. The spectral densities of 1~ -~ X —X hexaquark states
The 17~ X — X hexaquark state spectral densities on the OPE side can be expressed as:
1
T T 3 % 52 x 210 (A86)
Ce — 0, (A87)
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ST 32 x T 29x3x 52 x 725 221 x3x 52 x 770’
o __taGag)m,  $Gsm;  (qq)* _ (aq)(5s) (A89)
YT 328 217 3% 578 24 x32x 570 214 x 3345”0
B 7 S N L (GG)m, (aGa)
37 T 10 325 546 21032 x 575 ' 215 x 32 x 528 213 x 3270
(5Gs) (55702 (35)(GGm, _(55)(aGa) (450
211532 % 52| 21232575 216 x32x 578 211 x32x 570"
o (qq)’m, (Gq)? (ssym;  (GG) + o) |- (35)’m;  (aGqym; (55)(GG)
2707 x 3244 29 x 32z% 213 x 3246 2105 374 T 2136 215 x 346
_ (5s)ym;  (3Gs)] (GG){(gGq)m;  (gGq)*
+ (4Gq) [_ 2146 T oI5 6| T 2198 Tl 360 (A91)
¢ = (aq)? |- (@Ggym,  (3Gs)m,  (55)° (55)*(aGq)m,
! 287 27 x 3%t 2% x 3372 28 x 327%
_ (55)(gGq)ym;  (55)(5Gs)m, (3Gq) (5Gs)
+{aq) { PR v v A U R T
212 %375 2% x 3% 213 %3226
o (9P Ss)mt  (Gq)'m:  (39)*(5s)’m3 (A93)
0 24 x 322 24 x 32;2 20 x 3272
12. The spectral densities of 1*+ X —X hexaquark states
The 17+ X — £ hexaquark state spectral densities on the OPE side can be expressed as:
1
T T 3 % 52 x 1210 (A94)
Ce = 0, (A95)
ST w3 %2 x b 20x3x52x T8 221 x3x52x 770"
(aGq)m;  (qq)(5s) (qq)*
- _ — , A97
4T T8 32,8 T 21 3346 1 214 5 32 5 50 (A97)
es = (39) 2(s5)m; + (5Gs) (GG)’m;  (3Gq) |  (3s)(GG)’m,  mi(4(gq)* + (55)°)  (55)(aGq)
3 2 %32 x 52°% 215 x 32 x 52% 213 x 3276 216 x 32 x 578 212 % 32 x 57° 21 % 32 x 57°°
(A98)
¢ = (30) (@Gq)m;  my(8(qq)* +3(55)*) (55)(GG)*| _(qGq)(2(5s)m3 + (5Gs))
2 2136 210 o 32,4 215 340 2156
| 565)@a)’m, (GG aGaym, , (@a/(GG)* , (aGa)? (499)
29 x 3274 2198 213 %3276 214 3707
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_7(55)(qgGq)m, | (55)(3Gs)m,

¢ = <‘M> 28 % 3244 28 324 213 5 32,6 213 3,6
(aGq)’m; _ (5Gs)(qq)*m, N (a9)°(5s)  (q9)*(5s)* | (55)(GG)*(3Gq)
212 5 376 27 x 3274 24 x 3272 24 x 3372 213 5 3246
o (@q)'mi  (aq)*(5s)mi  (qq)*(5s)*m3
07 o4y 3272 24 x 3252 20 x 3272 7

13. The spectral densities of 0~ * E—EZ hexaquark states

The 0~+ E — E hexaquark state spectral densities on the OPE side can be expressed as:

1
223 % 32 x 52 x 72710°

C7 =

m;

20 % 32 % 52 x 770”

(GG) _ {gqqm,
22 %32 x 32710 D16 5 32 5 5248

Ce =

Cs5 =

+<GG>2< (3Gs) _ (aGaq) )] | {aGa)m,((55)* +9(24)*)

8 % 3274

_ (55) m? (55)m3 (GG)m?
¢ = (a9) [2‘3 X 32 x 575 25 x 3 x 5;:8] 210 %3 %525 27 x 3 x 5710
(aGq)m, (5Gs)m, (55)°
21" x 3 x52% 27 x3x 5% 2% x32x57°
(@q)?mi [ (5s)mi  (GG)m, (5Gs) (55)°m3
205 3246+ (49) {212 x37% 217 x 328 2B x 327r6] 213 % 325

_ (35)(GG)m; N <C_1Gq>[ m? (3s) ] _ (55)(5Gs)

C3 =

218 5 3248 215 5 378 213 %3276 213 x 3267

2= <‘7q>{ 2<:S>23:n P 1 (G0) <213<js§2ﬂ6_215t§37z8> _21<§s>in31i6
_ (gGaym? <sGs>m%] o w sm, E (5s)°m

21T %320 2l1g0 2105375 27 x 3274| 28 x 3%z

(60 |50 (@Gam, | (sGm, (55
216 % 378 217 x 378 216 x 378 213 x 3276
(55)2m? _ (5Gs) (ss)ym?]  (55)(5Gs)m?  (5Gs)?
o300 T 000 5 38 T s | oI 3 T 21 a0
e = @ar |- (ss)ym?  (5Gs)m; N (55)* | (39)*(5Gs)ym,  (3Gq)*m3
: 27 4832 T 25 % 3% 28 x 37* 21375
(55)m? (5Gs) _ (5s)ymy m
_ Ga) [ 22 s
[ ><2“ 3 2 a) TGV G 5 T i
)(5Gs)m <§s>3 (55)%m? _ m3 (5s) (55)(5Gs)
[ 295 T 32712] +(G0) {_ 25370 OO\ i85 = 31 38 ) T30 530

(55)%my <ss>m4 3(sGs)m?
<qu)[ 297 -+ 2116 + 2126 |
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co = (3q)? (35)2m;  (5Gsym} (5s)*mi  (55)*(aGq)mi _ (55)*(3Gs)m]
0 =N 52 32,2 T 96 34| T 26 % 32,2 297 29 x 374
+ (39) (55)°m3 +<§S><QGQ>M3 (55)(3Gs)m]  (GG)(5Gs)m;
191755« 3.2 2774 2874 21376
5V (3Gs\Ym?  (3sV(gGq)m? Gag)m*
+ 66y [E2)6Gs)mE _ (55 aGayni| _ (aGa)'m
27 x 37 2 %37 2

14. The spectral densities of 0** E—Z hexaquark states

The 0 = — = hexaquark state spectral densities on the OPE side can be expressed as:

1
T T 32 X 52 x 7210
m?
€6 = 520 1 32 5 52 x 7110
o (ggym, — (Fs)mg (GG)?
3 T016 32 % 5278 215 % 32 x 5278 222 % 32 x 527107
. (Gq)(3m3} + 4x*(ss))  6(ss)m? + 3(5Gs)m, + 87> (5s)> (GG)*m? __{gGq)m
T T T 32 < 548 217 % 32 x 578 221 x3x 5210 217 x 3 x 578"
_ [18(5s)m2 + (3Gs) ~ (GG)’m;] T(5s)(GG)*m,
c3 = (49) 213 3 32,6 217« 328| T T 218 32,8
(qGq)(3m3 +4x*(55))  m3(2(qq)* + (55)%) + (55)(5Gs)
* 215 x 3248 - 213 % 3276 ’

_647(5s)>m + 3(8(5s) (5Gs)m3 + 4mi(4(qq)* + (55)°) + (3Gs)?)
€= 214 5 326
ad) [_ my(2(ss)m3 + 3(3Gs)mg + 247> (35)?) (GG)?(3m3 + 4x°(5s))

211 % 376 215 x 3248
(GgGqym? (GG 3(ss)mi + 3(3Gs)m, + 82°(55)*  (gGq)m
211 % 376 216 % 3278 217 % 378
(qGq)(18(ss)m3 + (3Gs)) | (qq)*(5s)m,

213 x 37° 27 x 327

+(q

+

o (29)*(30(ss)m] + 3(5Gs)m, + 8x°(55)*) _ (55)°m,(2(55)m; + (5Gs))
b 28 x 327 28 x 37*
(55)(54(35)m? + 45(3Gs)m, + 327> (5s)?) N (GG)?*(16(5s)m? + (3Gs))

29 x 327 214 x 375

+(q9) [

(GGq) (8> (5s)ms +3mi)]  (GGq)my(2(5s)m3 + 3(5Gs)ym, + 24x%(55)?)
210 % 376 * 21276

—(qq) [

G2 [(AGAGE 42 (55) _ 55)055)0 +2665)] _ (@Gan:
216 % 378 214 % 370 21376 7
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(Gq)*m?(3(5Gs)m, + 327*(5s)?) N (55)2m?(3(3Gs)m, + 8n*(5s)?)

0= 26 x 327% 2% x 327*
o |- (55)m?((5Gs)mg + 87°(55)?) n 5(ss)(gGq)m3 B (GG)?*(5Gs)ym?
44 2874 27 x 37 21376
_ 3<38>2<5164?61>m? GGy <§S>%<§GS>m? _ (55)(@Gq)m;3 (éGQ>2m§" (A117)
2o 213 x 375 21 % 376 21276
and
N2\ 2d (N (ec\3 4 S\dy4
[Isum M2 — <qq> <SS> mg _ <qQ><Ss> mg <SS> mg ] Al18
M) = e 32 26x 352 | 25 x 302 (AL18)
15. The spectral densities of 1~ -~ E—E hexaquark states
The 17~ = — = hexaquark state spectral densities on the OPE side can be expressed as:
1
T T 3 57 x 72410 (AL19)
2
mS
6T T3 xS X T (A120)
(aq)m, (ss)m, (GG)
= ‘ — Al21
ST X 3x P x T 20X P x5 x T 2 x3x P x I (Al121)
ol E9 ] Gom (GG GGgm __(Gym. (5’
MY 3% 528 2 x3a8) 20 x3x 575 22 x3x 570 28 %327 27 x3x 525 29 x 3 x 575
(A122)
er = +(aq) |- (55)m3 (GG)m, (5Gs) _ agy’m? (55)°m3 (55)(sGs)
3T M T 55 T2 x 32 x 528 21 x 3 x 578) 210 % 32 x 575 ' 210 % 32 x 525 | 213 x 3249
(55)(GG)m _ (5s) m3
—_— G — , A123
5% 3 578 T 900 3T 32 5 50 T 2 a8 (A123)

+

g[S e m ) Y Gomt | @Gamd | (GmE] it
279510 5 344 25 %378 215 x 370 210 5 376 213 76 21156 28 x 3274

+ (66 {_ (ssymd _(aGaym, _(sGsjm, __(5s)’ } <an>(5<;§,,’??—§?;2)—zﬁ?f’;ﬁ

216 %375 20978 210345 2B x 3246

(55)(sGsym?  (5Gs)? _ o (5s)my m
_ - , Al124
211 x 375 214 x 375 (@) 29 x 3z* 210 x 376 ( )

_ 5(s)md  (5Gs)m, (55)2 (55)3m? _ (55)2m?} (3Gs) 7(5s)m?
¢ =(q9)° 60 A2 4 AT w24 A~ a32 s gt |~ 5672t (GO |53 s 5n o
20 % 347 2/ x 3 g 2°x 3w 2° X 371 2° x 37 27 x 3 7% 2% x3°x
ol m (5s)m; 5(55)(3Gs)m; (55)3
+49)qGq) [(210;:6 T2 x 3271'4) P 32;;2]
(55)2m? _ (5s) m} (55)(5Gs)
+(GG) {213 x 370 +(aGa) 213 % 3276 21648 * 213 % 370
T4 737 S 344~ Dlig6 21256 28 x 374 212 5 376 °
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_ 5(ss)?m?  (5Gs)m} _ sy m? 7(3s)(gGq)m?  (55)(3Gs)m} (GG)(3Gs)m?

Co = <¢IQ> _24 % 3272 - 26 % 37[4} < > [ 2672 - 28 5 344 284 213 ;6 ]
(5s)*m;  3(55)*(gGq)m]  (55)*(3Gs)m]

26 % 322 2104 T 29344

+(GG) [5<§S><QGQ>H1% _ (5s) <§Gs>m%] ~ <C_1Gq>2m?'

214 5 370 213 5 346 2126

16. The spectral densities of 1**+ E—E hexaquark states

The 17+ E — Z hexaquark state spectral densities on the OPE side can be expressed as:

1
€= T 020 34 52 72,107
m?
€67 220 3 32 5 52 5 71410°
(qq)m 13(55)m, (GG)?

S T A 32 x T8 20 xR x5 xTa5 21 x3x 52 x 7710

(Gq)(9m? + 107 (5s)) N 6(5sym? + 3(3Gs)m, + 87> (5s)? (GG)*m? (gGq)m
215 % 33 x 548 217 % 32 x 578 221 % 3 x 5710 218 % 32487

210 5 32 % 576 21 5 32 % 57 215 %32 x 528|213 x32x 548
(GGq)(15m3 +162%(5s))  (55)(8(3s)m? + 5(3Gs))

215 % 32 x 578 213 % 32 x 52

_ (gq)*mg _ [21(5s)m? + (3Gs) (GG)>my (35)(GG)*my
€3 =51 <6t (49

9

(qq)*(27°(35)m, + m)
210 x 37°
my(2(3s)m? + 3(3Gs)m, + 227%(55)?) (GG)*(m} + n*(3s)) (gGq)m?
+(aq) {_ 21T % 375 I IERVE 20375 ]
n 6472 (ss)>mg + 3(4(ss)>m? + 8(55) (5Gs)m? + (5Gs)?) B (GGq)(22(35)m? + (5Gs))
214 5 326 215 76 ’

Cyr =

+(GGY [3(§s>m§ +3(3Gs)m, + 82*(5s)? (qu>ms]

216 X 3271.8 219”8

(q9)*(42(55)m3 + 3(5Gs)m, + 87°(5s)?) (GG)*(22(55)m; + (5Gs))
27 x 337* 213 % 3276

5s 5s)ym3 5Gs)ym 2055)2) (7 20550 m L
+<Qq){< )(24(5s)m3 + 21(5Gs)m, + 162°(35)*) _ (qGq) (167 (5s)m, + 9 S)]

€)== +(qq9)

28 x 3274 210 % 3276
(aGq)m(6(5s)mi + 9(3Gs)m, + 64n>(55)*)  (55)*my(5(3s)m; + 3(3Gs))
212 x 37° 28 x 327
(aGq)(9m3 +87°(5s))  (55)(3(5s)m3 + <§GS>)} (aGq)*m;

GG 2 - - )
+{GG) [ 216 5 32,8 213 % 37 212 % 370

+

(Gq)*m?(3(5Gs)ym, + 287*(5s)?) 5(35)*(qgGq)m} (55)’>m?(3(3Gs)m, + 8x*(5s)?)
26 x 3274 T a0 29 x 327
_ (55Ym?(3(3Gs)m, + 207*(55)?) 3(5s)(gGq)m} (GG)*(5Gs)m>
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2B %325 214 x3x6 21276

Co —
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