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Interactions of p-form gauge potentials

p-form gauge fields A = (1/p!)dxµ1∧ . . .∧dxµpAµ1...µp

with gauge transformations

δ(0)A = dω ⇔ δ(0)Aµ1...µp = p∂[µ1
ωµ2...µp]

• are frequently present in susy multiplets

• play important rôle in string and sugra theories

• have very restricted interactions:

Henneaux, Knaepen 1997-1999:

Classification of first order interaction vertices that

can be added consistently to free Lagrangians ∼∑
Fµ0...µpF

µ0...µp (mod. field redefinitions):

1. Standard interactions = vertices that are δ(0)-

invariant off-shell mod. total derivatives:

• Vertices depending on A’s only via field strengths

and their derivatives (e.g. Born-Infeld actions)

• Chern-Simons type vertices A ∧ F ∧ . . . ∧ F



2. Vertices giving rise to deformations of δ(0) = ver-

tices that are δ(0)-invariant on-shell in the free theory

mod. total derivatives:

• exterior products of one A, F ’s and ∗F ’s:

A ∧ F ∧ . . . ∧ F ∧ ∗F ∧ . . . ∧ ∗F︸ ︷︷ ︸
at least one ∗F

(1)

• additional couplings involving 1-form gauge

fields (e.g.: cubic YM vertex)

Cubic couplings (1) of 1-form and 2-form gauge

fields in 4d:

A2 ∧ ∗F3 ∧ ∗F3 (‘Freedman-Townsend vertices’)

A1 ∧ ∗F2 ∧ ∗F3 (‘Henneaux-Knaepen vertices’)

A1 ∧ F2 ∧ ∗F3 (‘Chapline-Manton vertices’)



Overview of the new models

2-form gauge fields: Biµν = −Biνµ (i = 1,2, . . .)

1-form gauge fields: Aaµ (a = 1,2, . . .)

Special interaction vertices (Hiµ = 1
2ε
µνρσ∂νB

i
ρσ):

FT: fijkH
i
µH

j
νB

k
ρσ ε

µνρσ (‘Freedman-Townsend’)

HK: TiabH
i
µF

aµνAbν (‘Henneaux-Knaepen’)

CM: SiabH
i
µF

a
νρA

b
σ ε

µνρσ (‘Chapline-Manton’)

where

fijlfklm + fjklfilm + fkilfjlm = 0

[Ti, Tj] = fijk Tk

SiTj − SjTi − fijk Sk + transposed = 0

Solutions to third Eq. are, e.g., Si = NTi (i.e. Siab =

NacTicb), with arbitrary matrix N

New susy models:

Susy multiplets with gauge fields Bµν and/or Aµ:

N=1: T (tensor,“linear”), V (vector)

N=2: VT (vector-tensor), TT (double tensor), V (vector)



susy multiplets interactions papers
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Dragon,Theis8

Dragon et al10
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Dragon et al4

Buchbinder et al5
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7Sugra (all other models have global susy)



Remarks:

Non-susy FT interactions known a long time

(Ogievetsky,Polubarinov 1966; Freedman,Townsend 1981).

First susy FT interactions 1989

(Clark,Lee,Love 1989)

(Susy) CM interactions known a long time

(Nicolai,Townsend 1981; Bergshoeff et al 1982;

Chapline,Manton 1983).

Prominent application:

Green-Schwarz anomaly cancellation

(Green,Schwarz 1984)

First HK–CM interactions 1995 (susy).

Particular application:

gauging of central charge of the VT multiplet

(Claus et al 1995)

First HK–FT interactions 1997 (non-susy)

(Henneaux,Knaepen 1997)

First FT–HK–CM interactions 1998 (susy)

(Brandt,Theis 1998)



Example (Brandt 2000)

N=2 susy multiplets (i = 1,2; a = 1,2):

bosons Weyl-fermions

TT Biµν ai (hiµ) χ ψ

Va Aaµ φa λai

hiµ: auxiliary fields

Lagrangian:

L = ∂µa
i∂µai + hiµh

µi + 2hiµH
µi − iχ∂χ̄− iψ∂ψ̄

−1
4F̂

a
µνF̂

aµν + 1
2D̂µφ

aD̂µφ̄a − 2iλiaD̂λ̄ia

where

F̂ aµν = D̂µA
a
ν − D̂νAaµ = ∂µA

a
ν + gihiµε

abAbν − (µ↔ν)

D̂µφ
a = ∂µφ

a + gihiµε
abφb

D̂λ̄ia = σµ(∂µλ̄
ia + gihiµε

abλ̄ib)

Here, gi ∈ R are arbitrary (coupling) constants.

Gauge transformations:

δgaugeA
a
µ = D̂µ ω

a = ∂µ ω
a + gihiµε

ab ωb

δgaugeB
i
µν = 1

4 g
i ωaεabεµνρσF̂

bρσ + ∂µ ω
i
ν − ∂ν ωiµ

δgauge = 0 on other fields



Susy transformations (with constant anticommuting

Weyl-spinors ξi):

δsusyA
a
µ = εijξiσµλ̄

ja − ξiΓiεabAbµ + c.c.

δsusy φ
a = 2 ξiλia − (ξiΓi + ξ̄iΓ̄i)εabφb

δsusy λ
ia = i

2 (εijξjσµνF̂ aµν − ξ̄iσ̄µD̂µφa)

−(ξjΓj + ξ̄jΓ̄j)εabλib

δsusyB
i
µν = −εijξjσµνχ+ ξiσµνψ

+igiεab(φ̄aξjσµνλ
jb + εjkAa[µξ

jσν]λ̄
kb)

+c.c.

δsusy a
i = 1

2 (ξiχ− εijξjψ) + c.c.

δsusy χ = −ξ̄iσ̄µ(εijhjµ + i ∂µa
i)

δsusy ψ = −ξ̄iσ̄µ(hiµ + i εij∂µa
j)

δsusy h
i
µ = i

2 ∂µ(ξiψ − εijξjχ) + c.c.

where

Γi = i
2 g

j(εijχ+ δijψ)

Algebra of susy and gauge transformations:

[δsusy, δ
′
susy] ≈ δtranslation + δgauge

[δsusy, δgauge] ≈ δ′gauge typical!∗

[δgauge, δ
′
gauge] ≈ 0

where ≈ is equality on-shell.

∗ : ωa′ = (ξiΓi + ξ̄iΓ̄i)εabωb

ωi′µ = − i
2 g

iεabεjkωa(ξjσµλ̄
kb − λkbσµξ̄j)



Elimination of hiµ:

L = −1
4F

a
µνF

aµν + ∂µa
i∂µai + 1

2∂µφ
a∂µφ̄a

−iχ∂χ̄− iψ∂ψ̄ − 2iλia∂λ̄ia

+2hiµHµi + hiµK
µi,νjhjν

where

Hµi = Hµi − giεab(1
2F

aµνAbν + 1
4φ

a
↔
∂µ φ̄b + iλjaσµλ̄jb)

Kµi,νj = ηµνδij + 1
2g
igj[ηµν(φaφ̄a −AaρAaρ) +AaµAaν]

Field equations for hiµ give hiµ = −(K−1)µi,νjHνj ,

(K−1)µi,ρkK
ρk,νj = δνµδ

j
i .

Substituting (K−1)µi,νjHνj for hiµ gives nonpolyno-

mial action, gauge and susy transformations.

L = −1
4F

a
µνF

aµν + ∂µa
i∂µai + 1

2∂µφ
a∂µφ̄a

−iχ∂χ̄− iψ∂ψ̄ − 2iλia∂λ̄ia

−Hµi (K−1)µi,νjHνj

= Lfree + giεabHi
µF

aµνAbν︸ ︷︷ ︸
HK vertex

+ giεabHi
µ(1

2φ
a
↔
∂µ φ̄b + 2iλjaσµλ̄jb)︸ ︷︷ ︸

susy completion
of HK vertex

+O(gigj)

Nonpolynomial structure of this type arises necessa-

rily in presence of HK or FT interaction vertices



Comments (open problems)

• rôle of matter fields (scalar fields, fermions) in

underlying geometry unclear

(nonlinear representations?, . . . )

• systematic classification of susy interactions with

p-form gauge fields missing

(exception: lowest dimensional interactions of

VTT-multiplet with itself and with hypermulti-

plets and V-multiplets13)

• locally susy extension of models unknown

(exception: specific sugra-models with VT-

multiplets7)

• generalization to higher dimensions (and higher

p) yet unknown

(no higher dimensional susy models with HK

and/or FT interactions yet)


