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Interactions of p-form gauge potentials
p-form gauge fields A = (1/p")dxF1 A.. . ANdxFP Ay, . p,
with gauge transformations

dDA=dw & 64 4, =0, Wy

e are frequently present in susy multiplets
e play important role in string and sugra theories

e have very restricted interactions:

Henneaux, Knaepen 1997-1999:

Classification of first order interaction vertices that
can be added consistently to free Lagrangians ~
> Fug..upyFH0Hr (mod. field redefinitions):

1. Standard interactions = vertices that are §(0)-
invariant off-shell mod. total derivatives:

e Vertices depending on A’'s only via field strengths
and their derivatives (e.g. Born-Infeld actions)



2. Vertices giving rise to deformations of 5(0) = ver-
tices that are 6(O)-invariant on-shell in the free theory
mod. total derivatives:

e cxterior products of one A, F's and *F's:

ANFN...NFAN FAN...\N*E (1)
at least one *F

e 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:

A> N*F3 AN*F3 (‘Freedman-Townsend vertices')
Ay N*Fo> AN*F3  (‘Henneaux-Knaepen vertices’)
Ay NF> AN*F3  (‘Chapline-Manton vertices’)



Overview of the new models

2-form gauge fields: B}, = —B}, (i=1,2,...)
1-form gauge fields: A7, (e =1,2,...)

Special interaction vertices (H* = %EWW&,B};(,):
FT:  fijk HZH%B’;J elvP9  (‘Freedman-Townsend’)
HK: T;.p HZFC’““VAQ (‘Henneaux-Knaepen')

CM: S’I:abHZLFa Ab VPO (‘Chapline-Manton’)

vp“ito
where
fiifkim + Fikifitm + frirfim = 0O

(15, T5] = fijr Tk
SiTy — 5515 — fijk Sk + transposed = O

Solutions to third Eq. are, e.qg., S; = NT; (i.e. S;,; =
NacT;p), With arbitrary matrix N

New susy models:
Susy multiplets with gauge fields B,, and/or Ay,:

N=1: T (tensor,“linear”), V (vector)
N=2: VT (vector-tensor), T T (double tensor), V (vector)



SUsy multiplets | interactions | papers

N=2 | VT,V HK,CM Claus et all27
Dragon, Theis®
Dragon et all®

VT,V CM Grimm et al3
Dragon et al?
Buchbinder et al®
Ivanov,Sokatchev®
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N=2 | VT CM Dragon,Kuzenko®
N=1|T,V HK,FT,CM | Brandt, Theisl!
N=2 | VT HK Theisl?
N=2|TT,V HK,FT Brandt!3
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Dragon,Kuzenko, hep-th/9709088

"Claus,de Wit,Faux, Kleijn,Siebelink, Termonia,hep-th /9710212
8Dragon, Theis, hep-th/9711025, hep-th/9805199
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"Sugra (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 (:=1,2; a=1,2):

bosons Weyl-fermions
TT | B, a (h) X
Va A/C,LL ¢a )\az

hZ: auxiliary fields

LLagrangian:

L = 9ua'dta’ + hi, " + 20! HM — ix0X — inh0vp
1FCL FCL uv _I_ %DM¢CLD,UJ¢CL QIAZQDXW

where

Fe, = DyA%— DyA% = 9,A% + g'hle™ A} — (pev)
D,LLQSa — 8M¢CL _I_ gzhzsabgbb
D;\ia — O_,u(a,uj\ia + gihzgabj\ib)

Here, ¢* € R are arbitrary (coupling) constants.

Gauge transformations:

D,,Jw —8Mwa—|—g7’h26ab b

4 g waga’beluypo'Fb po + 8,u CL)V — ay w,z

a
dgauge A”

dgauge B),,

dgauge O on other fields



Susy transformations (with constant anticommuting
Weyl-spinors £%):

5susy AIZ = €ij§io.'luj\ja — g-irié"a'bAZ —I- C.C.
5susy ¢ — 2£z>\za . (S’Ll—z + EZFZ)Eabeb
dsusy A" = % (8Z?§7UMVFEV. - f_ZC?MDuQSa)
— (I 4+ & |=J)€ab>\zb
Ssusy By = —e"& opx + o
+ig'e® (3¢ o N + TF AL £l )
+c.c.
Ssusya’ = 5 (&'x —eYely) +c.c.
dsusy x = —&'5H(e"hi, +i0ua")
5susy w — —?5“(%& —I— is”@ua])
5su5y hlzu = %aﬂ(ﬁ%ﬁ — €ZJ£JX) + C.cC.
where

M =5¢'(eVx +07)

Algebra of susy and gauge transformations:

/ 1~ _
[5susya 5susy. ~ 5translat|on + 5gauge
[5susy, 5gauge: ~ 5éauge typlcal'*

[5gaugea5<i:]auge: ~ 0
where =~ is equality on-shell.
* o (£7’|_Z+§Z|_Z)8ab b
wzl — _égzgabgjkwa(gjo_luj\kb . )\kzbo_ugj)



Elimination of h!;:
L = —FF.F" 4 auaiakai + 20,0 M "
—ixOx — i@balz — i\
FoRi HM 4 B KHVIR]
where
HHE —= FFHE _ gigab(%Fa/u/Ag + %gba oM ggb + i)\jaa,uj\jb)
KHoVI = i 5t 4 Sglgi [ (¢7¢" — AGAW) 4 A% AY]

Field equations for h{, give hi, = —(K™1),; ,H"

v
(K™1) i ple KPFVT = 687

Substituting (K_l)m-,VjHVj for hﬂ gives nonpolyno-
mial action, gauge and susy transformations.

L = —1F3 FW 4 §,a'9 a’ + 18,4943
—ixOxX — ipOP — 2IN" PO
—H'm; (K_l),ui,l/j Hyj
= Lo + \gzsabHLFa,uz/Agj
HK vertex
4 gigab H! (3¢% 0" 8" + 2iAjaa“7\jb)J+O(gigj )

SUsy co?ﬁpletion
of HK vertex

Nonpolynomial structure of this type arises necessa-



Comments (open problems)

role 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
VT T-multiplet with itself and with hypermulti-
plets and V-multipletsi3)

locally susy extension of models unknown
(exception: specific sugra-models with VT-
multiplets’)

generalization to higher dimensions (and higher
p) yet unknown

(no higher dimensional susy models with HK
and/or FT interactions yet)



