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Abstract: Inspired by the LHCb observations of hidden-charm   states, we study their hidden-strange analog
states in both the   and   configurations. We investigate   pentaquark states in the  ,  ,  ,

, and   structures with   and   and   with   and calculate their masses in the frame-
work of QCD sum rules. Our numerical results show that the extracted hadron masses for all the  ,  ,  ,  ,
and   structures are significantly higher than the   mass threshold, and the masses for   and  are also
higher than the threshold of the corresponding hadron; hence, no bound state exists in such channels, which is con-
sistent with the current experimental status.
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I.  INTRODUCTION
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Quantum chromodynamics  (QCD)  is  the   fundament-
al  theory  of  the  strong  interaction.  Hadrons  are 
mesons and   baryons in the conventional quark mod-
el [1, 2]. However, QCD itself allows for the existence of
multiquarks.  In  2015,  the  LHCb  Collaboration  reported
two  hidden-charm  pentaquark  states,    and

,  in  the   invariant  mass  spectrum  of
 decays [3].   was then further found

to  be  separated  into  two  structures,    and
,  in  the  same  process,  in  which  a  new  narrow

resonance    was  also  discovered  [4].  Recently,
the LHCb Collaboration announced the first evidence of a
hidden-charm  pentaquark  state  with  strangeness,

,  in  the    invariant  mass  distribution  of
  decays  [5].  Observations  of  these  hidden-

charm pentaquarks  have  immediately  garnered   extens-
ively  theoretical  interest,  considering  them 
( ) hadron molecules or compact pentaquarks with a
quark content of   ( ) [6–10].
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If the above interpretations of   are correct, analog-
ous  effects  could  also  be  expected  at  the  hidden-strange

 pentaquark. The study of the existence of hid-
den-strange  pentaquarks  was  conducted  considerably
earlier  than  the  observations  of    states.  Experiments
and  analysis  of  pentaquarks  composed  of  light  quarks
date back to 1960, when the   molecular state was ex-
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plained with  [11–17]. However, there are almost
no results for light pentaquarks. From 1994–1999, experi-
ments using the SPHINX spectrometer  reported a reson-
ance structure   as a candidate for the   state
in  the  proton  diffractive  reactions 

  [18– 21].  Although  the  extracted  resonance  had
fairly poor  statistics,  it  inspired  several  theoretical   stud-
ies  on  the  existence  of  hidden-strange  pentaquarks.  In
Ref.  [22],  Williams  and  Gueye  studied  the  color  octet-
octet    configuration  in  a  non-relativistic  quark
molecular  model  and  predicted  four  candidates  for 
states.  Using  the  quark  delocalization  color  screening
model  (QDCSM),  Huang  et  al.  calculated  the  effective
potential, masses, and decay widths of   molecular
states  and  found  that  the  interactions  between    and

 were sufficiently strong to form bound states [23].
ϕ−N

ϕN
ϕp Λ+c →

π0ϕp
[su]3̄[s̄ud]3

Ps

Furthermore,  a    bound  state  was  proposed  by
Gao et al., in which the QCD van der Waals attractive po-
tential is sufficiently strong to bind a ϕ meson to a nucle-
on inside a nucleus to form a bound state [24]. The calcu-
lations  in  the  chiral SU(3)  quark  model  [25,  26],  lattice
QCD  [27],  chiral  soliton  model  [28],  and  QDCSM [29]
also  support  the  existence  of    bound  states.  In  Ref.
[30], the authors proposed a possible   resonance in the 

 decay by considering a triangle singularity mechan-
ism.  In  Ref.  [31],  Lebed  used  a    diquark-
triquark model to investigate the possible existence of 
pentaquarks  and  further  proposed  to  create  such  states
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Λ+c → Psπ
0→ ϕpπ0

Λ+c → ϕpπ0

Ps→ ϕp

through  the    decay  [32].  Unfortu-
nately,  the  Belle  Collaboration  searched  for 
decays in  2017 and found no evidence  of  the   intermedi-
ate hidden-strange pentaquark decay   [33].
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Comparing  the  hidden-charm    states  observed  in
the    final  state,  one possible  reason for  the absence
of   pentaquarks may be the limited phase space of the

 decay. Nevertheless,  it  is  still  interesting  to   in-
vestigate  the  properties  of    states  in  theory.  In  this
study, we investigate   systems in both the 
and    configurations  with  quantum  numbers

 using QCD sum rules [34–36].

[udu][s̄s] [uds][s̄u]
JP = 1/2−

Ps

This paper is organized as follows. In Sec. II, we con-
struct  interpolating  currents  for  hidden-strange
pentaquarks in both the   and   configur-
ations  with    and  then  evaluate  the  correlation
functions  and  spectral  densities  for  these  interpolating
currents. In Sec. III, we perform QCD sum rule analyses
to  extract  the  mass  spectra  of    pentaquarks.  The  final
section contains a brief summary and discussion. 

II.  QCD SUM RULES FOR HIDDEN-STRANGE
PENTAQUARKS

qqqss̄
In this section, we introduce QCD sum rules for hid-

den-strange  pentaquarks  with  a  quark  content  of  .
The start of QCD sum rules is the two-point correlator 

Π(q) = i
∫

d4xeiq·x⟨0|T {η(x)η̄(0)}|0⟩,

Πµν(q) = i
∫
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where    is  a  hidden-strange  pentaquark  interpolating
current.  There  are  two  possible  color  configurations  for
such  pentaquark  operators:    and

,  where   are color indices, q de-
notes a light quark, and s is a strange quark. We use both
types  of  interpolating  currents  to  investigate  hidden-
strange pentaquark systems.  To construct  the pentaquark
currents,  we  use  the  following  operators  for    bary-
ons [36–38]: 
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in which T denotes the transposition, and C is the charge
conjugation  matrix.  Together  with  the  operators

and   for   mesons, we compose

JP = 1/2−
the  following  hidden-strange  pentaquark  currents  with
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which can couple to  ,  ,  ,  , and  , respect-
ively.  We  also  compose  the  following  hidden-strange
pentaquark currents with 
 

η6µ = ϵ
abc

[
(uT

a Cγνdb)γ5γ
νsc

] [
s̄dγµud

]
,

η7µ = ϵ
abc

[
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] [
s̄dγ5dd

]
, (4)

ΣK∗ Σ∗Kwhich can couple to   and  , respectively. In prin-
ciple,  these  interpolating  currents  can  couple  to
pentaquark states with both negative and positive parities.
 

⟨0|η(x)|X−⟩ = fX−u(q) , (5)
 

⟨0|η(x)|X+⟩ = i fX+γ5u(q) , (6)

u(q) fX− fX+where   is the Dirac spinor, and   and   are coup-
ling constants. Accordingly, the two-point correlators in-
duced by these pentaquark currents can be written as
 

Π−(q) = i
∫

d4xeiq·x⟨0|T {η(x)η̄(0)}|0⟩

= ̸qΠq

(
q2

)
+Πm

(
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)
, (7)

 

Π+(q) = i
∫
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)
, (8)

Πq(q2) Πm(q2)
̸q 1

Π−(q) Π+(q)

Πm(q2) Π−(q) Π+(q)

where   and   are the invariant functions pro-
portional to   and  , respectively. Note that these two in-
variant  functions  appear  in    and    simultan-
eously, implying that they contain hadron information for
both  negative  and  positive  parity  pentaquark  states.
However, the signs of   in   and   are dif-
ferent  owing  to  the  coupling  definitions  in  Eqs.  (5)–(6).
See Refs. [39–42] for detailed discussions.

η6µ(x) η7µ(x)

J = 3/2 1/2

Moreover,    and    can  couple  to  both
 and   channels
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Πµν(q) =
(

qµqν
q2 −gµν

)
( ̸q+MX)Π3/2(q)+ · · · , (9)

· · · 1/2 η6µ η7µwhere   contains the spin   components of   or  .
At  the  hadronic  level,  the  invariant  functions  can  be

described by the dispersion relation
 

Π
(
q2

)
=

(
q2

)N

π

∫ ∞

4m2
s

ImΠ(s)
sN (

s−q2− iϵ
)ds+

N−1∑
n=0

bn

(
q2

)n
, (10)

bnwhere    are N  unknown  subtraction  constants  and  will
be removed after performing a Borel transform. The ima-
ginary  part  of  the  correlation  function  is  usually  defined
as the spectral function
 

ρ(s) ≡ 1
π

ImΠ(s) =
∑

n

δ
(
s−m2

n

)
⟨0|η|n⟩⟨n|η̄|0⟩

= f 2
Xδ(s−m2

X)+ · · · , (11)

· · ·

|n⟩
fX mX

in which the “pole plus continuum” parameterization as-
sumption  is  adopted,  and  " "  contains  contributions
from the QCD continuum and higher  excited states.  The
intermediate state   can be either a positive or negative
parity  pentaquark.  The  parameters    and    are  the
coupling  constant  and  hadron  mass  of  the  lowest-lying
state, respectively.

The two-point  correlation  function  and  spectral   func-
tion can be evaluated as the functions of various QCD con-
densates  via  operator  product  expansion  (OPE)  at  the
quark-gluonic  level.  We use coordinate  space expressions
for the light quark and strange quark propagators [43]

iS ab(x) =⟨T {qa(x)q̄b(0)}⟩ = iδab

2π2x4 +
i

32π2 tn
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q = u,d, s ̸ x = xµγµ tn
ab = λ

n
ab/2where   quarks,  , and  . In this

study,  we  evaluate  correlation  functions  and  spectral
functions up  to  dimension-11  condensates.  As  an   ex- η1(x)

ample, we  show  the  spectral  function  for  the   interpolat-

ing current   as

ρ
q
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192π
+
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⟨d̄d⟩⟨g2
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ρq(s) = ImΠq(s)/π ρm(s) = ImΠm(s)/π
Πq(q2)

Πm(q2)
Πq(q2) ̸q

where  and    are  the
spectral  functions  of  the  invariant  structures    and

 in Eqs. (7)–(8), respectively. Their dimensions are
different  because    is  proportional  to  ,  whereas

Πm(q2)
ρq(s) ρm(s)
ρq(s)

 is proportional to 1. As shown in Eqs. (13)–(14),
there are more terms in   than in  , including the
perturbative term. We use   to perform our numerical
analyses in the following section. The expressions for the
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αs

αs

αs

spectral functions of other interpolating currents are giv-
en in Appendix A. Note that all the correlation functions
in this study are evaluated at the leading order of  . It is
known  that  the    corrections  of  the  perturbative  terms
give important  contributions  for  heavy  quarkonium   sys-
tems  [35];  however,  we  do  not  consider  the    correc-
tions here because of the complexity and difficulty of cal-
culations.  Nevertheless,  the  NLO  effects  in  multiquark
systems  deserve  to  be  studied,  and  we  will  attempt  to
conduct such research in the future.

QCD sum rules  can  be  established  by  assuming  that
the  two-point  correlation  functions  obtained  from  the
hadronic and quark-gluonic levels are equal to each other.
After applying the Borel  transform, the correlation func-
tion can be written as 

Π(M2
B) ≡ BM2

B
Π(q2) =

∫ ∞

4m2
s

dse−s/M2
Bρ(s) , (15)

MBin  which    is  the  Borel  parameter  introduced  by  the
Borel transform. It  is  clear  that  the Borel  transform sup-
presses the contributions from the continuum and higher
excited  states  in  Eq.  (11).  The  lowest-lying  resonance  is
then chosen as 

f 2
Xe−m2

X/M
2
B =

∫ s0

4m2
s

dse−s/M2
Bρ(s) , (16)

s0where    is  the  continuum  threshold.  The  mass  of  the
lowest-lying hadron can thus be extracted as 

m2
X(s0,M2

B) =

∫ s0

4m2
s

dse−s/M2
B sρ(s)∫ s0

4m2
s

dse−s/M2
Bρ(s)

, (17)

M2
B s0which is a function of the two parameters   and  . We

discuss  the  details  in  the  next  section  to  obtain  suitable
parameter working regions in the QCD sum rule analysis. 

III.  NUMERICAL RESULTS

⟨ūu⟩ = ⟨d̄d⟩ = ⟨q̄q⟩ = −(0.24±0.01)3

3 ⟨q̄gsσGq⟩ = m2
0⟨q̄q⟩ m2

0 = −0.8 2 ⟨s̄s⟩ =
(0.8±0.1)⟨q̄q⟩ ⟨s̄gsσGs⟩ = m2

0⟨s̄s⟩ ⟨g2
sGG⟩ = (0.44±0.02)

4 MS
ms = (0.095±0.005) mu = md = mq = 0
⟨ūu⟩ = ⟨d̄d⟩ = ⟨q̄q⟩ ⟨ūgsσ ·Gu⟩ = ⟨d̄gsσ ·Gd⟩ =
⟨q̄gsσ ·Gq⟩

gs

To  perform  numerical  analyses,  we  adopt  parameter
values for various QCD condensates and quark masses as
follows  [43– 46]: 
GeV ,  ,    GeV , 

,  , 
GeV ,  and  the    strange  quark  mass

  GeV.  We  let  ,
,  and 

 for the up and down quarks in the chiral limit.
The  definition  of  the  coupling  constant    has  a  minus
sign difference compared to that in Ref. [35].

MB
s0

M2
B

10%
M2

B

As shown in Eq. (17), the extracted hadron mass is a
function of  the Borel  mass   and continuum threshold
.  To  choose  suitable  working  windows  for  these  two

parameters, we must study the OPE convergence and pole
contribution  for  the  correlation  function.  On  the  one
hand,  the  perturbative  term  should  be  two  times  larger
than the nonperturbative contribution to ensure good OPE
convergence,  which  will  limit  the  lower  bound  on  the
Borel  parameter  .  On  the  other  hand,  we  require  the
following  pole  contribution  be  larger  than    to  give
the upper bound on 
 

PC(s0,M2
B) =

∫ s0

4m2
s

dse−s/M2
Bρ(s)∫ ∞

4m2
s

dse−s/M2
Bρ(s)

, (18)

M2
B s0

s0

which is also the function of   and  . A proper value
of   is required before determining the Borel window.

η4(x)

ΣK
M2

B

⟨q̄q⟩2
⟨q̄q⟩2

M2
min = 2.32 2

s0
s0

s0 = 8.35 2

M2
B

We take the interpolating current   as an example
to  present  our  numerical  analysis  of  the  hidden-strange

 pentaquark state. In Fig. 1, we plot the OPE behavior
term  by  term  with  respect  to  .  It  is  shown  that  the
most  important  nonperturbative  contribution  is  from  the

  term. By requiring the perturbative term to be two
times larger than the   term, we find the lower bound
on the Borel parameter   GeV . To choose an
optimum value  of  , we  show the  variation  in  the  had-
ron  mass  with  respect  to    at  different  values  of  the
Borel  mass  in  Fig.  2.  The  best  choice  of  the  threshold
parameter is then fixed as   GeV , around which
the hadron mass is very stable against  .

M2
B

s0 = 8.35 2

10%
M2

B ≤ 2.95 2

s0 = 8.35 2

2.32 2≤ M2
B ≤ 2.95 2

To  determine  the  upper  limit  of  ,  we  study  the
pole  contribution  for   GeV   in Fig.  3.  We  find
that  the  pole  contribution  is  larger  than    for

 GeV , which is the upper bound on the Borel
window. Finally, we can study the behavior of the Borel
curves in Fig. 4 using the parameter   GeV  and
the Borel window   GeV  GeV . We find

 

η4(x) JP = 1/2−
Fig. 1.    (color online) Contributions of each term in the OPE
series for the interpolating current   with  .
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M2
B

ΣK JP = 1/2−

that the mass curves are very stable with respect to   in
the these parameter regions. The hadron mass for such a
hidden-strange    pentaquark  with    is  extrac-
ted as 

mX = (2.63±0.14±0.13) GeV , (19)

s0

in which the first error originates from the uncertainties in
various  input  QCD  parameters  (mainly  from  the  quark
condensate), whereas the second error arises from the un-
certainty in the threshold value  . For all other interpol-
ating currents  in  Eq.  (3),  we perform analyses  similar  to
the  above  procedure  and  obtain  the  hadron  masses  in

pϕ
Mpϕ

MΣK

pϕ
JP = 1/2−

pη′ ΛK ΣK
Σ∗K∗ JP = 1/2− ΣK∗ Σ∗K

JP = 3/2−

Table  1.  We  find  that  the  mass  of  the    pentaquark  is
several MeV below the   threshold. However, it is still
considerably  higher  than  the  mass  threshold  of  ,
which  prevents  the  existence  of  such  a    pentaquark
state  with  . Moreover,  our  results  do  not   sup-
port  the  existence  of  bound  states  for  the  ,  ,  ,
and    channels  with    and    and 
channels  with    because  the  obtained  hadron
masses  are  significantly  higher  than  the  corresponding
two-hadron thresholds. 

IV.  SUMMARY

Pc

[udu][s̄s] [uds][s̄u]
JP = 1/2− JP = 3/2−

L = 0

̸q
pη′ pϕ ΛK ΣK Σ∗K∗

JP = 1/2− ΣK∗ Σ∗K
JP = 3/2−

Inspired  by  the  observations  of  hidden-charm 
states, we investigate hidden-strange pentaquark states in
both  the    and    configurations  with
quantum numbers   and   via the QCD
sum rule  method.  We  construct  the  corresponding   inter-
polating currents using   baryonic and mesonic oper-
ators. After calculating two-point correlation functions up
to dimension-11, we perform mass sum rule analyses us-
ing the invariant  structures proportional  to   and extract
mass  spectra  for  the  ,  ,  ,  ,  and 
pentaquarks  with    and    and    with

.

JP = 1/2−

There  is  only  a  recombination  of  quarks  before  and
after  strong  decay,  in  which  all  pentaquarks  with

 can decay into Σ and K. Our calculations show

JP = 1/2− JP = 3/2−Table 1.    Extracted hadron masses of hidden-strange molecular pentaquark states with   and  .

Current Structure JP mX /GeV s0
2Threshold  /GeV 2Borel window/GeV

η1(x) [pη′] 1/2− 1.91±0.06±0.19 4.77 2.35–2.48

η2(x) [pϕ] 1/2− 1.95±0.10±0.11 4.62 2.15–2.35

η3(x) [ΛK] 1/2− 2.93±0.16±0.20 10.57 2.10–3.51

η4(x) [ΣK] 1/2− 2.63±0.14±0.13 8.35 2.32–2.95

η5(x) [Σ∗K∗] 1/2− 2.78±0.08±0.12 9.60 2.47–3.32

η6µ(x) [ΣK∗] 3/2− 2.39±0.08±0.11 6.95 2.47–3.32

η7µ(x) [Σ∗K] 3/2− 2.27±0.10±0.10 5.82 3.06–3.62

 

s0

η4(x)

Fig.  2.      (color online) Hadron  mass  with  respect  to  the
threshold parameter   with different values of the Borel mass
for  .

 

η4(x)
s0 = 8.35 2

Fig.  3.      (color  online)  Pole  contribution  behavior  of 
with   GeV .

 

mX

M2
B η4(x)

Fig. 4.    (color online) Variations in the hadron mass   with
respect to   for  .
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pη′ pϕ ΛK ΣK Σ∗K∗that  the  masses  for  all  the  ,  ,  ,  ,  and 
pentaquarks  are  considerably  higher  than  their  two-had-
ron  decay  thresholds;  hence,  there  is  no  bound  hidden-
strange pentaquark state in these channels.

Σ∗K ΣK∗ JP = 3/2−

Σ(∗) K(∗)
The states   and   with   can decay in-

to  the  corresponding  components  . Our   calcula-
tions show that these states also have masses higher than
the  mass  thresholds  of  the  corresponding  components.
Therefore, there is a no bound hidden-strange pentaquark

Ps

state  as  well  in  such  channels.  This  result  is  consistent
with  the  experimental  status  of  hidden-strange    states
[33]. 

APPENDIX

η2(x) η3(x) η4(x) η5(x)
ρ

q
i (s) ρm

i (s)
̸q

In  this  appendix,  we  show  the  spectral  densities  for
the  interpolating  currents  ,  ,  ,  and  ,
including both   and   structures  proportional  to
 and 1, respectively.

ρ
q
2 =

s5

17203200π7 +
s3⟨g2

sG
2⟩

983040π7 +
s2⟨ūu⟩2
1536π3 +

s2⟨s̄s⟩2
1536π3 −

s2ms⟨gs s̄σ ·Gs⟩
12288π5 +

g2
s s2⟨ūu⟩2

41472π5 +
g2

s s2⟨s̄s⟩2
41472π5 +

g2
s s2⟨d̄d⟩2

82944π5

− sms⟨s̄s⟩⟨g2
sG

2⟩
18432π5 +

s⟨s̄s⟩⟨gs s̄σ ·Gs⟩
384π3 +

s⟨ūu⟩⟨gsūσ ·Gu⟩
768π3 − ms⟨g2

sG
2⟩⟨gs s̄σ ·Gs⟩

24576π5 +
5⟨s̄s⟩2⟨g2

sG
2⟩

9216π3

+
⟨ūu⟩2⟨g2

sG
2⟩

4608π3 +
g3

s⟨s̄s⟩2⟨g2
sG

2⟩
82944π5 +

g3
s⟨ūu⟩2⟨g2

sG
2⟩

165888π5 +
g2

sms⟨s̄s⟩3
1728π3 +

⟨gs s̄σ ·Gs⟩2
1024π3 , (A1)

 

ρ
q
3 =

11s5

825753600π7 +
3s3⟨g2

sG
2⟩

5242880π7 −
s3ms⟨ūu⟩
73728π5 +

11s3ms⟨s̄s⟩
737280π5 −

s2⟨ūu⟩2
36864π3 +

5s2⟨s̄s⟩⟨ūu⟩
18432π3 −

13s2ms⟨gs s̄σ ·Gs⟩
1179648π5

− 13s2ms⟨gsūσ ·Gu⟩
196608π5 +

11g2
s s2⟨ūu⟩2

1990656π5 +
11g2

s s2⟨s̄s⟩2
1990656π5 +

11g2
s s2⟨d̄d⟩2

3981312π5 −
5sms⟨ūu⟩⟨g2

sG
2⟩

110592π5

+
35sms⟨s̄s⟩⟨g2

sG
2⟩

589824π5 +
13s⟨ūu⟩⟨gs s̄σ ·Gs⟩

18432π3 +
13s⟨s̄s⟩⟨gsūσ ·Gu⟩

18432π3 +
s⟨ūu⟩⟨gsūσ ·Gu⟩

18432π3 +
g3

s⟨d̄d⟩2⟨g2
sG

2⟩
442368π5

− 5g2
sms⟨d̄d⟩2⟨ūu⟩
62208π3 +

11g2
sms⟨d̄d⟩2⟨s̄s⟩
124416π3 +

35ms⟨g2
sG

2⟩⟨gs s̄σ ·Gs⟩
1179648π5 − 5ms⟨g2

sG
2⟩⟨gsūσ ·Gu⟩

196608π5

+
25⟨s̄s⟩⟨ūu⟩⟨g2

sG
2⟩

110592π3 − 5⟨ūu⟩2⟨g2
sG

2⟩
221184π3 +

35g3
s⟨s̄s⟩2⟨g2

sG
2⟩

7962624π5 +
7g3

s⟨ūu⟩2⟨g2
sG

2⟩
1990656π5 +

⟨gs s̄σ ·Gs⟩⟨gsūσ ·Gu⟩
1536π3

+
⟨gsūσ ·Gu⟩2

12288π3 − 5g2
sms⟨ūu⟩3

62208π3 +
11g2

sms⟨s̄s⟩⟨ūu⟩2
62208π3 − 5g2

sms⟨s̄s⟩2⟨ūu⟩
124416π3 +

11g2
sms⟨s̄s⟩3

124416π3 −
ms⟨s̄s⟩⟨ūu⟩2

1152π

+
5ms⟨s̄s⟩2⟨ūu⟩

1152π
, (A2)

 

ρ
q
4 =

11s5

412876800π7 +
7⟨g2

sG
2⟩s3

5898240π7 +
⟨d̄d⟩mss3

737280π5 +
11⟨s̄s⟩mss3

368640π5 −
⟨ūu⟩mss3

36864π5 +
11g2

s⟨d̄d⟩2s2

1990656π5 +
11g2

s⟨s̄s⟩2s2

995328π5

− ⟨ūu⟩2s2

18432π3 +
11g2

s⟨ūu⟩2s2

995328π5 −
⟨d̄d⟩⟨s̄s⟩s2

36864π3 +
5⟨d̄d⟩⟨ūu⟩s2

18432π3 +
5⟨s̄s⟩⟨ūu⟩s2

9216π3 +
⟨gsd̄σ ·Gd⟩mss2

131072π5

− 89⟨gs s̄σ ·Gs⟩mss2

1179648π5 − 25⟨gsūσ ·Gu⟩mss2

196608π5 − ⟨gsd̄σ ·Gd⟩⟨s̄s⟩s
12288π3 +

⟨d̄d⟩⟨gs s̄σ ·Gs⟩s
12288π3 +

⟨gsd̄σ ·Gd⟩⟨ūu⟩s
6144π3

+
25⟨gs s̄σ ·Gs⟩⟨ūu⟩s

18432π3 +
⟨d̄d⟩⟨gsūσ ·Gu⟩s

2048π3 +
25⟨s̄s⟩⟨gsūσ ·Gu⟩s

18432π3 +
⟨ūu⟩⟨gsūσ ·Gu⟩s

18432π3 +
13⟨g2

sG
2⟩⟨d̄d⟩mss

884736π5

+
53⟨g2

sG
2⟩⟨s̄s⟩mss

589824π5 − 5⟨g2
sG

2⟩⟨ūu⟩mss
55296π5 +

5g3
s⟨g2

sG
2⟩⟨d̄d⟩2

884736π5 +
53g3

s⟨g2
sG

2⟩⟨s̄s⟩2
7962624π5 − 5⟨g2

sG
2⟩⟨ūu⟩2

110592π3
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+
35g3

s⟨g2
sG

2⟩⟨ūu⟩2
3981312π5 +

⟨gsūσ ·Gu⟩2
8192π3 − 7⟨g2

sG
2⟩⟨d̄d⟩⟨s̄s⟩

110592π3 +
⟨gsd̄σ ·Gd⟩⟨gs s̄σ ·Gs⟩

24576π3 +
17⟨g2

sG
2⟩⟨d̄d⟩⟨ūu⟩

55296π3

+
25⟨g2

sG
2⟩⟨s̄s⟩⟨ūu⟩

55296π3 +
⟨gsd̄σ ·Gd⟩⟨gsūσ ·Gu⟩

12288π3 +
5⟨gs s̄σ ·Gs⟩⟨gsūσ ·Gu⟩

4096π3 +
11g2

s⟨s̄s⟩3ms

62208π3 − 5g2
s⟨ūu⟩3ms

31104π3

− ⟨d̄d⟩⟨s̄s⟩2ms

2304π
+

g2
s⟨d̄d⟩⟨s̄s⟩2ms

248832π3 − 11⟨d̄d⟩⟨ūu⟩2ms

1152π
+

g2
s⟨d̄d⟩⟨ūu⟩2ms

62208π3 − ⟨s̄s⟩⟨ūu⟩2ms

576π

+
11g2

s⟨s̄s⟩⟨ūu⟩2ms

31104π3 +
⟨g2

sG
2⟩⟨gsd̄σ ·Gd⟩ms

98304π5 +
11g2

s⟨d̄d⟩2⟨s̄s⟩ms

62208π3 +
53⟨g2

sG
2⟩⟨gs s̄σ ·Gs⟩ms

1179648π5

− 5g2
s⟨d̄d⟩2⟨ūu⟩ms

31104π3 +
5⟨s̄s⟩2⟨ūu⟩ms

576π
− 5g2

s⟨s̄s⟩2⟨ūu⟩ms

62208π3 +
5⟨d̄d⟩⟨s̄s⟩⟨ūu⟩ms

576π
− 5⟨g2

sG
2⟩⟨gsūσ ·Gu⟩ms

98304π5 , (A3)

 

ρ
q
5 =

3s5

11468800π7 −
⟨g2

sG
2⟩s3

655360π7 −
3⟨d̄d⟩mss3

20480π5 +
3⟨s̄s⟩mss3

10240π5 −
⟨ūu⟩mss3

5120π5 +
g2

s⟨d̄d⟩2s2

18432π5 +
g2

s⟨s̄s⟩2s2

9216π5

+
⟨ūu⟩2s2

512π3 +
g2

s⟨ūu⟩2s2

9216π5 +
3⟨d̄d⟩⟨s̄s⟩s2

1024π3 +
⟨s̄s⟩⟨ūu⟩s2

256π3 − 9⟨gsd̄σ ·Gd⟩mss2

16384π5 +
7⟨gs s̄σ ·Gs⟩mss2

8192π5 − 7⟨gsūσ ·Gu⟩mss2

8192π5

+
3⟨gsd̄σ ·Gd⟩⟨s̄s⟩s

512π3 +
3⟨d̄d⟩⟨gs s̄σ ·Gs⟩s

512π3 +
7⟨gs s̄σ ·Gs⟩⟨ūu⟩s

768π3 +
7⟨s̄s⟩⟨gsūσ ·Gu⟩s

768π3 +
7⟨ūu⟩⟨gsūσ ·Gu⟩s
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+
⟨g2
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2⟩⟨d̄d⟩mss

2048π5 − ⟨g
2
sG

2⟩⟨s̄s⟩mss
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⟨g2
sG
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2048π5 − g3

s⟨g2
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2⟩⟨d̄d⟩2
110592π5 − g3

s⟨g2
sG
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82944π5
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2
sG

2⟩⟨ūu⟩2
1536π3 − g3
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sG

2⟩⟨ūu⟩2
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⟨gsūσ ·Gu⟩2
256π3 − 3⟨g2

sG
2⟩⟨d̄d⟩⟨s̄s⟩

2048π3 +
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2048π3
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2
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128π3 +

g2
s⟨s̄s⟩3ms

576π3 − g2
s⟨ūu⟩3ms

864π3 +
3⟨d̄d⟩⟨s̄s⟩2ms

64π

− g2
s⟨d̄d⟩⟨s̄s⟩2ms

2304π3 − 3⟨d̄d⟩⟨ūu⟩2ms

32π
− g2

s⟨d̄d⟩⟨ūu⟩2ms

576π3 +
⟨s̄s⟩⟨ūu⟩2ms

16π
+

g2
s⟨s̄s⟩⟨ūu⟩2ms

288π3

+
15⟨g2

sG
2⟩⟨gsd̄σ ·Gd⟩ms

32768π5 +
g2

s⟨d̄d⟩2⟨s̄s⟩ms

576π3 − ⟨g
2
sG

2⟩⟨gs s̄σ ·Gs⟩ms

12288π5 − g2
s⟨d̄d⟩2⟨ūu⟩ms

864π3 +
⟨s̄s⟩2⟨ūu⟩ms

16π

− g2
s⟨s̄s⟩2⟨ūu⟩ms

1728π3 − 3⟨d̄d⟩⟨s̄s⟩⟨ūu⟩ms

8π
+
⟨g2

sG
2⟩⟨gsūσ ·Gu⟩ms

2048π5 ,

(A4)
 

ρ
q
6 =

31s5

440401920π7 −
11⟨g2

sG
2⟩s3

283115520π7 +
⟨d̄d⟩mss3

245760π5 +
37⟨s̄s⟩mss3

491520π5 −
⟨ūu⟩mss3

12288π5 +
89g2

s⟨d̄d⟩2s2

6635520π5 +
89g2

s⟨s̄s⟩2s2

3317760π5

− 3⟨ūu⟩2s2

20480π3 +
89g2

s⟨ūu⟩2s2

3317760π5 −
⟨d̄d⟩⟨s̄s⟩s2

12288π3 +
⟨d̄d⟩⟨ūu⟩s2

1536π3 +
5⟨s̄s⟩⟨ūu⟩s2

3072π3 +
3⟨gsd̄σ ·Gd⟩mss2

131072π5

+
65⟨gs s̄σ ·Gs⟩mss2

393216π5 − 25⟨gsūσ ·Gu⟩mss2

65536π5 − ⟨gsd̄σ ·Gd⟩⟨s̄s⟩s
4096π3 − ⟨d̄d⟩⟨gs s̄σ ·Gs⟩s

4608π3 +
13⟨gsd̄σ ·Gd⟩⟨ūu⟩s

24576π3

+
113⟨gs s̄σ ·Gs⟩⟨ūu⟩s

36864π3 +
17⟨d̄d⟩⟨gsūσ ·Gu⟩s

24576π3 +
25⟨s̄s⟩⟨gsūσ ·Gu⟩s

6144π3 − 25⟨ūu⟩⟨gsūσ ·Gu⟩s
36864π3

+
13⟨g2

sG
2⟩⟨d̄d⟩mss

294912π5 − 19⟨g2
sG

2⟩⟨s̄s⟩mss
589824π5 − 5⟨g2

sG
2⟩⟨ūu⟩mss

18432π5 − 59g3
s⟨g2

sG
2⟩⟨d̄d⟩2

11943936π5 − 25g3
s⟨g2

sG
2⟩⟨s̄s⟩2

7962624π5

− 5⟨g2
sG

2⟩⟨ūu⟩2
73728π3 +

13g3
s⟨g2

sG
2⟩⟨ūu⟩2

5971968π5 − 11⟨gsūσ ·Gu⟩2
36864π3 − 7⟨g2

sG
2⟩⟨d̄d⟩⟨s̄s⟩

36864π3 − 5⟨gsd̄σ ·Gd⟩⟨gs s̄σ ·Gs⟩
24576π3
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− ⟨g
2
sG

2⟩⟨d̄d⟩⟨ūu⟩
4608π3 +

25⟨g2
sG

2⟩⟨s̄s⟩⟨ūu⟩
18432π3 − ⟨gsd̄σ ·Gd⟩⟨gsūσ ·Gu⟩

36864π3 +
3⟨gs s̄σ ·Gs⟩⟨gsūσ ·Gu⟩

1024π3

+
5g2

s⟨s̄s⟩3ms

13824π3 −
5g2

s⟨ūu⟩3ms

10368π3 −
⟨d̄d⟩⟨s̄s⟩2ms

768π
+

g2
s⟨d̄d⟩⟨s̄s⟩2ms

82944π3 − 11⟨d̄d⟩⟨ūu⟩2ms

384π
+

g2
s⟨d̄d⟩⟨ūu⟩2ms

20736π3

− 5⟨s̄s⟩⟨ūu⟩2ms

1152π
+

5g2
s⟨s̄s⟩⟨ūu⟩2ms

6912π3 +
⟨g2

sG
2⟩⟨gsd̄σ ·Gd⟩ms

32768π5 +
5g2

s⟨d̄d⟩2⟨s̄s⟩ms

13824π3

− 25⟨g2
sG

2⟩⟨gs s̄σ ·Gs⟩ms

1179648π5 − 5g2
s⟨d̄d⟩2⟨ūu⟩ms

10368π3 +
5⟨s̄s⟩2⟨ūu⟩ms

192π
− 5g2

s⟨s̄s⟩2⟨ūu⟩ms

20736π3 +
5⟨d̄d⟩⟨s̄s⟩⟨ūu⟩ms

288π

− 5⟨g2
sG

2⟩⟨gsūσ ·Gu⟩ms

32768π5 , (A5)

 

ρ
q
7 =

3s5

18350080π7 +
19⟨g2

sG
2⟩s3

7864320π7 −
7⟨d̄d⟩mss3

40960π5 +
7⟨s̄s⟩mss3

40960π5 −
⟨ūu⟩mss3

4096π5 +
11g2

s⟨d̄d⟩2s2

368640π5 +
11g2

s⟨s̄s⟩2s2

184320π5

+
5⟨ūu⟩2s2

2048π3 +
11g2

s⟨ūu⟩2s2

184320π5 +
33⟨d̄d⟩⟨s̄s⟩s2

10240π3 +
5⟨s̄s⟩⟨ūu⟩s2

1024π3 − 99⟨gsd̄σ ·Gd⟩mss2

163840π5 +
3⟨gs s̄σ ·Gs⟩mss2

81920π5

− 35⟨gsūσ ·Gu⟩mss2

32768π5 +
3⟨gsd̄σ ·Gd⟩⟨s̄s⟩s

512π3 +
3⟨d̄d⟩⟨gs s̄σ ·Gs⟩s

512π3 +
35⟨gs s̄σ ·Gs⟩⟨ūu⟩s

3072π3

+
35⟨s̄s⟩⟨gsūσ ·Gu⟩s

3072π3 +
35⟨ūu⟩⟨gsūσ ·Gu⟩s

3072π3 +
3⟨g2

sG
2⟩⟨d̄d⟩mss

8192π5 +
⟨g2

sG
2⟩⟨s̄s⟩mss

24576π5 − 35⟨g2
sG

2⟩⟨ūu⟩mss
24576π5

− 25g3
s⟨g2

sG
2⟩⟨d̄d⟩2

1327104π5 − 5g3
s⟨g2

sG
2⟩⟨s̄s⟩2

1990656π5 +
5⟨g2

sG
2⟩⟨ūu⟩2

1536π3 +
65g3

s⟨g2
sG

2⟩⟨ūu⟩2
1990656π5 +

5⟨gsūσ ·Gu⟩2
1024π3

− 5⟨g2
sG

2⟩⟨d̄d⟩⟨s̄s⟩
4096π3 +

15⟨gsd̄σ ·Gd⟩⟨gs s̄σ ·Gs⟩
4096π3 +

5⟨g2
sG

2⟩⟨s̄s⟩⟨ūu⟩
768π3 +

5⟨gs s̄σ ·Gs⟩⟨gsūσ ·Gu⟩
512π3

+
5g2

s⟨s̄s⟩3ms

6912π3 − 5g2
s⟨ūu⟩3ms

3456π3 +
5⟨d̄d⟩⟨s̄s⟩2ms

128π
− 5g2

s⟨d̄d⟩⟨s̄s⟩2ms

13824π3

− 5⟨d̄d⟩⟨ūu⟩2ms

64π
− 5g2

s⟨d̄d⟩⟨ūu⟩2ms

3456π3 +
5⟨s̄s⟩⟨ūu⟩2ms

64π
+

5g2
s⟨s̄s⟩⟨ūu⟩2ms

3456π3 +
25⟨g2

sG
2⟩⟨gsd̄σ ·Gd⟩ms

65536π5

+
5g2

s⟨d̄d⟩2⟨s̄s⟩ms

6912π3 − 5⟨g2
sG

2⟩⟨gs s̄σ ·Gs⟩ms

294912π5 − 5g2
s⟨d̄d⟩2⟨ūu⟩ms

3456π3 +
5⟨s̄s⟩2⟨ūu⟩ms

64π
− 5g2

s⟨s̄s⟩2⟨ūu⟩ms

6912π3

− 5⟨d̄d⟩⟨s̄s⟩⟨ūu⟩ms

16π
− 15⟨g2

sG
2⟩⟨gsūσ ·Gu⟩ms

16384π5 . (A6)

ρm
iThe spectral densities   are

 

ρm
2 =

s4⟨d̄d⟩
245760π5 −

s2ms⟨d̄d⟩⟨s̄s⟩
256π3 − s2⟨d̄d⟩⟨g2

sG
2⟩

18432π5 +
s⟨d̄d⟩⟨ūu⟩2

48π
+

s⟨d̄d⟩⟨s̄s⟩2
48π

− 3s⟨g2
sG

2⟩⟨gsd̄σ ·Gd⟩
32768π5

− 5sms⟨d̄d⟩⟨gs s̄σ ·Gs⟩
768π3 +

g2
s s⟨d̄d⟩⟨ūu⟩2

5184π3 +
g2

s s⟨d̄d⟩⟨s̄s⟩2
5184π3 +

ms⟨d̄d⟩⟨s̄s⟩⟨g2
sG

2⟩
4608π3 − ⟨d̄d⟩⟨g2

sG
2⟩2

196608π5

+
g2

s⟨ūu⟩2⟨gsd̄σ ·Gd⟩
20736π3 +

ms⟨gsd̄σ ·Gd⟩⟨gs s̄σ ·Gs⟩
512π3 +

⟨d̄d⟩⟨s̄s⟩⟨gs s̄σ ·Gs⟩
48π

+
⟨ūu⟩2⟨gsd̄σ ·Gd⟩

96π

+
⟨d̄d⟩⟨ūu⟩⟨gsūσ ·Gu⟩

48π
, (A7)
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ρm
3 =

5s2ms⟨d̄d⟩⟨ūu⟩
4608π3 − s2ms⟨d̄d⟩⟨s̄s⟩

4608π3 − 5s⟨d̄d⟩⟨s̄s⟩⟨ūu⟩
576π

+
s⟨d̄d⟩⟨s̄s⟩2

1152π
5ms⟨d̄d⟩⟨ūu⟩⟨g2

sG
2⟩

6912π3

− ms⟨d̄d⟩⟨s̄s⟩⟨g2
sG

2⟩
6912π3 +

ms⟨gsd̄σ ·Gd⟩⟨gs s̄σ ·Gs⟩
6144π3 +

sms⟨ūu⟩⟨gsd̄σ ·Gd⟩
512π3 +

7sms⟨d̄d⟩⟨gsūσ ·Gu⟩
3072π3

+
ms⟨gsd̄σ ·Gd⟩⟨gsūσ ·Gu⟩

768π3 − ⟨s̄s⟩⟨ūu⟩⟨gsd̄σ ·Gd⟩
192π

− 5⟨d̄d⟩⟨ūu⟩⟨gs s̄σ ·Gs⟩
1152π

− 7⟨d̄d⟩⟨s̄s⟩⟨gsūσ ·Gu⟩
1152π

, (A8)

 

ρm
4 =

11mss5

117964800π7 −
11⟨s̄s⟩s4

2949120π5 −
⟨gs s̄σ ·Gs⟩s3

589824π5 +
⟨g2

sG
2⟩mss3

1048576π7 −
19⟨g2

sG
2⟩⟨s̄s⟩s2

884736π5

+
11g2

s⟨d̄d⟩2mss2

995328π5 − 11⟨s̄s⟩2mss2

18432π3 +
11g2

s⟨s̄s⟩2mss2

1990656π5 − ⟨ūu⟩2mss2

9216π3 +
11g2

s⟨ūu⟩2mss2

497664π5 − ⟨d̄d⟩⟨s̄s⟩mss2

2304π3

+
5⟨d̄d⟩⟨ūu⟩mss2

2304π3 +
5⟨s̄s⟩⟨ūu⟩mss2

2304π3 − 11g2
s⟨s̄s⟩3s

124416π3 +
⟨d̄d⟩⟨s̄s⟩2s

576π
+
⟨s̄s⟩⟨ūu⟩2s

1152π
− 11g2

s⟨s̄s⟩⟨ūu⟩2s
62208π3

− 11g2
s⟨d̄d⟩2⟨s̄s⟩s

124416π3 − 3⟨g2
sG

2⟩⟨gs s̄σ ·Gs⟩s
131072π5 − 5⟨s̄s⟩2⟨ūu⟩s

576π
− 5⟨d̄d⟩⟨s̄s⟩⟨ūu⟩s

288π
− ⟨gsd̄σ ·Gd⟩⟨s̄s⟩mss

1536π3

+
⟨d̄d⟩⟨gs s̄σ ·Gs⟩mss

6144π3 − 47⟨s̄s⟩⟨gs s̄σ ·Gs⟩mss
73728π3 +

5⟨gsd̄σ ·Gd⟩⟨ūu⟩mss
1536π3 +

11⟨gs s̄σ ·Gs⟩⟨ūu⟩mss
6144π3

+
7⟨d̄d⟩⟨gsūσ ·Gu⟩mss

1536π3 +
11⟨s̄s⟩⟨gsūσ ·Gu⟩mss

3072π3 − ⟨ūu⟩⟨gsūσ ·Gu⟩mss
6144π3 +

⟨gsd̄σ ·Gd⟩⟨s̄s⟩2
1152π

− 7g2
s⟨gs s̄σ ·Gs⟩⟨ūu⟩2

248832π3 − ⟨g
2
sG

2⟩2⟨s̄s⟩
786432π5 −

13g2
s⟨d̄d⟩2⟨gs s̄σ ·Gs⟩

497664π3 − g2
s⟨s̄s⟩2⟨gs s̄σ ·Gs⟩

497664π3 − ⟨d̄d⟩⟨s̄s⟩⟨gs s̄σ ·Gs⟩
2304π

− 5⟨gsd̄σ ·Gd⟩⟨s̄s⟩⟨ūu⟩
576π

− 11⟨d̄d⟩⟨gs s̄σ ·Gs⟩⟨ūu⟩
1152π

− 11⟨s̄s⟩⟨gs s̄σ ·Gs⟩⟨ūu⟩
2304π

− 11⟨s̄s⟩2⟨gsūσ ·Gu⟩
2304π

− 7⟨d̄d⟩⟨s̄s⟩⟨gsūσ ·Gu⟩
576π

+
⟨s̄s⟩⟨ūu⟩⟨gsūσ ·Gu⟩

2304π
+

g3
s⟨g2

sG
2⟩⟨d̄d⟩2ms

221184π5 +
25⟨g2

sG
2⟩⟨s̄s⟩2ms

221184π3

− 11g3
s⟨g2

sG
2⟩⟨s̄s⟩2ms

2654208π5 +
31⟨gs s̄σ ·Gs⟩2ms

36864π3 +
⟨g2

sG
2⟩⟨ūu⟩2ms

110592π3 +
g3

s⟨g2
sG

2⟩⟨ūu⟩2ms

331776π5 − ⟨g
2
sG

2⟩⟨d̄d⟩⟨s̄s⟩ms

3456π3

+
⟨gsd̄σ ·Gd⟩⟨gs s̄σ ·Gs⟩ms

12288π3 +
5⟨g2

sG
2⟩⟨d̄d⟩⟨ūu⟩ms

3456π3 − 5⟨g2
sG

2⟩⟨s̄s⟩⟨ūu⟩ms

27648π3 +
7⟨gsd̄σ ·Gd⟩⟨gsūσ ·Gu⟩ms

3072π3

+
13⟨gs s̄σ ·Gs⟩⟨gsūσ ·Gu⟩ms

12288π3 , (A9)

 

ρm
5 =

3mss5

3276800π7 −
3⟨s̄s⟩s4

81920π5 −
3⟨ūu⟩s4

40960π5 −
⟨gs s̄σ ·Gs⟩s3

4096π5 − ⟨gsūσ ·Gu⟩s3

2048π5 − ⟨g
2
sG

2⟩mss3

262144π7 +
g2

s⟨d̄d⟩2mss2

9216π5

− 3⟨s̄s⟩2mss2

512π3 +
g2

s⟨s̄s⟩2mss2

18432π5 +
3⟨ūu⟩2mss2

256π3 +
g2

s⟨ūu⟩2mss2

4608π5 +
⟨d̄d⟩⟨s̄s⟩mss2

64π3 +
⟨d̄d⟩⟨ūu⟩mss2

64π3

− 3⟨s̄s⟩⟨ūu⟩mss2

128π3 − g2
s⟨s̄s⟩3s

1152π3 −
g2

s⟨ūu⟩3s
576π3 −

⟨d̄d⟩⟨s̄s⟩2s
16π

− 3⟨s̄s⟩⟨ūu⟩2s
32π

− g2
s⟨s̄s⟩⟨ūu⟩2s

576π3 − g2
s⟨d̄d⟩2⟨s̄s⟩s

1152π3

+
3⟨g2

sG
2⟩⟨gs s̄σ ·Gs⟩s
32768π5 − g2

s⟨d̄d⟩2⟨ūu⟩s
576π3 − g2

s⟨s̄s⟩2⟨ūu⟩s
288π3 − ⟨d̄d⟩⟨s̄s⟩⟨ūu⟩s

8π
+

3⟨g2
sG

2⟩⟨gsūσ ·Gu⟩s
16384π5

+
3⟨gsd̄σ ·Gd⟩⟨s̄s⟩mss

128π3 +
7⟨d̄d⟩⟨gs s̄σ ·Gs⟩mss

256π3 − 9⟨s̄s⟩⟨gs s̄σ ·Gs⟩mss
512π3 +

3⟨gsd̄σ ·Gd⟩⟨ūu⟩mss
128π3
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− 3⟨gs s̄σ ·Gs⟩⟨ūu⟩mss
128π3 +

⟨d̄d⟩⟨gsūσ ·Gu⟩mss
32π3 − 45⟨s̄s⟩⟨gsūσ ·Gu⟩mss

1024π3 +
9⟨ūu⟩⟨gsūσ ·Gu⟩mss

256π3

− ⟨gsd̄σ ·Gd⟩⟨s̄s⟩2
32π

− 3⟨gs s̄σ ·Gs⟩⟨ūu⟩2
64π

− 7g2
s⟨gs s̄σ ·Gs⟩⟨ūu⟩2

6912π3 +
⟨g2

sG
2⟩2⟨s̄s⟩

196608π5 −
g2

s⟨d̄d⟩2⟨gs s̄σ ·Gs⟩
1728π3

− g2
s⟨s̄s⟩2⟨gs s̄σ ·Gs⟩

1728π3 − 7⟨d̄d⟩⟨s̄s⟩⟨gs s̄σ ·Gs⟩
96π

+
⟨g2

sG
2⟩2⟨ūu⟩

98304π5 − ⟨gsd̄σ ·Gd⟩⟨s̄s⟩⟨ūu⟩
16π

− ⟨d̄d⟩⟨gs s̄σ ·Gs⟩⟨ūu⟩
16π

− g2
s⟨d̄d⟩2⟨gsūσ ·Gu⟩

864π3 − 5g2
s⟨s̄s⟩2⟨gsūσ ·Gu⟩

2304π3 − 7g2
s⟨ūu⟩2⟨gsūσ ·Gu⟩

6912π3

− ⟨d̄d⟩⟨s̄s⟩⟨gsūσ ·Gu⟩
12π

− 3⟨s̄s⟩⟨ūu⟩⟨gsūσ ·Gu⟩
32π

− g3
s⟨g2

sG
2⟩⟨d̄d⟩2ms
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11⟨s̄s⟩⟨gsūσ ·Gu⟩mss
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13824π3 − ⟨g
2
sG

2⟩2⟨s̄s⟩
131072π5 −

g2
s⟨d̄d⟩2⟨gs s̄σ ·Gs⟩

3456π3

− g2
s⟨s̄s⟩2⟨gs s̄σ ·Gs⟩

3456π3 − 7⟨d̄d⟩⟨s̄s⟩⟨gs s̄σ ·Gs⟩
128π

− ⟨g
2
sG

2⟩2⟨ūu⟩
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