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motivation: superconformal models in six dimensions

(2,0) chiral tensor multiplet in six dimensions
{Bu, X", 8"} (dB)” =0

O dynamics of a single M5 brane

7 goal : non-abelian extension of the (2,0) field equations

O multiple branes: non-abelian deformation
O various no-go theorems

7 inspiration from M2 branes [Bagger, Lambert, Gustavsson '07]
[Aharony, Bergman, Jafferis, Maldacena, ’08]

O non-dynamical fields may be crucial (BLG)
O full supersymmetry may not be manifest (ABJM)

—3 study (1,0) non-abelian superconformal models in six dimensions
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plan

nonabelian tensor fields in six dimensions

O non-abelian tensor hierarchy
O parameters and constraints

supersymmetry: superconformal field equations

o (1,0) supersymmetry and dynamics
O action (?!)

7> examples
O solving the constraints
O gauge groups and representation content

conclusions / outlook
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nonabelian tensor fields in six dimensions
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nonabelian tensor fields in six dimensions

field content {4}, BZW, Cluvpr}
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nonabelian tensor fields in six dimensions

> field content {4}, BZW, G

» covariant field strengths (Yang-Mills)
F;V = 25[HA7,;] _ fstTAZAtV

7 non-abelian gauge transformations
5AZ = D,A"

with structure constants f,,qst and gauge generators X,
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nonabelian tensor fields in six dimensions

b field content {A7, B.,, Chupr} tensor hierarchies
[B de Wit, HS, "05]

7 covariant field strengths 5,%&&?? %O;t?iir’l}_’lgééjo8]
Fr = 20,4 fstTAZAtV
H.,, = 3DBL, +6dL AT 8, A5 = 2, dL, quﬁAg]
7 non-abelian gauge transformations
SA, = DA WAL

I 1 I AT Ts
ABL, = 2D|,AL —2d A"FE,

ACuypr = 3Dy - + 3bre i S G S S

v pp

I _ I I i S
ABL, = 6B, —2dl AT 643

ACuvpr = 8Cuupr — 3bins By, ARSI

[pv [

]

. I t I
in terms of constant tensors d...,br,s. frs .9 ,h7  and gauge generators X,
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nonabelian tensor fields in six dimensions

covariant field strengths
Fr = 20,40 — fu ALAL + by B,
1 — 1 1 r s s g1 r
H,ul/p — SD[,LLBl/p] —l— GdTSA[M(?VAp] - 2qu d?”

consistency requires several constraints on the parameters d’

gauge group generators ( X?“)st

— _fT8t+d7I“s h?
D, =0, — A" X,

(XT)IJ = 2 h?dis — gJSbIsr
O charged tensor fields require Stuckelberg-type coupling

O generalized Bianchi identities DF" = h}H!, etc.
O continues to 4-forms, 5-forms, ...

must close into the algebra (X, X,] = (X,)s" X,
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nonabelian tensor fields in six dimensions

covariant field strengths
Fr = 20,40 — fu ALAL + by B,
1 — 1 1 r s s gl r Ir
HMVP . SD[,LLBI//)] + Gd’rsA[,uauAp] - 2qu drs [,uAgA/qo] t9g CMVPT

consistency requires several constraints on the parameters dis, brrs, frst, gI . hY
2 (d;“](udzlj)s _ disdiv)hsg] s QfT(uSdi)s - bJS?“div gIS
(d;"]s blut + d;{t bIsu + 2 dqlnszst(SIJ) hqj a f?“sublut + frtublsu + gJuquerst
U S s 3l U
Jog Jriu” — %hl du[pfqﬂ =0

hg'® = 0

frs' By = dypg hohy = 0

g7 hhebrsy — 2h5hY dY. = 0

_frtsglt 4+ d;{t h?glt i gfths th?“ — 0
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nonabelian tensor fields in six dimensions

covariant field strengths

r o r r AS r pl
fluy — 26[,“14”] I fst A,LLAtV —|— h[ B,UV

I — I I
M., = 3DyBL, +6d. A

aVAZ] — 2qusd7{ ! AIJAZ] + gITCMVPT

s p

consistency requires several constraints on the parameters dis, brrs, fmt, gI . hY

2(d?, dy. —dl.d’ Yh¥

r(u*v)s rs“uv

(d;"]s blut + d;{t bIsu + 2 dgstt(SIJ) h?

s 2fr(u8d£)3 I bJsrdq{U gIS

f?“sublut + frtublsu + gJuquerst

(f[pqufr]us - %fﬁ dzI/J[pfqr]u

0)—> violation of Jacobi identities

4

fTSth; o d;{s hsh;
gjsh?}(blsr I Qh?hrK d;{s

—fr* g+ Al h5g" — g" g7 by

—> orthogonality

o o O] <

too many constraints ? are there solutions ?
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nonabelian tensor fields in six dimensions

- covariant field strengths
ro r T AS r pl
Frv = 20,45 — Jst AMA’; + h7 B,

1 — 1 1 r s s g1 r Ir
H,ul/p — SD[,UJB;/p] i GdTSA[M(?VAp] — 2qu d?”S [MAQAZ] = g C'uypr

consistency requires several constraints on the parameters dis, brrs, fmt, gI . hY

2 (d;{(udqu)s —dl d) ) = 2fr(u8d£)3 —bysrds, g
(s brue + dy brsu + 2d5,bkst67) By = frs"brut + fri“brou + 97 brurbsst
f[pqufr]us — %hi di[pfqr]u =0
hig'® =
frs'h —d;s hshy =
g7 Wicbrsr — 23R d]l, =
—fr®g" +d)y b3 = g g b =

o o O O

O example : Yang-Mills with neutral tensor fields

QIT =0, hy =0, d,,{s : dI??m no Stuckelberg-type couplings
[E. Bergshoeff, E. Sezgin, E. Sokatchev, '96]
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nonabelian tensor fields in six dimensions

covariant field strengths
ro r T AS r pl
Frv = 20,45 — Jst AMA’; + h7 B,

1 — 1 1 r s s g1 r Ir
H,ul/p — SD[,UJB;/p] i GdTSA[M(?VAp] — 2qu d?”S [MAQAZ] = g C'uypr

consistency requires several constraints on the parameters dis, brrs, fmt, gI . hY

2 (dudyys — drsdi)hy = 2fr’dyys — bysrdy, 97
(s brue + dy brsu + 2d5,bkst67) By = frs"brut + fri“brou + 97 brurbsst
f[pqufr]us - %hi di[pfqr]u =0
hig'® =
frs'hy —dy ByRG =
g7 Wicbrsr — 23R d]l, =
—fri®g"t + dl T — g g7 by =

o o O O

O example : Yang-Mills with adjoint tensor fields

hZ =0, 9g°=70", birs = frst coupling of three-forms, charged tensors
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supersymmetry: superconformal field equations

7 result : every consistent bosonic system can be
supersymmetrized !
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superconformal field equations

(1,0) supermultiplets
vector {AZ, A; YZZ} tensor {Biyalea¢l} three-form {C/wp?“}

off-shell on-shell 2?
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superconformal field equations

2 (1,0) supermultiplets

vector {AZ, AL, Y;;} tensor {B{w, X{, qu} three-form {C/u/p’r}
O closure of the supersymmetry algebra on the tensor multiplet implies
wa_p - _dv{sj‘wuvp)‘s
VDX = 3T AN+ 2dLY TN + (ARG — 2bserg™) 97AT
DD, ¢’ = —zd;, (F,,F*° —4YSY¥9° + 8N 4D, X°)
=2 (byarg"* = 8dy h3) N'x” — By hiyhic ¢7 9"

tensor multiplet is on-shell: Yukawa couplings, (cubic) scalar potential

O supersymmetry of these equations implies

bivs (V50 = 2X) = 0

blrs (flqubl — 2 S\S’YNVXI) — % 6MV>\pUT H7(n4) ApoT
vector multiplet (partially) on-shell: three-forms are dual to vectors K,s = br,s (bI
Henning Samtleben ———

ENS Lyon e —



superconformal field equations

7 can these equations be lifted to an action ?
modulo the standard subtleties for self-dual forms (HT, PST, “democratic”)

yes! provided that there is a constant metric 77;
and the parameters are related as 7} = nry9”", 2d., =n""b.

L = —3D!¢rDud’ — sxi V' Dux’ + 15birsd’ (Fp, FH° — 4Y5Y° + 8N 44Dy 1)
— & HL, HYE? — brsH,, NV PAS — 2bpre T, Xy x| + brns Yo X551
+ % (bjsrg; — 46137‘93) ¢I)\TXJ + %blrsggg}g( ¢I¢J¢K _ %*Ctop

— 3301rsbigy ATYEAUNT LAY

Yukawa couplings, topological term : | Liop o /M (bres FTn Fn'H' — H'n DH;)

cubic scalar potential (superconformal), indefinite
indefinite metrics (ghosts) : ¢ 'mrsg’° = 0 Kys = brps ¢!

missing gauge symmetry..? (cf. Lorentzian 3-algebras)
missing constraints..?
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examples

Henning Samtleben ENS Lyon === ==
Y



examples

solutions of

2(d?, dy . —dldl s =

v)s = Orslyy
(dy brut + dfy brsy +2d5,br 67 ) BY
f[pqufr]us N %h? di[pfqr]u
hrgls
frs'hf — dig Wy}
97 Ricbrsr — 2h3hy .

r(u

—frtsgft + d;{t hf]glt — gjtgjs bytr

2f7’(usd£)s _ bJS?“di{v gIS
frsubfut + frtubfsu + gJuquerst
0

o o o O
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examples

» models with G adjoint tensor multiplets {B/,, }

for any compact group G

© vectorsin G {A;}
hg s 07 grs : nrsa btrs = frst

YM field strength, Stuckelberg-type coupling of tensors to three-forms,
potential vanishes, no action
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examples

» models with G adjoint tensor multiplets {B/,, }

for any compact group G

a T
© vectorsinG {A7}
hg . 07 grs a nrsa btrs : frst
YM field strength, Stuckelberg-type coupling of tensors to three-forms,

potential vanishes, no action

/
O vectorsin Gx G {A;, A; } [Chu, arXiv:1108.5131]

/ / 1 /
frst — frsta f'rs’t :_fslrt — 5fr8,t 97”8 — () = grs’
1 - / iy iy
dfns/ — di’r = _ifrs’t7 hs — 5:,;

no three-forms, Stuckelberg-type coupling of vectors to tensors,

potential vanishes, no action
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examples

P more general examples  [HS, Sezgin, Wimmer, Wulff]
choose a basis AL — {A“,Aﬁ} Buvl — {Buva,Buv®}

such that
r hab/ hab 00 Ir ga/a ga/b ga’a ga’b
h I — il g . a § = aoe  ,ab .
h*” h%, 0 & 8" g 0 0

then the system of constraints implies that

o fas’ are the structure constants of a Lie algebra g

0 dnq = faa®? = =(Tn)." form a representation R of ¢

2
O all remaining tensors are g-invariant

which leaves three classes of models: according to representation R’ of a’

o R’ trivial : Lie algebra g with representation R, no action
o R’ adjoint : Lie algebra g with representation /K , no action

o R’ contragredient to K : action

Henning Samtleben ENS Lyon === ==




examples

7 more general examples  [HS, Sezgin, Wimmer, Wulff]
choose a basis A}, — {A]/,A}}  Buv' — {Buva,Buv®}

o R’ contragredient to R : action

p-form field content : {A“, A%, B*, B,,C,}
defined by choice of g and R and invariant tensors dabe, do(ag), d(ab)a

e.g. scalar potential Lot = dape H*P° P (can be vanishing)

with all d-tensors set to zero:

7= —iD"%Dw“—Za Y#Du%a‘F%(Ta)ba% (5, Frve - axfyiic + 810y D, A%)
1 1 = 1 _
Sz (Du% +3 <Ta>b“mwpab) — 5 (T By AP 24
1

i _o A _
— 7 ()" Ff AP 2a+ 2(Ta)s Xy A1) 2+ 5 (Ta)a A% (925 — 492°) -

(classical) dynamics remains complicated...
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conclusions / outlook

» non-abelian tensor fields

> non-abelian two-forms
> coupling to three-form gauge potentials

» supersymmetry implies equations of motion

> (1,0) superconformal system
> action

» consistency constraints and classes of examples
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conclusions / outlook

» non-abelian tensor fields
> non-abelian two-forms

> coupling to three-form gauge potentials
» supersymmetry implies equations of motion

> (1,0) superconformal system
> action

» consistency constraints and classes of examples

» understand their structure / quantization

> ghosts: gauge fixing, imposing further constraints ...
> cubic potential, vector field dynamics

» classification: solutions to the consistency constraints
> Jacobi identities, fundamental identities, ....
> Killing spinor equations, BPS solutions [Akyol, Papadopoulos]

» extension to (2,0) theories, relation to D=5 SYM
> include hypermultiplets, non-propagating vector multiplets
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