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motivation: superconformal models in six dimensions

actions for the dynamics of multiple M5 branes

O single brane: (2,0) chiral tensor multiplet: {Buy,xi,qﬁij} (dB) =0
O multiple branes: non-abelian deformation
O no-go theorems

2 lessons 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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nonabelian tensor fields in six dimensions

O non-abelian tensor hierarchy
O parameters and constraints

superconformal field equations

o (1,0) supersymmetry
O action (?)

7> examples
O gauge groups

O vacua and spectra

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, 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}

e [B de Wit, HS, '05]

[B de Wit, H Nicolai, HS, '08]
i . . [J. Hartong, T. Ortin, '09]
7 covariant field strengths

r . T T AS r il
FL, = 28,AT — fu A3 AL + B} BE,

1 . I 1 r s s 31 r Ir
H,ul/p — SD[,UJBI/p] —+ 6dTSA[,UJ@VAp] — 2qu d?“s [,LLAlzqup] -+ g C,UJ/pT

7 non-abelian gauge transformations

§AT, = D,A" — hjAL

W
I I I r T8 Ir
ABMV = QD[MAV] — ersA f;u/ — g AIu,I/T'

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

v pp

I _ 1 1 r S
AB,, = 6B, —2d;, At 0A;;
ACuvpr = 8Cuupr — 3bins By, ARSI

[pv [

]

. I t Ir gr
in terms of constant tensors d,..,brrs, frs 9" ,h7  and gauge generators X,
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nonabelian tensor fields in six dimensions

b field content {A7, B.,, Chupr}

e [B de Wit, HS, '05]

[B de Wit, H Nicolai, HS, '08]

' . . [J. Hartong, T. Ortin, '09]
7 covariant field strengths
T — T T AS Al
Fr, = 20,40 — fu AMAV
I - I 1 r
H,Uﬂ/p p— BD[MBVp] —|_ 6d7”8A[,UJ@I/Ap

7 non-abelian gauge transformations

§AT, = D,A" — hjAL

s 31 r
] — 2fpq” A [“AgAZ]
W

1 1 I AT s Ir
ABMV = QD[MAV] — ersA f;u/ — g AIu,I/T'
ACuypr = 3Dy - + 3bre i IS S G S S

v pp

I _ 1 1 r S
AB,, = 6B, —2d;, At 0A;;
ACuvpr = 8Cuupr — 3bins By, ARSI

[pv [

]

. I t Ir gr
in terms of constant tensors d,..,brrs, frs 9" ,h7  and gauge generators X,

Henning Samtleben

ENS Lyon — = —



nonabelian tensor fields in six dimensions

covariant field strengths
ro r T AS r pl
fluy — 26[,“14”] I fst A,LLAtV —|— h[ B,UV

I _ I I r S s 31 r Ir
HMVP N SD[,LLBI//)] + 6drsA[,uauAp] o 2qu drs [,uAgA/qo] —I_g CMVPT

consistency requires a number of constraints on the parameters :

gauge group generators  (X,),' = — f..' +d. At

D,u g 8M B AM Ar (X’I“)IJ : Qh?d;{s _ gJSbIST'

close into the algebra  [X,, Xs] = (X,)s" Xy
O charged tensor fields require Stuckelberg-type coupling

O generalized Bianchi identities DF" = h’ H’ etc.
O continues to 4-forms, 5-forms, ...
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nonabelian tensor fields in six dimensions

covariant field strengths
ro r T AS r pl
fuu — 26[,“14”] I fst A,LLAtV —|— h[ B,UV

I _ I I r S s 31 r Ir
HHVP SD[,LLBI//)] + Gd’rsA[,uauAp] o 2qu drs [,uAgAz] + g CMVPT

consistency requires a number of constraints on the parameters :

2 (dldly, — dLdl ) by = 2f dl, —byedl, g™

r(u“v)s rs uv v uv

(d;"JS b[ut + d;’t b[su + 2 dq{szst(S}]) hqj — frsubfut + frtubfsu + gJuquerst

f[pqufT]uS — %hﬁ di[pfqr]u = 0
hpg"® =

frsthg _ dis htjh§ .
gJShTKbIST — 2h7hy d;,]s =

— fg" + A hs g™t — g g b =

o o o O

for the constant tensors df:s, DIrs, frs' gIT, hY
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nonabelian tensor fields in six dimensions

covariant field strengths
o
HI

prp

Qﬁ[uAZ] N fstrAfLAty R h; Bil/

3D, B, +6dl AT,8, A5 — 2fpg°dl AT, ADAL + " Chuypy

s p

consistency requires a number of constraints on the parameters :

2 (d?dby, — dl.d?l)) b

r(u“v)s rs uv

(A7, bras + A7, brow + 2 d5 bicd7) BY

2fr(usd1)3 N bJsrdJ gIs :

v uv

frsubfut + frtubfsu + gJuquerst

( f[pqufr]us — %hi di[pfqr]u

0)—» violation of Jacobi identities

r Is

( hig

frsthg _ d;ls htjhrflﬂ
g‘]sherIST — 2h7hy dis
— 1’9" + dLRh5g" — 9" g7 b

0
T —> orthogonality
0
0

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

P covariant field strengths

T . T T AS r pl
Fl, = 20,AD — fu"AS AL + by BL
1 _ 1 I T S s gl T Ir

some examples (which satisfy all constraints)

O abelian limit

frst =0, g'"" =0, A5 =0 free theory with nontrivial Chern-Simons term

O Yang-Mills with neutral tensor fields

9” =0, h; =0, d')I"S a dl??rs no Stuckelberg-type couplings

[E. Bergshoeff, E. Sezgin, E. Sokatchev, '96]
O Yang-Mills with adjoint tensor fields

h;? = 0, g =7 RO coupling of three-forms, charged tensors
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superconformal symmetry
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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

7 (1,0) supermultiplets

vector {AZ, AL, Y;;} tensor {B{w, X{, qu} three-form {Cxww}
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 onshell: Yukawa couplings, (cubic) scalar potential
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superconformal field equations

2 (1,0) supermultiplets
vector {AZ, A; YZ;} tensor {Biyaleaﬁb[} three-form {C/wp"“}

O closure of the supersymmetry algebra on the tensor multiplet implies

wa_p - _dv{sj‘wuvp)‘s
Y Dox' = g} Fp TN+ 2dY TN + (dhG = 2bysng™®) 6T
DD, ¢’ = —zd;, (F,,F*° —4YSY¥9° + 8N 4D, X°)

— 2 (bysrg"® — 8dr h%) N'x? — 3d hhs @7 o™
tensor multiplet is onshell: Yukawa couplings, (cubic) scalar potential
O supersymmetry of these equations implies
birs (Y5 6" = 2Xx;) = 0
b1rs (f ;v¢l —2 XS%l/XI) = % Euvrpor Hffl) sk

vector multiplet also onshell: three-forms are dual to vectors
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superconformal field equations

7 can these equations be lifted to an action ?

yes! provided that there is a constant metric 7)1

and the parameters are related as h; = UIJQJT , 2 d'II“s = n”me

L = —§D"¢1Dud’ = 317" Dyx’ + 15birs®’ (Fu FH° — AYGYV* + 8N 91D, X°)
— o HL, MY — bpraHy,, Ny PN — Sbres T, A %" + bpns Y A5
+ % (bJsrg; i 4b[srg:9]) ¢I)‘TXJ + %blrsgj}g;( ¢I¢J¢K N %‘Ctop

— ﬁbnsbiv ery“)\uj\sfyu)\” :
Yukawa couplings, cubic scalar potential, topological term

Liop X / (b[m FaFAH, — HIA DH[)
OM~ M~

duality has to be imposed by hand (“democratic”) — or HT/PST style
no dimensionfull constants, classically superconformal

indefinite metrics (ghosts) : g”mJ gJS = 0 LG = U ¢I
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examples

7 models with G adjoint tensor multiplets {B[W}

O vectorsin G {A;}
h; — Oa 97“8 — 77T87 bt’rs e f’rst

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

/
O vectorsinGxG {A;’;, AZ } [Chu, arXiv:1108.5131]
t t t/ t/ 1 t/
f'rs — frs 9 frs’ . _fs’r . 5 rs’ .

1 g s 0 = gTS
dis’ — dg’r N

/ /

_ _frs’t7 h, = o,
2

S S

no three-forms, Stuckelberg-type coupling of vectors to tensors,
potential vanishes, no action
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examples

2 models with an action

16 vectors, 10 self-dual tensors, based on magic gamma identities of SO(10)

© SO(5) gauge group SO(5) ¢ GL(5) c SO(5,5)

bf:s = ’77{37 frst = _477{;]K’71thgz;( I & 1

tensors: two copies of fundamental representation
indefinite metric, potential vanishes

O Ts gaugegroup Iz C (SO(8) x SO(1,1)) x Ty C SO(9,1)
9" = (¢
nilpotent gauge group
indefinite metric, cubic potential £ = — 1D#¢'D,¢' — 16#¢T Do~ + g*(¢1)®
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vacua and spectra

7 maximally supersymmetric vacuum

tr 1 pvopr 4 1~yxsigr,. | 1lpr ol 4
0 ON'T = SAYF e —5Y e + Jhig'e

constant scalar fields with qbé hy = 0

7 fluctuations around the vacuum
fall into multiplets
(V) : OA,=0, dr=0,
(T) : Bp=0, @dx=0, (dB) =0,
free vector / tensor multiplets
(TV) : Op=0, kdA="dC, (dB)" =—-gC~, @d\=0, @Px= 29K\,
(VT) : Op=0, OA,=0, (dB) =0, Jx=0, d\=2gx.

non-decomposable vector-tensor multiplets
indefinite metric, higher-derivative theory?
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conclusions / outlook

» non-abelian (1,0) superconformal models in six dimensions

> coupling to three-form gauge potentials
> equations of motion ——> action

» consistency constraints and solutions
> models with G adjoint tensor fields (no action)
> compact gauge group SO(5) with action (distinguished?)

» vacua and spectra

» understand their structure / quantization

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

» classification: solutions to the consistency constraints
> Jacobi identities, fundamental identities, ....

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