
Chiral Lagrangians for mesons with a

heavy quark

蒋绍周

广西大学物理科学与工程技术学院

Aug 29, 2017



Outline

Background & motivations

Review of CHPT and heavy-quark meson fields

Construct the chiral Lagrangians

Results

summary



Background & motivation

HQET + CHPT in low energy
Heavy quark symmetry + light quark chiral symmetry ⇒ less coupling constants

The other methods ⇒ calculating coupling constants

Preparing for the high order calculation

Studying the new states

exotic states, hadron spectroscopy

Extending to double heavy quark states



Building blocks in CHPT

QCD Lagrangian

L = L 0
QCD + q̄(/v + /aγ5 − s+ ipγ5)q

Nf = 2 : 〈aµ〉 = 0; Nf = 3 : 〈aµ〉 = 〈vµ〉 = 0

〈· · ·〉 means tracing over the (flavour and/or spinor) space which is not a number

Building blocks
uµ = i{u†(∂µ − irµ)u− u(∂µ − ilµ)u†},
χ± = u†χu† ± uχ†u,
hµν = ∇µuν +∇νuµ,

fµν+ = uF µν
L u† + u†F µν

R u,

fµν− = uF µν
L u† − u†F µν

R u = −∇µuν +∇νuµ,
rµ = vµ + aµ, lµ = vµ − aµ, χ = 2B0(s+ ip),

FµνR = ∂µrν − ∂νrµ − i[rµ, rν ], FµνL = ∂µlν − ∂ν lµ − i[lµ, lν ]

Covariant derivative

∇µX ≡ ∂µX + [Γµ, X], Γµ =
1

2
{u†(∂µ − irµ)u+ u(∂µ − ilµ)u†}



Heavy-meson fields

pseudoscalar and vector mesons (Qq̄): a = 1, · · · , Nf , Q = c or b

Pa =

{
(D0, D+, (Ds))

(B−, B0, (Bs))
, P ∗a =

{
(D∗0, D∗+, (D∗s))

(B∗−, B∗0, (B∗s ))

Covariant derivative: P̃ = P or P ∗

DµP̃ † = (∂µ + Γµ)P̃ †

DµP̃ = P̃ (
←−
∂ µ + Γµ†) = (∂µ + Γµ∗)P̃

Dµν···ρ =
1

n!
(DµDν · · ·Dρ︸ ︷︷ ︸

n

+full permutation of D’s)

tensor representation

H =
1 + /v

2
(P ∗µγ

µ + δPγ5), H̄ = γ0H†γ0

δ is a relative phase



Purpose & procedure

Construct the Lagrangians: Relativity/heavy quark symmetry
Expand by momentum and/or HQ mass (M →∞)

Requirements: symmetry (Lorentz, P , C, h.c. and/or HQ symmetry)

Building blocks properties

Linear relations

Relations between LECs (relativity and heavy quark symmetry)
Relations between two kinds of the independent terms

Relations or constraints of LECs



Structures of Lagrangians

Relativity

L = LPP + LP ∗P ∗ + LPP ∗

=
∑
n

CnP · · ·P † +
∑
n

CnP
∗ · · ·P ∗† +

∑
n

Cn(δP · · ·P ∗† + h.c.)

Ignoring flavour indexes and choosing δ = 1 in the following

Heavy quark symmetry

L =
∑
n

Dn〈H · · ·ΓH̄〉

〈· · ·〉 means tracing over the (flavour and/or spinor) space not a number

Heavy quark symmetry forbids Γ between H̄ and H

All the building blocks’ properties are in these structures



Properties of the building blocks I

Chiral rotation (R):

u
R−→ gLuh

† = hug†R, u2 = U,

X
R−→ X ′ = hXh† (X are building blocks in CHPT)

P̃
R−→ P̃ ′ = P̃ h†, P̃ †

R−→ P̃ ′† = hP̃ † P̃ = P , P ∗ or H



Properties of the building blocks II
Chiral dimension (Dim), P , C and h.c. (building blocks)

Dim P C h.c.

uµ 1 −uµ (uµ)T uµ

hµν 2 −hµν (hµν)T hµν

χ± 2 ±χ± (χ±)T ±χ±
fµν± 2 ±f±µν ∓(fµν± )T fµν±

P 0 −P (P †)T P †

P ∗µ 0 P ∗µ (P ∗µ†)T P ∗µ†

DµP 0 −DµP (DµP †)T (DµP )†

DµP ∗ν 0 DµP
∗
ν (DµP ∗ν†)T (DµP ∗ν)†

εµνλρ 0 −εµνλρ εµνλρ εµνλρ



Properties of the building blocks III

Chiral dimension (Dim), P , C and h.c. (γ matrices)

For heavy quark symmetry

Dim P C h.c.

1 0 + + +

γ5 1 − + −
γµ 0 + − +

γ5γ
µ 0 − + +

σµν 0 + − +



Linear relations I

Partial integration P̃ = P or P ∗

0
.
= P̃

↼

DµO···P̃ † + P̃O···DµP̃ †

“
.
=” means that both sides are equal if high order terms are ignored

Schouten identity

εµνλρAσ − εσνλρAµ − εµσλρAν − εµνσρAλ − εµνλσAρ = 0

Equations of motion:

∇µuµ =
i

2

(
χ− −

1

Nf

〈χ−〉
)

(D2 +M2
P )P †

.
= 0, (D2 +M2

P ∗)P
∗†
µ

.
= 0

DµP ∗†µ
.
= 0

vµP ∗†µ = 0 (HQET)



Linear relations II
All possible structures of γ matrix and ε
For heavy quark symmetry

O(p1) :1,

O(p2) :Dµ, γ5γ
µ,

O(p3) :1, Dµν , γ5γ
µDν , σµν ,

O(p4) :1, Dµν , Dµνλρ, γ5γ
µDν , γ5γ

µDνλρ, σµν , σµνDλρ,

εµνλρ, εµνλρDρ
σ
.



Linear relations III
Covariant derivatives and Bianchi identity

0 = ∇µ∇νO −∇ν∇µO − 1

4
uµuνO +

1

4
uνuµO +

i

2
fµν+ O

+
1

4
Ouµuν − 1

4
Ouνuµ − i

2
Ofµν+

0 = ∇µf νλ+ +∇νfλµ+ +∇λfµν+

Cayley-Hamilton relations:

0 = AB +BA−A〈B〉 −B〈A〉 − 〈AB〉+ 〈A〉〈B〉 Nf = 2

0 = ABC +ACB +BAC +BCA+ CAB + CBA−AB〈C〉 −AC〈B〉
−BA〈C〉 −BC〈A〉 − CA〈B〉 − CB〈A〉 −A〈BC〉 −B〈AC〉 − C〈AB〉
− 〈ABC〉 − 〈ACB〉+A〈B〉〈C〉+B〈A〉〈C〉+ C〈A〉〈B〉
+ 〈A〉〈BC〉+ 〈B〉〈AC〉+ 〈C〉〈AB〉 − 〈A〉〈B〉〈C〉 Nf = 3



Linear relations IV

Contact terms: Only in the p4 order

relativity

P 〈F µν
L F µν

L 〉P † +H.c. P 〈F µν
L F µλ

L 〉DDP †
νλ

+H.c.

P ∗µ〈F µν
L F νλ

L 〉P ∗†
λ

+H.c. P ∗µ〈F νλ
L F νλ

L 〉P ∗†
µ

+H.c.

P ∗µ〈F µν
L F λρ

L 〉DDP ∗†
νλρ

+H.c. P ∗µ〈F νλ
L F νρ

L 〉DDP ∗†
λρµ

+H.c.

P 〈χχ†〉P † P detχP † +H.c. Nf = 2

P ∗µ〈χχ†〉P ∗†µ P ∗µ detχP ∗†
µ

+H.c. Nf = 2

heavy quark symmetry

H〈F µν
L F µν

L 〉H̄ +H.c. H〈F µν
L F µλ

L 〉DDH̄νλ +H.c.

H〈χχ†〉H̄ H detχH̄ +H.c. Nf = 2



Constructing chiral Lagrangian

Piling building blocks (all terms)

C and Hermitian conjugate is invariant

Picking out contact terms

Removing linear depend terms

By computer



Results



O(p1) order

Relativity

L (1) = DµPD
µP † −M2

PPP
† − 1

2
(DµP ∗ν −DνP ∗µ)(DµP

∗†
ν −DνP

∗†
µ )

+ fQ(PuµP ∗†µ + H.c.) +
1

2
gQεµνλρ(P

∗ρuλ(DµP
∗†
ν −DνP

∗†
µ ) + H.c.)

Tung-Mow Yan, et al., PRD46, 1148(1992)

Heavy quark symmetry

L (1)
HQ = 〈HivµDµH̄〉+ g〈HuλH̄γ5γλ〉

Mark B. Wise, et al., PRD45, R2188 (1992)



O(p1) order: Relations of LECs I

Heavy quark masses approach: M = MP = MP ∗

Preprocessing: Unifying dimensions of relativistic LECs (Cn)

C̃n = CnM
m, such as g̃Q = gQM

m is the number of covariant derivatives on heavy meson fields

The dimensions of the relativistic LECs in O(pn) order are all 2− n

Rescale H: H →
√
Me−iMv·xH

The dimensions of the heavy quark symmetry LECs in O(pn) order are all 1− n



O(p1) order: Relations of LECs II

Two methods to get LECs relations in the heavy quark symmetry:
Method I: P → H

L (1) → 〈HivµDµH̄〉+ (
1

2M
g̃Q −

1

4M
fQ)〈HuλH̄γ5γλ〉

+ (
1

2M
gQ +

1

4M
fQ)〈Huλγ5γλH̄〉

⇒ 2MgQ = 2g̃Q = fQ = 2Mg

Method II: H → P We choose this

L
(1)
HQ → · · · − 2gεµνλρ〈P ∗µuλDρP

∗†
ν +H.c.〉+ 2gM(〈PuµP ∗†µ〉+H.c.)

⇒ fQ = 2MgQ = 2Mg



Relations of LECs

Generally, at the O(pn) order

L (n) =

p∑
k=1

CkOk =

p∑
k=1

C̃kÕk, C̃k = CkM
m, Õk = Ok/M

m

L (n)
HQ =

q∑
l=1

DlPl = M

q∑
l=1

Dl

p∑
k=1

AlkÕk

We can obtain

C̃k = M
∑
l

AklDl, Akl are dimensionless

and p− q constraint conditions of C̃k



O(p2) order: Relativity I

On SU(2) SU(3) On SU(2) SU(3)

PuµuµP
† 1 1 P ∗µ〈uνuν〉P ∗†µ 12

PuµuνDµνP
† 2 2 P ∗µ〈uνuλ〉DνλP ∗†µ 13

P 〈uµuµ〉P † 3 iP ∗µf+µ
νP ∗†ν 9 14

P 〈uµuν〉DµνP † 4 iP ∗µ〈f+µ
ν〉P ∗†ν 10

Pχ+P
† 3 5 P ∗µχ+P

∗†
µ 11 15

P 〈χ+〉P † 4 6 P ∗µ〈χ+〉P ∗†µ 12 16

P ∗µuµu
νP ∗†ν 5 7 εµνλρPuµuνDλP

∗†
ρ 13 17

P ∗µuνuµP
∗†
ν 6 8 Pf−

µνDµP
∗†
ν 14 18

P ∗µuνuνP
∗†
µ 7 9 PhµνDµP

∗†
ν 15 19

P ∗µuνuλDνλP
∗†
µ 8 10 iεµνλρPf+µνDλP

∗†
ρ 16 20

P ∗µ〈uµuν〉P ∗†ν 11 iεµνλρP 〈f+µν〉DλP ∗†ρ 17

PP ∗ terms ignore the Hermitian parts.



O(p2) order: Relativity II

L(2) = − 2[c0〈PP †〉〈χ+〉 − c1〈Pχ+P
†〉 − c2〈PP †〉〈uµuµ〉 − c3〈PuµuµP †〉

+
c4
m2
P

〈DµPDνP †〉〈{uµ, uν}〉+
c5
m2
P

〈DµP{uµ, uν}DνP †〉

+
c6
m2
P

〈DµP [uµ, uν ]DνP †〉] + 2[c̃0〈P ∗µP ∗µ†〉〈χ+〉 − c̃1〈P ∗µχ+P
∗µ†〉

− c̃2〈P ∗µP ∗µ†〉〈uµuµ〉 − c̃3〈P ∗ν uµuµP ∗ν†〉

+
c̃4
m2
P∗
〈DµP ∗αDνP ∗α†〉〈{uµ, uν}〉+

c̃5
m2
P∗
〈DµP ∗α{uµ, uν}DνP ∗α†〉

+
c̃6
m2
P∗
〈DµP ∗α[uµ, uν ]DνP ∗α†〉] ,

M. Altenbuchinger, L. S. Geng and W. Weise, PRD89, 014026(2014)



O(p2) order: Heavy quark symmetry

Pn SU(2) SU(3)

〈HuµuµH̄〉 1 1

〈HuµuνvµvνH̄〉 2 2

i〈HuµuνσµνH̄〉+ H.c. 3 3

〈H〈uµuµ〉H̄〉 4

〈H〈uµuν〉vµvνH̄〉 5

〈Hf+
µνσµνH̄〉 4 6

〈H〈f+
µν〉σµνH̄〉 5

〈Hχ+H̄〉 6 7

〈H〈χ+〉H̄〉 7 8



O(p2) order: Relations of LECs (Nf = 3)

LECs in heavy quark symmetry

C̃
(2)
1 = −2D

(2)
1 , C̃

(2)
2 = 2D

(2)
2 , C̃

(2)
3 = −2D

(2)
4 , C̃

(2)
4 = 2D

(2)
5 ,

C̃
(2)
5 = −2D

(2)
7 , C̃

(2)
6 = −2D

(2)
8 , C̃

(2)
7 = −4D

(2)
3 , C̃

(2)
8 = 4D

(2)
3

C̃
(2)
9 = 2D

(2)
1 , C̃

(2)
10 = −2D

(2)
2 , C̃

(2)
11 = 0, C̃

(2)
12 = 2D

(2)
4

C̃
(2)
13 = −2D

(2)
5 , C̃

(2)
14 = 4D

(2)
6 , C̃

(2)
15 = 2D

(2)
7 , C̃

(2)
16 = 2D

(2)
8

C̃
(2)
17 = −4D

(2)
3 , C̃

(2)
18 = 0, C̃

(2)
19 = 0, C̃

(2)
20 = 2D

(2)
6

Constraint conditions

0 = C̃
(2)
1 + C̃

(2)
9 , 0 = C̃

(2)
2 + C̃

(2)
10 , 0 = C̃

(2)
3 + C̃

(2)
12 ,

0 = C̃
(2)
4 + C̃

(2)
13 , 0 = C̃

(2)
5 + C̃

(2)
15 , 0 = C̃

(2)
6 + C̃

(2)
16 ,

0 = C̃
(2)
7 , 0 = C̃

(2)
8 + C̃

(2)
17 , 0 = C̃

(2)
11 , 0 = C̃

(2)
14 ,

0 = C̃
(2)
18 , 0 = C̃

(2)
19



O(p2) order: Relations of LECs (Nf = 2)

LECs in heavy quark symmetry

c̃
(2)
1 = −2d

(2)
1 , c̃

(2)
2 = 2d

(2)
2 , c̃

(2)
3 = −2d

(2)
6 , c̃

(2)
4 = −2d

(2)
7 ,

c̃
(2)
5 = −4d

(2)
3 , c̃

(2)
6 = 4d

(2)
3 , c̃

(2)
7 = 2d

(2)
1 , c̃

(2)
8 = −2d

(2)
2 ,

c̃
(2)
9 = 4d

(2)
4 , c̃

(2)
10 = 4d

(2)
5 , c̃

(2)
11 = 2d

(2)
6 , c̃

(2)
12 = 2d

(2)
7 ,

c̃
(2)
13 = −4d

(2)
3 , c̃

(2)
14 = 0, c̃

(2)
15 = 0, c̃

(2)
16 = 2d

(2)
4 , c̃

(2)
17 = 2d

(2)
5 ,

Constraint conditions

0 = c̃
(2)
1 + c̃

(2)
7 , 0 = c̃

(2)
2 + c̃

(2)
8 , 0 = c̃

(2)
3 + c̃

(2)
11 ,

0 = c̃
(2)
4 + c̃

(2)
12 , 0 = c̃

(2)
5 , 0 = c̃

(2)
6 + c̃

(2)
13 ,

0 = c̃
(2)
9 , 0 = c̃

(2)
10 , 0 = c̃

(2)
14 , 0 = c̃

(2)
15



O(p3) order: Relativity I

On SU(2) SU(3) On SU(2) SU(3)

εµνλρPuµuνuλDρP
† 1 1 iP∗µ〈∇µf+νλ〉DνP∗†λ + H.c. 35

εµνλρP 〈uµuνuλ〉DρP† 2 iP∗µ〈∇νf+νλ〉DλP∗†µ 36

Puµf−µ
νDνP

† + H.c. 2 3 εµνλρP∗µuνχ+DλP
∗†
ρ + H.c. 37 44

Puµhµ
νDνP

† + H.c. 3 4 εµνλρP∗µ〈uνχ+〉DλP∗†ρ 38 45

PuµhνλDµνλP
† + H.c. 4 5 εµνλρP∗µ〈χ+〉uνDλP∗†ρ 46

iεµνλρPf+µνuλDρP
† + H.c. 5 6 iP∗µuνχ−DνP

∗†
µ + H.c. 39 47

iεµνλρP 〈f+µν〉uλDρP† 6 iεµνλρP∗µχ−νDλP
∗†
ρ 40 48

iεµνλρP 〈f+µνuλ〉DρP† 7 iεµνλρP∗µ〈χ−ν〉DλP∗†ρ 41 49

iP∇µf+µνDνP† 7 8 Puµuµu
νP∗†ν 42 50

iP 〈∇µf+µν〉DνP† 8 PuµuνuµP
∗†
ν 43 51

iPuµχ−DµP
† + H.c. 9 9 PuµuνuνP

∗†
µ 52

εµνλρP∗µuνuλu
σDρP

∗†
σ + H.c. 10 10 PuµuνuλDµνP

∗†
λ 44 53

εµνλρP∗µuνuλu
σDσP

∗†
ρ + H.c. 11 11 PuµuνuλDµλP

∗†
ν 45 54

εµνλρP∗µuνu
σuλDρP

∗†
σ + H.c. 12 12 PuµuνuλDνλP

∗†
µ 55

εµνλρP∗µuνu
σuσDλP

∗†
ρ + H.c. 13 13 P 〈uµuµ〉uνP∗†ν 56

εµνλρP∗µu
σuνuλDρP

∗†
σ + H.c. 14 P 〈uµuµuν〉P∗†ν 57

εµνλρP∗µuνu
σuδDλσδP

∗†
ρ + H.c. 14 15 P 〈uµuν〉uλDµνP∗†λ 58

εµνλρP∗µ〈uνuλuσ〉DρP∗†σ + H.c. 16 P 〈uµuνuλ〉DµνP∗†λ 59

εµνλρP∗µ〈uνuσ〉uλDρP∗†σ + H.c. 17 εµνλρPuµf−νλP
∗†
ρ 46 60

εµνλρP∗µ〈uνuσ〉uλDσP∗†ρ 18 εµνλρPf−µνuλP
∗†
ρ 47 61

εµνλρP∗µ〈uνuσ〉uσDλP∗†ρ 19 εµνλρPuµf−ν
σDλσP

∗†
ρ 48 62

εµνλρP∗µ〈uνuσ〉uδDλσδP∗†ρ 20 εµνλρPf−µνu
σDλσP

∗†
ρ 49 63

P∗µuµf−
νλDνP

∗†
λ + H.c. 15 21 εµνλρPuµhν

σDλσP
∗†
ρ 50 64

P∗µuνf−µ
λDνP

∗†
λ + H.c. 16 22 εµνλρPhµ

σuνDλσP
∗†
ρ 51 65

P∗µuνf−µ
λDλP

∗†
ν + H.c. 17 23 εµνλρP 〈uµf−νλ〉P∗†ρ 66

P∗µuνf−ν
λDλP

∗†
µ + H.c. 18 24 εµνλρP 〈uµf−νσ〉DλσP∗†ρ 67



O(p3) order: Relativity II

P∗µuµh
νλDνP

∗†
λ + H.c. 19 25 εµνλρP 〈uµhνσ〉DλσP∗†ρ 68

P∗µuνhµ
λDνP

∗†
λ + H.c. 20 26 P∇µf−µνP∗†ν 52 69

P∗µuνhµ
λDλP

∗†
ν + H.c. 21 27 P∇µf−νλDµνP∗†λ 53 70

P∗µuνhν
λDλP

∗†
µ + H.c. 22 28 P∇µhνλDµνP∗†λ 54 71

P∗µuνhλρDνλρP
∗†
µ + H.c. 23 29 iPf+

µνuµP
∗†
ν 55 72

P∗µ〈uµf−νλ〉DνP∗†λ + H.c. 30 iPuµf+µ
νP∗†ν 56 73

P∗µ〈uνf−µλ〉DνP∗†λ 31 iPf+
µνuλDµλP

∗†
ν 57 74

P∗µ〈uµhνλ〉DνP∗†λ + H.c. 32 iPuµf+
νλDµνP

∗†
λ 58 75

εµνλρP∗µ∇νf−λσDρP∗†σ + H.c. 24 33 iP 〈f+µν〉uµP∗†ν 59

εµνλρP∗µ∇νf−λσDσP∗†ρ 25 34 iP 〈f+µν〉uλDµλP∗†ν 60

εµνλρP∗µ∇νhσδDλσδP∗†ρ 26 35 iP 〈f+µνuµ〉P∗†ν 76

iεµνλρP∗µf+νλu
σDρP

∗†
σ + H.c. 27 36 iP 〈f+µνuλ〉DµλP∗†ν 77

iεµνλρP∗µf+νλu
σDσP

∗†
ρ + H.c. 28 37 iεµνλρP∇µf+νσDλσP∗†ρ 61 78

iεµνλρP∗µf+ν
σuλDρP

∗†
σ + H.c. 29 38 iεµνλρP 〈∇µf+νσ〉DλσP∗†ρ 62

iεµνλρP∗µf+ν
σuσDλP

∗†
ρ + H.c. 30 39 Puµχ+P

∗†
µ 63 79

iεµνλρP∗µ〈f+νλ〉uσDρP∗†σ + H.c. 31 Pχ+u
µP∗†µ 64 80

iεµνλρP∗µ〈f+νσ〉uλDρP∗†σ + H.c. 32 P 〈uµχ+〉P∗†µ 65 81

iεµνλρP∗µ〈f+νλuσ〉DρP∗†σ + H.c. 40 P 〈χ+〉uµP∗†µ 82

iεµνλρP∗µ〈f+νσuλ〉DρP∗†σ + H.c. 41 iPχ−
µP∗†µ 66 83

iP∗µ∇µf+νλDνP∗†λ + H.c. 33 42 iP 〈χ−µ〉P∗†µ 67 84

iP∗µ∇νf+νλDλP∗†µ 34 43

PP ∗ terms ignore the Hermitian parts.



O(p3) order: Heavy quark symmetry

On SU(2)SU(3) On SU(2)SU(3)

〈Huµuµuνγ5γνH̄〉 + H.c. 1 1 〈H〈uµf−νλ〉σνλvµH̄〉 19

〈Huµuνuµγ5γνH̄〉 2 2 〈H〈uµhνλ〉σµνvλH̄〉 20

〈Huµuνuλγ5γµvνvλH̄〉 + H.c. 3 3 〈H∇µf−µνγ5γνH̄〉 13 21

〈Huµuνuλγ5γνvµvλH̄〉 4 4 〈H∇µf−νλγ5γνvµvλH̄〉 14 22
〈H〈uµuµ〉uνγ5γνH̄〉 5 〈H∇µhµνγ5γνH̄〉 15 23

〈H〈uµuµuν〉γ5γνH̄〉 6 〈H∇µhνλγ5γµvνvλH̄〉 16 24

〈H〈uµuν〉uλγ5γµvνvλH̄〉 7 i〈Hf+µνuµγ5γνH̄〉 + H.c. 17 25

〈H〈uµuνuλ〉γ5γµvνvλH̄〉 8 i〈Hf+µνuλγ5γµvνvλH̄〉 + H.c. 18 26

iεµνλρ〈HuµuνuλvρH̄〉 5 9 εµνλρ〈Hf+µνuλvρH̄〉 + H.c. 19 27

iεµνλρ〈H〈uµuνuλ〉vρH̄〉 10 εµνλρ〈H〈f+µν〉uλvρH̄〉 20

i〈Huµf−µνvνH̄〉 + H.c. 6 11 εµνλρ〈H〈f+µνuλ〉vρH̄〉 28

〈Huµf−νλσµνvλH̄〉 + H.c. 7 12 〈H∇µf+µνvνH̄〉 21 29

〈Huµf−νλσνλvµH̄〉 + H.c. 8 13 〈H〈∇µf+µν〉vνH̄〉 22
i〈HuµhµνvνH̄〉 + H.c. 9 14 〈Huµχ+γ5γµH̄〉 + H.c. 23 30
i〈HuµhννvµH̄〉 + H.c. 10 15 〈H〈uµχ+〉γ5γµH̄〉 24 31

i〈HuµhνλvµvνvλH̄〉 + H.c. 11 16 〈H〈χ+〉uµγ5γµH̄〉 32

〈HuµhνλσµνvλH̄〉 + H.c. 12 17 i〈Hχ−µγ5γµH̄〉 25 33

〈H〈uµf−νλ〉σµνvλH̄〉 18 i〈H〈χ−µ〉γ5γµH̄〉 26 34

Relations of O(p3) order LECs are in the




I. THE RELATIONS OF LECS AT THE O(p3) ORDER (Nf = 3)


C̃
(3)
1 = 0, C̃


(3)
2 = 0, C̃


(3)
3 = 0, C̃


(3)
4 = 0, C̃


(3)
5 = 2D


(3)
16 , C̃


(3)
6 = 2D


(3)
27 , C̃


(3)
7 = 2D


(3)
28 ,


C̃
(3)
8 = 2D


(3)
29 , C̃


(3)
9 = 0, C̃


(3)
10 = D


(3)
9 +


1


2
D


(3)
21 , C̃


(3)
11 = D


(3)
2 +D


(3)
6 +


1


2
D


(3)
23 , C̃


(3)
12 = 0,


C̃
(3)
13 = 0, C̃


(3)
14 = D


(3)
2 +D


(3)
6 +D


(3)
9 +


1


2
D


(3)
23 , C̃


(3)
15 = 2D


(3)
3 +D


(3)
4 + 3D


(3)
8 , C̃


(3)
16 = 3D


(3)
10 ,


C̃
(3)
17 = D


(3)
6 , C̃


(3)
18 = 2D


(3)
5 , C̃


(3)
19 = 3D


(3)
6 , C̃


(3)
20 = 2D


(3)
7 , C̃


(3)
21 = 0, C̃


(3)
22 = 4D


(3)
13 , C̃


(3)
23 = 0,


C̃
(3)
24 = 2D


(3)
11 , C̃


(3)
25 = 2D


(3)
17 , C̃


(3)
26 = 0, C̃


(3)
27 = 0, C̃


(3)
28 = 2D


(3)
14 , C̃


(3)
29 = 0, C̃


(3)
30 = 0,


C̃
(3)
31 = 4D


(3)
19 , C̃


(3)
32 = 2D


(3)
20 , C̃


(3)
33 = 2D


(3)
21 , C̃


(3)
34 = 2D


(3)
23 , C̃


(3)
35 = 2D


(3)
24 , C̃


(3)
36 = 0, C̃


(3)
37 = 0,


C̃
(3)
38 = 4D


(3)
27 , C̃


(3)
39 = D


(3)
21 + 2D


(3)
25 , C̃


(3)
40 = 0, C̃


(3)
41 = 2D


(3)
28 , C̃


(3)
42 = 0, C̃


(3)
43 = 0, C̃


(3)
44 = 0,


C̃
(3)
45 = 0, C̃


(3)
46 = 0, C̃


(3)
47 = 2D


(3)
15 , C̃


(3)
48 = 0, C̃


(3)
49 =


2


3
D


(3)
23 , C̃


(3)
50 = 2D


(3)
1 ,


C̃
(3)
51 = 2D


(3)
2 + 2D


(3)
23 , C̃


(3)
52 = 2D


(3)
1 , C̃


(3)
53 = 0, C̃


(3)
54 = 0, C̃


(3)
55 = 0, C̃


(3)
56 = 2D


(3)
5 ,


C̃
(3)
57 = 2D


(3)
6 , C̃


(3)
58 = D


(3)
7 , C̃


(3)
59 = 2D


(3)
7 , C̃


(3)
60 = 0, C̃


(3)
61 = 0, C̃


(3)
62 = 2D


(3)
12 , C̃


(3)
63 = 2D


(3)
13 ,


C̃
(3)
64 = 2D


(3)
17 , C̃


(3)
65 = 0, C̃


(3)
66 = 0, C̃


(3)
67 = 2D


(3)
18 , C̃


(3)
68 = 2D


(3)
20 , C̃


(3)
69 = 2D


(3)
21 , C̃


(3)
70 = 2D


(3)
22 ,


C̃
(3)
71 = 0, C̃


(3)
72 = 2D


(3)
25 , C̃


(3)
73 = 2D


(3)
23 , C̃


(3)
74 = 2D


(3)
26 , C̃


(3)
75 = 0, C̃


(3)
76 = 0, C̃


(3)
77 = 0,


C̃
(3)
78 = 0, C̃


(3)
79 = 2D


(3)
30 , C̃


(3)
80 = 2D


(3)
30 , C̃


(3)
81 = 2D


(3)
31 , C̃


(3)
82 = 2D


(3)
32 , C̃


(3)
83 = 2D


(3)
23 + 2D


(3)
33 ,


C̃
(3)
84 = 2D


(3)
34 (1)


II. THE CONSTRAINT CONDITIONS OF LECS AT THE O(p3) ORDER (Nf = 3)


0 = C̃
(3)
1 , 0 = C̃


(3)
2 , 0 = C̃


(3)
3 , 0 = C̃


(3)
4 , 0 = C̃


(3)
6 , 0 = C̃


(3)
7 , 0 = C̃


(3)
9 ,


0 = 2C̃
(3)
10 + C̃


(3)
51 + C̃


(3)
57 , 0 = 4C̃


(3)
11 + C̃


(3)
73 , 0 = C̃


(3)
12 , 0 = C̃


(3)
13 , 0 = C̃


(3)
17 , 0 = C̃


(3)
18 ,


0 = C̃
(3)
19 , 0 = C̃


(3)
20 , 0 = C̃


(3)
21 , 0 = C̃


(3)
22 , 0 = C̃


(3)
23 , 0 = C̃


(3)
25 , 0 = C̃


(3)
26 , 0 = C̃


(3)
27 , 0 = C̃


(3)
29 ,


0 = C̃
(3)
30 , 0 = C̃


(3)
32 , 0 = C̃


(3)
33 , 0 = C̃


(3)
34 , 0 = C̃


(3)
36 , 0 = C̃


(3)
37 , 0 = C̃


(3)
39 , 0 = C̃


(3)
40 , 0 = C̃


(3)
42 ,


0 = C̃
(3)
43 , 0 = C̃


(3)
44 , 0 = C̃


(3)
45 , 0 = C̃


(3)
46 , 0 = C̃


(3)
48 , 0 = C̃


(3)
49 , 0 = C̃


(3)
50 , 0 = C̃


(3)
53 , 0 = C̃


(3)
54 ,


0 = C̃
(3)
55 , 0 = C̃


(3)
58 , 0 = C̃


(3)
60 , 0 = C̃


(3)
61 , 0 = C̃


(3)
65 , 0 = C̃


(3)
66 , 0 = C̃


(3)
71 , 0 = C̃


(3)
75 , 0 = C̃


(3)
76 ,


0 = C̃
(3)
77 , (2)


1







III. THE RELATIONS OF LECS AT THE O(p3) ORDER (Nf = 2)


c̃
(3)
1 = 0, c̃


(3)
2 = 0, c̃


(3)
3 = 0, c̃


(3)
4 = 2d


(3)
11 , c̃


(3)
5 = 2d


(3)
19 , c̃


(3)
6 = 2d


(3)
20 , c̃


(3)
7 = 2d


(3)
21 , c̃


(3)
8 = 2d


(3)
22 ,


c̃
(3)
9 = 0, c̃


(3)
10 = d


(3)
13 , c̃


(3)
11 = d


(3)
2 +


1


2
d
(3)
15 , c̃


(3)
12 = d


(3)
13 , c̃


(3)
13 = 0, c̃


(3)
14 = 2d


(3)
3 + d


(3)
4 , c̃


(3)
15 = 0,


c̃
(3)
16 = 4d


(3)
8 , c̃


(3)
17 = 0, c̃


(3)
18 = 2d


(3)
6 , c̃


(3)
19 = 2d


(3)
12 , c̃


(3)
20 = 0, c̃


(3)
21 = 0, c̃


(3)
22 = 2d


(3)
9 , c̃


(3)
23 = 0,


c̃
(3)
24 = 2d


(3)
13 , c̃


(3)
25 = 2d


(3)
15 , c̃


(3)
26 = 2d


(3)
16 , c̃


(3)
27 = 0, c̃


(3)
28 = 0, c̃


(3)
29 = 4d


(3)
19 , c̃


(3)
30 = d


(3)
13 + 2d


(3)
17 ,


c̃
(3)
31 = 0, c̃


(3)
32 = 2d


(3)
20 , c̃


(3)
33 = 0, c̃


(3)
34 = 0, c̃


(3)
35 = 0, c̃


(3)
36 = 0, c̃


(3)
37 = 0, c̃


(3)
38 = 0, c̃


(3)
39 = 2d


(3)
10 ,


c̃
(3)
40 = 0, c̃


(3)
41 = d


(3)
15 , c̃


(3)
42 = 4d


(3)
1 , c̃


(3)
43 = 2d


(3)
2 + 2d


(3)
15 , c̃


(3)
44 = 0, c̃


(3)
45 = 0, c̃


(3)
46 = 0, c̃


(3)
47 = 0,


c̃
(3)
48 = 2d


(3)
7 , c̃


(3)
49 = 2d


(3)
8 , c̃


(3)
50 = 2d


(3)
12 , c̃


(3)
51 = 0, c̃


(3)
52 = 2d


(3)
13 , c̃


(3)
53 = 2d


(3)
14 , c̃


(3)
54 = 0,


c̃
(3)
55 = 2d


(3)
17 , c̃


(3)
56 = 2d


(3)
15 , c̃


(3)
57 = 2d


(3)
18 , c̃


(3)
58 = 0, c̃


(3)
59 = 0, c̃


(3)
60 = 0, c̃


(3)
61 = 0, c̃


(3)
62 = 0,


c̃
(3)
63 = 2d


(3)
23 , c̃


(3)
64 = 2d


(3)
23 , c̃


(3)
65 = 2d


(3)
24 , c̃


(3)
66 = 2d


(3)
15 + 2d


(3)
25 , c̃


(3)
67 = 2d


(3)
26 , (3)


IV. THE CONSTRAINT CONDITIONS OF LECS AT THE O(p3) ORDER (Nf = 2)


0 = c̃
(3)
1 , 0 = c̃


(3)
2 , 0 = c̃


(3)
3 , 0 = c̃


(3)
5 , 0 = c̃


(3)
6 , 0 = c̃


(3)
9 , 0 = c̃


(3)
10 , 0 = 4c̃


(3)
11 + c̃


(3)
56 , 0 = c̃


(3)
12 ,


0 = c̃
(3)
13 , 0 = c̃


(3)
15 , 0 = c̃


(3)
16 , 0 = c̃


(3)
17 , 0 = c̃


(3)
19 , 0 = c̃


(3)
20 , 0 = c̃


(3)
21 , 0 = c̃


(3)
23 , 0 = c̃


(3)
24 ,


0 = c̃
(3)
25 , 0 = c̃


(3)
27 , 0 = c̃


(3)
28 , 0 = c̃


(3)
30 , 0 = c̃


(3)
31 , 0 = c̃


(3)
33 , 0 = c̃


(3)
34 , 0 = c̃


(3)
35 , 0 = c̃


(3)
36 ,


0 = c̃
(3)
37 , 0 = c̃


(3)
38 , 0 = c̃


(3)
40 , 0 = c̃


(3)
41 , 0 = c̃


(3)
44 , 0 = c̃


(3)
45 , 0 = c̃


(3)
46 , 0 = c̃


(3)
47 , 0 = c̃


(3)
51 ,


0 = c̃
(3)
54 , 0 = c̃


(3)
58 , 0 = c̃


(3)
59 , 0 = c̃


(3)
60 , 0 = c̃


(3)
61 , (4)


V. O(p3) ORDER: RELATIVITY


On SU(2) SU(3) On SU(2) SU(3)


P 〈uµuµ〉uνuνP † 1 1 iP ∗µ〈∇µ∇νf+
λρ〉DνλP


∗†
ρ + H.c. 187


P 〈uµuν〉uµuνP † 2 2 P ∗µf+µ
νf+ν


λP ∗†λ 188 338


P 〈uµuµ〉uνuλDνλP
† 3 3 P ∗µf+


νλf+µνP
∗†
λ 189 339


P 〈uµuν〉uµuλDνλP
† + H.c. 4 4 P ∗µf+


νλf+νλP
∗†
µ 190 340


P 〈uµuν〉uλuλDµνP
† 5 P ∗µf+µ


νf+
λρDνλP


∗†
ρ 191 341


P 〈uµuν〉uλuρDµνλρP
† 5 6 P ∗µf+


νλf+µ
ρDνρP


∗†
λ 192 342


P 〈uµuµuν〉uνP † 7 P ∗µf+
νλf+ν


ρDλρP
∗†
µ 193 343
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On SU(2) SU(3) On SU(2) SU(3)


P 〈uµuµuν〉uλDνλP
† 8 P ∗µ〈f+µν〉f+νλP ∗†λ + H.c. 194


P 〈uµuνuλ〉uµDνλP
† 9 P ∗µ〈f+νλ〉f+νλP ∗†µ 195


P 〈uµuνuλ〉uρDµνλρP
† 10 P ∗µ〈f+µν〉f+λρDνλP


∗†
ρ + H.c. 196


P 〈uµuµuνuν〉P † 11 P ∗µ〈f+νλ〉f+νρDλρP
∗†
µ 197


P 〈uµuνuµuν〉P † 12 P ∗µuµu
νχ+P


∗†
ν + H.c. 198 344


P 〈uµuµuνuλ〉DνλP
† 13 P ∗µuνuµχ+P


∗†
ν + H.c. 199 345


P 〈uµuνuµuλ〉DνλP
† 14 P ∗µuνuνχ+P


∗†
µ + H.c. 200 346


P 〈uµuνuλuρ〉DµνλρP
† 15 P ∗µuµχ+u


νP ∗†ν 201 347


Puµuµu
νuνP


† 16 P ∗µuνχ+uµP
∗†
ν 202 348


PuµuνuµuνP
† 17 P ∗µuνχ+uνP


∗†
µ 203 349


Puµuµu
νuλDνλP


† + H.c. 18 P ∗µuνuλχ+DνλP
∗†
µ + H.c. 204 350


Puµuνuµu
λDνλP


† + H.c. 19 P ∗µuνχ+u
λDνλP


∗†
µ 205 351


εµνλρPuµuνf−λρP
† + H.c. 6 20 P ∗µ〈uµuν〉χ+P


∗†
ν 352


εµνλρPuµuνf−λ
σDρσP


† + H.c. 7 21 P ∗µ〈uµuνχ+〉P ∗†ν 206 353


εµνλρPuµu
σf−νλDρσP


† + H.c. 8 22 P ∗µ〈uνχ+〉uµP ∗†ν + H.c. 354


εµνλρPuµf−νλu
σDρσP


† + H.c. 9 23 P ∗µ〈χ+〉uµuνP ∗†ν 355


εµνλρPuµuνhλ
σDρσP


† + H.c. 10 24 P ∗µ〈uνuµχ+〉P ∗†ν 356


εµνλρP 〈uµf−νλ〉uρP † 25 P ∗µ〈χ+〉uνuµP ∗†ν 357


εµνλρP 〈uµf−νσ〉uλDρσP
† 26 P ∗µ〈uνuν〉χ+P


∗†
µ 358


εµνλρP 〈uµuσ〉f−νλDρσP
† 27 P ∗µ〈uνuνχ+〉P ∗†µ 207 359


εµνλρP 〈uµuσf−νλ〉DρσP
† + H.c. 28 P ∗µ〈uνχ+〉uνP ∗†µ 360


εµνλρP 〈uµhνσ〉uλDρσP
† 29 P ∗µ〈χ+〉uνuνP ∗†µ 361


Pf−
µνf−µνP


† 11 30 P ∗µ〈uνuλ〉χ+DνλP
∗†
µ 362


Pf−
µνf−µ


λDνλP
† 12 31 P ∗µ〈uνuλχ+〉DνλP


∗†
µ 208 363


Pf−
µνhµ


λDνλP
† + H.c. 13 32 P ∗µ〈uνχ+〉uλDνλP


∗†
µ 364


PhµνhµνP
† 14 33 P ∗µ〈χ+〉uνuλDνλP


∗†
µ 365


Phµνhµ
λDνλP


† 15 34 εµνλρP ∗µf−νλχ+P
∗†
ρ + H.c. 209 366


PhµνhλρDµνλρP
† 16 35 εµνλρP ∗µhν


σχ+DλσP
∗†
ρ + H.c. 210 367


Puµ∇νf−µνP
† + H.c. 17 36 εµνλρP ∗µuνχ+λP


∗†
ρ + H.c. 211 368


Puµ∇νf−µ
λDνλP


† + H.c. 18 37 εµνλρP ∗µuνχ+
σDλσP


∗†
ρ + H.c. 212 369


Puµ∇νf−ν
λDµλP


† + H.c. 19 38 P ∗µχ+µ
νP ∗†ν 213 370


Puµ∇µh
νλDνλP


† + H.c. 20 39 P ∗µχ+
ν
νP
∗†
µ 214 371


Puµ∇νhλρDµνλρP
† + H.c. 21 40 P ∗µχ+


νλDνλP
∗†
µ 215 372


P 〈f−µνf−µν〉P † 41 P ∗µ〈χ+µ
ν〉P ∗†ν 216 373
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On SU(2) SU(3) On SU(2) SU(3)


P 〈f−µνf−µλ〉DνλP
† 42 P ∗µ〈χ+


ν
ν〉P ∗†µ 217 374


P 〈f−µνhµλ〉DνλP
† 43 P ∗µ〈χ+


νλ〉DνλP
∗†
µ 218 375


P 〈hµνhµν〉P † 44 iP ∗µf+µ
νχ+P


∗†
ν + H.c. 219 376


P 〈hµνhµλ〉DνλP
† 45 iP ∗µ〈f+µν〉χ+P


∗†
ν 220


P 〈hµνhλρ〉DµνλρP
† 46 iP ∗µ〈f+µνχ+〉P ∗†ν 221 377


P 〈uµ∇νf−µν〉P † 47 iP ∗µ〈χ+〉f+µνP ∗†ν 222 378


P 〈uµ∇νf−µ
λ〉DνλP


† 48 P ∗µχ2
+P
∗†
µ 223 379


P 〈uµ∇νf−ν
λ〉DµλP


† 49 P ∗µ〈χ+〉χ+P
∗†
µ 224 380


P 〈uµ∇µh
νλ〉DνλP


† 50 P ∗µ〈χ2
+〉P ∗†µ 225 381


P 〈uµ∇νhλρ〉DµνλρP
† 51 P ∗µ〈χ+〉〈χ+〉P ∗†µ 382


iPf+
µνuµuνP


† + H.c. 22 52 iεµνλρP ∗µuνuλχ−P
∗†
ρ + H.c. 226 383


iPuµf+µ
νuνP


† 23 53 iεµνλρP ∗µuνχ−uλP
∗†
ρ 227 384


iPf+
µνuµu


λDνλP
† + H.c. 24 54 iεµνλρP ∗µuνu


σχ−DλσP
∗†
ρ + H.c. 385


iPf+
µνuλuµDνλP


† + H.c. 55 iεµνλρP ∗µ〈uνuλχ−〉P ∗†ρ 386


iPuµf+µ
νuλDνλP


† + H.c. 25 56 iεµνλρP ∗µ〈χ−〉uνuλP ∗†ρ 387


iP 〈f+µνuµuν〉P † 57 iP ∗µf−µ
νχ−P


∗†
ν + H.c. 228 388


iP 〈f+µνuµuλ〉DνλP
† + H.c. 58 iP ∗µhµ


νχ−P
∗†
ν + H.c. 229 389


iεµνλρPf+µνf−λρP
† + H.c. 26 59 iP ∗µhνλχ−DνλP


∗†
µ + H.c. 230 390


iεµνλρPf+µνf−λ
σDρσP


† + H.c. 27 60 iP ∗µuµχ−
νP ∗†ν + H.c. 231 391


iεµνλρPf+µνhλ
σDρσP


† + H.c. 28 61 iP ∗µuνχ−µP
∗†
ν + H.c. 232 392


iεµνλρP∇µf+ν
σuλDρσP


† + H.c. 29 62 iP ∗µuνχ−νP
∗†
µ + H.c. 233 393


Pf+
µνf+µνP


† 30 63 iP ∗µuνχ−
λDνλP


∗†
µ + H.c. 234 394


Pf+
µνf+µ


λDνλP
† 31 64 iP ∗µ〈hµνχ−〉P ∗†ν 235 395


P 〈f+µν〉f+µνP † 32 iP ∗µ〈χ−〉hµνP ∗†ν 396


P 〈f+µν〉f+µλDνλP
† 33 iP ∗µ〈hνλχ−〉DνλP


∗†
µ 236 397


Puµuµχ+P
† + H.c. 34 65 iP ∗µ〈χ−〉hνλDνλP


∗†
µ 398


Puµχ+uµP
† 35 66 iP ∗µ〈uµχ−ν〉P ∗†ν + H.c. 237 399


Puµuνχ+DµνP
† + H.c. 36 67 iP ∗µ〈χ−ν〉uµP ∗†ν + H.c. 400


Puµχ+u
νDµνP


† 37 68 iP ∗µ〈uνχ−ν〉P ∗†µ 238 401


P 〈uµuµ〉χ+P
† 69 iP ∗µ〈χ−ν〉uνP ∗†µ 402


P 〈uµuµχ+〉P † 38 70 iP ∗µ〈uνχ−λ〉DνλP
∗†
µ 239 403


P 〈uµχ+〉uµP † 71 iP ∗µ〈χ−ν〉uλDνλP
∗†
µ 404


P 〈χ+〉uµuµP † 72 εµνλρP ∗µf+νλχ−P
∗†
ρ + H.c. 240 405


P 〈uµuν〉χ+DµνP
† 73 εµνλρP ∗µ〈f+νλ〉χ−P ∗†ρ 241
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P 〈uµuνχ+〉DµνP
† 39 74 εµνλρP ∗µ〈f+νλχ−〉P ∗†ρ 242 406


P 〈uµχ+〉uνDµνP
† 75 εµνλρP ∗µ〈χ−〉f+νλP ∗†ρ 243 407


P 〈χ+〉uµuνDµνP
† 76 P ∗µχ2


−P
∗†
µ 244 408


Pχ+
µ
µP
† 40 77 P ∗µ〈χ−〉χ−P ∗†µ 409


Pχ+
µνDµνP


† 41 78 P ∗µ〈χ−〉〈χ−〉P ∗†µ 410


P 〈χ+
µ
µ〉P † 42 79 P ∗µ〈FLµνFLνλ〉P ∗†λ + H.c. 245 411


P 〈χ+
µν〉DµνP


† 43 80 P ∗µ〈FLνλFLνλ〉P ∗†µ + H.c. 246 412


Pχ2
+P
† 44 81 P ∗µ〈FLµνFLλρ〉DνλP


∗†
ρ + H.c. 247 413


P 〈χ+〉χ+P
† 45 82 P ∗µ〈FLνλFLνρ〉DλρP


∗†
µ + H.c. 248 414


P 〈χ2
+〉P † 46 83 P ∗µ〈χχ†〉P ∗†µ 249 415


P 〈χ+〉〈χ+〉P † 84 P ∗µ detχP ∗†µ + H.c. 250


iPhµνχ−DµνP
† + H.c. 47 85 εµνλρPuµuνuλu


σDρP
∗†
σ 251 416


iPuµχ−µP
† + H.c. 48 86 εµνλρPuµuνuλu


σDσP
∗†
ρ 252 417


iPuµχ−
νDµνP


† + H.c. 49 87 εµνλρPuµuνu
σuλDρP


∗†
σ 418


iP 〈hµνχ−〉DµνP
† 50 88 εµνλρPuµuνu


σuλDσP
∗†
ρ 419


iP 〈χ−〉hµνDµνP
† 89 εµνλρPuµuνu


σuσDλP
∗†
ρ 253 420


iP 〈uµχ−µ〉P † 51 90 εµνλρPuµu
σuνuλDρP


∗†
σ 421


iP 〈χ−µ〉uµP † 91 εµνλρPuµu
σuνuλDσP


∗†
ρ 422


iP 〈uµχ−ν〉DµνP
† 52 92 εµνλρPuµu


σuνuσDλP
∗†
ρ 423


iP 〈χ−µ〉uνDµνP
† 93 εµνλρPuµu


σuσuνDλP
∗†
ρ 424


Pχ2
−P
† 53 94 εµνλρPuµuνu


σuδDλσδP
∗†
ρ 254 425


P 〈χ−〉χ−P † 95 εµνλρPuµu
σuνu


δDλσδP
∗†
ρ 426


P 〈χ−〉〈χ−〉P † 96 εµνλρPuµu
σuδuνDλσδP


∗†
ρ 427


P 〈FLµνFLµν〉P † + H.c. 54 97 εµνλρP 〈uµuσ〉uνuλDρP
∗†
σ 428


P 〈FLµνFLµλ〉DνλP
† + H.c. 55 98 εµνλρP 〈uµuσ〉uνuλDσP


∗†
ρ 429


P 〈χχ†〉P † 56 99 εµνλρP 〈uµuσ〉uνuσDλP
∗†
ρ 430


P detχP † + H.c. 57 εµνλρP 〈uµuσ〉uνuδDλσδP
∗†
ρ 431


P ∗µ〈uµuν〉uνuλP ∗†λ + H.c. 58 100 εµνλρP 〈uµuνuλ〉uσDρP
∗†
σ 432


P ∗µ〈uµuν〉uλuνP ∗†λ + H.c. 59 101 εµνλρP 〈uµuνuλ〉uσDσP
∗†
ρ 433


P ∗µ〈uµuν〉uλuλP ∗†ν 60 102 P 〈uµuµ〉f−νλDνP
∗†
λ 255 434


P ∗µ〈uνuν〉uµuλP ∗†λ 61 103 P 〈uµuν〉f−µλDνP
∗†
λ 256 435


P ∗µ〈uνuν〉uλuµP ∗†λ 104 P 〈uµuν〉f−µλDλP
∗†
ν 257 436


P ∗µ〈uνuν〉uλuλP ∗†µ 62 105 P 〈uµuν〉f−λρDµνλP
∗†
ρ 258 437


P ∗µ〈uνuλ〉uνuλP ∗†µ 63 106 P 〈uµuµ〉hνλDνP
∗†
λ 259 438
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P ∗µ〈uµuν〉uλuρDνλP
∗†
ρ + H.c. 64 107 P 〈uµuν〉hµλDνP


∗†
λ 260 439


P ∗µ〈uµuν〉uλuρDνρP
∗†
λ + H.c. 65 108 P 〈uµuν〉hµλDλP


∗†
ν 261 440


P ∗µ〈uµuν〉uλuρDλρP
∗†
ν 66 109 P 〈uµuν〉hλρDµνλP


∗†
ρ 262 441


P ∗µ〈uνuν〉uλuρDλρP
∗†
µ 67 110 P 〈uµuν〉hλρDµλρP


∗†
ν 263 442


P ∗µ〈uνuλ〉uµuρDνλP
∗†
ρ 68 111 P 〈uµf−µν〉uλDλP


∗†
ν 264 443


P ∗µ〈uνuλ〉uνuρDλρP
∗†
µ + H.c. 69 112 P 〈uµf−µν〉uλDνP


∗†
λ 265 444


P ∗µ〈uνuλ〉uρuµDνλP
∗†
ρ 113 P 〈uµf−νλ〉uµDνP


∗†
λ 266 445


P ∗µ〈uνuλ〉uρuρDνλP
∗†
µ 114 P 〈uµf−νλ〉uνDµP


∗†
λ 267 446


P ∗µ〈uνuλ〉uρuσDνλρσP
∗†
µ 70 115 P 〈uµf−νλ〉uνDλP


∗†
µ 268 447


P ∗µ〈uµuνuν〉uλP ∗†λ + H.c. 116 P 〈uµf−νλ〉uρDµνρP
∗†
λ 269 448


P ∗µ〈uµuνuλ〉uνP ∗†λ 117 P 〈uµhµν〉uλDλP
∗†
ν 270 449


P ∗µ〈uµuνuλ〉uλP ∗†ν 118 P 〈uµhµν〉uλDνP
∗†
λ 271 450


P ∗µ〈uνuνuλ〉uλP ∗†µ 119 P 〈uµhνλ〉uµDνP
∗†
λ 272 451


P ∗µ〈uµuνuλ〉uρDνλP
∗†
ρ + H.c. 120 P 〈uµhνλ〉uνDµP


∗†
λ 273 452


P ∗µ〈uµuνuλ〉uρDνρP
∗†
λ 121 P 〈uµhνλ〉uνDλP


∗†
µ 274 453


P ∗µ〈uµuνuλ〉uρDλρP
∗†
ν 122 P 〈uµhνλ〉uρDµνρP


∗†
λ 275 454


P ∗µ〈uνuνuλ〉uρDλρP
∗†
µ 123 P 〈uµhνλ〉uρDµνλP


∗†
ρ 276 455


P ∗µ〈uνuλuρ〉uνDλρP
∗†
µ 124 P 〈uµhνλ〉uρDνλρP


∗†
µ 277 456


P ∗µ〈uνuλuρ〉uσDνλρσP
∗†
µ 125 P 〈uµuµf−νλ〉DνP


∗†
λ 457


P ∗µ〈uµuνuνuλ〉P ∗†λ 126 P 〈uµuνf−µλ〉DνP
∗†
λ 278 458


P ∗µ〈uµuνuλuν〉P ∗†λ 127 P 〈uµuνf−µλ〉DλP
∗†
ν 279 459


P ∗µ〈uµuνuλuλ〉P ∗†ν 128 P 〈uµuνf−νλ〉DµP
∗†
λ 460


P ∗µ〈uνuνuλuλ〉P ∗†µ 129 P 〈uµuνf−νλ〉DλP
∗†
µ 461


P ∗µ〈uνuλuνuλ〉P ∗†µ 130 P 〈uµuνf−λρ〉DµνλP
∗†
ρ 462


P ∗µ〈uµuνuλuρ〉DνλP
∗†
ρ 131 P 〈uµuµhνλ〉DνP


∗†
λ 463


P ∗µ〈uµuνuλuρ〉DνρP
∗†
λ 132 P 〈uµuνhµλ〉DνP


∗†
λ 280 464


P ∗µ〈uµuνuλuρ〉DλρP
∗†
ν 133 P 〈uµuνhµλ〉DλP


∗†
ν 281 465


P ∗µ〈uνuνuλuρ〉DλρP
∗†
µ 134 P 〈uµuνhνλ〉DµP


∗†
λ 466


P ∗µ〈uνuλuνuρ〉DλρP
∗†
µ 135 P 〈uµuνhνλ〉DλP


∗†
µ 467


P ∗µ〈uνuλuρuσ〉DνλρσP
∗†
µ 136 P 〈uµuνhλρ〉DµνλP


∗†
ρ 468


P ∗µuµu
νuνu


λP ∗†λ 137 P 〈uµuνhλρ〉DµλρP
∗†
ν 282 469


P ∗µuµu
νuλuνP


∗†
λ + H.c. 138 P 〈uµuνhλρ〉DνλρP


∗†
µ 470


P ∗µuνuµu
λuνP


∗†
λ 139 Puµuµf−


νλDνP
∗†
λ 471


P ∗µuνuµu
λuλP


∗†
ν + H.c. 140 Puµuνf−µ


λDνP
∗†
λ 472
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P ∗µuνuνu
λuλP


∗†
µ 141 Puµuνf−µ


λDλP
∗†
ν 473


P ∗µuνuλuνuλP
∗†
µ 142 Puµuνf−ν


λDµP
∗†
λ 474


P ∗µuµu
νuλuρDνλP


∗†
ρ 143 Puµuνf−ν


λDλP
∗†
µ 475


P ∗µuµu
νuλuρDνρP


∗†
λ + H.c. 144 Puµuνf−


λρDµνλP
∗†
ρ 476


P ∗µuνuµu
λuρDνρP


∗†
λ 145 Puµuµh


νλDνP
∗†
λ 477


P ∗µuνuµu
λuρDλρP


∗†
ν + H.c. 146 Puµuνhµ


λDνP
∗†
λ 478


P ∗µuνuνu
λuρDλρP


∗†
µ + H.c. 147 Puµuνhµ


λDλP
∗†
ν 479


P ∗µuνuλuνu
ρDλρP


∗†
µ + H.c. 148 Puµuνhν


λDµP
∗†
λ 480


εµνλρP ∗µuνuλf−ρ
σP ∗†σ + H.c. 71 149 Puµuνhν


λDλP
∗†
µ 481


εµνλρP ∗µuνu
σf−λρP


∗†
σ + H.c. 72 150 PuµuνhλρDµνλP


∗†
ρ 482


εµνλρP ∗µuνu
σf−λσP


∗†
ρ + H.c. 73 151 PuµuνhλρDµλρP


∗†
ν 483


εµνλρP ∗µu
σuνf−λρP


∗†
σ + H.c. 74 152 PuµuνhλρDνλρP


∗†
µ 484


εµνλρP ∗µu
σuνf−λσP


∗†
ρ + H.c. 153 Puµf−µ


νuλDνP
∗†
λ 485


εµνλρP ∗µu
σuσf−νλP


∗†
ρ + H.c. 154 Puµf−µ


νuλDλP
∗†
ν 486


εµνλρP ∗µuνuλf−
σδDρσP


∗†
δ + H.c. 75 155 Puµf−


νλuµDνP
∗†
λ 487


εµνλρP ∗µuνu
σf−λ


δDρσP
∗†
δ + H.c. 76 156 Puµf−


νλuνDµP
∗†
λ 488


εµνλρP ∗µuνu
σf−λ


δDρδP
∗†
σ + H.c. 77 157 Puµf−


νλuνDλP
∗†
µ 489


εµνλρP ∗µuνu
σf−λ


δDσδP
∗†
ρ + H.c. 158 Puµf−


νλuρDµνρP
∗†
λ 490


εµνλρP ∗µuνu
σf−σ


δDλδP
∗†
ρ + H.c. 78 159 Puµhµ


νuλDνP
∗†
λ 491


εµνλρP ∗µu
σuνf−λ


δDρδP
∗†
σ + H.c. 79 160 Puµhµ


νuλDλP
∗†
ν 492


εµνλρP ∗µu
σuνf−σ


δDλδP
∗†
ρ + H.c. 161 PuµhνλuµDνP


∗†
λ 493


εµνλρP ∗µuνuλhρ
σP ∗†σ + H.c. 80 162 PuµhνλuνDµP


∗†
λ 494


εµνλρP ∗µuνu
σhλσP


∗†
ρ + H.c. 81 163 PuµhνλuνDλP


∗†
µ 495


εµνλρP ∗µu
σuνhλσP


∗†
ρ + H.c. 164 PuµhνλuρDµνλP


∗†
ρ 496


εµνλρP ∗µuνuλh
σδDρσP


∗†
δ + H.c. 82 165 PuµhνλuρDµνρP


∗†
λ 497


εµνλρP ∗µuνuλh
σδDσδP


∗†
ρ + H.c. 83 166 PuµhνλuρDνλρP


∗†
µ 498


εµνλρP ∗µuνu
σhλ


δDρσP
∗†
δ + H.c. 84 167 Pf−


µνuµu
λDνP


∗†
λ 499


εµνλρP ∗µuνu
σhλ


δDρδP
∗†
σ + H.c. 85 168 Pf−


µνuµu
λDλP


∗†
ν 500


εµνλρP ∗µuνu
σhλ


δDσδP
∗†
ρ + H.c. 169 Phµνuµu


λDνP
∗†
λ 501


εµνλρP ∗µuνu
σhσ


δDλδP
∗†
ρ + H.c. 86 170 Phµνuµu


λDλP
∗†
ν 502


εµνλρP ∗µu
σuνhλ


δDρδP
∗†
σ + H.c. 87 171 PhµνuλuρDµνλP


∗†
ρ 503


εµνλρP ∗µu
σuνhσ


δDλδP
∗†
ρ + H.c. 172 εµνλρPuµ∇νf−λ


σDρP
∗†
σ 283 504


εµνλρP ∗µu
σuσhν


δDλδP
∗†
ρ + H.c. 173 εµνλρPuµ∇νf−λ


σDσP
∗†
ρ 284 505


εµνλρP ∗µuνu
σhδαDλσδαP


∗†
ρ + H.c. 174 εµνλρPuµ∇σf−νσDλP


∗†
ρ 285 506
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εµνλρP ∗µuνf−λρu
σP ∗†σ + H.c. 88 175 εµνλρPuµ∇σf−ν


δDλσδP
∗†
ρ 286 507


εµνλρP ∗µuνf−λ
σuρP


∗†
σ + H.c. 176 εµνλρPuµ∇νh


σδDλσδP
∗†
ρ 287 508


εµνλρP ∗µuνf−λ
σuδDρσP


∗†
δ + H.c. 89 177 εµνλρP∇µf−ν


σuλDρP
∗†
σ 288 509


εµνλρP ∗µuνf−λ
σuδDρδP


∗†
σ + H.c. 90 178 εµνλρP∇µf−ν


σuλDσP
∗†
ρ 289 510


εµνλρP ∗µuνf−
σδuλDρσP


∗†
δ + H.c. 179 εµνλρP∇µf−ν


σuσDλP
∗†
ρ 290 511


εµνλρP ∗µuνhλ
σuρP


∗†
σ + H.c. 180 εµνλρP∇µf−ν


σuδDλσδP
∗†
ρ 291 512


εµνλρP ∗µuνhλ
σuδDρσP


∗†
δ + H.c. 91 181 εµνλρPf−µνf−λ


σDρP
∗†
σ 292 513


εµνλρP ∗µuνhλ
σuδDρδP


∗†
σ + H.c. 92 182 εµνλρPf−µνf−λ


σDσP
∗†
ρ 293 514


εµνλρP ∗µuνhλ
σuδDσδP


∗†
ρ + H.c. 183 εµνλρPf−µνhλ


σDρP
∗†
σ 294 515


εµνλρP ∗µuνh
σδuλDρσP


∗†
δ + H.c. 184 εµνλρPf−µνhλ


σDσP
∗†
ρ 295 516


εµνλρP ∗µ〈uνuσ〉f−λρP ∗†σ + H.c. 185 εµνλρPf−µνh
σδDλσδP


∗†
ρ 296 517


εµνλρP ∗µ〈uνuσ〉f−λδDρσP
∗†
δ + H.c. 186 εµνλρP∇µh


σδuνDλσδP
∗†
ρ 297 518


εµνλρP ∗µ〈uνuσ〉f−λδDρδP
∗†
σ + H.c. 187 εµνλρPhµ


σf−νλDρP
∗†
σ 298 519


εµνλρP ∗µ〈uνuσ〉hλδDρσP
∗†
δ + H.c. 188 εµνλρPhµ


σf−νλDσP
∗†
ρ 299 520


εµνλρP ∗µ〈uνuσ〉hλδDρδP
∗†
σ + H.c. 189 εµνλρPhµ


σf−ν
δDλσδP


∗†
ρ 300 521


εµνλρP ∗µ〈uνf−λρ〉uσP ∗†σ + H.c. 190 εµνλρPhµ
σhνσDλP


∗†
ρ 301 522


εµνλρP ∗µ〈uνf−λσ〉uρP ∗†σ + H.c. 191 εµνλρPhµ
σhν


δDλσδP
∗†
ρ 302 523


εµνλρP ∗µ〈uσf−νλ〉uρP ∗†σ + H.c. 192 εµνλρP 〈uµ∇νf−λ
σ〉DρP


∗†
σ 524


εµνλρP ∗µ〈uνf−λσ〉uδDρδP
∗†
σ + H.c. 193 εµνλρP 〈uµ∇νf−λ


σ〉DσP
∗†
ρ 525


εµνλρP ∗µ〈uνf−λσ〉uδDρσP
∗†
δ + H.c. 194 εµνλρP 〈uµ∇σf−νσ〉DλP


∗†
ρ 526


εµνλρP ∗µ〈uνf−σδ〉uλDρσP
∗†
δ + H.c. 195 εµνλρP 〈uµ∇σf−ν


δ〉DλσδP
∗†
ρ 527


εµνλρP ∗µ〈uσf−νλ〉uδDρδP
∗†
σ + H.c. 196 εµνλρP 〈uµ∇νh


σδ〉DλσδP
∗†
ρ 528


εµνλρP ∗µ〈uνhλσ〉uρP ∗†σ + H.c. 197 εµνλρP 〈f−µνhλσ〉DρP
∗†
σ 529


εµνλρP ∗µ〈uνhλσ〉uδDρδP
∗†
σ + H.c. 198 εµνλρP 〈f−µνhλσ〉DσP


∗†
ρ 530


εµνλρP ∗µ〈uνhλσ〉uδDρσP
∗†
δ + H.c. 199 εµνλρP 〈f−µνhσδ〉DλσδP


∗†
ρ 531


εµνλρP ∗µ〈uνhσδ〉uλDρσP
∗†
δ + H.c. 200 P∇µ∇µf−


νλDνP
∗†
λ 303 532


εµνλρP ∗µ〈uσhνδ〉uλDρδP
∗†
σ + H.c. 201 P∇µ∇νf−µ


λDνP
∗†
λ 304 533


εµνλρP ∗µ〈uνuλf−ρσ〉P ∗†σ + H.c. 202 P∇µ∇νf−
λρDµνλP


∗†
ρ 305 534


εµνλρP ∗µ〈uνuλf−σδ〉DρσP
∗†
δ + H.c. 203 P∇µ∇νhλρDµνλP


∗†
ρ 306 535


εµνλρP ∗µ〈uνuλhρσ〉P ∗†σ + H.c. 204 iεµνλρPf+µνuλu
σDρP


∗†
σ 307 536


εµνλρP ∗µ〈uνuλhσδ〉DρσP
∗†
δ + H.c. 205 iεµνλρPf+µνuλu


σDσP
∗†
ρ 308 537


εµνλρP ∗µ〈uνuλhσδ〉DσδP
∗†
ρ 206 iεµνλρPf+µνu


σuλDρP
∗†
σ 309 538


P ∗µ〈uµ∇νf−ν
λ〉P ∗†λ + H.c. 93 207 iεµνλρPf+µνu


σuλDσP
∗†
ρ 310 539


P ∗µ〈uν∇µf−ν
λ〉P ∗†λ + H.c. 94 208 iεµνλρPf+µνu


σuσDλP
∗†
ρ 311 540
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On SU(2) SU(3) On SU(2) SU(3)


P ∗µ〈uν∇λf−νλ〉P ∗†µ 95 209 iεµνλρPf+µνu
σuδDλσδP


∗†
ρ 312 541


P ∗µ〈uµ∇νf−
λρ〉DνλP


∗†
ρ + H.c. 96 210 iεµνλρPuµf+νλu


σDρP
∗†
σ 313 542


P ∗µ〈uν∇µf−
λρ〉DνλP


∗†
ρ + H.c. 97 211 iεµνλρPuµf+νλu


σDσP
∗†
ρ 314 543


P ∗µ〈uν∇λf−ν
ρ〉DλρP


∗†
µ 98 212 iεµνλρPuµf+ν


σuλDρP
∗†
σ 315 544


P ∗µ〈uν∇λf−λ
ρ〉DνρP


∗†
µ 99 213 iεµνλρPuµf+ν


σuλDσP
∗†
ρ 316 545


P ∗µ〈uν∇µhν
λ〉P ∗†λ + H.c. 100 214 iεµνλρPuµf+ν


σuσDλP
∗†
ρ 317 546


P ∗µ〈uµ∇νhλρ〉DνλP
∗†
ρ + H.c. 101 215 iεµνλρPuµf+ν


σuδDλσδP
∗†
ρ 318 547


P ∗µ〈uν∇µh
λρ〉DνλP


∗†
ρ + H.c. 102 216 iεµνλρPuµuνf+λ


σDρP
∗†
σ 319 548


P ∗µ〈uν∇νh
λρ〉DλρP


∗†
µ 103 217 iεµνλρPuµuνf+λ


σDσP
∗†
ρ 320 549


P ∗µ〈uν∇λhρσ〉DνλρσP
∗†
µ 104 218 iεµνλρP 〈f+µν〉uλuσDρP


∗†
σ 321


P ∗µ〈f−µνf−νλ〉P ∗†λ 105 219 iεµνλρP 〈f+µν〉uλuσDσP
∗†
ρ 322


P ∗µ〈f−νλf−νλ〉P ∗†µ 106 220 iεµνλρP 〈f+µν〉uσuσDλP
∗†
ρ 323


P ∗µ〈f−µνf−λρ〉DνλP
∗†
ρ 107 221 iεµνλρP 〈f+µν〉uσuδDλσδP


∗†
ρ 324


P ∗µ〈f−νλf−νρ〉DλρP
∗†
µ 108 222 iP 〈∇µf+µ


ν〉uλDνP
∗†
λ 325


P ∗µ〈f−µνhνλ〉P ∗†λ + H.c. 109 223 iP 〈∇µf+µ
ν〉uλDλP


∗†
ν 326


P ∗µ〈f−µνhλρ〉DνλP
∗†
ρ + H.c. 110 224 iP 〈∇µf+


νλ〉uµDνP
∗†
λ 327


P ∗µ〈f−νλhνρ〉DλρP
∗†
µ 111 225 iP 〈∇µf+


νλ〉uνDµP
∗†
λ 328


P ∗µ〈hµνhνλ〉P ∗†λ 112 226 iP 〈∇µf+
νλ〉uρDµνρP


∗†
λ 329


P ∗µ〈hνλhνλ〉P ∗†µ 113 227 iP 〈f+µν〉f−µλDνP
∗†
λ 330


P ∗µ〈hµνhλρ〉DνλP
∗†
ρ 114 228 iP 〈f+µν〉f−µλDλP


∗†
ν 331


P ∗µ〈hµνhλρ〉DλρP
∗†
ν 115 229 iP 〈f+µν〉hµλDνP


∗†
λ 332


P ∗µ〈hνλhνρ〉DλρP
∗†
µ 116 230 iP 〈f+µν〉hµλDλP


∗†
ν 333


P ∗µ〈hνλhρσ〉DνλρσP
∗†
µ 117 231 iP 〈f+µν〉hλρDµλρP


∗†
ν 334


P ∗µuµ∇νf−ν
λP ∗†λ + H.c. 118 232 iεµνλρPuµu


σf+νλDρP
∗†
σ 550


P ∗µuν∇µf−ν
λP ∗†λ + H.c. 119 233 iεµνλρPuµu


σf+νλDσP
∗†
ρ 551


P ∗µuν∇νf−µ
λP ∗†λ + H.c. 234 iεµνλρPuµu


σf+νσDλP
∗†
ρ 552


P ∗µuν∇λf−µλP
∗†
ν + H.c. 235 iεµνλρPuµu


σf+ν
δDλσδP


∗†
ρ 553


P ∗µuν∇λf−νλP
∗†
µ + H.c. 236 iεµνλρP 〈f+µνuλ〉uσDρP


∗†
σ 554


P ∗µuµ∇νf−
λρDνλP


∗†
ρ + H.c. 120 237 iεµνλρP 〈f+µνuλ〉uσDσP


∗†
ρ 555


P ∗µuν∇µf−
λρDνλP


∗†
ρ + H.c. 121 238 iεµνλρP 〈f+µνuσ〉uλDρP


∗†
σ 556


P ∗µuν∇λf−µ
ρDνλP


∗†
ρ + H.c. 239 iεµνλρP 〈f+µνuσ〉uλDσP


∗†
ρ 557


P ∗µuν∇λf−µ
ρDλρP


∗†
ν + H.c. 240 iεµνλρP 〈f+µνuσ〉uσDλP


∗†
ρ 558


P ∗µuν∇λf−ν
ρDλρP


∗†
µ + H.c. 241 iεµνλρP 〈f+µνuσ〉uδDλσδP


∗†
ρ 559


P ∗µuν∇λf−λ
ρDνρP


∗†
µ + H.c. 242 iεµνλρP 〈f+µνuλuσ〉DρP


∗†
σ 560
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On SU(2) SU(3) On SU(2) SU(3)


P ∗µuν∇µhν
λP ∗†λ + H.c. 243 iεµνλρP 〈f+µνuλuσ〉DσP


∗†
ρ 561


P ∗µuµ∇νhλρDνλP
∗†
ρ + H.c. 122 244 iεµνλρP 〈f+µνuσuλ〉DρP


∗†
σ 562


P ∗µuν∇µh
λρDνλP


∗†
ρ + H.c. 245 iεµνλρP 〈f+µνuσuλ〉DσP


∗†
ρ 563


P ∗µuν∇µh
λρDλρP


∗†
ν + H.c. 246 iεµνλρP 〈f+µνuσuσ〉DλP


∗†
ρ 564


P ∗µuν∇νh
λρDλρP


∗†
µ + H.c. 247 iεµνλρP 〈f+µνuσuδ〉DλσδP


∗†
ρ 565


P ∗µuν∇λhρσDνλρσP
∗†
µ + H.c. 248 iPf+


µνf−µ
λDνP


∗†
λ 566


P ∗µf−µ
νf−ν


λP ∗†λ 123 249 iPf+
µνf−µ


λDλP
∗†
ν 567


P ∗µf−
νλf−µνP


∗†
λ 250 iPf−


µνf+µ
λDνP


∗†
λ 568


P ∗µf−
νλf−νλP


∗†
µ 251 iPf−


µνf+µ
λDλP


∗†
ν 569


P ∗µf−µ
νf−


λρDνλP
∗†
ρ 124 252 iPf+


µνhµ
λDνP


∗†
λ 570


P ∗µf−
νλf−µ


ρDνρP
∗†
λ 253 iPf+


µνhµ
λDλP


∗†
ν 571


P ∗µf−
νλf−ν


ρDλρP
∗†
µ 254 iPhµνf+µ


λDνP
∗†
λ 572


P ∗µf−µ
νhν


λP ∗†λ + H.c. 125 255 iPhµνf+µ
λDλP


∗†
ν 573


P ∗µf−
νλhµνP


∗†
λ + H.c. 256 iPf+


µνhλρDµλρP
∗†
ν 574


P ∗µf−µ
νhλρDνλP


∗†
ρ + H.c. 126 257 iPhµνf+


λρDµνλP
∗†
ρ 575


P ∗µf−µ
νhλρDλρP


∗†
ν + H.c. 127 258 iP∇µf+µ


νuλDνP
∗†
λ 576


P ∗µf−
νλhµ


ρDνρP
∗†
λ + H.c. 259 iP∇µf+µ


νuλDλP
∗†
ν 577


P ∗µf−
νλhν


ρDλρP
∗†
µ + H.c. 260 iP∇µf+


νλuµDνP
∗†
λ 578


P ∗µhµ
νhν


λP ∗†λ 128 261 iP∇µf+
νλuνDµP


∗†
λ 579


P ∗µhνλhµνP
∗†
λ 262 iPuµ∇µf+


νλDνP
∗†
λ 580


P ∗µhνλhνλP
∗†
µ 263 iPuµ∇νf+µ


λDνP
∗†
λ 581


P ∗µhµ
νhλρDνλP


∗†
ρ 129 264 iPuµ∇νf+ν


λDµP
∗†
λ 582


P ∗µhµ
νhλρDλρP


∗†
ν + H.c. 265 iPuµ∇νf+ν


λDλP
∗†
µ 583


P ∗µhνλhµ
ρDνρP


∗†
λ 266 iP∇µf+


νλuρDµνρP
∗†
λ 584


P ∗µhνλhν
ρDλρP


∗†
µ 267 iPuµ∇νf+


λρDµνλP
∗†
ρ 585


P ∗µhνλhρσDνλρσP
∗†
µ 268 iP 〈f+µνf−µλ〉DνP


∗†
λ 586


εµνλρP ∗µ∇ν∇σf−λ
δDρσP


∗†
δ + H.c. 130 269 iP 〈f+µνf−µλ〉DλP


∗†
ν 587


iP ∗µ〈f+µν〉uνuλP ∗†λ + H.c. 131 iP 〈f+µνhµλ〉DνP
∗†
λ 588


iP ∗µ〈f+µν〉uλuνP ∗†λ + H.c. 132 iP 〈f+µνhµλ〉DλP
∗†
ν 589


iP ∗µ〈f+µν〉uλuλP ∗†ν 133 iP 〈f+µνhλρ〉DµλρP
∗†
ν 590


iP ∗µ〈f+νλ〉uνuλP ∗†µ 134 iP 〈∇µf+µ
νuλ〉DνP


∗†
λ 335 591


iP ∗µ〈f+µν〉uλuρDνλP
∗†
ρ + H.c. 135 iP 〈∇µf+µ


νuλ〉DλP
∗†
ν 336 592


iP ∗µ〈f+µν〉uλuρDνρP
∗†
λ + H.c. 136 iP 〈∇µf+


νλuµ〉DνP
∗†
λ 337 593


iP ∗µ〈f+µν〉uλuρDλρP
∗†
ν 137 iP 〈∇µf+


νλuν〉DµP
∗†
λ 338 594
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On SU(2) SU(3) On SU(2) SU(3)


iP ∗µ〈f+νλ〉uνuρDλρP
∗†
µ + H.c. 138 iP 〈∇µf+


νλuρ〉DµνρP
∗†
λ 339 595


iP ∗µ〈f+µνuν〉uλP ∗†λ + H.c. 139 270 iP 〈f+µνf−µλ〉DνP
∗†
λ 340


iP ∗µ〈f+µνuλ〉uνP ∗†λ + H.c. 140 271 iP 〈f+µνf−µλ〉DλP
∗†
ν 341


iP ∗µ〈f+µνuλ〉uλP ∗†ν 141 272 iP 〈f+µνhµλ〉DνP
∗†
λ 342


iP ∗µ〈f+µνuλ〉uρDνλP
∗†
ρ + H.c. 142 273 iP 〈f+µνhµλ〉DλP


∗†
ν 343


iP ∗µ〈f+µνuλ〉uρDνρP
∗†
λ + H.c. 143 274 iP 〈f+µνhλρ〉DµλρP


∗†
ν 344


iP ∗µ〈f+µνuλ〉uρDλρP
∗†
ν 144 275 iP∇µf+µ


νuλDνP
∗†
λ 345


iP ∗µ〈f+µνuνuλ〉P ∗†λ + H.c. 145 276 iP∇µf+µ
νuλDλP


∗†
ν 346


iP ∗µ〈f+µνuλuν〉P ∗†λ + H.c. 277 iP∇µf+
νλuµDνP


∗†
λ 347


iP ∗µ〈f+µνuλuλ〉P ∗†ν 278 iP∇µf+
νλuνDµP


∗†
λ 348


iP ∗µ〈f+νλuνuλ〉P ∗†µ 146 279 iP∇µf+
νλuρDµνρP


∗†
λ 349


iP ∗µ〈f+µνuλuρ〉DνλP
∗†
ρ + H.c. 147 280 iPf+


µνf−µ
λDνP


∗†
λ 350


iP ∗µ〈f+µνuλuρ〉DνρP
∗†
λ + H.c. 281 iPf+


µνf−µ
λDλP


∗†
ν 351


iP ∗µ〈f+µνuλuρ〉DλρP
∗†
ν 282 iPf+


µνhµ
λDνP


∗†
λ 352


iP ∗µ〈f+νλuνuρ〉DλρP
∗†
µ + H.c. 148 283 iPf+


µνhµ
λDλP


∗†
ν 353


iP ∗µ〈uµuν〉f+νλP ∗†λ + H.c. 149 284 iPf+
µνhλρDµλρP


∗†
ν 354


iP ∗µ〈uνuν〉f+µλP ∗†λ 150 285 iεµνλρP∇µ∇σf+νσDλP
∗†
ρ 355 596


iP ∗µ〈uµuν〉f+λρDνλP
∗†
ρ + H.c. 151 286 iεµνλρP∇µ∇σf+ν


δDλσδP
∗†
ρ 356 597


iP ∗µ〈uνuλ〉f+µρDνλP
∗†
ρ 152 287 iεµνλρP 〈∇µ∇σf+νσ〉DλP


∗†
ρ 357


iP ∗µf+µ
νuνu


λP ∗†λ + H.c. 288 iεµνλρP 〈∇µ∇σf+ν
δ〉DλσδP


∗†
ρ 358


iP ∗µf+µ
νuλuνP


∗†
λ + H.c. 289 εµνλρPf+µνf+λ


σDρP
∗†
σ 359 598


iP ∗µf+µ
νuλuλP


∗†
ν + H.c. 290 εµνλρPf+µνf+λ


σDσP
∗†
ρ 360 599


iP ∗µf+
νλuµuνP


∗†
λ + H.c. 291 εµνλρP 〈f+µν〉f+λσDρP


∗†
σ 361


iP ∗µf+
νλuνuµP


∗†
λ + H.c. 292 εµνλρP 〈f+µν〉f+λσDσP


∗†
ρ 362


iP ∗µf+
νλuνuλP


∗†
µ + H.c. 293 εµνλρPuµuνχ+DλP


∗†
ρ 363 600


iP ∗µf+µ
νuλuρDνλP


∗†
ρ + H.c. 294 εµνλρPuµχ+uνDλP


∗†
ρ 364 601


iP ∗µf+µ
νuλuρDνρP


∗†
λ + H.c. 295 εµνλρPχ+uµuνDλP


∗†
ρ 365 602


iP ∗µf+µ
νuλuρDλρP


∗†
ν + H.c. 296 εµνλρP 〈uµuνχ+〉DλP


∗†
ρ 603


iP ∗µf+
νλuµu


ρDνρP
∗†
λ + H.c. 297 εµνλρP 〈uµχ+〉uνDλP


∗†
ρ 604


iP ∗µf+
νλuνu


ρDλρP
∗†
µ + H.c. 298 εµνλρP 〈χ+〉uµuνDλP


∗†
ρ 605


iP ∗µf+
νλuρuµDνρP


∗†
λ + H.c. 299 Pf−


µνχ+DµP
∗†
ν 366 606


iP ∗µf+
νλuρuνDλρP


∗†
µ + H.c. 300 Pχ+f−


µνDµP
∗†
ν 367 607


iP ∗µuµf+
νλuνP


∗†
λ + H.c. 301 Phµνχ+DµP


∗†
ν 368 608


iP ∗µuνf+ν
λuλP


∗†
µ 302 Pχ+h


µνDµP
∗†
ν 369 609
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On SU(2) SU(3) On SU(2) SU(3)


iP ∗µuµf+
νλuρDνρP


∗†
λ + H.c. 303 Puµχ+


νDµP
∗†
ν 370 610


iP ∗µuνf+ν
λuρDλρP


∗†
µ + H.c. 304 Puµχ+


νDνP
∗†
µ 371 611


iεµνλρP ∗µ∇νf+λ
σuρP


∗†
σ + H.c. 153 305 Pχ+


µuνDµP
∗†
ν 372 612


iεµνλρP ∗µ∇νf+λ
σuσP


∗†
ρ + H.c. 154 306 Pχ+


µuνDνP
∗†
µ 373 613


iεµνλρP ∗µ∇σf+νσuλP
∗†
ρ + H.c. 155 307 P 〈f−µνχ+〉DµP


∗†
ν 374 614


iεµνλρP ∗µ∇νf+λ
σuδDρσP


∗†
δ + H.c. 156 308 P 〈χ+〉f−µνDµP


∗†
ν 615


iεµνλρP ∗µ∇νf+λ
σuδDρδP


∗†
σ + H.c. 157 309 P 〈hµνχ+〉DµP


∗†
ν 375 616


iεµνλρP ∗µ∇νf+λ
σuδDσδP


∗†
ρ + H.c. 158 310 P 〈χ+〉hµνDµP


∗†
ν 617


iεµνλρP ∗µ∇νf+
σδuλDρσP


∗†
δ + H.c. 159 311 P 〈uµχ+


ν〉DµP
∗†
ν 376 618


iεµνλρP ∗µ∇νf+
σδuσDλδP


∗†
ρ + H.c. 160 312 P 〈χ+


µ〉uνDνP
∗†
µ 619


iεµνλρP ∗µ∇σf+νσu
δDλδP


∗†
ρ + H.c. 161 313 P 〈uµχ+


ν〉DνP
∗†
µ 377 620


iεµνλρP ∗µf+νλf−ρ
σP ∗†σ + H.c. 162 314 P 〈χ+


µ〉uνDµP
∗†
ν 621


iεµνλρP ∗µf+ν
σf−λρP


∗†
σ + H.c. 163 315 iεµνλρPf+µνχ+DλP


∗†
ρ 378 622


iεµνλρP ∗µf+ν
σf−λσP


∗†
ρ + H.c. 164 316 iεµνλρPχ+f+µνDλP


∗†
ρ 379 623


iεµνλρP ∗µf+νλf−
σδDρσP


∗†
δ + H.c. 165 317 iεµνλρP 〈f+µν〉χ+DλP


∗†
ρ 380


iεµνλρP ∗µf+ν
σf−λ


δDρδP
∗†
σ + H.c. 166 318 iεµνλρP 〈f+µνχ+〉DλP


∗†
ρ 381 624


iεµνλρP ∗µf+ν
σf−σ


δDλδP
∗†
ρ + H.c. 167 319 iεµνλρP 〈χ+〉f+µνDλP


∗†
ρ 382 625


iεµνλρP ∗µf+νλhρ
σP ∗†σ + H.c. 168 320 iPuµuνχ−DµP


∗†
ν 383 626


iεµνλρP ∗µf+ν
σhλσP


∗†
ρ + H.c. 169 321 iPuµuνχ−DνP


∗†
µ 384 627


iεµνλρP ∗µf+νλh
σδDρσP


∗†
δ + H.c. 170 322 iPuµχ−u


νDµP
∗†
ν 385 628


iεµνλρP ∗µf+νλh
σδDσδP


∗†
ρ + H.c. 171 323 iPuµχ−u


νDνP
∗†
µ 386 629


iεµνλρP ∗µf+ν
σhλ


δDρδP
∗†
σ + H.c. 172 324 iPχ−u


µuνDµP
∗†
ν 387 630


iεµνλρP ∗µf+ν
σhσ


δDλδP
∗†
ρ + H.c. 173 325 iPχ−u


µuνDνP
∗†
µ 631


iεµνλρP ∗µ〈∇νf+λ
σ〉uρP ∗†σ + H.c. 174 iP 〈uµuν〉χ−DµP


∗†
ν 632


iεµνλρP ∗µ〈∇νf+λ
σ〉uσP ∗†ρ 175 iP 〈uµuνχ−〉DµP


∗†
ν 388 633


iεµνλρP ∗µ〈∇νf+λ
σ〉uδDρσP


∗†
δ + H.c. 176 iP 〈uµχ−〉uνDνP


∗†
µ 634


iεµνλρP ∗µ〈∇νf+λ
σ〉uδDρδP


∗†
σ + H.c. 177 iP 〈χ−〉uµuνDµP


∗†
ν 635


iεµνλρP ∗µ〈∇νf+λ
σ〉uδDσδP


∗†
ρ 178 iP 〈uµuνχ−〉DνP


∗†
µ 636


iεµνλρP ∗µ〈f+νλ〉f−ρσP ∗†σ + H.c. 179 iP 〈uµχ−〉uνDµP
∗†
ν 637


iεµνλρP ∗µ〈f+νλ〉f−σδDρσP
∗†
δ + H.c. 180 iP 〈χ−〉uµuνDνP


∗†
µ 638


iεµνλρP ∗µ〈f+νλ〉hρσP ∗†σ + H.c. 181 iεµνλρPf−µνχ−DλP
∗†
ρ 389 639


iεµνλρP ∗µ〈f+νλ〉hσδDρσP
∗†
δ + H.c. 182 iεµνλρPχ−f−µνDλP


∗†
ρ 390 640


iεµνλρP ∗µ〈f+νλ〉hσδDσδP
∗†
ρ 183 iεµνλρPuµχ−νDλP


∗†
ρ 391 641


iεµνλρP ∗µ〈∇νf+λ
σuρ〉P ∗†σ + H.c. 326 iεµνλρPχ−µuνDλP


∗†
ρ 392 642


12







On SU(2) SU(3) On SU(2) SU(3)


iεµνλρP ∗µ〈∇νf+λ
σuσ〉P ∗†ρ 327 iεµνλρP 〈f−µνχ−〉DλP


∗†
ρ 393 643


iεµνλρP ∗µ〈∇νf+λ
σuδ〉DρσP


∗†
δ + H.c. 328 iεµνλρP 〈χ−〉f−µνDλP


∗†
ρ 644


iεµνλρP ∗µ〈∇νf+λ
σuδ〉DρδP


∗†
σ + H.c. 329 iεµνλρP 〈uµχ−ν〉DλP


∗†
ρ 394 645


iεµνλρP ∗µ〈∇νf+λ
σuδ〉DσδP


∗†
ρ 330 iεµνλρP 〈χ−µ〉uνDλP


∗†
ρ 646


iεµνλρP ∗µ〈f+νλf−ρσ〉P ∗†σ + H.c. 331 iPχ−
µνDµP


∗†
ν 395 647


iεµνλρP ∗µ〈f+νλf−σδ〉DρσP
∗†
δ + H.c. 332 iP 〈χ−µν〉DµP


∗†
ν 396 648


iεµνλρP ∗µ〈f+νλhρσ〉P ∗†σ + H.c. 333 Pf+
µνχ−DµP


∗†
ν 397 649


iεµνλρP ∗µ〈f+νλhσδ〉DρσP
∗†
δ + H.c. 334 Pχ−f+


µνDµP
∗†
ν 398 650


iεµνλρP ∗µ〈f+νλhσδ〉DσδP
∗†
ρ 335 P 〈f+µν〉χ−DµP


∗†
ν 399


iP ∗µ∇µ∇νf+ν
λP ∗†λ + H.c. 184 336 P 〈f+µνχ−〉DµP


∗†
ν 400 651


iP ∗µ∇µ∇νf+
λρDνλP


∗†
ρ + H.c. 185 337 P 〈χ−〉f+µνDµP


∗†
ν 401 652


iP ∗µ〈∇µ∇νf+ν
λ〉P ∗†λ + H.c. 186


VI. O(p3) ORDER: HEAVY QUARK SYMMETRY


Pn SU(2) SU(3) Pn SU(2) SU(3)


〈H〈uµuµ〉uνuνH̄〉 1 1 〈H〈f+µνuλ〉uλσµνH̄〉 61 121


〈H〈uµuν〉uµuνH̄〉 2 2 〈H〈f+µνuλ〉uρσµνvλvρH̄〉 62 122


〈H〈uµuµ〉uνuλvνvλH̄〉 3 3 〈H〈f+µνuλ〉uρσµλvνvρH̄〉 63 123


〈H〈uµuν〉uµuλvνvλH̄〉 + H.c. 4 4 〈H〈f+µνuλ〉uρσµρvνvλH̄〉 64 124


〈H〈uµuν〉uλuλvµvνH̄〉 5 〈H〈f+µνuµuλ〉σνλH̄〉 + H.c. 125


〈H〈uµuν〉uλuρvµvνvλvρH̄〉 5 6 〈H〈f+µνuλuλ〉σµνH̄〉 126


〈H〈uµuµuν〉uνH̄〉 7 〈H〈f+µνuλuρ〉σµνvλvρH̄〉 127


〈H〈uµuµuν〉uλvνvλH̄〉 8 〈H〈f+µνuλuρ〉σµλvνvρH̄〉 + H.c. 128


〈H〈uµuνuλ〉uµvνvλH̄〉 9 i〈Huµf+µνuνH̄〉 129


〈H〈uµuνuλ〉uρvµvνvλvρH̄〉 10 i〈Huµf+µνuλvνvλH̄〉 + H.c. 130


〈H〈uµuµuνuν〉H̄〉 11 〈H〈uµuµ〉f+νλσνλH̄〉 65 131


〈H〈uµuνuµuν〉H̄〉 12 〈H〈uµuν〉f+µλσνλH̄〉 66 132


〈H〈uµuµuνuλ〉vνvλH̄〉 13 〈H〈uµuν〉f+λρσµλvνvρH̄〉 67 133


〈H〈uµuνuµuλ〉vνvλH̄〉 14 〈H〈uµuν〉f+λρσλρvµvνH̄〉 68 134


〈H〈uµuνuλuρ〉vµvνvλvρH̄〉 15 〈H〈∇µf+µ
ν〉uλγ5γνvλH̄〉 69


i〈H〈uµuµ〉uνuλσνλH̄〉 + H.c. 6 16 〈H〈∇µf+µ
ν〉uλγ5γλvνH̄〉 70


i〈H〈uµuν〉uµuλσνλH̄〉 + H.c. 7 17 〈H〈∇µf+
νλ〉uµγ5γνvλH̄〉 71


i〈H〈uµuν〉uλuρσλµvνvρH̄〉 + H.c. 8 18 〈H〈∇µf+
νλ〉uνγ5γµvλH̄〉 72
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Pn SU(2) SU(3) Pn SU(2) SU(3)


i〈H〈uµuν〉uλuρσλρvµvνH̄〉 + H.c. 9 19 〈H〈∇µf+
νλ〉uργ5γνvµvλvρH̄〉 73


i〈H〈uµuνuλ〉uµσνλH̄〉 + H.c. 20 〈H〈f+µν〉f−µλγ5γνvλH̄〉 74


i〈H〈uµuνuλ〉uρσµνvλvρH̄〉 + H.c. 21 〈H〈f+µν〉f−µλγ5γλvνH̄〉 75


i〈H〈uµuµuνuλ〉σνλH̄〉 + H.c. 22 〈H〈f+µν〉hµλγ5γνvλH̄〉 76


i〈H〈uµuνuλuρ〉σµνvλvρH̄〉 + H.c. 23 〈H〈f+µν〉hµλγ5γλvνH̄〉 77


〈HuµuµuνuνH̄〉 24 〈H〈f+µν〉hλλγ5γµvνH̄〉 78


〈HuµuνuµuνH̄〉 25 〈H〈f+µν〉hλργ5γµvνvλvρH̄〉 79


〈HuµuµuνuλvνvλH̄〉 + H.c. 26 〈Hf+µνuµuλσνλH̄〉 + H.c. 135


〈HuµuνuµuλvνvλH̄〉 + H.c. 27 〈Hf+µνuλuµσνλH̄〉 + H.c. 136


i〈HuµuµuνuλσνλH̄〉 + H.c. 28 〈Hf+µνuλuλσµνH̄〉 + H.c. 137


i〈HuµuνuµuλσνλH̄〉 + H.c. 29 〈Hf+µνuλuρσµνvλvρH̄〉 + H.c. 138


i〈HuµuνuλuρσµνvλvρH̄〉 + H.c. 30 〈Hf+µνuλuρσµλvνvρH̄〉 + H.c. 139


i〈HuµuνuλuρσµλvνvρH̄〉 + H.c. 31 〈Hf+µνuλuρσµρvνvλH̄〉 + H.c. 140


i〈H〈uµuνf−µλ〉γ5γνvλH̄〉 + H.c. 10 32 〈Hf+µνf−µλγ5γνvλH̄〉 + H.c. 141


i〈H〈uµuνf−µλ〉γ5γλvνH̄〉 + H.c. 11 33 〈Hf+µνf−µλγ5γλvνH̄〉 + H.c. 142


i〈H〈uµuνhµλ〉γ5γνvλH̄〉 + H.c. 12 34 〈Hf+µνhµλγ5γνvλH̄〉 + H.c. 143


i〈H〈uµuνhµλ〉γ5γλvνH̄〉 + H.c. 13 35 〈Hf+µνhµλγ5γλvνH̄〉 + H.c. 144


i〈H〈uµuνhλλ〉γ5γµvνH̄〉 + H.c. 14 36 〈Hf+µνhλλγ5γµvνH̄〉 + H.c. 145


i〈H〈uµuνhλρ〉γ5γµvνvλvρH̄〉 + H.c. 15 37 〈Hf+µνhλργ5γµvνvλvρH̄〉 + H.c. 146


i〈Huµuµf−νλγ5γνvλH̄〉 + H.c. 38 〈H∇µf+µ
νuλγ5γνvλH̄〉 + H.c. 147


i〈Huµuνf−µλγ5γνvλH̄〉 + H.c. 39 〈H∇µf+µ
νuλγ5γλvνH̄〉 + H.c. 148


i〈Huµuνf−µλγ5γλvνH̄〉 + H.c. 40 〈H∇µf+
νλuµγ5γνvλH̄〉 + H.c. 149


i〈Huµuνf−νλγ5γµvλH̄〉 + H.c. 41 〈H∇µf+
νλuνγ5γµvλH̄〉 + H.c. 150


i〈Huµuνf−νλγ5γλvµH̄〉 + H.c. 42 〈H∇µf+
νλuργ5γνvµvλvρH̄〉 + H.c. 151


i〈Huµuνf−λργ5γλvµvνvρH̄〉 + H.c. 43 〈H〈f+µνf−µλ〉γ5γνvλH̄〉 152


i〈Huµuµhνλγ5γνvλH̄〉 + H.c. 44 〈H〈f+µνf−µλ〉γ5γλvνH̄〉 153


i〈Huµuνhµλγ5γνvλH̄〉 + H.c. 45 〈H〈f+µνhµλ〉γ5γνvλH̄〉 154


i〈Huµuνhµλγ5γλvνH̄〉 + H.c. 46 〈H〈f+µνhµλ〉γ5γλvνH̄〉 155


i〈Huµuνhνλγ5γµvλH̄〉 + H.c. 47 〈H〈f+µνhλλ〉γ5γµvνH̄〉 156


i〈Huµuνhνλγ5γλvµH̄〉 + H.c. 48 〈H〈f+µνhλρ〉γ5γµvνvλvρH̄〉 157


i〈Huµuνhλλγ5γµvνH̄〉 + H.c. 49 〈H〈∇µf+µ
νuλ〉γ5γνvλH̄〉 80 158


i〈Huµuνhλλγ5γνvµH̄〉 + H.c. 50 〈H〈∇µf+µ
νuλ〉γ5γλvνH̄〉 81 159


i〈Huµuνhλργ5γµvνvλvρH̄〉 + H.c. 51 〈H〈∇µf+
νλuµ〉γ5γνvλH̄〉 82 160


i〈Huµuνhλργ5γνvµvλvρH̄〉 + H.c. 52 〈H〈∇µf+
νλuν〉γ5γµvλH̄〉 83 161
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Pn SU(2) SU(3) Pn SU(2) SU(3)


i〈Huµuνhλργ5γλvµvνvρH̄〉 + H.c. 53 〈H〈∇µf+
νλuρ〉γ5γνvµvλvρH̄〉 84 162


i〈Huµf−µνuλγ5γνvλH̄〉 + H.c. 54 〈H〈f+µνf−µλ〉γ5γνvλH̄〉 85


i〈Huµf−µνuλγ5γλvνH̄〉 + H.c. 55 〈H〈f+µνf−µλ〉γ5γλvνH̄〉 86


i〈Huµhµνuλγ5γνvλH̄〉 + H.c. 56 〈H〈f+µνhµλ〉γ5γνvλH̄〉 87


i〈Huµhµνuλγ5γλvνH̄〉 + H.c. 57 〈H〈f+µνhµλ〉γ5γλvνH̄〉 88


i〈Huµhννuλγ5γµvλH̄〉 + H.c. 58 〈H〈f+µνhλλ〉γ5γµvνH̄〉 89


i〈Huµhνλuργ5γµvνvλvρH̄〉 + H.c. 59 〈H〈f+µνhλρ〉γ5γµvνvλvρH̄〉 90


εµνλρ〈Huµuνf−λρH̄〉 + H.c. 16 60 iεµνλρ〈Hf+µνf−λρH̄〉 + H.c. 91 163


εµνλρ〈Huµuνf−λσvρvσH̄〉 + H.c. 17 61 iεµνλρ〈Hf+µνf−λσvρvσH̄〉 + H.c. 92 164


εµνλρ〈Huµuσf−νλvρvσH̄〉 + H.c. 18 62 iεµνλρ〈Hf+µνhλσvρvσH̄〉 + H.c. 93 165


εµνλρ〈Huµf−νλuσvρvσH̄〉 + H.c. 19 63 iεµνλρ〈H∇µf+ν
σuλvρvσH̄〉 + H.c. 94 166


εµνλρ〈HuµuνhλσvρvσH̄〉 + H.c. 20 64 〈H∇µ∇µf+
νλσνλH̄〉 95 167


εµνλρ〈H〈uµf−νλ〉uρH̄〉 65 〈H∇µ∇νf+µ
λσνλH̄〉 96 168


εµνλρ〈H〈uµf−νσ〉uλvρvσH̄〉 66 〈H∇µ∇νf+
λρσµλvνvρH̄〉 97 169


εµνλρ〈H〈uµuσ〉f−νλvρvσH̄〉 67 〈H∇µ∇νf+
λρσλρvµvνH̄〉 98 170


εµνλρ〈H〈uµuσf−νλ〉vρvσH̄〉 + H.c. 68 〈H〈∇µ∇µf+
νλ〉σνλH̄〉 99


εµνλρ〈H〈uµhνσ〉uλvρvσH̄〉 69 〈H〈∇µ∇νf+µ
λ〉σνλH̄〉 100


〈H〈uµ∇νf−µν〉H̄〉 21 70 〈H〈∇µ∇νf+
λρ〉σµλvνvρH̄〉 101


〈H〈uµ∇νf−µ
λ〉vνvλH̄〉 22 71 〈H〈∇µ∇νf+


λρ〉σλρvµvνH̄〉 102


〈H〈uµ∇νf−ν
λ〉vµvλH̄〉 23 72 〈Hf+µνf+µνH̄〉 103 171


〈H〈uµ∇µh
ν
ν〉H̄〉 24 73 〈Hf+µνf+µλvνvλH̄〉 104 172


〈H〈uµ∇µh
νλ〉vνvλH̄〉 25 74 i〈Hf+µνf+µλσνλH̄〉 + H.c. 105 173


〈H〈uµ∇νhν
λ〉vµvλH̄〉 26 75 i〈Hf+µνf+λρσµλvνvρH̄〉 + H.c. 106 174


〈H〈uµ∇νhλρ〉vµvνvλvρH̄〉 27 76 〈H〈f+µν〉f+µνH̄〉 107


〈H〈f−µνf−µν〉H̄〉 28 77 〈H〈f+µν〉f+µλvνvλH̄〉 108


〈H〈f−µνf−µλ〉vνvλH̄〉 29 78 〈H〈f+µνf+µλ〉vνvλH̄〉 109 175


〈H〈f−µνhµλ〉vνvλH̄〉 30 79 〈H〈χ+〉uµuµH̄〉 110 176


〈H〈hµµhνν〉H̄〉 31 80 〈H〈χ+〉uµuνvµvνH̄〉 111 177


〈H〈hµνhµν〉H̄〉 32 81 〈H〈uµuµ〉χ+H̄〉 112 178


〈H〈hµµhνλ〉vνvλH̄〉 33 82 〈H〈uµuν〉χ+vµvνH̄〉 113 179


〈H〈hµνhµλ〉vνvλH̄〉 34 83 〈H〈uµχ+〉uµH̄〉 114 180


〈H〈hµνhλρ〉vµvνvλvρH̄〉 35 84 〈H〈uµχ+〉uνvµvνH̄〉 115 181


〈Huµ∇νf−µνH̄〉 + H.c. 36 85 〈H〈uµuµχ+〉H̄〉 182


〈Huµ∇νf−µ
λvνvλH̄〉 + H.c. 86 〈H〈uµuνχ+〉vµvνH̄〉 183
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Pn SU(2) SU(3) Pn SU(2) SU(3)


〈Huµ∇νf−ν
λvµvλH̄〉 + H.c. 87 i〈H〈χ+〉uµuνσµνH̄〉 + H.c. 116 184


〈Huµ∇µh
ν
νH̄〉 + H.c. 88 〈Huµuµχ+H̄〉 + H.c. 185


〈Huµ∇µh
νλvνvλH̄〉 + H.c. 89 〈Huµuνχ+vµvνH̄〉 + H.c. 186


〈Huµ∇νhν
λvµvλH̄〉 + H.c. 90 〈Huµχ+uµH̄〉 187


〈Huµ∇νhλρvµvνvλvρH̄〉 + H.c. 91 〈Huµχ+u
νvµvνH̄〉 188


〈Hf−µνf−µνH̄〉 92 i〈H〈uµuνχ+〉σµνH̄〉 + H.c. 117 189


〈Hf−µνf−µλvνvλH̄〉 93 i〈Huµuνχ+σµνH̄〉 + H.c. 190


〈Hf−µνhµλvνvλH̄〉 + H.c. 94 i〈Huµχ+u
νσµνH̄〉 + H.c. 191


〈HhµµhννH̄〉 95 i〈Hf−µνχ+γ5γµvνH̄〉 + H.c. 118 192


〈HhµνhµνH̄〉 96 i〈Hhµνχ+γ5γµvνH̄〉 + H.c. 119 193


〈HhµµhνλvνvλH̄〉 + H.c. 97 i〈Huµχ+
νγ5γµvνH̄〉 + H.c. 120 194


〈HhµνhµλvνvλH̄〉 98 i〈Huµχ+
νγ5γνvµH̄〉 + H.c. 121 195


〈HhµνhλρvµvνvλvρH̄〉 99 〈Hχ+
µ
µH̄〉 122 196


i〈Huµ∇µf−
νλσνλH̄〉 + H.c. 37 100 〈Hχ+


µνvµvνH̄〉 123 197


i〈Huµ∇νf−ν
λσµλH̄〉 + H.c. 38 101 〈H〈χ+


µ
µ〉H̄〉 124 198


i〈Huµ∇νf−
λρσµλvνvρH̄〉 + H.c. 39 102 〈H〈χ+


µν〉vµvνH̄〉 125 199


i〈Huµ∇νf−
λρσνλvµvρH̄〉 + H.c. 40 103 〈Hf+µνχ+σµνH̄〉 + H.c. 126 200


i〈Huµ∇νhν
λσµλH̄〉 + H.c. 41 104 〈H〈f+µν〉χ+σµνH̄〉 127


i〈Huµ∇νhλρσµνvλvρH̄〉 + H.c. 42 105 〈H〈f+µνχ+〉σµνH̄〉 128 201


i〈Hf−µνf−µλσνλH̄〉 + H.c. 43 106 〈H〈χ+〉f+µνσµνH̄〉 129 202


i〈Hf−µνf−λρσµλvνvρH̄〉 + H.c. 44 107 〈Hχ2
+H̄〉 130 203


i〈Hf−µνhµλσνλH̄〉 + H.c. 45 108 〈H〈χ+〉χ+H̄〉 131 204


i〈Hf−µνhλλσµνH̄〉 + H.c. 46 109 〈H〈χ2
+〉H̄〉 205


i〈Hf−µνhλρσµνvλvρH̄〉 + H.c. 47 110 〈H〈χ+〉〈χ+〉H̄〉 206


i〈Hf−µνhλρσµλvνvρH̄〉 + H.c. 48 111 〈Huµuνχ−γ5γµvνH̄〉 + H.c. 132 207


i〈HhµνhµλσνλH̄〉 + H.c. 49 112 i〈H〈χ−µ〉uµH̄〉 133 208


i〈HhµνhλρσµλvνvρH̄〉 + H.c. 50 113 i〈H〈χ−µ〉uνvµvνH̄〉 134 209


i〈H〈f+µν〉uµuνH̄〉 51 i〈H〈χ−〉hµµH̄〉 135 210


i〈H〈f+µν〉uµuλvνvλH̄〉 + H.c. 52 i〈H〈χ−〉hµνvµvνH̄〉 136 211


i〈H〈f+µνuµuν〉H̄〉 53 114 i〈H〈uµχ−ν〉vµvνH̄〉 137 212


i〈H〈f+µνuµuλ〉vνvλH̄〉 + H.c. 54 115 i〈Huµχ−µH̄〉 + H.c. 213


〈H〈f+µν〉uµuλσνλH̄〉 + H.c. 55 i〈Huµχ−νvµvνH̄〉 + H.c. 214


〈H〈f+µν〉uλuλσµνH̄〉 56 〈Huµχ−νσµνH̄〉 + H.c. 138 215


〈H〈f+µν〉uλuρσµνvλvρH̄〉 57 i〈Hf+µνχ−γ5γµvνH̄〉 + H.c. 139 216


16
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〈H〈f+µν〉uλuρσµλvνvρH̄〉 + H.c. 58 i〈H〈f+µν〉χ−γ5γµvνH̄〉 140


i〈Hf+µνuµuνH̄〉 + H.c. 116 〈H〈FLµνFLµν〉H̄〉 + H.c. 141 217


i〈Hf+µνuµuλvνvλH̄〉 + H.c. 117 〈H〈FLµνFLµλ〉vνvλH̄〉 + H.c. 142 218


i〈Hf+µνuλuµvνvλH̄〉 + H.c. 118 〈H〈χχ†〉H̄〉 143 219


〈H〈f+µνuµ〉uλσνλH̄〉 59 119 〈H detχH̄〉 + H.c. 144


〈H〈f+µνuλ〉uµσνλH̄〉 60 120


VII. THE RELATIONS OF LECS AT THE O(p4) ORDER (Nf = 3)


C̃
(4)
1 = 0, C̃


(4)
2 = 0, C̃


(4)
3 = 2D


(4)
3 , C̃


(4)
4 = 2D


(4)
4 , C̃


(4)
5 = 2D


(4)
5 , C̃


(4)
6 = 0, C̃


(4)
7 = 0,


C̃
(4)
8 = 2D


(4)
8 , C̃


(4)
9 = 2D
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452 = 0, C̃


(4)
453 = 0, C̃


(4)
454 = 2D


(4)
53 , C̃


(4)
455 = 2D


(4)
52 , C̃


(4)
456 = 2D


(4)
52 , C̃


(4)
457 = 2D


(4)
38 ,


C̃
(4)
458 = 2D


(4)
33 , C̃


(4)
459 = 2D


(4)
32 , C̃


(4)
460 = 0, C̃


(4)
461 = 0, C̃


(4)
462 = 0, C̃


(4)
463 = 0, C̃


(4)
464 = 2D


(4)
35 ,


C̃
(4)
465 = 2D


(4)
34 , C̃


(4)
466 = 0, C̃


(4)
467 = 0, C̃


(4)
468 = 2D


(4)
53 , C̃


(4)
469 = 2D


(4)
37 + 2D


(4)
52 , C̃


(4)
470 = 2D


(4)
52 ,


C̃
(4)
471 = 0, C̃


(4)
472 = 4D


(4)
40 , C̃


(4)
473 = 4D


(4)
39 , C̃


(4)
474 = 2D


(4)
40 + 2D


(4)
42 , C̃


(4)
475 = 2D


(4)
39 + 2D


(4)
41 ,


C̃
(4)
476 = 4D


(4)
43 , C̃


(4)
477 = 4D


(4)
44 , C̃


(4)
478 = 4D


(4)
46 , C̃


(4)
479 = 4D


(4)
45 , C̃


(4)
480 = 2D


(4)
46 + 2D


(4)
48 ,


C̃
(4)
481 = 2D


(4)
45 + 2D


(4)
47 , C̃


(4)
482 = 0, C̃


(4)
483 = 0, C̃


(4)
484 = 0, C̃


(4)
485 = 2D


(4)
39 + 2D


(4)
55 ,


C̃
(4)
486 = 2D


(4)
40 + 2D


(4)
54 , C̃


(4)
487 = 0, C̃


(4)
488 = 2D


(4)
40 , C̃


(4)
489 = 2D


(4)
39 , C̃


(4)
490 = 2D


(4)
43 ,


C̃
(4)
491 = 2D


(4)
45 + 2D


(4)
57 , C̃


(4)
492 = 2D


(4)
46 + 2D


(4)
56 , C̃


(4)
493 = 2D


(4)
44 , C̃


(4)
494 = 2D


(4)
46 , C̃


(4)
495 = 2D


(4)
45 ,


C̃
(4)
496 = 2D


(4)
59 , C̃


(4)
497 = 0, C̃


(4)
498 = 0, C̃


(4)
499 = 2D


(4)
39 , C̃


(4)
500 = 2D


(4)
40 , C̃


(4)
501 = 2D


(4)
45 ,


C̃
(4)
502 = 2D


(4)
46 , C̃


(4)
503 = 2D


(4)
51 , C̃


(4)
504 = 0, C̃


(4)
505 = 2D


(4)
100, C̃


(4)
506 = 2D


(4)
100 +D


(4)
101, C̃


(4)
507 = 0,
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C̃
(4)
508 = 2D


(4)
105, C̃


(4)
509 = D


(4)
104, C̃


(4)
510 = D


(4)
101, C̃


(4)
511 = D


(4)
104, C̃


(4)
512 = 0, C̃


(4)
513 = 0, C̃


(4)
514 = 2D


(4)
106,


C̃
(4)
515 = D


(4)
108, C̃


(4)
516 = 0, C̃


(4)
517 = 2D


(4)
110 +D


(4)
111, C̃


(4)
518 = 2D


(4)
105, C̃


(4)
519 = 0, C̃


(4)
520 = D


(4)
108,


C̃
(4)
521 = 4D


(4)
110 + 2D


(4)
111, C̃


(4)
522 = 0, C̃


(4)
523 = 4D


(4)
113, C̃


(4)
524 = 0, C̃


(4)
525 = 0, C̃


(4)
526 = 0, C̃


(4)
527 = 0,


C̃
(4)
528 = 0, C̃


(4)
529 = 0, C̃


(4)
530 = 0, C̃


(4)
531 = 0, C̃


(4)
532 = 0, C̃


(4)
533 = 0, C̃


(4)
534 = 0, C̃


(4)
535 = 0,


C̃
(4)
536 = D


(4)
132, C̃


(4)
537 = D


(4)
136, C̃


(4)
538 = D


(4)
132, C̃


(4)
539 = D


(4)
135, C̃


(4)
540 = 4D


(4)
131 + 2D


(4)
132 + 2D


(4)
137,


C̃
(4)
541 = 2D


(4)
133, C̃


(4)
542 = 0, C̃


(4)
543 = 4D


(4)
131, C̃


(4)
544 = 0, C̃


(4)
545 = 2D


(4)
132, C̃


(4)
546 = 0, C̃


(4)
547 = 8D


(4)
134,


C̃
(4)
548 = 2D


(4)
132, C̃


(4)
549 = 2D


(4)
136, C̃


(4)
550 = 0, C̃


(4)
551 = 4D


(4)
131 + 2D


(4)
137, C̃


(4)
552 = 2D


(4)
135 + 2D


(4)
136,


C̃
(4)
553 = 8D


(4)
134 + 4D


(4)
138 + 2D


(4)
139 + 2D


(4)
140, C̃


(4)
554 = 0, C̃


(4)
555 = D


(4)
120 +D


(4)
132, C̃


(4)
556 = 0,


C̃
(4)
557 = D


(4)
119 +D


(4)
132, C̃


(4)
558 = 2D


(4)
121, C̃


(4)
559 = 4D


(4)
134, C̃


(4)
560 = 0, C̃


(4)
561 = D


(4)
125 +D


(4)
132,


C̃
(4)
562 = 0, C̃


(4)
563 = D


(4)
125 +D


(4)
132, C̃


(4)
564 = 2D


(4)
126, C̃


(4)
565 = 4D


(4)
134, C̃


(4)
566 = 0, C̃


(4)
567 = 0, C̃


(4)
568 = 0,


C̃
(4)
569 = 0, C̃


(4)
570 = 0, C̃


(4)
571 = 0, C̃


(4)
572 = 0, C̃


(4)
573 = 0, C̃


(4)
574 = 0, C̃


(4)
575 = 0, C̃


(4)
576 = 0,


C̃
(4)
577 = 0, C̃


(4)
578 = 2D


(4)
149 + 2D


(4)
150, C̃


(4)
579 = 0, C̃


(4)
580 = 2D


(4)
149 + 2D


(4)
150, C̃


(4)
581 = 0, C̃


(4)
582 = 0,


C̃
(4)
583 = 0, C̃


(4)
584 = 0, C̃


(4)
585 = 0, C̃


(4)
586 = 0, C̃


(4)
587 = 0, C̃


(4)
588 = 0, C̃


(4)
589 = 0, C̃


(4)
590 = 0,


C̃
(4)
591 = 0, C̃


(4)
592 = 0, C̃


(4)
593 = 2D


(4)
160 + 2D


(4)
161, C̃


(4)
594 = 0, C̃


(4)
595 = 0, C̃


(4)
596 = 0, C̃


(4)
597 = 4D


(4)
170,


C̃
(4)
598 = 0, C̃


(4)
599 = 2D


(4)
173, C̃


(4)
600 = 0, C̃


(4)
601 = 0, C̃


(4)
602 = 0, C̃


(4)
603 = 0, C̃


(4)
604 = 0, C̃


(4)
605 = 0,


C̃
(4)
606 = 0, C̃


(4)
607 = 2D


(4)
192, C̃


(4)
608 = 2D


(4)
193, C̃


(4)
609 = 0, C̃


(4)
610 = 2D


(4)
195, C̃


(4)
611 = 2D


(4)
194, C̃


(4)
612 = 0,


C̃
(4)
613 = 0, C̃


(4)
614 = 0, C̃


(4)
615 = 0, C̃


(4)
616 = 0, C̃


(4)
617 = 0, C̃


(4)
618 = 0, C̃


(4)
619 = 0, C̃


(4)
620 = 0,


C̃
(4)
621 = 0, C̃


(4)
622 = 2D


(4)
200, C̃


(4)
623 = 2D


(4)
200, C̃


(4)
624 = 2D


(4)
201, C̃


(4)
625 = 2D


(4)
202, C̃


(4)
626 = 2D


(4)
50 ,


C̃
(4)
627 = 2D


(4)
49 , C̃


(4)
628 = 0, C̃


(4)
629 = 2D


(4)
58 , C̃


(4)
630 = 2D


(4)
207, C̃


(4)
631 = 0, C̃


(4)
632 = 0, C̃


(4)
633 = 0,


C̃
(4)
634 = 0, C̃


(4)
635 =


2


3
D


(4)
49 +


2


3
D


(4)
58 , C̃


(4)
636 = 2D


(4)
36 , C̃


(4)
637 = 0, C̃


(4)
638 =


2


3
D


(4)
50 , C̃


(4)
639 = D


(4)
108,


C̃
(4)
640 = 2D


(4)
109, C̃


(4)
641 = 2D


(4)
215, C̃


(4)
642 = 2D


(4)
215, C̃


(4)
643 = 0, C̃


(4)
644 = 0, C̃


(4)
645 = 0, C̃


(4)
646 = 0,


C̃
(4)
647 = 0, C̃


(4)
648 = 0, C̃


(4)
649 = 0, C̃


(4)
650 = 0, C̃


(4)
651 = 0, C̃


(4)
652 =


4


3
D


(4)
145 (5)


VIII. THE CONSTRAINT CONDITIONS OF LECS AT THE O(p4) ORDER (Nf =


3)


0 = C̃
(4)
1 , 0 = C̃


(4)
2 , 0 = C̃


(4)
6 , 0 = C̃


(4)
7 , 0 = C̃


(4)
10 , 0 = C̃


(4)
11 , 0 = C̃


(4)
12 , 0 = C̃


(4)
15 , 0 = C̃


(4)
16 ,


0 = C̃
(4)
17 , 0 = C̃


(4)
20 , 0 =


1


4
C̃


(4)
21 + C̃


(4)
196, 0 =


1


2
C̃


(4)
22 + C̃


(4)
196, 0 = 2C̃


(4)
23 + 4C̃


(4)
196 + C̃


(4)
485 + C̃


(4)
486,


0 = C̃
(4)
24 , 0 = C̃


(4)
25 , 0 = C̃


(4)
27 , 0 = C̃


(4)
28 , 0 = C̃


(4)
29 , 0 = C̃


(4)
30 , 0 = C̃


(4)
33 , 0 = C̃


(4)
35 , 0 = C̃


(4)
36 ,


0 = C̃
(4)
37 , 0 = C̃


(4)
40 , 0 = C̃


(4)
41 , 0 = C̃


(4)
44 , 0 = C̃


(4)
46 , 0 = C̃


(4)
47 , 0 = C̃


(4)
48 , 0 = C̃


(4)
51 , 0 = C̃


(4)
52 ,
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0 = C̃
(4)
53 , 0 = C̃


(4)
57 , 0 = C̃


(4)
59 , 0 = C̃


(4)
60 , 0 = C̃


(4)
61 , 0 = C̃


(4)
62 , 0 = C̃


(4)
63 , 0 = C̃


(4)
65 , 0 = C̃


(4)
66 ,


0 = C̃
(4)
69 , 0 = C̃


(4)
70 , 0 = C̃


(4)
71 , 0 = C̃


(4)
72 , 0 = C̃


(4)
77 , 0 = C̃


(4)
79 , 0 = C̃


(4)
81 , 0 = C̃


(4)
82 ,


0 = C̃
(4)
83 + C̃


(4)
95 , 0 = C̃


(4)
84 , 0 = C̃


(4)
85 , 0 = C̃


(4)
86 , 0 = C̃


(4)
90 , 0 = C̃


(4)
94 , 0 = C̃


(4)
96 , 0 = C̃


(4)
97 ,


0 = C̃
(4)
99 , 0 = C̃


(4)
100, 0 =


2


3
C̃


(4)
101 + C̃


(4)
433, 0 = C̃


(4)
102, 0 = C̃


(4)
103, 0 = C̃


(4)
104, 0 = C̃


(4)
107 + C̃


(4)
111,


0 = C̃
(4)
108, 0 = C̃


(4)
109, 0 = C̃


(4)
110, 0 = C̃


(4)
112, 0 = C̃


(4)
113, 0 = C̃


(4)
114, 0 = C̃


(4)
116, 0 = C̃


(4)
117,


0 = C̃
(4)
118, 0 = C̃


(4)
120, 0 = C̃


(4)
121, 0 = C̃


(4)
123, 0 = C̃


(4)
124, 0 = C̃


(4)
126, 0 = C̃


(4)
127, 0 = C̃


(4)
128,


0 = C̃
(4)
131, 0 = C̃


(4)
132, 0 = C̃


(4)
134, 0 = C̃


(4)
135, 0 = C̃


(4)
137, 0 = C̃


(4)
138, 0 = C̃


(4)
139, 0 = C̃


(4)
140,


0 = C̃
(4)
143, 0 = C̃


(4)
144, 0 = C̃


(4)
145, 0 = C̃


(4)
146, 0 = C̃


(4)
147, 0 = C̃


(4)
148, 0 = C̃


(4)
149, 0 = C̃


(4)
150,


0 = C̃
(4)
151, 0 = C̃


(4)
153, 0 = C̃


(4)
154, 0 = C̃


(4)
155, 0 = C̃


(4)
156, 0 = C̃


(4)
158, 0 = C̃


(4)
159, 0 = C̃


(4)
161,


0 = C̃
(4)
162, 0 = C̃


(4)
163, 0 = C̃


(4)
164, 0 = C̃


(4)
165, 0 = C̃


(4)
166, 0 = C̃


(4)
167, 0 = C̃


(4)
169, 0 = C̃


(4)
170,


0 = C̃
(4)
171, 0 = C̃


(4)
172, 0 = C̃


(4)
173, 0 = C̃


(4)
174, 0 = C̃


(4)
175, 0 = C̃


(4)
176, 0 = C̃


(4)
177 + C̃


(4)
485 + C̃


(4)
486,


0 = C̃
(4)
178, 0 = C̃


(4)
180, 0 = C̃


(4)
181, 0 = C̃


(4)
182, 0 = C̃


(4)
183 + C̃


(4)
501 + C̃


(4)
502, 0 = C̃


(4)
184, 0 = C̃


(4)
185,


0 = C̃
(4)
186, 0 = C̃


(4)
188, 0 = C̃


(4)
189, 0 = C̃


(4)
190, 0 = C̃


(4)
191, 0 = C̃


(4)
193, 0 = C̃


(4)
194, 0 = C̃


(4)
195,


0 = C̃
(4)
197, 0 = C̃


(4)
198, 0 = C̃


(4)
199, 0 = C̃


(4)
201, 0 = C̃


(4)
202, 0 = C̃


(4)
203, 0 = C̃


(4)
204, 0 = C̃


(4)
205,


0 = C̃
(4)
206, 0 = C̃


(4)
207, 0 = C̃


(4)
208, 0 = C̃


(4)
210, 0 = C̃


(4)
211, 0 = C̃


(4)
212, 0 = C̃


(4)
213, 0 = C̃


(4)
214,


0 = C̃
(4)
215, 0 = C̃


(4)
216, 0 = C̃


(4)
219, 0 = C̃


(4)
221, 0 = C̃


(4)
223, 0 = C̃


(4)
224, 0 = C̃


(4)
225, 0 = C̃


(4)
226,


0 = C̃
(4)
228, 0 = C̃


(4)
229, 0 = C̃


(4)
230, 0 = C̃


(4)
232, 0 = C̃


(4)
233, 0 = C̃


(4)
234, 0 = C̃


(4)
235, 0 = C̃


(4)
237,


0 = C̃
(4)
238, 0 = C̃


(4)
239, 0 = C̃


(4)
240, 0 = C̃


(4)
241, 0 = C̃


(4)
242, 0 = 2C̃


(4)
243 + C̃


(4)
510, 0 = C̃


(4)
244, 0 = C̃


(4)
249,


0 = C̃
(4)
250, 0 = C̃


(4)
252, 0 = C̃


(4)
254, 0 = C̃


(4)
255, 0 = C̃


(4)
256, 0 = C̃


(4)
257, 0 = C̃


(4)
258 + C̃


(4)
259, 0 = C̃


(4)
260,


0 = C̃
(4)
261, 0 = C̃


(4)
264, 0 = C̃


(4)
265, 0 = C̃


(4)
266, 0 = C̃


(4)
267, 0 = C̃


(4)
269, 0 = C̃


(4)
270, 0 = C̃


(4)
271,


0 = C̃
(4)
272, 0 = C̃


(4)
273, 0 = C̃


(4)
274, 0 = C̃


(4)
275, 0 = C̃


(4)
276, 0 = C̃


(4)
277, 0 = C̃


(4)
278, 0 = C̃


(4)
280,


0 = C̃
(4)
281, 0 = C̃


(4)
282, 0 = C̃


(4)
283, 0 = C̃


(4)
284, 0 = C̃


(4)
285, 0 = C̃


(4)
286, 0 = C̃


(4)
287, 0 = C̃


(4)
288,


0 = C̃
(4)
289, 0 =


1


2
C̃


(4)
290 + C̃


(4)
543, 0 = C̃


(4)
291, 0 = C̃


(4)
292, 0 = C̃


(4)
294, 0 = C̃


(4)
295, 0 = C̃


(4)
296, 0 = C̃


(4)
297,


0 = C̃
(4)
298, 0 = C̃


(4)
299, 0 = C̃


(4)
300, 0 = C̃


(4)
301, 0 = C̃


(4)
303, 0 = C̃


(4)
304, 0 = C̃


(4)
305, 0 = C̃


(4)
306,


0 = C̃
(4)
307, 0 = C̃


(4)
308, 0 = C̃


(4)
310, 0 = C̃


(4)
311, 0 = C̃


(4)
313, 0 = C̃


(4)
314, 0 = C̃


(4)
315, 0 = C̃


(4)
316,


0 = C̃
(4)
317, 0 = C̃


(4)
319, 0 = C̃


(4)
320, 0 = C̃


(4)
321, 0 = C̃


(4)
322, 0 = C̃


(4)
323, 0 = C̃


(4)
325, 0 = C̃


(4)
326,


0 = C̃
(4)
327, 0 = C̃


(4)
328, 0 = C̃


(4)
329, 0 = C̃


(4)
331, 0 = C̃


(4)
332, 0 = C̃


(4)
333, 0 = C̃


(4)
335, 0 = C̃


(4)
338,


0 = C̃
(4)
339, 0 = C̃


(4)
341, 0 = C̃


(4)
343, 0 = C̃


(4)
344, 0 = C̃


(4)
347, 0 = C̃


(4)
350, 0 = C̃


(4)
351, 0 = C̃


(4)
352,


0 = C̃
(4)
353, 0 = C̃


(4)
354, 0 = C̃


(4)
355, 0 = C̃


(4)
362, 0 = C̃


(4)
363, 0 = C̃


(4)
364, 0 = C̃


(4)
365, 0 = C̃


(4)
366,


0 = C̃
(4)
367, 0 = C̃


(4)
368, 0 = C̃


(4)
369, 0 = C̃


(4)
370, 0 = C̃


(4)
372, 0 = C̃


(4)
373, 0 = C̃


(4)
375, 0 = C̃


(4)
383,
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0 = C̃
(4)
384, 0 = C̃


(4)
386, 0 = C̃


(4)
387, 0 = C̃


(4)
388, 0 = C̃


(4)
389, 0 = C̃


(4)
390, 0 = C̃


(4)
392, 0 = C̃


(4)
394,


0 = C̃
(4)
395, 0 = C̃


(4)
396, 0 = C̃


(4)
397, 0 = C̃


(4)
399, 0 = C̃


(4)
400, 0 = C̃


(4)
403, 0 = C̃


(4)
404, 0 = C̃


(4)
405,


0 = C̃
(4)
406, 0 = C̃


(4)
407, 0 = C̃


(4)
408, 0 = C̃


(4)
411, 0 = C̃


(4)
413, 0 = C̃


(4)
414, 0 = C̃


(4)
416, 0 = C̃


(4)
417,


0 =
4


3
C̃


(4)
418 + C̃


(4)
433, 0 = C̃


(4)
419, 0 = C̃


(4)
421, 0 = C̃


(4)
422, 0 = C̃


(4)
424, 0 = C̃


(4)
430, 0 = C̃


(4)
431, 0 = C̃


(4)
434,


0 = C̃
(4)
435, 0 = C̃


(4)
436, 0 = C̃


(4)
437, 0 = C̃


(4)
438, 0 = C̃


(4)
439, 0 = C̃


(4)
440, 0 = C̃


(4)
441, 0 = C̃


(4)
442,


0 = C̃
(4)
443, 0 = C̃


(4)
444, 0 = C̃


(4)
445, 0 = C̃


(4)
446, 0 = C̃


(4)
447, 0 = C̃


(4)
448, 0 = C̃


(4)
449, 0 = C̃


(4)
450,


0 = C̃
(4)
451, 0 = C̃


(4)
452, 0 = C̃


(4)
453, 0 = C̃


(4)
454, 0 = C̃


(4)
455, 0 = C̃


(4)
456, 0 = C̃


(4)
460, 0 = C̃


(4)
461,


0 = C̃
(4)
462, 0 = C̃


(4)
463, 0 = C̃


(4)
466, 0 = C̃


(4)
467, 0 = C̃


(4)
471, 0 = C̃


(4)
472, 0 = C̃


(4)
473, 0 = C̃


(4)
476,


0 = C̃
(4)
477, 0 = C̃


(4)
478, 0 = C̃


(4)
479, 0 = C̃


(4)
482, 0 = C̃


(4)
483, 0 = C̃


(4)
484, 0 = C̃


(4)
487, 0 = C̃


(4)
488,


0 = C̃
(4)
489, 0 = C̃


(4)
494, 0 = C̃


(4)
495, 0 = C̃


(4)
497, 0 = C̃


(4)
498, 0 = C̃


(4)
504, 0 = C̃


(4)
505 + C̃


(4)
510, 0 = C̃


(4)
507,


0 = C̃
(4)
508, 0 = C̃


(4)
509, 0 = C̃


(4)
512, 0 = C̃


(4)
513, 0 = C̃


(4)
515, 0 = C̃


(4)
516, 0 = C̃


(4)
517, 0 = C̃


(4)
519,


0 = C̃
(4)
522, 0 = C̃


(4)
524, 0 = C̃


(4)
525, 0 = C̃


(4)
526, 0 = C̃


(4)
527, 0 = C̃


(4)
528, 0 = C̃


(4)
529, 0 = C̃


(4)
530,


0 = C̃
(4)
531, 0 = C̃


(4)
532, 0 = C̃


(4)
533, 0 = C̃


(4)
534, 0 = C̃


(4)
535, 0 = C̃


(4)
536, 0 = C̃


(4)
537, 0 = C̃


(4)
538,


0 = 2C̃
(4)
539 + C̃


(4)
549, 0 = C̃


(4)
540, 0 = C̃


(4)
542, 0 = C̃


(4)
544, 0 = C̃


(4)
545, 0 = C̃


(4)
546, 0 = C̃


(4)
547, 0 = C̃


(4)
550,


0 = C̃
(4)
554, 0 = C̃


(4)
556, 0 = C̃


(4)
559, 0 = C̃


(4)
560, 0 = C̃


(4)
561, 0 = C̃


(4)
562, 0 = C̃


(4)
566, 0 = C̃


(4)
567,


0 = C̃
(4)
568, 0 = C̃


(4)
569, 0 = C̃


(4)
570, 0 = C̃


(4)
571, 0 = C̃


(4)
572, 0 = C̃


(4)
573, 0 = C̃


(4)
574, 0 = C̃


(4)
575,


0 = C̃
(4)
576, 0 = C̃


(4)
577, 0 = C̃


(4)
578, 0 = C̃


(4)
579, 0 = C̃


(4)
581, 0 = C̃


(4)
582, 0 = C̃


(4)
583, 0 = C̃


(4)
584,


0 = C̃
(4)
585, 0 = C̃


(4)
586, 0 = C̃


(4)
587, 0 = C̃


(4)
588, 0 = C̃


(4)
589, 0 = C̃


(4)
590, 0 = C̃


(4)
591, 0 = C̃


(4)
592,


0 = C̃
(4)
594, 0 = C̃


(4)
595, 0 = C̃


(4)
596, 0 = C̃


(4)
598, 0 = C̃


(4)
600, 0 = C̃


(4)
601, 0 = C̃


(4)
602, 0 = C̃


(4)
603,


0 = C̃
(4)
604, 0 = C̃


(4)
605, 0 = C̃


(4)
606, 0 = C̃


(4)
609, 0 = C̃


(4)
612, 0 = C̃


(4)
613, 0 = C̃


(4)
614, 0 = C̃


(4)
615,


0 = C̃
(4)
616, 0 = C̃


(4)
617, 0 = C̃


(4)
618 (6)


IX. THE RELATIONS OF LECS AT THE O(p4) ORDER (Nf = 2)


c̃
(4)
1 = 0, c̃


(4)
2 = 0, c̃


(4)
3 = 2d


(4)
3 , c̃


(4)
4 = 2d


(4)
4 , c̃


(4)
5 = 0, c̃


(4)
6 = 0, c̃


(4)
7 = 2d


(4)
17 , c̃


(4)
8 = 2d


(4)
18 ,


c̃
(4)
9 = 2d


(4)
19 , c̃


(4)
10 = 2d


(4)
20 , c̃


(4)
11 = 0, c̃


(4)
12 = 4d


(4)
29 , c̃


(4)
13 = 2d


(4)
30 , c̃


(4)
14 = 0, c̃


(4)
15 = 4d


(4)
34 , c̃


(4)
16 = 0,


c̃
(4)
17 = 0, c̃


(4)
18 = d


(4)
22 , c̃


(4)
19 = 2d


(4)
23 , c̃


(4)
20 = 2d


(4)
25 , c̃


(4)
21 = 0, c̃


(4)
22 = 0, c̃


(4)
23 = 2d


(4)
53 ,


c̃
(4)
24 = 2d


(4)
52 + 2d


(4)
54 , c̃


(4)
25 = 2d


(4)
52 , c̃


(4)
26 = 0, c̃


(4)
27 = 2d


(4)
92 , c̃


(4)
28 = 2d


(4)
93 , c̃


(4)
29 = 2d


(4)
94 , c̃


(4)
30 = 0,


c̃
(4)
31 = 2d


(4)
104, c̃


(4)
32 = 0, c̃


(4)
33 = 2d


(4)
108, c̃


(4)
34 = 0, c̃


(4)
35 = 0, c̃


(4)
36 = 2d


(4)
113 + d


(4)
115, c̃


(4)
37 = 2d


(4)
115,


c̃
(4)
38 = 2d


(4)
114, c̃


(4)
39 = 2d


(4)
111, c̃


(4)
40 = 0, c̃


(4)
41 = 2d


(4)
123, c̃


(4)
42 = 0, c̃


(4)
43 = 2d


(4)
125, c̃


(4)
44 = 0,
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c̃
(4)
45 = 2d


(4)
31 , c̃


(4)
46 = d


(4)
31 , c̃


(4)
47 = 2d


(4)
136, c̃


(4)
48 =


1


2
d
(4)
36 , c̃


(4)
49 = 2d


(4)
134, c̃


(4)
50 = 2d


(4)
33 ,


c̃
(4)
51 = d


(4)
21 +


1


2
d
(4)
36 + 2d


(4)
133, c̃


(4)
52 = 2d


(4)
137, c̃


(4)
53 = 2d


(4)
135, c̃


(4)
54 = 0, c̃


(4)
55 = 4d


(4)
109 + 2d


(4)
142,


c̃
(4)
56 = 4d


(4)
135, c̃


(4)
57 = 0, c̃


(4)
58 = 0, c̃


(4)
59 = 2d


(4)
7 , c̃


(4)
60 = 8d


(4)
6 , c̃


(4)
61 = 0, c̃


(4)
62 = 2d


(4)
1 , c̃


(4)
63 = 2d


(4)
2 ,


c̃
(4)
64 = 2d


(4)
8 , c̃


(4)
65 = 0, c̃


(4)
66 = 0, c̃


(4)
67 = 0, c̃


(4)
68 = 8d


(4)
9 , c̃


(4)
69 = 0, c̃


(4)
70 = 2d


(4)
5 , c̃


(4)
71 = 0,


c̃
(4)
72 = 0, c̃


(4)
73 = 0, c̃


(4)
74 = 2d


(4)
16 , c̃


(4)
75 = 2d


(4)
17 , c̃


(4)
76 = 0, c̃


(4)
77 = 2d


(4)
17 , c̃


(4)
78 = 4d


(4)
10 + 4d


(4)
11 ,


c̃
(4)
79 = 4d


(4)
18 , c̃


(4)
80 = 0, c̃


(4)
81 = 0, c̃


(4)
82 = 0, c̃


(4)
83 = 0, c̃


(4)
84 = 0, c̃


(4)
85 = 2d


(4)
20 , c̃


(4)
86 = 4d


(4)
12 + 4d


(4)
13 ,


c̃
(4)
87 = 0, c̃


(4)
88 = 0, c̃


(4)
89 = 4d


(4)
19 , c̃


(4)
90 = 0, c̃


(4)
91 = 0, c̃


(4)
92 = 0, c̃


(4)
93 = d


(4)
38 , c̃


(4)
94 = 0,


c̃
(4)
95 = d


(4)
21 + d


(4)
36 , c̃


(4)
96 =


3


2
d
(4)
39 , c̃


(4)
97 =


1


2
d
(4)
40 , c̃


(4)
98 = 0, c̃


(4)
99 = 0, c̃


(4)
100 = d


(4)
37 , c̃


(4)
101 = 0,


c̃
(4)
102 = 0, c̃


(4)
103 = d


(4)
22 , c̃


(4)
104 = 2d


(4)
27 , c̃


(4)
105 = 0, c̃


(4)
106 = 2d


(4)
28 , c̃


(4)
107 = 4d


(4)
44 , c̃


(4)
108 = 2d


(4)
109,


c̃
(4)
109 = 0, c̃


(4)
110 = 0, c̃


(4)
111 = 0, c̃


(4)
112 = 4d


(4)
49 , c̃


(4)
113 = 2d


(4)
32 , c̃


(4)
114 = 0, c̃


(4)
115 = 0, c̃


(4)
116 = 0,


c̃
(4)
117 = 2d


(4)
35 , c̃


(4)
118 = d


(4)
41 , c̃


(4)
119 = 0, c̃


(4)
120 = 2d


(4)
42 , c̃


(4)
121 = 0, c̃


(4)
122 = d


(4)
39 + 2d


(4)
42 , c̃


(4)
123 = 8d


(4)
43 ,


c̃
(4)
124 = 0, c̃


(4)
125 = 4d


(4)
45 , c̃


(4)
126 = 4d


(4)
48 , c̃


(4)
127 = 4d


(4)
47 , c̃


(4)
128 = 0, c̃


(4)
129 = 8d


(4)
50 , c̃


(4)
130 = 0, c̃


(4)
131 = 0,


c̃
(4)
132 = 0, c̃


(4)
133 = 4d


(4)
56 , c̃


(4)
134 = 2d


(4)
51 , c̃


(4)
135 = 0, c̃


(4)
136 = 0, c̃


(4)
137 = 0, c̃


(4)
138 = 0, c̃


(4)
139 = 0,


c̃
(4)
140 = 0, c̃


(4)
141 = 4d


(4)
61 , c̃


(4)
142 = 0, c̃


(4)
143 = 0, c̃


(4)
144 = 0, c̃


(4)
145 = 0, c̃


(4)
146 = 2d


(4)
53 , c̃


(4)
147 = 0,


c̃
(4)
148 = 0, c̃


(4)
149 = 2d


(4)
66 , c̃


(4)
150 = 4d


(4)
65 , c̃


(4)
151 = 2d


(4)
67 , c̃


(4)
152 = 0, c̃


(4)
153 = 0, c̃


(4)
154 = 0, c̃


(4)
155 = 0,


c̃
(4)
156 = 0, c̃


(4)
157 = 2d


(4)
94 , c̃


(4)
158 = 0, c̃


(4)
159 = 0, c̃


(4)
160 = 2d


(4)
83 , c̃


(4)
161 = 0, c̃


(4)
162 = 0, c̃


(4)
163 = 0,


c̃
(4)
164 = 0, c̃


(4)
165 = 2d


(4)
92 , c̃


(4)
166 = 4d


(4)
92 , c̃


(4)
167 = 0, c̃


(4)
168 = 0, c̃


(4)
169 = 0, c̃


(4)
170 = 0, c̃


(4)
171 = 0,


c̃
(4)
172 = 4d


(4)
93 , c̃


(4)
173 = 0, c̃


(4)
174 = 0, c̃


(4)
175 = 0, c̃


(4)
176 = 2d


(4)
83 , c̃


(4)
177 = 2d


(4)
80 + 2d


(4)
81 ,


c̃
(4)
178 = 2d


(4)
69 + 2d


(4)
70 + 2d


(4)
72 , c̃


(4)
179 = 0, c̃


(4)
180 = d


(4)
85 + d


(4)
86 , c̃


(4)
181 = 0, c̃


(4)
182 = d


(4)
76 + d


(4)
77 ,


c̃
(4)
183 = d


(4)
87 + d


(4)
88 , c̃


(4)
184 =


4


3
d
(4)
95 + 2d


(4)
96 , c̃


(4)
185 = 2d


(4)
97 , c̃


(4)
186 =


4


3
d
(4)
99 + 2d


(4)
100, c̃


(4)
187 = 2d


(4)
101,


c̃
(4)
188 = 4d


(4)
105, c̃


(4)
189 = 0, c̃


(4)
190 = 2d


(4)
103, c̃


(4)
191 = 0, c̃


(4)
192 = 4d


(4)
106, c̃


(4)
193 = 0, c̃


(4)
194 = 0,


c̃
(4)
195 = 2d


(4)
107, c̃


(4)
196 = 0, c̃


(4)
197 = 0, c̃


(4)
198 = 0, c̃


(4)
199 = 2d


(4)
116 + 2d


(4)
117, c̃


(4)
200 = 2d


(4)
112 + d


(4)
114,


c̃
(4)
201 = 4d


(4)
117, c̃


(4)
202 = 4d


(4)
116, c̃


(4)
203 = 2d


(4)
114, c̃


(4)
204 = 0, c̃


(4)
205 = 0, c̃


(4)
206 = 0, c̃


(4)
207 = 2d


(4)
110,


c̃
(4)
208 = 2d


(4)
115, c̃


(4)
209 = 0, c̃


(4)
210 = 0, c̃


(4)
211 = 0, c̃


(4)
212 = 0, c̃


(4)
213 = 0, c̃


(4)
214 = 2d


(4)
122, c̃


(4)
215 = 0,


c̃
(4)
216 = 0, c̃


(4)
217 = 2d


(4)
124, c̃


(4)
218 = 0, c̃


(4)
219 = 4d


(4)
126, c̃


(4)
220 = 4d


(4)
127, c̃


(4)
221 = 4d


(4)
128, c̃


(4)
222 = 4d


(4)
129,


c̃
(4)
223 = 2d


(4)
31 + 2d


(4)
130, c̃


(4)
224 = 2d


(4)
131, c̃


(4)
225 = d


(4)
135, c̃


(4)
226 = 0, c̃


(4)
227 = 0, c̃


(4)
228 = 0, c̃


(4)
229 = 0,


c̃
(4)
230 = 0, c̃


(4)
231 = 2d


(4)
138, c̃


(4)
232 = d


(4)
38 + d


(4)
41 , c̃


(4)
233 = 2d


(4)
133, c̃


(4)
234 = 0, c̃


(4)
235 = 0, c̃


(4)
236 = 2d


(4)
136,


c̃
(4)
237 = 0, c̃


(4)
238 = 2d


(4)
24 , c̃


(4)
239 = 2d


(4)
134, c̃


(4)
240 = 0, c̃


(4)
241 = 0, c̃


(4)
242 = 0, c̃


(4)
243 = 0, c̃


(4)
244 = 0,


c̃
(4)
245 = 0, c̃


(4)
246 = 2d


(4)
141, c̃


(4)
247 = 0, c̃


(4)
248 = 0, c̃


(4)
249 = 4d


(4)
31 + 2d


(4)
143, c̃


(4)
250 = 4d


(4)
31 + 2d


(4)
144,


c̃
(4)
251 = 0, c̃


(4)
252 =


4


3
d
(4)
7 , c̃


(4)
253 = 0, c̃


(4)
254 = 4d


(4)
8 + 8d


(4)
9 , c̃


(4)
255 = 0, c̃


(4)
256 = 0, c̃


(4)
257 = 0, c̃


(4)
258 = 0,
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c̃
(4)
259 = 0, c̃


(4)
260 = 0, c̃


(4)
261 = 0, c̃


(4)
262 = 0, c̃


(4)
263 = 0, c̃


(4)
264 = 0, c̃


(4)
265 = 0, c̃


(4)
266 = 0, c̃


(4)
267 = 0,


c̃
(4)
268 = 0, c̃


(4)
269 = 0, c̃


(4)
270 = 0, c̃


(4)
271 = 0, c̃


(4)
272 = 0, c̃


(4)
273 = 0, c̃


(4)
274 = 0, c̃


(4)
275 = 0, c̃


(4)
276 = 0,


c̃
(4)
277 = 0, c̃


(4)
278 = 4d


(4)
11 , c̃


(4)
279 = 4d


(4)
10 , c̃


(4)
280 = 4d


(4)
13 , c̃


(4)
281 = 4d


(4)
12 , c̃


(4)
282 = 4d


(4)
15 , c̃


(4)
283 = 0,


c̃
(4)
284 = 2d


(4)
37 , c̃


(4)
285 = 2d


(4)
37 + d


(4)
38 , c̃


(4)
286 = 0, c̃


(4)
287 = 2d


(4)
42 , c̃


(4)
288 = d


(4)
41 , c̃


(4)
289 = d


(4)
38 , c̃


(4)
290 = d


(4)
41 ,


c̃
(4)
291 = 0, c̃


(4)
292 = 0, c̃


(4)
293 = 2d


(4)
43 , c̃


(4)
294 = d


(4)
45 , c̃


(4)
295 = 0, c̃


(4)
296 = 2d


(4)
47 + d


(4)
48 , c̃


(4)
297 = 2d


(4)
42 ,


c̃
(4)
298 = 0, c̃


(4)
299 = d


(4)
45 , c̃


(4)
300 = 4d


(4)
47 + 2d


(4)
48 , c̃


(4)
301 = 0, c̃


(4)
302 = 4d


(4)
50 , c̃


(4)
303 = 0, c̃


(4)
304 = 0,


c̃
(4)
305 = 0, c̃


(4)
306 = 0, c̃


(4)
307 =


1


2
d
(4)
55 + d


(4)
66 , c̃


(4)
308 =


1


2
d
(4)
59 + d


(4)
60 , c̃


(4)
309 = d


(4)
66 ,


c̃
(4)
310 =


1


2
d
(4)
55 +


1


2
d
(4)
59 , c̃


(4)
311 = 2d


(4)
61 + 4d


(4)
65 + 2d


(4)
66 , c̃


(4)
312 = 2d


(4)
67 , c̃


(4)
313 = 0, c̃


(4)
314 = 2d


(4)
61 ,


c̃
(4)
315 = 2d


(4)
55 , c̃


(4)
316 = 0, c̃


(4)
317 = 2d


(4)
59 + 2d


(4)
60 , c̃


(4)
318 = 4d


(4)
62 + 2d


(4)
63 + 2d


(4)
64 , c̃


(4)
319 = d


(4)
59 ,


c̃
(4)
320 = d


(4)
55 , c̃


(4)
321 = d


(4)
59 + d


(4)
60 , c̃


(4)
322 = 2d


(4)
55 , c̃


(4)
323 = 2d


(4)
56 + d


(4)
59 + d


(4)
60 ,


c̃
(4)
324 = 2d


(4)
62 + d


(4)
63 + d


(4)
64 , c̃


(4)
325 = 0, c̃


(4)
326 = 0, c̃


(4)
327 = 2d


(4)
71 + 2d


(4)
72 , c̃


(4)
328 = 0, c̃


(4)
329 = 0,


c̃
(4)
330 = 0, c̃


(4)
331 = 0, c̃


(4)
332 = 0, c̃


(4)
333 = 0, c̃


(4)
334 = 0, c̃


(4)
335 = 0, c̃


(4)
336 = 0, c̃


(4)
337 = 2d


(4)
82 + 2d


(4)
83 ,


c̃
(4)
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(4)
339 = 0, c̃


(4)
340 = 0, c̃


(4)
341 = 0, c̃


(4)
342 = 0, c̃


(4)
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(4)
344 = 0, c̃


(4)
345 = 0, c̃


(4)
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(4)
347 = 0, c̃
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348 = 0, c̃
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350 = 0, c̃


(4)
351 = 0, c̃
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352 = 0, c̃


(4)
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355 = 0,
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(4)
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(4)
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(4)
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(4)
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(4)
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(4)
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c̃
(4)
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(4)
117, c̃


(4)
365 = 0, c̃


(4)
366 = 0, c̃


(4)
367 = 2d


(4)
118, c̃


(4)
368 = 2d


(4)
119, c̃


(4)
369 = 0, c̃


(4)
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(4)
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c̃
(4)
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(4)
120, c̃


(4)
372 = 0, c̃


(4)
373 = 0, c̃
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376 = 0, c̃


(4)
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(4)
386 = 0, c̃
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(4)
45 , c̃


(4)
390 = 2d


(4)
46 , c̃


(4)
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(4)
138, c̃
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(4)
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c̃
(4)
393 = 0, c̃


(4)
394 = 0, c̃


(4)
395 = 0, c̃


(4)
396 = 0, c̃


(4)
397 = 0, c̃


(4)
398 = 0, c̃


(4)
399 = d


(4)
89 , c̃


(4)
400 = d


(4)
78 ,


c̃
(4)
401 = d


(4)
78 + d


(4)
89 (7)


X. THE CONSTRAINT CONDITIONS OF LECS AT THE O(p4) ORDER (Nf = 2)
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O(p4) order

Relativity

L (4) =
652∑
m=1

C(4)
m O(4)

m , Nf = 3

L (4) =
401∑
m=1

c(4)m o(4)m , Nf = 2

Heavy-quark symmetry

L (4) =
219∑
m=1

D(4)
m P (4)

m , Nf = 3

L (4) =
144∑
m=1

d(4)m p(4)m , Nf = 2

O
(4)
m , o

(4)
m , P

(4)
m and p

(4)
m are in the



Summary

Giving the chiral Lagrangian for mesons with a heavy quark to

O(p4) order

Giving the relations between the relativistic and the heavy quark

symmetry LECs



Thank you!
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