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Background & motivation

∆(1232) in the low-energy QCD

πN scattering, nucleon magnetism moment, electromagnetic interactions of nucle-

ons, and so on

(m∆ −mN)/Λχ ∼ p/Λχ ∼ mπ/Λχ ∼ O(1/N)
Hemmert, Holstein, and Kambor, JPG24, 1831(1998)

[(m∆ −mN )/Λχ]2 ∼ mπ/ΛχPascalutsa and Phillips, PRC67, 055202(2003)

Current situation (Baryon Lagrangian):

πN up to O(p4): 1+7+13+118
Fettes, Meißner, Mojžǐs and Steininger, AP(NY)283, 273(2000)

MB up to O(p4): 3+16+78+540
Oller, Verbeni, and Prades, JHEP0609, 079(2006); Jiang, Chen, and Liu, PRD95, 014012(2017)

π∆ (πN∆) up to O(p2): 3+10 (1+5)
Hemmert, Holstein, and Kambor, JPG24, 1831(1998)

High order results with ∆(1232)

nucleon-∆ transition, properties of ∆, scattering processes with nucleon or ∆, etc.



Review of the free spin-3/2 fields I

Vector-spinor representation: Ψµ
Rarita and Schwinger, PR60, 61(1941)

1 spin- 3
2

fields+2 unphysical spin-1/2 fields

The free spin-3
2

field Lagrangian

Lf =Ψ̄µΛµν
A Ψν , A 6= −1

2
, Moldauer and Case, PR102, 27(1956)

Λµν
A =−

[
(i/∂ −m∆)gµν + iA(γµ∂ν + γν∂µ)

+
i

2
(3A2 + 2A+ 1)γµ/∂γν +m∆(3A2 + 3A+ 1)γµγν

]
EOM + 2 subsidiary conditions

(i/∂ −m∆)Ψµ = 0, γµΨµ = 0, ∂µΨµ = 0

The subsidiary conditions eliminate the unphysical spin-1/2 freedoms



Review of the free spin-3/2 fields II

Lagrangian is invariant under the Point transformation

Ψµ → Ψ′µ = Ψµ +
1

2
aγµγνΨ

ν , A→ A′ =
A− a
1 + 2a

, a 6= −1

2
A is unphysical Kamefuchi, O’Raifeartaigh, and Salam, NP28, 529(1961);

Pilling, IJMPA20, 2715(2005); Krebs, Epelbaum, and Meißner, PLB683, 222(2010)

Absorbing A into spin-3
2

field Pascalutsa, arXiv:hep-ph/9412321

Lf = ψ̄AµΛµνψAν , ψµA ≡ (gµν +
1

2
Aγµγν)Ψν

Λµν = −(i/∂ −m∆)gµν +
1

4
γµγλ(i/∂ −m∆)γλγ

ν

ψµA satisfies the same EOM and subsidiary conditions



Building blocks in CHPT (without ∆)

Two-flavor QCD Lagrangian Only aµ is traceless, 〈aµ〉 = 0

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

S = Siτi + SsI2, S = s, p, vµ, aµ

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†}



CHPT with ∆

Nucleon fields: ψ =

(
p

n

)
Isovector-isospinor representation Tang and Ellis, PLB387, 9(1996)

ψµ1 =
1√
2

(
1√
3
∆0 −∆++

∆− − 1√
3
∆+

)µ
, ψµ2 = − i√

2

(
1√
3
∆0 + ∆++

∆− + 1√
3
∆+

)µ
, ψµ3 =

√
2

3

(
∆+

∆0

)µ
ψµi : Spinor space × isospinor space × isovector space

Subsidiary condition: τ iψµi = 0 (i = 1, 2, 3)

π∆∆ interactions: ψ̄µi O
ij
Aµνψ

ν
j

πN∆ interactions: ψ̄OiµΘA,n,µν(zn)ψνi + h.c.
ΘA,n,µν(zn) = gµν + [zn + 1

2
(1 + 4zn)A]γµγν

zn parameters can be obtained from experiments



Building blocks in CHPT (with ∆)

Chiral rotation (R):

u→ gLuh
† = hug†R, u2 = U, Kij ≡

1

2
〈τihτjh†〉

X
R−→ X ′ = hXh†, ⇒ X i R−→ KijXj, Xs

R−→ Xs

X are building blocks in CHPT without ∆

ψ
R−→ ψ′ = hψ, ψµi

R−→ Kijhψ
µ
j (i, j = 1, 2, 3)

Building blocks: Xi, Xs, ψ, ψ̄, ψµi , ψ̄µi , ψµA,n,i, and ψ̄µA,n,i, and their

covariant derivatives

Covariant derivatives

∇µX i =∂µX i − 2iεijkXjΓ
µ
k ,

∇µXs =∂µXs,

Dµψ =∂µψ + (Γµi τ
i + Γµs I2)ψ,

Dµψiν =∂µψiν − 2iεijkΓµkψ
ν
j + Γµj τ

jψiν + Γµsψ
iν ,



Properties of the building blocks I

Expanding chiral Lagrangian by momentum

The requirement of chiral Lagrangian: symmetry

Chiral rotation (R)

Parity transformation (P ): PXi = PXs = PX

Charge conjugation (C): c11 = −c22 = c33 = 1

X
C−→ (−1)cXT ⇒ X i C−→ (−1)ccijXj, Xs

C−→ (−1)cXs

Hermitian transformation (h.c.): Xi, Xs and X are similar



Properties of the building blocks II

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±

uµi 1 −ui,µ ciju
µ
j uµi

hµνi 2 −hi,µν cijh
µν
j hµνi

χ±,i 2 ±χ±,i cijχ±,j ±χ±,i
χ±,s 2 ±χ±,s χ±,s ±χ±,s
fµν±,i 2 ±f±,iµν ∓cijfµν±,j fµν±,i

fµν+,s 2 f+,sµν −fµν+,s fµν+,s

Red ones are used



Properties of γ, ε, ε and τ I

Invariant monomials:

π∆∆ : ψ̄µi A
ij
···Θ···ψ

ν
j + H.c. πN∆ : ψ̄Ai···Θ···ψ

µ
A,n,i + H.c.

Θ··· contains γ, ε, ε, τ and D (ε: Isovector space, ε: Lorentz space)

Chiral rotation (R): invariant

Parity transformation (P ): ψ
P−→ γ0ψ, ψ

i
µ

P−→ −γ0ψ
i,µ

Charge conjugation (C): ψ
C−→ −i(ψ̄γ0γ2)T , ψi,µ

C−→ −icij(ψ̄j,µγ0γ2)T

εijkXiYjZk
C−→ −(−1)x+y+zεijkXiYjZk Absorbing “−” into Cεijk

Hermitian transformation (h.c.) Similar as C

A sign difference for Dµψνi because of partial integration Seeing below



Properties of γ, ε, ε and τ II

Dim P∆∆ C∆∆ h.c.∆∆ PN∆ CN∆ h.c.N∆

1 0 + + + − + +

γ5 1 − + − + + −
γµ 0 + − + − − +

γ5γ
µ 0 − + + + + +

σµν 0 + − + − − +

εµνλρ 0 − + + − + +

εijk 0 + − + + − +

τi 0 + + + + + +

Dµψνi 0 + − − + + +



Linear relations I

Subsidiary condition: τ iψµi = 0

τiτj = δij + iεijkτ
k

τiτjτk = δjkτi + δijτk − δikτj + iεijk,

εijkεlmn =

∣∣∣∣∣∣
δil δim δin

δjl δjm δjn

δkl δkm δkn

∣∣∣∣∣∣
⇒

εijkψµk = iτ iψjµ − iτ jψiµ,
εijkτkψ

µ
j = (−iτ iτ j + iδij)ψµj = iψµi

Schouten identity

εµνλρAσ − εσνλρAµ − εµσλρAν − εµνσρAλ − εµνλσAρ = 0

εijkAl − εljkAi − εilkAj − εijlAk = 0

⇒εijkOlψµl = iOiτjψµk + P(i, j, k)

iOlψµi − iOiψ
µ
l − ε

ilkOjτkψµj − εijlOkτkψ
µ
j = 0

P (i, j, k) means all permutations for the indices i, j, and k and an odd permutation

P (i, j, k) gives a minus sign.



Linear relations II
Partial integration

0 = ψ̄iν
↼

DµO···ψkλ + ψ̄iν∇µO···ψkλ + ψ̄iνO···Dµψkλ

0 = ψ̄
↼

DµO···ψjν + ψ̄∇µO···ψjν + ψO···Dµψjν

⇒ψ̄iν
↼

DµO···ψkλ .
= −ψ̄iνO···Dµψkλ, ψ̄

↼

DµO···ψjν .
= −ψO···Dµψjν

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

Equations of motion:

π: ∇µu
µ = i

2

(
χ− − 1

Nf
〈χ−〉

)
∆: Lπ∆ = ψ̄iµΛµν

A,ijψ
j
ν

ΛµνA,ij =−
[
(i /D −m∆)gµν + iA(γµDν + γνDµ) +

i

2
(3A2 + 2A+ 1)γµ /Dγν

+m∆(3A2 + 3A+ 1)γµγν
]
δij +Oµν1,ij

⇒(i /D −m∆)ψµi
.
= 0, Dµψ

µ
i
.
= 0, γµψ

µ
i
.
= 0 Similar as the free field

The form of γ and ε are similar as πN chiral Lagrangian



Linear relations III
Equations of motion (summary): Fettes, etc., AP(NY)283, 273(2000)

γµ ⇐⇒ −iDµ, γµ does not exist.

The Lorentz indices of D’s are different from that of ψµi or ψ̄µi .

The indices of D’s are totally different and totally symmetric

Dνλρ··· = DνDλDρ · · ·+ full permutation of D’s.

When εµνλρ exists, neither γ5γ
µ nor σµν exists

The Lorentz indices of γ5γ
µ and σµν are different from that of ψµi or ψ̄µi

and that of covariant derivative acting on the baryon fields.

ψ̄(λi )∇µBν···γ5γρDµψ
α
j does not exist

0
.
= ψ̄(λi )AµνλρµνσλρDδψ

δ
j + P(µ, ν, λ, ρ, δ)

P means all permutations of the subscripts behind it, and an odd permutation

gives a minus sign.

ψµi
.
= ψµAi, and both of them are useful

εµνλρDρψλ,i
.
= γµγ5ψ

ν
i − γνγ5ψ

µ
i



Linear relations IV
All possible structures of γ matrix and ε

O(p1)πN∆ :1,

O(p1)π∆∆,O(p2)πN∆ :Dµ, γ5γ
µ,

O(p2)π∆∆,O(p3)πN∆ :1, Dµν , γ5γ
µDν , σµν , εµνλρ,

O(p3)π∆∆,O(p4)πN∆ :Dµ, Dµνλ, γ5γ
µ, γ5γ

µDνλ, σµνDλ,

εµνλρDρ, ε
µνλρDσ,

O(p4)π∆∆ :1, Dµν , Dµνλρ, γ5γ
µDν , γ5γ

µDνλρ, σµν , σµνDλρ,

εµνλρ, εµνλρDρ
σ
, εµνλρDσδ.



Linear relations V
Covariant derivatives and Bianchi identity

∇µΓνλ +∇νΓλµ +∇λΓµν = 0, [∇µ,∇ν ]X i = −2iεijkXjΓ
µν
k

∇µΓνλi +∇νΓλµi +∇λΓµνi = 0, ∇µΓνλs +∇νΓλµs +∇λΓµνs = 0

Γµν = 1
4
[uµ, uν ]− i

2
fµν+

Cayley-Hamilton relations: Implied in the Pauli matrix relations

Contact terms

F µν
L =

1

2
u†(fµν+ + fµν− )u, F µν

R =
1

2
u(fµν+ − f

µν
− )u†,

χ =
1

2
u(χ+ + χ−)u, χ† =

1

2
u†(χ+ − χ−)u†

Only 6 terms in the p4 order

ψ̄iµ〈FLµνFLνλ〉ψiλ + H.c., ψ̄iµ〈FLνλFLνλ〉ψiµ + H.c.

ψ̄iµ〈FLµνFLλρ〉Dνλψiρ + H.c., ψ̄iµ〈FLνλFLνρ〉Dλρψiµ + H.c.

ψ̄iµ〈χχ†〉ψiµ, ψ̄iµ detχψiµ + H.c.



Constructing chiral Lagrangian I

Piling building blocks (all terms)

C and Hermitian conjugate is invariant

Picking out contact terms

Removing linear depend terms

By computer



Constructing chiral Lagrangian II
Reduced building blocks:

fµν+i ←→ iΓµνi , fµν+s ←→ iΓµνs

Permutation: Permuting all reduced building blocks and their co-

variant derivatives

Primary screening:

Coding each operator and each script a number, choosing the

smallest one with Einstein summation convention, symmetry and

anti-symmetry indices and C-number positions

Substitutions: Revealing the covariant derivatives

hµν = ∇µuν +∇νuµ, f−,µν = ∇µuν −∇νuµ, and so on



Constructing chiral Lagrangian III
classifications: classifying terms by numbers of external sources

Di,j : Contain hµν , f−,µν , Ei,k: Revealing ∇

Di,j =
∑
k

Ai,jkEi,k, i: source scripts

All linear relations in the same classification

linear relations:
∑

k Ri,jkEi,k = 0, reduced row echelon form of
Ri,jk to search independent ones

Ri,jk → Si,jk =


1 O O O O · · · · · · · · ·

1 O O · · · · · · · · ·
· · · · · · · · · · · · · · ·

1 · · · · · · · · ·
O O O



Adding contact terms: Eliminating some terms

Hermitian conjugation: Adding some appropriate “i”



Results



Checking

Recovering the πNN Lagrangians, with the following relations
Fettes, Meißner, Mojžǐs and Steininger, AP(NY)283, 273(2000)

〈XY 〉 = 2X iYi + 2XsYs,

〈XY Z〉 = 2iεijkXiYjZk + 2X iYiZs + 2X iZiYs + 2Y iZiXs + 2XsYsZs



O(p1) order

Our results:

L
(1)
π∆∆ = −ψ̄iµ

[
(i /D −m∆)gµν + iA(γµDν + γνDµ) +

i

2
(3A2 + 2A+ 1)γµ /Dγν

+m∆(3A2 + 3A+ 1)γµγν
]
ψiν + c

(1)
1 ψ̄

iµ
ujντjγ5γνψiµ

L
(1)
πN∆ = gπN∆ψ̄u

µ
i ψ

i
A,n,µ + H.c.

Hemmert’s: Hemmert, Holstein, and Kambor, JPG24, 1831(1998)

L (1)
π∆∆ = −ψ̄iµ

[
(i /D −m∆)gµν + iA(γµDν + γνDµ) +

i

2
(3A2 + 2A+ 1)γµ /Dγν

+m∆(3A2 + 3A+ 1)γµγν +
g1

2
/uγ5+

g2

2
(γµuν + uµγν)γ5 +

g3

2
γµ/uµγ5γν

]
ψiν

L (1)
πN∆ = gπN∆ψ̄u

µ
i ψ

i
A,n,µ + H.c.

Reason: Removing redundant off-shell parameters
Krebs, Epelbaum, and Meißer, PLB683, 222(2010), Krebs, Epelbaum, and Meißner, PRC80, 028201(2009)

g1, g2, g3 are not independent Wies, Gegelia, and Scherer, PRD73, 094012(2006)



O(p2) order: π∆∆

The LECs relations between ours and Hemmert’s

n O
(2)
n c

(2)
n

1 ψ̄iµuiµu
jνψjν 2a10 independent

2 ψ̄iµui
νujµψjν 2a10 independent

3 ψ̄iµui
νujνψjµ 4a8

4 ψ̄iµujµuj
νψiν 2a11

5 ψ̄iµujνujνψiµ a3

6 ψ̄iµui
νujλDνλψjµ −2a9

7 ψ̄iµujνuj
λDνλψiµ −a2/2

8 iψ̄iµui
νujλσνλψjµ a4

9 iψ̄iµfs,+µ
νψiν a6 + a7/2

10 ψ̄iµfs,+
νλσνλψiµ additional term

11 iψ̄iµf+
j
µ

ν
τjψiν a6

12 ψ̄iµf+
jνλτjσνλψiµ additional term

13 ψ̄iµχ+,sψiµ a1

14 ψ̄iµχ+
jτjψiµ a5



O(p2) order: πN∆

Our results:

L (2)
πN∆ =d

(2)
1 ψ̄uiµujντiγ5γµψA,n,jν + d

(2)
2 ψ̄uiµujντiγ5γνψA,n,jµ

+ d
(2)
3 iψ̄f+

iµνγ5γµψA,n,iν + H.c.

Hemmert’s Hemmert, Holstein, and Kambor, JPG24, 1831(1998)

L (2)
πN∆ =(−1

2
b1iψ̄

µ
A,1,if

i
+µνγ5γ

ν+b2iψ̄
µ
A,2,if

i
−µνD

ν + b3iψ̄
µ
A,3,i∇µu

i
νD

ν

− 1

2
b4ψ̄

µ
A,4,iu

i
µu

νγ5γν −
1

2
b5ψ̄

µ
A,5,iuµu

iνγ5γν)ψ + H.c..



O(p3) order: π∆∆

L
(3)
π∆∆ =

∑
n

c
(3)
n O

(3)
n

n O
(3)
n n O

(3)
n

1 ψ̄iµuiµu
jνukλτjγ5γνψkλ 23 ψ̄iµui

νhjν
λ
Dλψjµ + H.c.

2 ψ̄iµuiµu
jνukλτjγ5γλψkν + H.c. 24 ψ̄iµui

νhjλρDνλρψjµ + H.c.

3 ψ̄iµui
νujµu

kλτkγ5γνψjλ + H.c. 25 iψ̄iµui
νhjλρσνλDρψjµ + H.c.

4 ψ̄iµui
νujµu

kλτkγ5γλψjν 26 iψ̄iµujνhj
λρσνλDρψiµ

5 ψ̄iµui
νujνu

kλτjγ5γλψkµ + H.c. 27 ψ̄iµ∇νf−jν
λ
τjγ5γλψiµ

6 ψ̄iµui
νujνu

kλτkγ5γλψjµ 28 iψ̄iµf+iµ
νujλγ5γνψjλ + H.c.

7 ψ̄iµujµuj
νukλτkγ5γνψiλ + H.c. 29 iψ̄iµf+iµ

νujλγ5γλψjν + H.c.

8 ψ̄iµujνujνu
kλτkγ5γλψiµ 30 iψ̄iµf+i

νλujµγ5γνψjλ + H.c.

9 ψ̄iµui
νujλukρτjγ5γνDλρψkµ + H.c. 31 iψ̄iµf+i

νλujνγ5γλψjµ + H.c.

10 ψ̄iµui
νujλukρτjγ5γλDνρψkµ 32 iψ̄iµf+

j
µ
ν
uj
λγ5γνψiλ + H.c.

11 ψ̄iµujνuj
λukρτkγ5γνDλρψiµ 33 iψ̄iµf+

j
µ
ν
uj
λγ5γλψiν

12 ψ̄iµuiµf−
jνλDνψjλ + H.c. 34 iψ̄iµf+i

νλujργ5γνDλρψjµ + H.c.

13 ψ̄iµui
νf−

j
µ
λ
Dνψjλ + H.c. 35 iψ̄iµfs,+µ

νujλτjγ5γνψiλ + H.c.

14 ψ̄iµui
νf−

j
µ
λ
Dλψjν + H.c. 36 iψ̄iµfs,+µ

νujλτjγ5γλψiν

15 ψ̄iµui
νf−

j
ν
λ
Dλψjµ + H.c. 37 iψ̄iµ∇νfs,+νλDλψiµ

16 ψ̄iµujµf−j
νλDνψiλ + H.c. 38 iψ̄iµ∇νf+jν

λ
τjDλψiµ

17 ψ̄iµujνf−jµ
λDνψiλ 39 ψ̄iµui

νχ+
jγ5γνψjµ + H.c.

18 iψ̄iµui
νf−

jλρσνλDρψjµ + H.c. 40 ψ̄iµujνχ+jγ5γνψiµ
19 iψ̄iµui

νf−
jλρσλρDνψjµ + H.c. 41 ψ̄iµujνχ+,sτjγ5γνψiµ

20 iψ̄iµujνf−j
λρσνλDρψiµ 42 iψ̄iµui

νχ−
jDνψjµ + H.c.

21 iψ̄iµujνf−j
λρσλρDνψiµ 43 iψ̄iµ∇νχ−,sγ5γνψiµ

22 ψ̄iµuiµh
jνλDνψjλ + H.c. 44 iψ̄iµ∇νχ−

jτjγ5γνψiµ



O(p3) order: πN∆

L
(3)
πN∆

=
∑
n

d
(3)
n (P

(3)
n + H.c.)

n O
(3)
n n O

(3)
n

1 ψ̄uiµuiµu
jνψA,n,jν 19 ψ̄∇µf−iµ

ν
ψA,n,iν

2 ψ̄uiµui
νujµψA,n,jν 20 iψ̄∇µf−iνλσµνψA,n,iλ

3 ψ̄uiµui
νujλDµνψA,n,jλ 21 iψ̄fs,+

µνuiµψA,n,iν
4 ψ̄uiµui

νujλDµλψA,n,jν 22 iψ̄fs,+
µνuiλDµλψA,n,iν

5 iψ̄uiµui
νujλσµλψA,n,jν 23 ψ̄fs,+

µνuiλσµνψA,n,iλ
6 iεijkψ̄ui

µuj
νulµτkψA,n,lν 24 ψ̄fs,+

µνuiλσµλψA,n,iν
7 iεijkψ̄ui

µuj
νulλτkDµλψA,n,lν 25 iψ̄f+

iµνujµτiψA,n,jν
8 εijkψ̄ui

µuj
νulλτkσµνψA,n,lλ 26 iψ̄f+

iµνujµτjψA,n,iν
9 ψ̄uiµf−

jνλτiγ5γµDνψA,n,jλ 27 iψ̄f+
iµνujλτiDµλψA,n,jν

10 ψ̄uiµf−
jνλτiγ5γνDµψA,n,jλ 28 iψ̄f+

iµνujλτjDµλψA,n,iν
11 ψ̄uiµf−

jνλτiγ5γνDλψA,n,jµ 29 ψ̄f+
iµνujλτiσµνψA,n,jλ

12 ψ̄uiµf−
jνλτjγ5γµDνψA,n,iλ 30 ψ̄f+

iµνujλτiσµλψA,n,jν
13 ψ̄uiµf−

jνλτjγ5γνDµψA,n,iλ 31 ψ̄f+
iµνujλτjσµνψA,n,iλ

14 ψ̄uiµf−
jνλτjγ5γνDλψA,n,iµ 32 ψ̄f+

iµνujλτjσµλψA,n,iν
15 ψ̄uiµhjνλτiγ5γµDνψA,n,jλ 33 ψ̄uiµχ+,sψA,n,iµ
16 ψ̄uiµhjνλτiγ5γνDµψA,n,jλ 34 ψ̄uiµχ+

jτiψA,n,jµ
17 εµνλρψ̄uiµf−

j
νλ
τiψA,n,jρ 35 ψ̄uiµχ+

jτjψA,n,iµ
18 εµνλρψ̄uiµf−

j
νλ
τjψA,n,iρ 36 iψ̄∇µχ−

iψA,n,iµ



O(p4) order

L (4)
π∆∆ =

∑
n

c(4)
n O(m)

n

L (4)
πN∆ =

∑
n

d(4)
n (P (m)

n + H.c.)

π∆∆: 385 terms, πN∆: 236 terms

O
(4)
n and P

(4)
n are in the




TABLE I: Terms in the O(p4) π∆∆ chiral Lagrangian


n O
(4)
n n O


(4)
n


1 ψ̄iµuiµu
jνujνu


kλψkλ 194 iψ̄iµf+
j
µ
ν
ui
λukρτjDνρψkλ + H.c.


2 ψ̄iµuiµu
jνuj


λukνψkλ + H.c. 195 iψ̄iµf+
j
µ
ν
ui
λukρτjDλρψkν


3 ψ̄iµui
νujµu


k
νuk


λψjλ + H.c. 196 iψ̄iµf+
jνλuiνu


kρτjDλρψkµ + H.c.


4 ψ̄iµui
νujµuj


λukνψkλ 197 iψ̄iµf+
j
µ
ν
uj
λukρτkDνλψiρ + H.c.


5 ψ̄iµui
νujµu


kλukλψjν 198 iψ̄iµf+
j
µ
ν
uj
λukρτkDλρψiν


6 ψ̄iµui
νujνuj


λukλψkµ 199 ψ̄iµf+iµ
νujλukρτjσνλψkρ + H.c.


7 ψ̄iµui
νujνu


kλukλψjµ 200 ψ̄iµf+iµ
νujλukρτjσνρψkλ + H.c.


8 ψ̄iµujµuj
νukνuk


λψiλ 201 ψ̄iµf+iµ
νujλukρτjσλρψkν + H.c.


9 ψ̄iµujµuj
νukλukλψiν 202 ψ̄iµf+i


νλujµu
kρτjσνλψkρ + H.c.


10 ψ̄iµujνujνu
kλukλψiµ 203 ψ̄iµf+i


νλujµu
kρτkσνλψjρ + H.c.


11 ψ̄iµujνuj
λukνukλψiµ 204 ψ̄iµf+i


νλujµu
kρτjσνρψkλ + H.c.


12 ψ̄iµuiµu
jνuj


λukρDνλψkρ 205 ψ̄iµf+i
νλujµu


kρτkσνρψjλ + H.c.


13 ψ̄iµuiµu
jνuj


λukρDνρψkλ + H.c. 206 ψ̄iµf+
j
µ
ν
ui
λukρτjσνλψkρ + H.c.


14 ψ̄iµui
νujµuj


λukρDνρψkλ 207 ψ̄iµf+
j
µ
ν
ui
λukρτjσνρψkλ + H.c.


15 ψ̄iµui
νujµuj


λukρDλρψkν + H.c. 208 ψ̄iµf+
j
µ
ν
ui
λukρτjσλρψkν


16 ψ̄iµui
νujµu


kλuk
ρDλρψjν 209 ψ̄iµf+i


νλujνu
kρτjσλρψkµ + H.c.


17 ψ̄iµui
νujνuj


λukρDλρψkµ + H.c. 210 ψ̄iµf+i
νλujνu


kρτkσλρψjµ + H.c.


18 ψ̄iµui
νujνu


kλuk
ρDλρψjµ 211 ψ̄iµf+


jνλuiµu
kρτjσνλψkρ


19 ψ̄iµui
νujλujλu


kρDνρψkµ 212 ψ̄iµf+
j
µ
ν
uj
λukρτkσνλψiρ + H.c.


20 ψ̄iµujµuj
νukλuk


ρDνλψiρ 213 ψ̄iµf+i
νλujρukρτjσνλψkµ + H.c.


21 ψ̄iµujµuj
νukλuk


ρDλρψiν 214 ψ̄iµf+
jνλuiνu


kρτjσλρψkµ + H.c.


22 ψ̄iµujνujνu
kλuk


ρDλρψiµ 215 ψ̄iµf+
jνλui


ρukµτjσνλψkρ


23 ψ̄iµujνuj
λukνuk


ρDλρψiµ 216 ψ̄iµf+
jνλujµu


kρτkσνλψiρ + H.c.


24 ψ̄iµui
νujλuj


ρukσDνλρσψkµ 217 ψ̄iµf+
jνλui


ρukρτjσνλψkµ


25 ψ̄iµujνuj
λukρuk


σDνλρσψiµ 218 ψ̄iµf+
jνλujνu


kρτkσλρψiµ


26 iψ̄iµuiµu
jνuj


λukρσνρψkλ + H.c. 219 ψ̄iµf+
jνλuj


ρukρτkσνλψiµ


27 iψ̄iµui
νujµuj


λukρσνρψkλ 220 ψ̄iµf+i
νλujρukστjσνλDρσψkµ + H.c.


28 iψ̄iµui
νujµuj


λukρσλρψkν + H.c. 221 ψ̄iµf+
jνλui


ρukστjσνλDρσψkµ


29 iψ̄iµui
νujνuj


λukρσλρψkµ + H.c. 222 ψ̄iµf+
jνλuj


ρukστkσνλDρσψiµ


30 iψ̄iµui
νujλujλu


kρσνρψkµ 223 iψ̄iµf+iµ
νf−


jλργ5γνDλψjρ + H.c.


31 iψ̄iµujµuj
νukλuk


ρσνλψiρ 224 iψ̄iµf+iµ
νf−


jλργ5γλDνψjρ + H.c.


32 iψ̄iµui
νujλuj


ρukσσνλDρσψkµ + H.c. 225 iψ̄iµf+iµ
νf−


jλργ5γλDρψjν + H.c.


1







n O
(4)
n n O


(4)
n


33 iεijkψ̄µi ujµuk
νulνu


mλτlψmλ + H.c. 226 iψ̄iµf+i
νλf−


j
µ
ρ
γ5γνDλψjρ + H.c.


34 iεijkψ̄µi ujµuk
νulλumρτlDνλψmρ + H.c. 227 iψ̄iµf+i


νλf−
j
µ
ρ
γ5γνDρψjλ + H.c.


35 εijkψ̄µi ujµuk
νulλumρτlσνλψmρ + H.c. 228 iψ̄iµf+i


νλf−
j
µ
ρ
γ5γρDνψjλ + H.c.


36 εijkψ̄µi uj
νuk


λulνu
mρτlσλρψmµ + H.c. 229 iψ̄iµf+i


νλf−
j
ν
ρ
γ5γλDρψjµ + H.c.


37 εijkψ̄µi uj
νuk


λulρumστlσνλDρσψmµ + H.c. 230 iψ̄iµf+i
νλf−


j
ν
ρ
γ5γρDλψjµ + H.c.


38 ψ̄iµuiµu
jνf−


kλρτjγ5γνDλψkρ + H.c. 231 iψ̄iµf+
j
µ
ν
f−j


λργ5γνDλψiρ + H.c.


39 ψ̄iµuiµu
jνf−


kλρτjγ5γλDνψkρ + H.c. 232 iψ̄iµf+
j
µ
ν
f−j


λργ5γλDνψiρ + H.c.


40 ψ̄iµuiµu
jνf−


kλρτjγ5γλDρψkν + H.c. 233 iψ̄iµf+
jνλf−jν


ργ5γλDρψiµ


41 ψ̄iµuiµu
jνf−


kλρτkγ5γνDλψjρ + H.c. 234 iψ̄iµf+
jνλf−jν


ργ5γρDλψiµ


42 ψ̄iµuiµu
jνf−


kλρτkγ5γλDνψjρ + H.c. 235 iψ̄iµf+iµ
νhjλργ5γνDλψjρ + H.c.


43 ψ̄iµui
νujµf−


kλρτjγ5γνDλψkρ + H.c. 236 iψ̄iµf+iµ
νhjλργ5γλDνψjρ + H.c.


44 ψ̄iµui
νujµf−


kλρτkγ5γνDλψjρ + H.c. 237 iψ̄iµf+iµ
νhjλργ5γλDρψjν + H.c.


45 ψ̄iµui
νujµf−


kλρτjγ5γλDνψkρ + H.c. 238 iψ̄iµf+i
νλhjµ


ρ
γ5γνDλψjρ + H.c.


46 ψ̄iµui
νujµf−


kλρτjγ5γλDρψkν + H.c. 239 iψ̄iµf+i
νλhjµ


ρ
γ5γνDρψjλ + H.c.


47 ψ̄iµui
νujµf−


kλρτkγ5γλDνψjρ + H.c. 240 iψ̄iµf+i
νλhjν


ρ
γ5γλDρψjµ + H.c.


48 ψ̄iµui
νujνf−


kλρτjγ5γλDρψkµ + H.c. 241 iψ̄iµf+i
νλhjν


ρ
γ5γρDλψjµ + H.c.


49 ψ̄iµui
νujλf−


k
µ
ρ
τjγ5γνDλψkρ + H.c. 242 iψ̄iµf+


j
µ
ν
hj
λργ5γνDλψiρ + H.c.


50 ψ̄iµui
νujλf−


k
µ
ρ
τjγ5γνDρψkλ + H.c. 243 iψ̄iµf+


j
µ
ν
hj
λργ5γλDνψiρ + H.c.


51 ψ̄iµui
νujλf−


k
µ
ρ
τjγ5γλDνψkρ + H.c. 244 iψ̄iµf+


jνλhjµ
ργ5γνDλψiρ


52 ψ̄iµui
νujλf−


k
µ
ρ
τjγ5γλDρψkν + H.c. 245 iψ̄iµf+


jνλhjν
ργ5γλDρψiµ


53 ψ̄iµui
νujλf−


k
µ
ρ
τjγ5γρDνψkλ + H.c. 246 iψ̄iµf+


jνλhjν
ργ5γρDλψiµ


54 ψ̄iµui
νujλf−


k
µ
ρ
τjγ5γρDλψkν + H.c. 247 iψ̄iµf+i


νλhjρσγ5γνDλρσψjµ + H.c.


55 ψ̄iµui
νujλf−


k
µ
ρ
τkγ5γνDλψjρ + H.c. 248 iψ̄iµf+


jνλhj
ρσγ5γνDλρσψiµ


56 ψ̄iµui
νujλf−


k
ν
ρ
τjγ5γλDρψkµ + H.c. 249 iψ̄iµ∇νf+iν


λujργ5γλDρψjµ + H.c.


57 ψ̄iµui
νujλf−


k
ν
ρ
τjγ5γρDλψkµ + H.c. 250 iψ̄iµ∇νf+iν


λujργ5γρDλψjµ + H.c.


58 ψ̄iµui
νujλf−


k
ν
ρ
τkγ5γλDρψjµ + H.c. 251 iψ̄iµ∇νf+i


λρujνγ5γλDρψjµ + H.c.


59 ψ̄iµui
νujλf−


k
ν
ρ
τkγ5γρDλψjµ + H.c. 252 iψ̄iµ∇νf+


j
ν
λ
uj
ργ5γλDρψiµ


60 ψ̄iµui
νujλf−


k
λ
ρ
τjγ5γνDρψkµ + H.c. 253 iψ̄iµ∇νf+


j
ν
λ
uj
ργ5γρDλψiµ


61 ψ̄iµui
νujλf−


k
λ
ρ
τjγ5γρDνψkµ + H.c. 254 iψ̄iµ∇νf+


jλρujνγ5γλDρψiµ


62 ψ̄iµujµuj
νf−


kλρτkγ5γνDλψiρ + H.c. 255 iεµνλρψ̄iσf+iµσf−
j
νλψjρ + H.c.


63 ψ̄iµujµuj
νf−


kλρτkγ5γλDνψiρ + H.c. 256 iεµνλρψ̄iσf+iµνf−
j
λσψjρ + H.c.


64 ψ̄iµujνuj
λf−


k
µ
ρ
τkγ5γνDλψiρ 257 iεµνλρψ̄iµf+iν


σf−
j
λσψjρ + H.c.


65 ψ̄iµui
νujλf−


kρστjγ5γρDνλσψkµ + H.c. 258 iεµνλρψ̄iσf+
j
µσf−jνλψiρ + H.c.


66 ψ̄iµuiµu
jνhkλρτjγ5γνDλψkρ + H.c. 259 iεµνλρψ̄iσf+iµνh


j
λσψjρ + H.c.
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67 ψ̄iµuiµu
jνhkλρτjγ5γλDνψkρ + H.c. 260 iεµνλρψ̄iµf+iν


σhjλσψjρ + H.c.


68 ψ̄iµuiµu
jνhkλρτjγ5γλDρψkν + H.c. 261 iεµνλρψ̄iσf+


j
µνhjλσψiρ + H.c.


69 ψ̄iµuiµu
jνhkλρτkγ5γνDλψjρ + H.c. 262 iεµνλρψ̄iµ∇σf+iνσu


j
λψjρ + H.c.


70 ψ̄iµuiµu
jνhkλρτkγ5γλDνψjρ + H.c. 263 iεµνλρψ̄iµ∇σf+


j
νσujλψiρ


71 ψ̄iµui
νujµh


kλρτkγ5γνDλψjρ + H.c. 264 iψ̄iµfs,+µ
νf−


jλρτjγ5γνDλψiρ + H.c.


72 ψ̄iµui
νujµh


kλρτjγ5γλDνψkρ + H.c. 265 iψ̄iµfs,+µ
νf−


jλρτjγ5γλDνψiρ + H.c.


73 ψ̄iµui
νujµh


kλρτjγ5γλDρψkν + H.c. 266 iψ̄iµfs,+
νλf−


j
ν
ρ
τjγ5γλDρψiµ


74 ψ̄iµui
νujµh


kλρτkγ5γλDνψjρ + H.c. 267 iψ̄iµfs,+
νλf−


j
ν
ρ
τjγ5γρDλψiµ


75 ψ̄iµui
νujνh


kλρτjγ5γλDρψkµ + H.c. 268 iψ̄iµfs,+µ
νhjλρτjγ5γνDλψiρ + H.c.


76 ψ̄iµui
νujλhkν


ρ
τjγ5γλDρψkµ + H.c. 269 iψ̄iµfs,+µ


νhjλρτjγ5γλDνψiρ + H.c.


77 ψ̄iµui
νujλhkν


ρ
τjγ5γρDλψkµ + H.c. 270 iψ̄iµfs,+


νλhjµ
ρ
τjγ5γνDλψiρ


78 ψ̄iµui
νujλhkν


ρ
τkγ5γλDρψjµ + H.c. 271 iψ̄iµfs,+


νλhjν
ρ
τjγ5γλDρψiµ


79 ψ̄iµui
νujλhkν


ρ
τkγ5γρDλψjµ + H.c. 272 iψ̄iµfs,+


νλhjν
ρ
τjγ5γρDλψiµ


80 ψ̄iµui
νujλhkλ


ρ
τjγ5γρDνψkµ + H.c. 273 iψ̄iµfs,+


νλhjρστjγ5γνDλρσψiµ


81 ψ̄iµujµuj
νhkλρτkγ5γνDλψiρ + H.c. 274 iψ̄iµ∇νfs,+ν


λujρτjγ5γλDρψiµ


82 ψ̄iµui
νujλhkρστjγ5γνDλρσψkµ + H.c. 275 iψ̄iµ∇νfs,+ν


λujρτjγ5γρDλψiµ


83 ψ̄iµui
νujλhkρστjγ5γλDνρσψkµ + H.c. 276 iψ̄iµ∇νfs,+


λρujντjγ5γλDρψiµ


84 ψ̄iµui
νujλhkρστjγ5γρDνλσψkµ + H.c. 277 iεµνλρψ̄iσfs,+µσf−


j
νλτjψiρ + H.c.


85 εµνλρψ̄iµuiνu
j
λf−


k
ρ
σ
τjψkσ + H.c. 278 iεµνλρψ̄iσfs,+µνh


j
λστjψiρ + H.c.


86 εµνλρψ̄iµuiνu
j
λf−


k
ρ
σ
τkψjσ + H.c. 279 iεµνλρψ̄iµ∇σfs,+νσu


j
λτjψiρ


87 εµνλρψ̄iµu
j
νu


k
λf−iρ


στjψkσ + H.c. 280 ψ̄iµ∇ν∇νfs,+
λρσλρψiµ


88 εµνλρψ̄iµuiνu
jσf−


k
λρτjψkσ + H.c. 281 ψ̄iµ∇ν∇νf+


jλρτjσλρψiµ


89 εµνλρψ̄iµuiνu
jσf−


k
λρτkψjσ + H.c. 282 ψ̄iµf+iµ


νf+
j
ν
λ
ψjλ


90 εµνλρψ̄iµuiνu
jσf−


k
λστjψkρ + H.c. 283 ψ̄iµf+i


νλf+
j
µνψjλ


91 εµνλρψ̄iµu
j
νuj


σf−
k
λρτkψiσ + H.c. 284 ψ̄iµf+i


νλf+
j
νλψjµ


92 εµνλρψ̄iµu
j
νu


kσf−iλρτjψkσ + H.c. 285 ψ̄iµf+
j
µ
ν
f+jν


λψiλ


93 εµνλρψ̄iµu
j
νu


kσf−iλρτkψjσ + H.c. 286 ψ̄iµf+
jνλf+jνλψiµ


94 εµνλρψ̄iσuiµu
j
νh


k
λστjψkρ + H.c. 287 ψ̄iµf+iµ


νf+
jλρDνλψjρ


95 εµνλρψ̄iµui
σujνh


k
λστjψkρ + H.c. 288 ψ̄iµf+i


νλf+
j
µ
ρ
Dνρψjλ


96 εµνλρψ̄iµuiνu
jσhkλστjψkρ + H.c. 289 ψ̄iµf+i


νλf+
j
ν
ρ
Dλρψjµ


97 ψ̄iµf−iµ
νf−


j
ν
λ
ψjλ 290 ψ̄iµf+


j
µ
ν
f+j


λρDνλψiρ


98 ψ̄iµf−i
νλf−


j
µνψjλ 291 ψ̄iµf+


jνλf+jν
ρDλρψiµ


99 ψ̄iµf−i
νλf−


j
νλψjµ 292 iψ̄iµf+iµ


νf+
jλρσνλψjρ


100 ψ̄iµf−
j
µ
ν
f−jν


λψiλ 293 iψ̄iµf+iµ
νf+


jλρσλρψjν + H.c.
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101 ψ̄iµf−
jνλf−jνλψiµ 294 iψ̄iµf+i


νλf+
j
µ
ρ
σνρψjλ


102 ψ̄iµf−iµ
νf−


jλρDνλψjρ 295 iψ̄iµf+i
νλf+


j
ν
ρ
σλρψjµ


103 ψ̄iµf−i
νλf−


j
µ
ρ
Dνρψjλ 296 iψ̄iµf+


j
µ
ν
f+j


λρσνλψiρ


104 ψ̄iµf−i
νλf−


j
ν
ρ
Dλρψjµ 297 iψ̄iµf+


j
µ
ν
f+j


λρσλρψiν


105 ψ̄iµf−
j
µ
ν
f−j


λρDνλψiρ 298 iψ̄iµfs,+µ
νfs,+


λρσνλψiρ


106 ψ̄iµf−
jνλf−jν


ρDλρψiµ 299 iψ̄iµfs,+µ
νfs,+


λρσλρψiν


107 iψ̄iµf−iµ
νf−


jλρσνλψjρ 300 ψ̄iµf+
j
µ
ν
fs,+ν


λτjψiλ + H.c.


108 iψ̄iµf−iµ
νf−


jλρσλρψjν + H.c. 301 ψ̄iµf+
jνλfs,+νλτjψiµ


109 iψ̄iµf−i
νλf−


j
µ
ρ
σνρψjλ 302 ψ̄iµf+


j
µ
ν
fs,+


λρτjDνλψiρ + H.c.


110 iψ̄iµf−i
νλf−


j
ν
ρ
σλρψjµ 303 ψ̄iµf+


jνλfs,+ν
ρτjDλρψiµ


111 iψ̄iµf−
j
µ
ν
f−j


λρσνλψiρ 304 iψ̄iµf+
j
µ
ν
fs,+


λρτjσνλψiρ + H.c.


112 iψ̄iµf−
j
µ
ν
f−j


λρσλρψiν 305 iψ̄iµf+
j
µ
ν
fs,+


λρτjσλρψiν


113 ψ̄iµhiµ
νf−


j
ν
λ
ψjλ + H.c. 306 iψ̄iµf+


jνλfs,+µ
ρτjσνλψiρ


114 ψ̄iµhi
νλf−


j
µνψjλ + H.c. 307 ψ̄iµuiµu


jνχ+,sψjν


115 ψ̄iµhjµ
ν
f−jν


λψiλ + H.c. 308 ψ̄iµui
νujµχ+,sψjν


116 ψ̄iµhiµ
νf−


jλρDνλψjρ + H.c. 309 ψ̄iµui
νujνχ+,sψjµ


117 ψ̄iµhi
νλf−


j
µ
ρ
Dνλψjρ + H.c. 310 ψ̄iµujµuj


νχ+,sψiν


118 ψ̄iµhi
νλf−


j
ν
ρ
Dλρψjµ + H.c. 311 ψ̄iµujνujνχ+,sψiµ


119 ψ̄iµhjµ
ν
f−j


λρDνλψiρ + H.c. 312 ψ̄iµui
νujλχ+,sDνλψjµ


120 ψ̄iµhjνλf−jν
ρDλρψiµ 313 ψ̄iµujνuj


λχ+,sDνλψiµ


121 iψ̄iµhiµ
νf−


jλρσνλψjρ + H.c. 314 iψ̄iµui
νujλχ+,sσνλψjµ


122 iψ̄iµhiµ
νf−


jλρσλρψjν + H.c. 315 ψ̄iµuiµu
jνχ+


kτjψkν + H.c.


123 iψ̄iµhi
νλf−


j
µ
ρ
σνρψjλ + H.c. 316 ψ̄iµui


νujµχ+
kτjψkν + H.c.


124 iψ̄iµhi
νλf−


j
ν
ρ
σλρψjµ + H.c. 317 ψ̄iµui


νujνχ+
kτjψkµ + H.c.


125 iψ̄iµhjµ
ν
f−j


λρσνλψiρ + H.c. 318 ψ̄iµuiµu
jνχ+


kτkψjν


126 iψ̄iµhi
νλf−


jρσσνρDλσψjµ + H.c. 319 ψ̄iµui
νujµχ+


kτkψjν


127 ψ̄iµhiµ
νhjν


λ
ψjλ 320 ψ̄iµui


νujνχ+
kτkψjµ


128 ψ̄iµhi
νλhjνλψjµ 321 ψ̄iµujµuj


νχ+
kτkψiν


129 ψ̄iµhjµ
ν
hjν


λψiλ 322 ψ̄iµujνujνχ+
kτkψiµ


130 ψ̄iµhjνλhjνλψiµ 323 ψ̄iµui
νujλχ+


kτjDνλψkµ + H.c.


131 ψ̄iµhiµ
νhjλρDνλψjρ 324 ψ̄iµui


νujλχ+
kτkDνλψjµ


132 ψ̄iµhi
νλhjν


ρ
Dλρψjµ 325 ψ̄iµujνuj


λχ+
kτkDνλψiµ


133 ψ̄iµhjµ
ν
hj
λρDνλψiρ 326 iψ̄iµui


νujλχ+
kτjσνλψkµ + H.c.


134 ψ̄iµhjνλhjν
ρDλρψiµ 327 iψ̄iµui


νujλχ+
kτkσνλψjµ
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n O
(4)
n n O


(4)
n


135 ψ̄iµhi
νλhjρσDνλρσψjµ 328 ψ̄iµf−i


νλχ+
jγ5γνDλψjµ + H.c.


136 ψ̄iµhjνλhj
ρσDνλρσψiµ 329 ψ̄iµhi


νλχ+
jγ5γνDλψjµ + H.c.


137 iψ̄iµhiµ
νhjλρσνλψjρ 330 ψ̄iµui


ν∇λχ+
jγ5γλDνψjµ + H.c.


138 iψ̄iµhi
νλhjν


ρ
σλρψjµ 331 εµνλρψ̄iµf−iνλχ+


jψjρ + H.c.


139 iψ̄iµhi
νλhjρσσνρDλσψjµ 332 εµνλρψ̄iµuiν∇λχ+


jψjρ + H.c.


140 ψ̄iµuiµ∇νf−
j
ν
λ
ψjλ + H.c. 333 ψ̄iµ∇ν∇νχ+,sψiµ


141 ψ̄iµui
ν∇λf−


j
µλψjν + H.c. 334 ψ̄iµ∇ν∇νχ+


jτjψiµ


142 ψ̄iµui
ν∇λf−


j
νλψjµ + H.c. 335 iψ̄iµf+iµ


νχ+
jψjν + H.c.


143 ψ̄iµujµ∇νf−jν
λψiλ + H.c. 336 iψ̄iµf+


j
µ
ν
χ+jψiν


144 ψ̄iµujν∇λf−jνλψiµ 337 ψ̄iµf+i
νλχ+


jσνλψjµ + H.c.


145 ψ̄iµui
ν∇λf−


j
λ
ρ
Dνρψjµ + H.c. 338 ψ̄iµf+


jνλχ+jσνλψiµ


146 ψ̄iµujν∇λf−jλ
ρDνρψiµ 339 iψ̄iµfs,+µ


νχ+,sψiν


147 iψ̄iµui
ν∇νf−


jλρσλρψjµ + H.c. 340 ψ̄iµfs,+
νλχ+,sσνλψiµ


148 iψ̄iµui
ν∇λf−


j
λ
ρ
σνρψjµ + H.c. 341 iψ̄iµfs,+µ


νχ+
jτjψiν


149 iψ̄iµfs,+µ
νuiνu


jλψjλ + H.c. 342 ψ̄iµfs,+
νλχ+


jτjσνλψiµ


150 iψ̄iµfs,+µ
νui


λujνψjλ + H.c. 343 iψ̄iµf+
j
µ
ν
χ+,sτjψiν


151 iψ̄iµfs,+µ
νui


λujλψjν 344 ψ̄iµf+
jνλχ+,sτjσνλψiµ


152 iψ̄iµfs,+
νλuiνu


j
λψjµ 345 ψ̄iµχ+iχ+


jψjµ


153 iψ̄iµfs,+µ
νujνuj


λψiλ + H.c. 346 ψ̄iµχ+
jχ+jψiµ


154 iψ̄iµfs,+µ
νujλujλψiν 347 ψ̄iµχ+,sχ+,sψiµ


155 iψ̄iµfs,+µ
νui


λujρDνλψjρ + H.c. 348 ψ̄iµχ+
jχ+,sτjψiµ


156 iψ̄iµfs,+µ
νui


λujρDνρψjλ + H.c. 349 iψ̄iµui
νujλχ−,sγ5γνDλψjµ + H.c.


157 iψ̄iµfs,+µ
νui


λujρDλρψjν 350 iεµνλρψ̄iµuiνu
j
λχ−,sψjρ


158 iψ̄iµfs,+
νλuiνu


jρDλρψjµ + H.c. 351 iψ̄iµui
νujλχ−


kτjγ5γνDλψkµ + H.c.


159 iψ̄iµfs,+µ
νujλuj


ρDνλψiρ + H.c. 352 iψ̄iµui
νujλχ−


kτjγ5γλDνψkµ + H.c.


160 iψ̄iµfs,+µ
νujλuj


ρDλρψiν 353 iψ̄iµui
νujλχ−


kτkγ5γνDλψjµ + H.c.


161 ψ̄iµfs,+µ
νui


λujρσνλψjρ + H.c. 354 iεµνλρψ̄iµuiνu
j
λχ−


kτjψkρ + H.c.


162 ψ̄iµfs,+µ
νui


λujρσνρψjλ + H.c. 355 iεµνλρψ̄iµuiνu
j
λχ−


kτkψjρ


163 ψ̄iµfs,+µ
νui


λujρσλρψjν 356 iψ̄iµf−iµ
νχ−


jψjν + H.c.


164 ψ̄iµfs,+
νλuiµu


jρσνλψjρ 357 ψ̄iµf−i
νλχ−


jσνλψjµ + H.c.


165 ψ̄iµfs,+
νλuiνu


jρσλρψjµ + H.c. 358 iψ̄iµhiµ
νχ−


jψjν + H.c.


166 ψ̄iµfs,+
νλui


ρujµσνλψjρ 359 iψ̄iµhjµ
ν
χ−jψiν


167 ψ̄iµfs,+
νλui


ρujρσνλψjµ 360 iψ̄iµhi
νλχ−


jDνλψjµ + H.c.


168 ψ̄iµfs,+µ
νujλuj


ρσνλψiρ + H.c. 361 iψ̄iµhjνλχ−jDνλψiµ
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n O
(4)
n n O


(4)
n


169 ψ̄iµfs,+
νλujµuj


ρσνλψiρ 362 iψ̄iµui
ν∇νχ−


jψjµ + H.c.


170 ψ̄iµfs,+
νλujνuj


ρσλρψiµ 363 iψ̄iµujν∇νχ−jψiµ


171 ψ̄iµfs,+
νλujρujρσνλψiµ 364 ψ̄iµui


ν∇λχ−
jσνλψjµ + H.c.


172 ψ̄iµfs,+
νλui


ρujσσνλDρσψjµ 365 iψ̄iµhjµ
ν
χ−,sτjψiν


173 ψ̄iµfs,+
νλujρuj


σσνλDρσψiµ 366 iψ̄iµhjνλχ−,sτjDνλψiµ


174 iψ̄iµf+iµ
νujνu


kλτjψkλ + H.c. 367 iψ̄iµujν∇νχ−,sτjψiµ


175 iψ̄iµf+iµ
νujνu


kλτkψjλ + H.c. 368 ψ̄iµf+i
νλχ−


jγ5γνDλψjµ + H.c.


176 iψ̄iµf+iµ
νujλukλτjψkν + H.c. 369 ψ̄iµf+


jνλχ−jγ5γνDλψiµ


177 iψ̄iµf+i
νλujµu


k
ντjψkλ + H.c. 370 ψ̄iµfs,+


νλχ−,sγ5γνDλψiµ


178 iψ̄iµf+i
νλujµu


k
ντkψjλ + H.c. 371 εµνλρψ̄iµf+iνλχ−


jψjρ + H.c.


179 iψ̄iµf+i
νλujνu


k
λτjψkµ + H.c. 372 εµνλρψ̄iµf+


j
νλχ−jψiρ


180 iψ̄iµf+
j
µ
ν
uiνu


kλτjψkλ + H.c. 373 εµνλρψ̄iµfs,+νλχ−,sψiρ


181 iψ̄iµf+
j
µ
ν
ui
λukντjψkλ + H.c. 374 ψ̄iµfs,+


νλχ−
jτjγ5γνDλψiµ


182 iψ̄iµf+
j
µ
ν
ui
λukλτjψkν 375 ψ̄iµf+


jνλχ−,sτjγ5γνDλψiµ


183 iψ̄iµf+
jνλuiνu


k
λτjψkµ 376 εµνλρψ̄iµfs,+νλχ−


jτjψiρ


184 iψ̄iµf+
j
µ
ν
ujνu


kλτkψiλ + H.c. 377 εµνλρψ̄iµf+
j
νλχ−,sτjψiρ


185 iψ̄iµf+
j
µ
ν
uj
λukλτkψiν 378 ψ̄iµχ−iχ−


jψjµ


186 iψ̄iµf+iµ
νujλukρτjDνλψkρ + H.c. 379 ψ̄iµχ−


jχ−,sτjψiµ


187 iψ̄iµf+iµ
νujλukρτjDνρψkλ + H.c. 380 ψ̄iµ〈FLµνFLνλ〉ψiλ + H.c.


188 iψ̄iµf+iµ
νujλukρτjDλρψkν + H.c. 381 ψ̄iµ〈FLνλFLνλ〉ψiµ + H.c.


189 iψ̄iµf+i
νλujµu


kρτjDνρψkλ + H.c. 382 ψ̄iµ〈FLµνFLλρ〉Dνλψiρ + H.c.


190 iψ̄iµf+i
νλujνu


kρτjDλρψkµ + H.c. 383 ψ̄iµ〈FLνλFLνρ〉Dλρψiµ + H.c.


191 iψ̄iµf+i
νλujµu


kρτkDνρψjλ + H.c. 384 ψ̄iµ〈χχ†〉ψiµ
192 iψ̄iµf+i


νλujνu
kρτkDλρψjµ + H.c. 385 ψ̄iµ detχψiµ + H.c.


193 iψ̄iµf+
j
µ
ν
ui
λukρτjDνλψkρ + H.c.


TABLE II: Terms in the O(p4) πN∆ chiral Lagrangian.


n P
(4)
n n P


(4)
n n P


(4)
n


1 ψ̄uiµuiµu
jνukλτjγ5γνψA,n,kλ 80 ψ̄hiµνf−


jλρτjγ5γλDµνψA,n,iρ 159 iψ̄f+
iµνf−


j
µ
λ
τjDλψA,n,iν


2 ψ̄uiµuiµu
jνukλτjγ5γλψA,n,kν 81 ψ̄hiµνf−


jλρτjγ5γλDµρψA,n,iν 160 ψ̄f+
iµνf−


jλρτiσµνDλψA,n,jρ


3 ψ̄uiµui
νujµu


kλτjγ5γνψA,n,kλ 82 ψ̄hiµνhjµ
λ
τiγ5γνψA,n,jλ 161 ψ̄f+


iµνf−
jλρτiσµλDνψA,n,jρ


4 ψ̄uiµui
νujµu


kλτkγ5γνψA,n,jλ 83 ψ̄hiµνhjµ
λ
τiγ5γλψA,n,jν 162 ψ̄f+


iµνf−
jλρτiσµλDρψA,n,jν


5 ψ̄uiµui
νujµu


kλτjγ5γλψA,n,kν 84 ψ̄hiµνhjλρτiγ5γµDνλψA,n,jρ 163 ψ̄f+
iµνf−


jλρτiσλρDµψA,n,jν
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n P
(4)
n n P


(4)
n n P


(4)
n


6 ψ̄uiµui
νujµu


kλτkγ5γλψA,n,jν 85 ψ̄hiµνhjλρτiγ5γλDµνψA,n,jρ 164 ψ̄f+
iµνf−


jλρτjσµνDλψA,n,iρ


7 ψ̄uiµui
νujλukλτjγ5γµψA,n,kν 86 ψ̄uiµ∇µf−


jνλτiγ5γνψA,n,jλ 165 ψ̄f+
iµνf−


jλρτjσµλDνψA,n,iρ


8 ψ̄uiµui
νujλukρτjγ5γµDνλψA,n,kρ 87 ψ̄uiµ∇νf−


j
µ
λ
τiγ5γνψA,n,jλ 166 ψ̄f+


iµνf−
jλρτjσµλDρψA,n,iν


9 ψ̄uiµui
νujλukρτjγ5γµDνρψA,n,kλ 88 ψ̄uiµ∇νf−


j
ν
λ
τiγ5γµψA,n,jλ 167 ψ̄f+


iµνf−
jλρτjσλρDµψA,n,iν


10 ψ̄uiµui
νujλukρτjγ5γµDλρψA,n,kν 89 ψ̄uiµ∇νf−


j
ν
λ
τiγ5γλψA,n,jµ 168 iψ̄f+


iµνhjµ
λ
τiDνψA,n,jλ


11 ψ̄uiµui
νujλukρτjγ5γλDµνψA,n,kρ 90 ψ̄uiµ∇µf−


jνλτjγ5γνψA,n,iλ 169 iψ̄f+
iµνhjµ


λ
τiDλψA,n,jν


12 ψ̄uiµui
νujλukρτjγ5γλDµρψA,n,kν 91 ψ̄uiµ∇νf−


j
µ
λ
τjγ5γνψA,n,iλ 170 iψ̄f+


iµνhjµ
λ
τjDνψA,n,iλ


13 ψ̄uiµui
νujλukρτjγ5γρDµνψA,n,kλ 92 ψ̄uiµ∇νf−


j
ν
λ
τjγ5γµψA,n,iλ 171 iψ̄f+


iµνhjµ
λ
τjDλψA,n,iν


14 ψ̄uiµui
νujλukρτjγ5γρDµλψA,n,kν 93 ψ̄uiµ∇νf−


j
ν
λ
τjγ5γλψA,n,iµ 172 iψ̄f+


iµνhjλρτiDµλρψA,n,jν


15 εµνλρψ̄uiµui
σujνu


k
λτjDσψA,n,kρ 94 ψ̄uiµ∇µh


jνλτiγ5γνψA,n,jλ 173 iψ̄f+
iµνhjλρτjDµλρψA,n,iν


16 ψ̄uiµuiµf−
jνλDνψA,n,jλ 95 ψ̄uiµ∇µh


jνλτjγ5γνψA,n,iλ 174 ψ̄f+
iµνhjλρτiσµνDλψA,n,jρ


17 ψ̄uiµui
νf−


j
µ
λ
DνψA,n,jλ 96 εµνλρψ̄f−


i
µνf−


j
λ
σ
τiDσψA,n,jρ 175 ψ̄f+


iµνhjλρτiσµλDνψA,n,jρ


18 ψ̄uiµui
νf−


j
µ
λ
DλψA,n,jν 97 εµνλρψ̄hiµ


σ
f−


j
νλτiDσψA,n,jρ 176 ψ̄f+


iµνhjλρτiσµλDρψA,n,jν


19 ψ̄uiµujµf−i
νλDνψA,n,jλ 98 εµνλρψ̄hiµ


σ
f−


j
νλτjDσψA,n,iρ 177 ψ̄f+


iµνhjλρτjσµνDλψA,n,iρ


20 ψ̄uiµujνf−iµ
λDνψA,n,jλ 99 iψ̄f+


iµνuiµu
jλγ5γνψA,n,jλ 178 ψ̄f+


iµνhjλρτjσµλDνψA,n,iρ


21 ψ̄uiµujνf−iµ
λDλψA,n,jν 100 iψ̄f+


iµνuiµu
jλγ5γλψA,n,jν 179 ψ̄f+


iµνhjλρτjσµλDρψA,n,iν


22 ψ̄uiµujνf−iν
λDµψA,n,jλ 101 iψ̄f+


iµνui
λujµγ5γνψA,n,jλ 180 iψ̄∇µf+


i
µ
ν
ujλτiDνψA,n,jλ


23 ψ̄uiµujνf−iν
λDλψA,n,jµ 102 iψ̄f+


iµνui
λujµγ5γλψA,n,jν 181 iψ̄∇µf+


i
µ
ν
ujλτiDλψA,n,jν


24 ψ̄uiµui
νf−


jλρDµνλψA,n,jρ 103 iψ̄f+
iµνui


λujλγ5γµψA,n,jν 182 iψ̄∇µf+
i
µ
ν
ujλτjDνψA,n,iλ


25 ψ̄uiµujνf−i
λρDµνλψA,n,jρ 104 iψ̄f+


iµνujµuj
λγ5γνψA,n,iλ 183 iψ̄∇µf+


i
µ
ν
ujλτjDλψA,n,iν


26 iψ̄uiµui
νf−


jλρσµλDνψA,n,jρ 105 iψ̄f+
iµνujµuj


λγ5γλψA,n,iν 184 iψ̄∇µ∇µf+
iνλγ5γνψA,n,iλ


27 iψ̄uiµui
νf−


jλρσµλDρψA,n,jν 106 iψ̄f+
iµνujλujλγ5γµψA,n,iν 185 iψ̄∇µ∇νf+


i
µ
λ
γ5γνψA,n,iλ


28 iψ̄uiµui
νf−


jλρσλρDµψA,n,jν 107 iψ̄f+
iµνui


λujργ5γµDνλψA,n,jρ 186 ψ̄f+
iµνfs,+µ


λγ5γνψA,n,iλ


29 iψ̄uiµujνf−i
λρσµνDλψA,n,jρ 108 iψ̄f+


iµνui
λujργ5γµDνρψA,n,jλ 187 ψ̄f+


iµνfs,+µ
λγ5γλψA,n,iν


30 iψ̄uiµujνf−i
λρσµλDνψA,n,jρ 109 iψ̄f+


iµνui
λujργ5γµDλρψA,n,jν 188 ψ̄f+


iµνfs,+
λργ5γµDνλψA,n,iρ


31 iψ̄uiµujνf−i
λρσµλDρψA,n,jν 110 iψ̄f+


iµνui
λujργ5γλDµρψA,n,jν 189 ψ̄f+


iµνfs,+
λργ5γλDµρψA,n,iν


32 iψ̄uiµujνf−i
λρσνλDµψA,n,jρ 111 iψ̄f+


iµνui
λujργ5γρDµλψA,n,jν 190 εµνλρψ̄f+


i
µνfs,+λ


σDσψA,n,iρ


33 iψ̄uiµujνf−i
λρσνλDρψA,n,jµ 112 iψ̄f+


iµνujλuj
ργ5γµDνλψA,n,iρ 191 ψ̄f+


iµνf+
j
µ
λ
τiγ5γνψA,n,jλ


34 iψ̄uiµujνf−i
λρσλρDµψA,n,jν 113 iψ̄f+


iµνujλuj
ργ5γµDλρψA,n,iν 192 ψ̄f+


iµνf+
j
µ
λ
τiγ5γλψA,n,jν


35 iψ̄uiµujνf−i
λρσλρDνψA,n,jµ 114 iψ̄f+


iµνujλuj
ργ5γλDµρψA,n,iν 193 ψ̄f+


iµνf+
jλρτiγ5γµDνλψA,n,jρ


36 ψ̄uiµuiµh
jνλDνψA,n,jλ 115 iεµνλρψ̄f+


i
µνuiλu


jσDσψA,n,jρ 194 ψ̄f+
iµνf+


jλρτiγ5γλDµρψA,n,jν


37 ψ̄uiµui
νhjµ


λ
DνψA,n,jλ 116 iεµνλρψ̄f+


i
µνui


σujλDσψA,n,jρ 195 εµνλρψ̄f+
i
µνf+


j
λ
σ
τiDσψA,n,jρ


38 ψ̄uiµui
νhjµ


λ
DλψA,n,jν 117 iεµνλρψ̄f+


i
µνu


j
λuj


σDσψA,n,iρ 196 ψ̄uiµui
νχ+


jγ5γµψA,n,jν


39 ψ̄uiµujµhi
νλDνψA,n,jλ 118 iψ̄fs,+


µνuiµu
jλτiγ5γνψA,n,jλ 197 ψ̄uiµujνχ+iγ5γµψA,n,jν
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n P
(4)
n n P


(4)
n n P


(4)
n


40 ψ̄uiµui
νhjλρDµνλψA,n,jρ 119 iψ̄fs,+


µνuiµu
jλτiγ5γλψA,n,jν 198 ψ̄uiµujνχ+iγ5γνψA,n,jµ


41 ψ̄uiµui
νhjλρDµλρψA,n,jν 120 iψ̄fs,+


µνuiµu
jλτjγ5γνψA,n,iλ 199 ψ̄uiµujνχ+,sτiγ5γµψA,n,jν


42 iψ̄uiµui
νhjλρσµλDνψA,n,jρ 121 iψ̄fs,+


µνuiµu
jλτjγ5γλψA,n,iν 200 ψ̄uiµujνχ+,sτiγ5γνψA,n,jµ


43 iψ̄uiµui
νhjλρσµλDρψA,n,jν 122 iψ̄fs,+


µνuiλujλτiγ5γµψA,n,jν 201 iεijkψ̄ui
µuj


νχ+
lτkγ5γµψA,n,lν


44 iψ̄uiµujνhi
λρσµνDλψA,n,jρ 123 iψ̄fs,+


µνuiλujρτiγ5γµDνλψA,n,jρ 202 iεijkψ̄ui
µulνχ+jτkγ5γµψA,n,lν


45 iψ̄uiµujνhi
λρσµλDνψA,n,jρ 124 iψ̄fs,+


µνuiλujρτiγ5γµDνρψA,n,jλ 203 ψ̄f−
iµνχ+,sDµψA,n,iν


46 iψ̄uiµujνhi
λρσµλDρψA,n,jν 125 iψ̄fs,+


µνuiλujρτiγ5γµDλρψA,n,jν 204 ψ̄hiµνχ+,sDµψA,n,iν


47 iεijkψ̄ui
µuj


νf−
l
µ
λ
τkDνψA,n,lλ 126 iψ̄fs,+


µνuiλujρτiγ5γλDµρψA,n,jν 205 ψ̄f−
iµνχ+


jτiDµψA,n,jν


48 iεijkψ̄ui
µuj


νf−
l
µ
λ
τkDλψA,n,lν 127 iψ̄fs,+


µνuiλujρτiγ5γρDµλψA,n,jν 206 ψ̄f−
iµνχ+


jτjDµψA,n,iν


49 iεijkψ̄ui
µulµf−j


νλτkDνψA,n,lλ 128 iεµνλρψ̄fs,+µνu
i
λu


jστiDσψA,n,jρ 207 ψ̄hiµνχ+
jτiDµψA,n,jν


50 iεijkψ̄ui
µulνf−jµ


λτkDνψA,n,lλ 129 iεµνλρψ̄fs,+µνu
i
λu


jστjDσψA,n,iρ 208 ψ̄hiµνχ+
jτjDµψA,n,iν


51 iεijkψ̄ui
µulνf−jµ


λτkDλψA,n,lν 130 εijkψ̄f+i
µνujµu


lλτkγ5γνψA,n,lλ 209 ψ̄∇µ∇νχ+
iγ5γµψA,n,iν


52 iεijkψ̄ui
µulνf−j


λρτkDµνλψA,n,lρ 131 εijkψ̄f+i
µνujµu


lλτkγ5γλψA,n,lν 210 iψ̄fs,+
µνχ+


iγ5γµψA,n,iν


53 εijkψ̄ui
µuj


νf−
lλρτkσµνDλψA,n,lρ 132 εijkψ̄f+i


µνuj
λulµτkγ5γνψA,n,lλ 211 iψ̄f+


iµνχ+,sγ5γµψA,n,iν


54 εijkψ̄ui
µuj


νf−
lλρτkσµλDνψA,n,lρ 133 εijkψ̄f+i


µνuj
λulµτkγ5γλψA,n,lν 212 iψ̄f+


iµνχ+
jτiγ5γµψA,n,jν


55 εijkψ̄ui
µuj


νf−
lλρτkσµλDρψA,n,lν 134 εijkψ̄f+i


µνuj
λulλτkγ5γµψA,n,lν 213 iψ̄f+


iµνχ+
jτjγ5γµψA,n,iν


56 εijkψ̄ui
µuj


νf−
lλρτkσλρDµψA,n,lν 135 εijkψ̄f+i


µνuj
λulρτkγ5γµDνλψA,n,lρ 214 iψ̄uiµui


νχ−
jDµψA,n,jν


57 εijkψ̄ui
µulνf−j


λρτkσµλDνψA,n,lρ 136 εijkψ̄f+i
µνuj


λulρτkγ5γµDνρψA,n,lλ 215 iψ̄uiµujνχ−iDµψA,n,jν


58 εijkψ̄ui
µulνf−j


λρτkσµλDρψA,n,lν 137 εijkψ̄f+i
µνuj


λulρτkγ5γµDλρψA,n,lν 216 iψ̄uiµujνχ−iDνψA,n,jµ


59 εijkψ̄ui
µulνf−j


λρτkσλρDµψA,n,lν 138 εijkψ̄f+i
µνuj


λulρτkγ5γλDµρψA,n,lν 217 iψ̄uiµujνχ−,sτiDµψA,n,jν


60 iεijkψ̄ui
µuj


νhlµ
λ
τkDνψA,n,lλ 139 εijkψ̄f+i


µνuj
λulρτkγ5γρDµλψA,n,lν 218 iψ̄uiµujνχ−,sτiDνψA,n,jµ


61 iεijkψ̄ui
µuj


νhlµ
λ
τkDλψA,n,lν 140 εµνλρεijkψ̄f+iµνujλu


lστkDσψA,n,lρ 219 εijkψ̄ui
µuj


νχ−
lτkDµψA,n,lν


62 iεijkψ̄ui
µulµhj


νλτkDνψA,n,lλ 141 εµνλρεijkψ̄f+iµνuj
σulλτkDσψA,n,lρ 220 εijkψ̄ui


µulνχ−jτkDµψA,n,lν


63 iεijkψ̄ui
µuj


νhlλρτkDµλρψA,n,lν 142 iψ̄fs,+
µνf−


i
µ
λ
DνψA,n,iλ 221 iψ̄f−


iµνχ−,sγ5γµψA,n,iν


64 iεijkψ̄ui
µulνhj


λρτkDµνλψA,n,lρ 143 iψ̄fs,+
µνf−


i
µ
λ
DλψA,n,iν 222 iψ̄hiµνχ−,sγ5γµψA,n,iν


65 εijkψ̄ui
µuj


νhlλρτkσµνDλψA,n,lρ 144 ψ̄fs,+
µνf−


iλρσµνDλψA,n,iρ 223 iψ̄uiµ∇νχ−,sγ5γµψA,n,iν


66 εijkψ̄ui
µuj


νhlλρτkσµλDνψA,n,lρ 145 ψ̄fs,+
µνf−


iλρσµλDνψA,n,iρ 224 iψ̄uiµ∇νχ−,sγ5γνψA,n,iµ


67 εijkψ̄ui
µuj


νhlλρτkσµλDρψA,n,lν 146 ψ̄fs,+
µνf−


iλρσµλDρψA,n,iν 225 iψ̄f−
iµνχ−


jτiγ5γµψA,n,jν


68 ψ̄f−
iµνf−


j
µ
λ
τiγ5γνψA,n,jλ 147 ψ̄fs,+


µνf−
iλρσλρDµψA,n,iν 226 iψ̄f−


iµνχ−
jτjγ5γµψA,n,iν


69 ψ̄f−
iµνf−


j
µ
λ
τiγ5γλψA,n,jν 148 iψ̄fs,+


µνhiµ
λ
DνψA,n,iλ 227 iψ̄hiµνχ−


jτiγ5γµψA,n,jν


70 ψ̄f−
iµνf−


jλρτiγ5γµDνλψA,n,jρ 149 iψ̄fs,+
µνhiµ


λ
DλψA,n,iν 228 iψ̄hiµνχ−


jτjγ5γµψA,n,iν


71 ψ̄f−
iµνf−


jλρτiγ5γλDµρψA,n,jν 150 iψ̄fs,+
µνhiλρDµλρψA,n,iν 229 iψ̄uiµ∇νχ−


jτiγ5γµψA,n,jν


72 ψ̄hiµνf−
j
µ
λ
τiγ5γνψA,n,jλ 151 ψ̄fs,+


µνhiλρσµνDλψA,n,iρ 230 iψ̄uiµ∇νχ−
jτiγ5γνψA,n,jµ


73 ψ̄hiµνf−
j
µ
λ
τiγ5γλψA,n,jν 152 ψ̄fs,+


µνhiλρσµλDνψA,n,iρ 231 iψ̄uiµ∇νχ−
jτjγ5γµψA,n,iν
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(4)
n n P


(4)
n n P


(4)
n


74 ψ̄hiµνf−
j
µ
λ
τjγ5γνψA,n,iλ 153 ψ̄fs,+


µνhiλρσµλDρψA,n,iν 232 iψ̄uiµ∇νχ−
jτjγ5γνψA,n,iµ


75 ψ̄hiµνf−
j
µ
λ
τjγ5γλψA,n,iν 154 iψ̄∇µfs,+µ


νuiλDνψA,n,iλ 233 ψ̄fs,+
µνχ−


iDµψA,n,iν


76 ψ̄hiµνf−
jλρτiγ5γµDνλψA,n,jρ 155 iψ̄∇µfs,+µ


νuiλDλψA,n,iν 234 ψ̄f+
iµνχ−,sDµψA,n,iν


77 ψ̄hiµνf−
jλρτiγ5γλDµνψA,n,jρ 156 iψ̄f+


iµνf−
j
µ
λ
τiDνψA,n,jλ 235 ψ̄f+


iµνχ−
jτiDµψA,n,jν


78 ψ̄hiµνf−
jλρτiγ5γλDµρψA,n,jν 157 iψ̄f+


iµνf−
j
µ
λ
τiDλψA,n,jν 236 ψ̄f+


iµνχ−
jτjDµψA,n,iν


79 ψ̄hiµνf−
jλρτjγ5γµDνλψA,n,iρ 158 iψ̄f+


iµνf−
j
µ
λ
τjDνψA,n,iλ
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Point transformation

ψµAi ≡ (gµν + 1
2
Aγµγν)ψiν

Lπ∆∆ =− ψ̄iµ
[
(i /D −m∆)gµν + iA(γµDν + γνDµ) +

i

2
(3A2 + 2A+ 1)γµ /Dγν

+m∆(3A2 + 3A+ 1)γµγν
]
δijψ

j
ν +

∑
m,n

ψ̄iµc
(m)
n (A)O

(m)µν
n,ij ψjν

LECs (c(m)
n (A)) are dependent on A

=− ψ̄iAµ
[
(i /D −m∆)gµν + iA(γµDν + γνDµ) +

i

2
(3A2 + 2A+ 1)γµ /Dγν

+m∆(3A2 + 3A+ 1)γµγν
]
δijψ

j
Aν +

∑
m,n

ψ̄iAµc
(m)
n O

(m)µν
n,ij ψjAν

LECs (c(m)
n ) are independent on A



Heavy baryon projection

Without 1/m0 corrections

1←→ 1,

γµ ←→ vµ,

γ5γ
µ ←→ −2Sµ,

σµν ←→ 2εµνλρvλSρ = −2i[Sµ, Sν ],

ψ ←→ N

ψµi ←→ T µi ,

Dνψµi ←→ −im0v
νT µi ,



Summary

Finding a method to get chiral Lagrangian with ∆(1232)

Giving the chiral Lagrangian with ∆(1232) to p4 order

This method can extend to other effective Lagrangians: Decuplet

...



Thank you!

&
Welcome to Guangxi

University!
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