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Abstract

We analyze the consistence between the recently proposed “spin 3/2 gauge” interaction

for the ∆ resonance with nucleons (N) and pions (π), and the fundamental electromag-

netic gauge invariance in any radiative amplitude. Chiral symmetric π-derivative πN∆

couplings can be substituted through a linear transformation to get ∆-derivative ones,

which have the property of decoupling the 1/2 field components of the ∆ propagator.

Nevertheless, the electromagnetic gauge invariance introduced through minimal substitu-

tion in all derivatives, can only be fulfilled at a given order n without destroying the spin

3/2 one by dropping n+1 order terms within an effective field theory (EFT) framework

with a defined power counting. In addition, we show that the Ward identity for the ∆γ∆

vertex cannot be fulfilled with a trimmed 3/2 propagator, which should be necessary in

order to keep the “spin 3/2 gauge” symmetry in the radiative case for the ∆γ∆ amplitude.

Finally, it is shown that radiative corrections of the spin 3/2 gauge strong vertexes at one

loop, reintroduce the conventional interaction.
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1. Introduction

The study of massive charged spin 3/2 particles and their interactions has a great

phenomenological interest due the necessity of modelling hadron resonances, in hadron

physics experiments. Nonetheless, the development of the theory has been plagued with

difficulties and controversy. One of them is the price to pay when we wish to fulfill Lorentz

covariance. In the Rarita-Schwinger (RS) formalism the spin 3/2 field is given by a vector

spinor ψµ belonging to the [(1/2, 0)⊕ (0, 1/2)]⊗ (1/2, 1/2) representation of the Lorentz

group, enclosing both spin 3/2 and spin 1/2 fields. In spite of the fact that on-shell we

can filter the 3/2 sector in the equations of motion by using subsidiary conditions, thus

projecting out the 1/2 one, when inverting the kinetic operator to get the propagator (an

off-shell regime), it appears again virtually [ 1]. This is not unique to the RS field: we can

find other cases where the presence of several spin fields within a representation manifest

not as free particles, but as dynamical effects due to interactions [ 1].

The interchange of virtual particles and its contribution to observable amplitudes is not

by itself a problem as long as the interactions do not lead to propagation of real ghosts,

that is, pole contribution to the S-matrix of lower spin representation members which by

construction lead to negative norm states. This is well known in Quantum Field Theory

(QFT), where ghost states are not only tolerated but sometimes warmly welcome, as in

the case of Faddeev-Popov Ghosts resulting from noninvariance of the measure in path

integrals of nonabelian gauge symmetries [ 2]. For massive vector fields there are ghosts

within the Gupta-Blewler quantization in the Stueckelberg’s Lagrangian [ 3]. This is easy

to see at the level of commutators, where Lorentz covariance is reached by introduction

of a redundant spin 0 field, rendering all components dynamical. Then, by covariance,

the commutators [a†µ, aν ] are proportional to gµν , and the on-shell spin zero one particle

states can be seen to have negative norm. For the free case, however, they are projected

out by the constraint pµV
µ = 0. When interactions are turned on, what needs to be

warranted is that ghosts do not get physical. In the Stueckelberg’s propagator used for

describing the photon in the massless limit, this is enforced for the scalar ghost since we

have electromagnetic gauge invariance (GI) and thus a coupling to a conserved current.

Nevertheless, for the massive vector field in the Proca description, we still have a virtual

spin zero contribution to amplitudes. This contribution is important, for instance in the
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decay of charged pions to leptons and neutrinos mediated by virtual W vectors [ 1, 4].

Observe that the decay matrix element in spin 1 states of any helicity vanishes, so only

the interchange of virtual fields of spin 0 can account for this well known phenomenon.

It is for this reason that the spinless pion can decay through a vector meson without

violating the angular momentum conservation law. For RS fields there are ghosts of spin

1/2 together with the on shell 3/2 contributions, they contribute virtually and do not

develop a pole in the amplitude.

A more serious problem is to explicitly write down Lagrangians that lead to consistent

interactions. The quantization of the RS free theory involves the implementation of

constraints which exclude spin 1/2 states bringing negative anticommutators into the

theory, but in general the interactions change the constraints, allowing such states to

re-enter again [ 5, 6]. This makes the interacting theory not Lorentz covariant, since we

get superluminal solutions to the field equations, even at the classical level [ 7]. Results

have been reported for the RS field minimally coupled to the EM field [ 5] and for the

coupling to a spinor and the derivative of a scalar field [ 8]. This problem is related

to the presence of ghost states in the free theory, but it is not simply a consequence of

virtual lower spin contributions (which are trivial to detect inspecting the propagator)

but to a subtle “mixing” of ghosts with the physical spectrum, resulting in a non definite

spectrum. There are good arguments to suppose that the theory can be made consistent

if a complicated interaction (not introduced minimally) is implemented [ 9, 10], but the

explicit construction of such interaction for the RS is still pending and some attempts [

11] arrived to a negative result.

There have been many attempts to fix the form of the interaction with a pseudoscalar

and a spinor (i.e., the coupling to a π and a N) on theoretical grounds. In order to keep

chiral symmetry, the interaction should involve only the derivatives of the pseudoscalar

field [ 12, 13]. The most general interaction term to first order in field derivatives, involves

a dimensionless parameter Z [ 14]. It has been argued by Peccei [ 13] that Z should be

−1
4

in order to decouple the spin 1/2 states, but [ 4] shows that this decoupling does not

occur. From QFT considerations, Nath et al. [ 14] (“NEK” from now on) argued that

Z should be 1
2

(see expression 8 below), but later this argumentation was shown to be

incomplete [ 8], and that for any value of Z the appearance of negative anticommutators is
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unavoidable. Also the inclusion of the ∆ field and the consistence of the πN∆ interacction

has been analyzed in the framework of chiral perturbation theory [ 15, 16]. Nevertheless,

the above mentioned problems with the usual π derivative vertex will not appear in a

perturbative calculation since we are not in presence of a classical background external

field [ 9], but of interactions generated by particles perturbing quantically the vacuum.

More recently Pascalutsa [ 17], proposed a new πN∆ interaction (“P” from now on) .

It also adds a derivative of the RS field, its form inspired in a “Gauge” transformation

ψµ → ψµ + ∂µχ to which the massless RS Lagrangian is invariant. The new vertex kills

virtual 1/2 contributions in the propagator. Supporters of this interaction claim that such

decoupling is a condition of “consistency”, since this warrants that physical amplitudes

do not include the so called “spin 1/2 background”. But as explained above, this is not

a critical condition for consistency. The true consistency check is the absence of spin

1/2 states in the on-shell spectrum. The necessity of the spin 1/2 background in the

case of the ∆ is not as evident as the case for the spin 0 component in the W boson

propagator. A comparison between conventional LNEK and new LP interactions which

should be connected by the equivalence theorem [ 18], with experimental data on elastic

πN scattering shows that LP cannot reproduce them satisfactorily in contrast to LNEK [

19].

For a complete and consistent analysis [ 9], in addition to the strong interaction of the

RS field one should consider interaction of the ∆ with radiation. Here, the electromag-

netic GI is mandatory. Radiative πN scattering and γN photoproduction through the

excitation of a ∆ resonance are phenomenologically relevant since they enable a determi-

nation of its magnetic dipole moment [ 20, 21]. In order to achieve those calculations the

electromagnetic interactions were introduced through minimal coupling, and the LNEK

strong coupling was adopted, where the obtained results for the ∆++ and ∆+ where con-

sistent. Here, we will examine the effects of introducing minimally the electromagnetic

interaction for the above mentioned new strong interaction LP . We will see that now

the 1/2 virtual propagation decoupling is not possible in presence of the ∆γ∆ vertex,

in contrast with the πN elastic scattering. Trying to force such decoupling by inserting

a spin 3/2 projector, which is inocuous in the elastic case, does not work since the ∆

energy-momentum changes due to the radiated photon. Also, it is not possible to satisfy
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the Ward identity involving the γ∆γ vertex and ∆ propagator with a trimmed propaga-

tor keeping only the 3/2 propagation, unless one uses the mentioned projected vertexes.

We will see that after a minimal substitution in LP spin-3/2 and electromagnetic gauge

symmetries cannot coexist [ 22], and that at the amplitude level we would need to throw

out certain higher order terms (in a δ expansion EFT scheme described below) in order

to invoke electromagnetic GI.

The paper is organized as follows. In Section (2) we review the basics of the RS field and

its interactions. In Section (3) we get the radiative Feynman rules for the RS theory with

the new LP interaction term plus electromagnetic coupling introduced through minimal

substitution, and discuss the spin 3/2 and electromagnetic GI consistence. In this sec-

tion we also show that such electromagnetic interactions lead to a “spin 1/2 background”

for radiative πN → ∆ → πNγ scattering, and that the introduction of a trimmed 3/2

propagator is not possible since Ward identity should be not satisfied. In Section (4)

we introduce one loop radiative vertex corrections, which forces to reintroduce the con-

ventional LNEK coupling to π and N , so even the elastic amplitude will include a “spin

1/2 background” in presence of effective corrected vertexes. Finally, in Section (5) we

summarize the conclusions and discuss the implications for hadron phenomenology.

2. RS field and its interactions

The vector-spinor Ψµ contains the spin 3/2 representation of the Lorentz group. The

condition p2 = m2 and the requirement of keeping spin 3/2 only are equivalent to (/p −
m)Ψµ = 0 and γµΨµ = 0. The most general first order covariant lagrangian is of the form

Ψ̄µ
(

(/p−m)gµν + A(pµγν + pνγµ) +Bγµ/pγν +mCγµγν
)

Ψν , and imposing the condition

that the equations of motion are equivalent to (/p − m)Ψµ = 0 and γµΨµ = 0 we get

B = 3
2
A2 + A + 1

2
, C = 3A2 + 3A + 1 and A 6= −1

2
. Thus, a family of infinite equivalent

lagrangians and equations of motion is obtained.

The equations of motion for a spin 3/2 field ψµ are thus the Dirac equation for each

component (enforcing the relativistic dispersion relation and definite parity) plus the

constraints that select the “pure spin 3/2” representation, γνψν = 0 (The condition

∂νψν = 0, which is also required to project out all spin 1/2 components, follows from the

former and the Dirac equation on each component). These field equations are invariant
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under the so called “contact transformation”.

ψµ → ψ′µ = R(a)µνψν ≡ (gµν + aγµγν)ψν , (1)

[ 23, 19], which is related with the abovementioned existence of constraints, since it

changes only the spin 1/2 sector that is projected out by them. This is not privative

of the 3/2 field: the vector representation within the (1/2, 1/2) space obeys the Proca

equation for a field of mass µ with the subsidiary condition ∂ ·A = 0 and it is possible to

make the transformation Aρ → Aρ+λ/µ2∂ρ(∂ ·A) = (gρα+λ/µ2∂ρ∂α)Aα, which only affects

the spin zero sector, leading to equivalent equations of motion and different propagators

[ 3].

The Lagrangian can be expressed as [ 19]

 Lfree = ψµ(x)K(∂, A)µνψν(x), (2)

where

K(∂, A)µν = R
(

−1

2
(1 + A)

)µµ′
{

ǫµ′ν′αβ∂
αγβγ5 + imσµ′ν′

}

R
(

−1

2
(1 + A)

)ν′ν

(3)

To express it in momentum space we make the replacement i∂µ = i ∂
∂xµ → pµ. Equations

(3) and (2) are equivalent to the conventionally set in most of the literature (see for

instance [ 4, 14])2. The spin-3
2

propagator G(p, A)βν should satisfy

K(p, A)βµG(p, A)βν = gµν , (4)

for any value of A, using properties of R [ 19] and the Eq. (3) can be written conveniently

as

G(p, A)µν =
[

R−1
(

−1

2
(1 + A)

)µ

α

]

G (p,−1)αβ
[

R−1
(

−1

2
(1 + A)

)ν

β

]

, (5)

where G(p,−1) is the well known propagator for A = −1:

G (p,−1)µν = −
[

6p+m

p2 −m2
P̂ 3/2
µν −

2

3m2
( 6p +m)(P̂

1/2
22 )µν +

1√
3m

(P̂
1/2
12 + P̂

1/2
21 )µν

]

.

(6)

2Expressing the Lagrangian with the aid of the matrices R makes it much easier to manipulate compu-
tations involving the contact invariance.



7

We have introduced P k
ij which projects on the k = 3/2, 1/2 sector of the representation

space, with i, j = 1, 2 indicating the subsectors of the 1/2 subspace, and are defined as

(P̂ 3/2)µν = gµν −
1

3
γµγν −

1

3p2
[/pγµpν + pµγν/p] ,

(P̂
1/2
22 )µν =

pµpν
p2

,

(P̂
1/2
11 )µν = gµν − P̂ 3/2

µν − (P̂
1/2
22 )µν ,

= (gµα −
pµpα
p2

)(1/3γαγβ)(gβν −
pβpν
P 2

),

(P̂
1/2
12 )µν =

1√
3p2

(pµpν− 6pγµpν),

(P̂
1/2
21 )µν =

1√
3p2

(−pµpν+ 6ppµγν). (7)

As can be seen from (6), the spin 1/2 sector does not develop a pole and only manifests

as virtual states. When vertex interactions are present, and as amplitudes should not

depend on A, we fix their A-dependence by demanding point invariance of the interaction

terms [ 19]. However, still getting A-independent amplitudes we have several criteria

to fix the interaction vertexes. We will analyze the elastic and radiative πN scattering

amplitude, and we begin describing the strong π∆N vertex. In [ 14] the leading order

coupling between a ∆ , N and π is studied based on the nonlinear realization of the chiral

symmetry, imposing conditions of contact invariance. They get the interaction

LNEK =
fπN∆

mπ
ψ̄∂µφ

† ·TR
(

1

2
(1 + 4Z)A+ Z

)µν

Ψν + h.c., (8)

where T is the ∆→ N isospin transition operator. Since the matrix R(1
2
(1 + 4Z)A+ Z)

can be written as R(−1
2
(A + 1))R(−Z − 1

2
), the contraction of such vertexes with the

propagator Gαβ(p, A) given in Eq.(5) leads to A-independent πN scattering amplitudes.

The value Z was then fixed to 1
2

from field theoretic arguments. Much more recently, in

[ 17] and [ 24] a higher order interaction3

LP =
fπN∆

mπm
ψ̄∂µφ

† ·Tǫµσρνγνγ5∂ρR
(

−1

2
(A+ 1)

)η

σ
Ψη + h.c., (9)

was proposed where, according to the notation above, the value Z = −1/2 was adopted.

The basis for the proposal was the symmetry for Lfree(m = 0) (see Eqs.(2) and (3)) under

a “spin 3/2 gauge-like” transformation Ψµ → Ψµ+∂µΦ (where Φ is a spinor) of the RS field

3 In [ 17] it is introduced the interaction when A = −1, but in ref.[ 24] the expression is generalized.
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[ 22], which leads to introducing the dependence ǫµσρνγνγ5∂ρΨσ for the Lagrangian (9),

similar to that in Lfree(m = 0) in Eq.(3). Then, for the πN → ∆ → πN the amplitude

resulting from the interaction vertex (9) has the following property (Γµσ(p) ≡ ǫµσρνγνγ5pρ

and isospin factors ommited)
(

fπN∆

mπm

)2

Γµρ(p)G
ρσ(p,−1)Γστ (p) = −

(

fπN∆

mπ

)2
p2

m2

6p+m

p2 −m2
P (3/2)
µτ (p), (10)

since G(p,−1) is built with P
1

2

22, P
1

2

12, P
1

2

21 from (7), satisfying

P
1

2
µσ

22 Γσν(p) = 0,

Γσµ(p)P
1

2
µσ

22 = 0,

P
1

2
µσ

12 Γσν(p) = 0,

Γµσ(p)P
1

2
σν

21 = 0, (11)

due to the “transversality property” of the spin 3/2 gauge invariant vertex

Γµν(p)pν = Γµν(p)pµ = 0, (12)

and the constraint conditions γα, pαP
(3/2)
αβ (p) = P

(3/2)
αβ (p)γβ, pβ = 0. This shows that the

spin 1/2 states carried by the propagator (6) do not contribute to the elastic scattering.

We mention that it is possible to pass form  Lfree +  LNEK to  Lfree +  LP +  LC , where  LC

represents contact terms not involving the ∆ field, by performing a linear transformation

ψµ → ψµ − fπN∆

mπm
ψ∂µΦ · T†. It was argued that when we build for example the πN

scattering amplitude the contribution coming from  LC could be hidden within the non

resonant background contributions [ 18] , nevertheless it has been shown that calculations

with the original and transformed Lagragians are not equivalent [ 19]. Observe that in

trying to eliminate spin 1/2 backgrounds, the interaction LP introduces a p2 factor in the

amplitude (10), increasing the resonance contribution away from m2.

Finally notice that (using [/p, P 3/2] = 0) if we make the replacement

Γστ (p) → Γ̃στ (p) = P (3/2)σ
µ (p)Γστ (p),

G (p,−1)µν → G̃ (p,−1)µν = − 6p+m

p2 −m2
P̂ 3/2
µν , (13)

in the left hand side of (10), we do not alter the result. Nevertheless we will see in the

next section that this is not true in the radiative case and that the trimmed propagator

(13) cannot fulfill the Ward identity with the γ∆γ vertex and furthermore, it has not

inverse.
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3. The spin 3/2 and electromagnetic gauge coexistence

In both Lfree and LP appear derivatives, the electromagnetic GI will be fulfilled if the

coupling to photons is done through minimal substitution ∂µ → ∂µ − iqAµ, where Aµ is

the electromagnetic field. We do not consider nonminimal couplings here, since we are

studying the coexistence between both the “spin 3/2 ” (eq.(12)) and the electromagnetic

gauge invariances. The study of this point will be equivalent to analyzing the invariance of

the Lagrangian under Ψµ → Ψµ+∂µΦ in the radiative case. Making minimal substitutions

in Lfree + LP , we get the electromagnetic interaction Lagrangians (q∆ = 2e, e,−e for

∆++,+,− and qπ = e,−e for π+,−)

L∆γ∆ = iq∆Ψ̄µΓ(A)µσΨσ

L(1)
∆Nγπ = i

fπN∆

mπm
qπψ̄(φ† ×T)3Γ(A)νµ(∂µΨν) + h.c.

L(2)
∆Nγπ = i

fπN∆

mπm
q∆ψ̄(∂βφ† ·T)Γ(A)βνΨν + h.c.. (14)

L∆γ∆ arises from minimal substitution in Lfree, while L(1)
∆Nγπ and L(2)

∆Nγπ arise from sub-

stitution of pion and ∆ derivatives, respectively, in LP . We have dropped R matrices

since they cancel up in building the amplitudes.

It is clear that L∆γ∆, and L(2)
∆Nγπ defined in Eq.(14), are no longer spin 3/2 GI since

the ∆ derivative was replaced. We could try to make a linear transformation

ψ̄ρ → ψ̄ρ −
fπN∆

mπm
q∆ψ̄(∂βφ† ·T)Γ(A)βρσ

−1ρν

in Lfree + LP + L(1)
∆Nγπ + L(2)

∆Nγπ to get Lfree + LP + L∆γ∆ + L(1)
∆Nγπ + L̃(2)

∆Nγπ + LC +

LA2, where now L̃(2)
∆Nγπ is spin 3/2 GI. Nevertheless the total Lagrangian will not posess

electromagnetic GI since the term coming from minimal substitution in the ∂µψ
ν in LP

is not present any more after the transformation. On the other hand L∆γ∆ still violates

spin 3/2 GI, and only a nonlinear transformation containing the ∆ field should be applied

to eliminate it but at the price of generating an infinite number of supplementary terms

[ 18]. Then, we arrive at the conclusion that it is not possible to fulfill both spin 3/2

and electromagnetic GI symmetries in a closed way, we can only hope to fulfill them by

making some approximations.

One possible framework to do this is the chiral perturbation theory (χPT ) including π,

N and ∆ degrees of freedom which is attractive in that it is supposed to be a low-energy
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expansion of QCD. Here it is possible to compute the pion mass dependence of static

quantities, such as nucleon mass, magnetic moments and momentum dependence of ππ

and πN scattering process . There are here two light scales and a parameter such that

δ ≡ (m − mN )/(ΛχPT = 1GeV) and mπ/ΛχPT ∼ δ2, in terms of which we can define

an order δn for a given amplitude through a power counting recipe [ 22] (we need to

replace fπN∆/mπ ≃ 0.014MeV −1 → hA/2(fπ = 92MeV ) ≃ 0.016MeV −1). An exchanged

momentum q (through π or γ) counts as δ or δ2 if it is close to m −mN or mπ regions

respectively. n depends on the vertex Lagrangian order defined as the sum of de number

of π field derivatives, plus Aµ field derivatives, plus the order of the charge e. In addition

we have a count for the ∆-propagators when q ∼ m − mN that differentiates the case

when G(p,−1) participates in the amplitude through an s-pole channel subgraph (one-∆-

reducible graph) or in another way. Without going into details about this counting it is

clear that the spin 3/2 gauge invariant L(1)
∆Nγπ gives a contribution of order δ, while L(2)

∆Nγπ

of order δ2 since when we have ∂µψ
ν/m in LP it does not contribute to the counting4, but

after the replacement ∂µ → ∂µ − iqAµ it acquires order δ2. Also it is clear that in a given

δn order amplitude where L(1)
∆Nγπ accounts for the ∆πNγ vertex, L(2)

∆Nγπ should contribute

at order δn+1 and one could throw it out (at the price of not fulfilling electromagnetic GI)

to get spin 3/2 symmetry.

Still we have another question referring to the Ward identity necessary to account for

the electromagnetic GI of the amplitude in presence of the ∆γ∆ vertex. This identity

reads

iG(p′,−1)µαΓαβ(p− p′)G(p,−1)βν = G(p,−1)µν −G(p′,−1)µν , (15)

and it can be demonstrated that the full propagator (6) satisfies it. In the case of radiative

πN scattering the contribution of the ∆γ∆ vertex to the amplitude is

M∆γ∆ = i

(

fπN∆

mπm

)2

q′µq Γµσ(p′)G(p′,−1)σαΓαβ(e∗)G(p,−1)βρΓρν(p)qν , (16)

where eµ is the photon polarization vector Note that now the property (10) cannot be

fulfilled neither by the first pair of vertexes in (16) nor by the second one, since the middle

vertex is evaluated at e∗ and we lost the condition of transversality, that is

Γµν(e∗)pν = Γµν(e∗)pµ 6= 0, (17)

4If p = pN + q then p/ΛχPT = pN/ΛχPT + q/ΛχPT ∼ 1 + δ2 ≃ 1 at threshold
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rendering (11) no longer valid, and then the replacement proposed (13) is not possible

in the radiative case. Of course, all these is consequence of the fact that L∆γ∆ does

not posess spin 3/2 GI. Then we conclude that in any radiative amplitude involving

the radiation from the ∆ the coupling to virtual spin 1/2 states is unavoidable. Some

treatments based on χPT [ 22], in spite of the above observation, assume G̃ (p,−1)µν as

the propagator in the radiative amplitude (16) adopting Γ ∼ Γ̃. Within this replacement

the electromagnetic vertex is reduced to Γαβ(e∗) ≃ gαβ/e
∗ since the on-shell constraints

γµP 3/2
µν = pµP 3/2

µν = 0 are enforced. But it is not possible to think that (15) is satisfied as

an identity by G̃ and gαβ(/e∗ → /p− /p′), it is only valid when we sandwich (15) between Γ̃

which we have seen is not right in the radiative case. Finally it is important to mention

that in the same reference the equivalent identity (for the dressed vertex and propagator)

iΓµβ
dressed(p− p′) = G−1

dressed(p
′,−1)µν −G−1

dressed(p,−1)µν

= G−1(p′,−1)µν −G−1(p,−1)µν + Σ(p′,−1)µν − Σ(p,−1)µν , (18)

where Σ is the one loop pion-nucleon ∆ self energy, is used to fix F (0) = 1 − Σ′(m) in

Γdµβ(q) = F (q2)Γµβ(q) ≈ F (q2)gαβ/q with G ∼ G̃, nevertheless G̃ is not invertible and the

spin 1/2 like assumption G̃−1 = /p −m (necessary to get the result) is wrong. Again we

interpret that a projected identity P 3/2(p′) → · · · ← P 3/2(p) is assumed in place of (18)

since P 3/2(p′)Γµβ(e∗) = ΓµβP
3/2(e) 6= 0 .

We can see how the δ expansion works to get an approximated electromagnetic gauge

invariant amplitude in the case of π0p radiative scattering amplitude (the simplest one)

as shown Figure 1. Note that if we want to keep spin 3/2 GI at leading order in the

δ expansion the Lagrangian on the contributions of LT ≡ Lfree + LP + L∆γ∆ + L(1)
∆Nγπ

should be considered since L(2)
∆Nγπ(which violates spin 3/2 GI) is of next order regards

L(1)
∆Nγπ. Since the isospin operator in this last lagrangian is (φ0† × T)3 = 0, we have no

contributions from the figures 1(c) and 1(d), that should contribute if we consider L(2)
∆Nγπ

since the isospin operator is φ0† · T = T3 which will give a contribution between the ∆+

and p. It can be shown by using the Feynman rules obtained from LT , the Ward identity

(15) and making the replacement e∗ → k, in order to corroborate the electromagnetic GI

that

MT (e∗ → k) = −M(2)
c+d(e

∗ → k), (19)
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Figure 1. Feynmann graphs corresponding to the radiativer π0p scattering.

.

where in the right hand side we have the amplitude corresponding to the graphs 1(c)+1(d)

calculated with the excluded L(2)
∆Nγπ Lagrangian. Then the electromagnetic GI (MT (e∗ →

k) = 0) is not fulfilled, we only get an approximation if we drop M(2)
c+d(e

∗ → k) since

it is of higher order in the δ expansion. Similar results would be obtained for other

different processes as for example Compton scattering [ 25]. On the other hand if we use

LT ≡ Lfree + LNEK + L∆γ∆ + LNEK(∂µ → qπAµ) then elctromagnetic GI is perfectly

fulfilled.

4. One loop radiative corrections

Once we have established the spin 3/2 and electromagnetic GI can coexist only approx-

imately since in the radiative case the property (12) is spoiled, it is natural to suspect that

one loop radiative corrections to πN scattering through the ∆ (bubbles in Figure 2) may

also spoil that property. To check it, lets study these corrections to the πN∆ vertex that

are explicitly shown in Figure 3. Since this is a nonrenormalizable theory, we expect that
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Figure 2. ∆-pole contribution to πN scattering with radiative corrected vertexes.

Figure 3. One loop radiative corrections to the πN vertex.

it will be needed to include higher order counterterms to cancel all divergences. Recall

that according to the modern conception of renormalizability all theories are renormal-

izable in the sense that their infinities can be absorbed by appropiate counterterms, but

a systematic loop expansion for nonrenormalizable theories is useless (there is not any

predictive power) since at each stage new arbitrary parameters must be included [ 26].

So, there is no point in calculating loop corrections in all detail. It is relevant, however,

to know the form of the terms with coupling constant of lowest inverse mass dimmension,

since at low energy they are the only relevant. In EFT we must include all interaction

terms compatible with the symmetries of the theory [ 26] . Nevertheless, for LP in (9)

the lower derivative term is absent, and is the one included by LNEK in Eq. (8). As we

will see, this term emerge in the one-loop corrected vertex. We will treat divergent inte-

grals as in dimmensional regularization. We will not isolate the divergence and perform

the regularization because we are just interested in finding the form of the more relevant

counterterms at low energies.

Due to the circulation of loop momentum, not all terms exhibit a q1p0 contribution in
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their Taylor expansions. Let us take for instance the vertex in diagram 3(a) which reads

qπq∆
fπN∆

mπm

∫ d4s

(2π)4
(2qµ − sµ)

gµν
s2

1

[(q − s)2 −m2
π]

(/s +m)

[(p− s)2 −m2]
ǫδσρτγ5γσ

× (pδ − sδ)(qτ − sτ )
(

gρη −
1

3
γργη −

1

3m
γρ(pη − sη)

)

ǫνηαβγ5γα, (20)

where the Eqs. (6), (7)and (12) were used. The diagram 3(b) will contribute as

qNq∆
fπN∆

mπm

∫

d4s

(2π)4
gµν
s2
γµ

(/p− /q − /s +mN)

[(p− q − s)2 −m2
N ]

(/s +m)

[(p− s)2 −m2]
ǫδσρτγ5γσ ×

(pδ − sδ)qτ
(

gρη −
1

3
γργη −

1

3m
γρ(pη − sη)

)

ǫνηαβγ5γα, (21)

where the anomalous nucleon magnetic moment contribution was omitted for simplicity.

The diagram 3(c) is not considered since it is not possible to get a term of order q1p0

from it. Taylor-expansions of the above vertexes around p = 0, q = 0 lead to series of

interaction terms to all orders in q and p (i.e. π and ∆ derivatives), which dress the bare

vertexes. The q0p1 contribution in (20) (the corresponding in (21) vanishes) reads

qπq∆
fπN∆

mπm
pδ

∫ d4s

(2π)4
sνsτ

gµν
s2

1

[s2 −m2
π]

(/s +m)

[s2 −m2]
ǫδσρτγ5γσ

(

gρη −
1

3
γργη

)

× ǫνηαβγ5γα, (22)

being divergent and non derivative in the π field. It breaks chiral symmetry, and so a

chiral symmetry breaking counterterm is required, which is not an inconsistency since

chiral symmetry is only approximate. After renormalization, this contribution should be

kept small at low energies. We have a contribution q1p0 from (20), being

qτA
τβ ≡ qNq∆

fπN∆

mπm

× qτ

∫

d4s

(2π)4
sνsδ

gµν
s2

(mN − /s)
[s2 −m2

N ]

1

[s2 −m2
π]
ǫδσρτγ5γσ

(

gρη −
1

3
γργη

)

ǫνηαβγ5γα

(23)

while from (21) one

qτB
τβ ≡ qNq∆

fπN∆

mπm

× qτ

∫ d4s

(2π)4
sνsδ

gµν
s2
γµ

(mN − /s)
[s2 −m2

N ]

(/s +m)

[s2 −m2]
ǫδσρτγ5γσ

(

gρη −
1

3
γργη

)

ǫνηαβγ5γα.

(24)
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Then, we will face (dropping terms in odd powers of s) with infinite integrals

G1
νδ(q) =

∫

d4s

(2π)4
sνsδ

1

s2
mN

[s2 −m2
N ]

m

[s2 −m2]
(25)

G2
νδ(q) =

∫ d4s

(2π)4
sνsδ

1

[s2 −m2
N ]

1

[s2 −m2]
(26)

G3
νδ(q) =

∫

d4s

(2π)4
sνsδ

1

[s2 −m2
π]

1

[s2 −m2]
, (27)

which after performing the angular integration can be written as gνδ× divergent integral.

So, we have that

qτA,B
τβ = qτC

1,0(gτβ + Z1,0γτγβ), (28)

where C1,0 and Z1,0 are infinite constants. The indexes indicate that they are effective

coupling constants corresponding5 to q1p0. In order to cancel infinities that go as q1p0,

then we must add to the original Lagrangian (9) an interaction of the form (8) with

infinite bare constants.

5. Concluding remarks

A QFT involving effective Lagrangians for a spin 3/2 particles is nonrenormalizable,

and so it must include all order interaction terms compatible with its symmetries. In this

sense, there is no fundamental reason for suppressing lowest order derivative interaction

LNEK in Eq. (8) and considering the second order LP in Eq.(9) as the leading term at

low momenta. The reason for using this Lagrangian was a symmetry for Lfree(m = 0)

under a gauge-like transformation of the RS field, where the corresponding strong πN∆

vertex fulfils the relation (12) on which resides (10), and so the avoiding of virtual 1/2

states contributions in the elastic scattering amplitude. Spin 3/2 GI is not present in

the theory, since m > 0, but the mass term does not spoil the property (12). Instead,

EM interactions introduced through a minimal substitution spoil property (12) in the

radiative vertex, reintroducing a spin 1/2 background. In order to enforce spin 3/2 GI in

Lagrangians which are initially noninvariant, in Ref. [ 18] was proposed to make linear

transformations in the RS field in a manner that the original Lagrangian is transformed

5In this languaje, for instance, C1,1 would correspond to the LP vertex coupling constant, and Z1,1 = − 1

2
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into a gauge invariant one plus certain contact contributions that do not involve the

RS field. These last contributions are supposed to be absorbed in other non resonant

background contributions, what was shown not to be true [ 19]. The new Lagrangian

fulfilling spin 3/2 GI has no more electromagnetic GI since it contains a new δ-derivative

term, and a new minimal substitution brings it into GI breaking again the spin 3/2

symmetry. In order to go out from this loop a δ perturbative expansion was proposed

[ 22] within a χPT framework, which is supposed to enable us to speak of coexistence

between different gauge symmetries at a given order but not in a closed way. The problem

with that particular proposal is that by changing the Lagrangians to get the spin 3/2 GI,

we are not in presence of the perturbative expansion of the original theory since the

original Lagrangians were changed. In addition the dropped terms to get the mentioned

coexistence are not in general small. This procedure would make sense only for treating

specific reactions in the low energy region for photons(γ), but is not useful in general and

specially for the vector current in neutrino induced processes where the energies carried

by the weak bosons are not small compared to the δ scale.

We show that the Ward identity for the ∆γ∆ vertex, which cannot be turned into a spin

3/2 gauge invariant one through a linear transformation, cannot be fulfilled with a non

invertible trimmed 3/2 propagator, which appears when we use the projected vertexes.

Observe that the occurrence of such spin 1/2 background is not by itself a problem,

since as exposed in the introduction the interchange of virtual unphysical particles, usu-

ally contribute to amplitudes and sometimes that contribution is vital for the consystency

of the theory. The true check of consistency would be the absence of negative anticom-

mutators. We have not checked this in a direct way but since we have established that

radiative correction would introduce a term of the form LNEK , which is known to lead to

negative anticommutators, we can conclude that in the sense of the theorems of Johnson-

Sudarshan and Hagen the theory involving interactions of the form LP is as inconsistent

as that involving LNEK if we allow electromagnetic interactions.

On the other hand, the very interesting possibility that the interaction LP in absence

of electromagnetic interactions really avoids the above mentioned consistency problems

with the appearance of negative anticommutators, has not been analyzed with the detail

it deserves, and the argumentation given in favor that this inconsistency is absent has
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been only sketched. This is interesting at a formal field-theoretic level but irrelevant for

phenomenology, since ∆ resonances are indeed electrically charged. We plan to review

this point in the future.
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