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Introduction & Motivation |




M-theory DOF & AdS/CFTe Correspondence

M-theory (11D SUGRA) provides extended objects: M2- and M5-branes.
Recently, quite some progress in the understanding of the effective dynamics
of multipleM2-branes ( BLG & ABJM 08

Finding a Peld theory for multipleéVi5-branes seems to be much harder:

1.) A Non-abelian Gauge Couplings for Tensor Multipfets
(2-form Gauge Potentials,; )

2.) A (2,0) Superconformal Symmetpy

(no free parameter/weak coupling parametrization)

I Ad 1.).Circumvent no-go theorems (Bekaert, Hennaux, Sev)itby introducing
also gauge Pelds and 3-form potential Cu+  <zOTensor Hierarddy

| Ad 2.): Situation similar to M2-branes ( N =8 SO(4)BLG OaccidentO).
ABIJM: N M2-braneon! 8"y <z N =6but k=1,2,...weak coupling '}l

6D: DonCt hope for N = (2,0)0accidentO<z Study N = (1,0) models




Tensor Hierarchy |




Field Content

M5-brane zero mode RRuctuation (broken susy) ! Low Energy Theory:

(2,0)Tensor:  BS' 1 A=15 + fermions

(1,0) Tensor:Bf;E' |1 IEhe (1,0) Hyper:q', @r=1 2 + ferm.

gauge
Vector: Ay Y' 1" 3-Form:C,,,

B=d®, IA=d ©@4+1 @ <Z‘F=F! Bl

Covarianiabeliant invariant)

I Hodge Duality

B(P | A", B', C
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(de Wit, Nicolal, Samtleben 05/08
Non-abelian: Bergshoeff, Gunaydin, Sezgin 07 - 10)

Input 1:  Overcome no-go theorem ! extend Oconbguration spaceO
A' . .1form

| - _ .
B ...2-form OTensor HierarchyO
C: ..3-form Each form in some representation of the gauge droup

Input 2:  Debne OGeneralized Field StrengthsO:

F' = El'+h/B > all 2-forms made ¢, B
H' = DB'+d,K™+g'"C, >all3-forms made é,B,C

with h’;, g'°, d,  being invariant tensors of the gauge group

Need to bnd A", §B',§C, such that ...
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Condition:  The generalized beld strengths must transform covariant
IF" =1 "sFS, IH =1 ' H’

There is a (unique) solution in terms nf=0, 1, 2 - form

I
gauge parametersl r’ | (1) N 2)r

IAT=DI"1 hil

B' =D! ! d 21PF91 APLIAG | gl ),
IC, = D! @2 r T hrs. Fonl I(1) +1 °H' + B AlAS

+ 30  ASAAPAIAT +

This debnes a consistent tensor gauge symmethe algebra closes. The
invariance of the group tensors ( [..) gives non-linear algebraic
condiions, for which we have solutioms.




The ellipsis denote terms with g'"(...).F¥l0e generators  in te two
representations have to be of the form:

(X1)s' =1 fst +dghi, (X)) P =2hid ! ¢”°bg

<z 2-forms are charged onipfil, £0 or g’Shg EO

The various group tensors ( g" ..) have to satisfy certain conditions, In
particular h{g's =0, h| X THeQGnvariance conditions ( Y
give muli-linear and quadratic conditions. <z Complex system:

g(f + hd+ gbh =0
h(dd)! fd! dgbh=0 " g"by,d =0 Omagic identityc
h(db+ fb+gb=0

1E[rsu 1:t]uv = %f[rsu dlr]u h}/

¥ Curvatures transform covariantly & symmetry algebra closes.

¥ Note: so far no dynamics.




Supersymmetry &
Superconformal Field Equations




Closure of SUSY

Coupling of a single uncharged (1,0)tensor mulipletto YM was described in

(Bergshoeff, Sezgin, Sokatchev. @Qnstruct susy transformation such that they close
Into translations and gaug-tensor gauge transformations:

§Hou+ 0 + 0 o T 0 2)

| 1), ! dependonthe belds A", B', !, C,

| YM Multiplet AL =1 S

!$il‘ — %#u! Flil ni | %Yijl’ "j ,
Y It =1 gigtp, )"

pure YM<zcloses off-shell into transl.erdinary gauge transf
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Field Equations

The closure of the susy algebra puts the system on-shell (  itOs not a bug, its a
feature), but does not introduce new conditions on the various constant
group tensors. However, susy needs those conditions. <z special Fierz identities!

1) ', 'oh A", A"and' ' Note: only A' sees !, , !
! 1 | 1

2) [! <7 _eom.: B!'" - ...

3) [!1,! B! <z H'-eom.: H'' = ...

= 1 d @y 13,

= LA Flg "# 1 +2d YT 15+ di hS! 2byg g $71T

| .. |
| %d'rls Fo FES 14y yls +8@ KD 1

| 2 by g ! 8d.hS @#7 1 3d.hihd $7$K




L %V)\pa'r gK’r H$4) APOT

#
— ~K 1 1 1ayIn i
= g b FH W — Y # 3
3 I J 1 I 11 11}
+ Sh3l#] + 3d,, $4 08,

This system of e.o.m. transforms consistently into tself under susy (isolated
cubic fermion terms cancel due to special Fierz + OmagicO ideptities!

I Novel system of susy non-abelian couplings for multiple (1,0) tensor multiplt
I No dimensionful parametei(classical superconformal symmetry).

| 3-form puts YM on-shell and is dual to vectoxzElkt order e.o.m.

The actual model depends on the OchoiceO of the gauge group/epresentation
and assoc. invariant tensors <z solutions for the various conditions!




A brst model

Choosing a semisimple compact gauge groupG with Lie-algebra the various
conditions are satisbed by:

|I‘S

adjointg” !

Cartan-Killing

SUSY vacua:

s 118 dag(0AE, ko)

with !'' := I § +ohe obtains for the linearized beld equations:

4 mi =g dct=o Y # Cangauge B=Gz SD closed 3-ft

, only, equivalent descript. of tensor m

(dB"+ C")' =0, | #" =0,

" P12k $F=0. dA"! 1 yer =0 | # Not direct sum of tensor and gauge
| K. multiplet<z Onon-decomposableC
I$'" =0, Y =0

# 3-form communicates DOF betwee
tensor and YM multiplet.



Models with an Action |




Existence of an action requires a metric ! fpf kin. terms. In addttion, the
various group tensors have to satisfy additional conditions:

This simpliPes the conditions but also implies:

' Ir JS __
<zindePnite metric !!! ‘ g g =0 I

L= —3Du'")Y -3 D"+ hs!' Fy F° -4y YIS +88 D#°
o6 (M )° — agbes # ' #° — Zhes F 1 + b Y A
T %(bJsrg| 40 sy g\])llgr 7 1bIrs 03 Ok K _@Etop
s7Drs Oy, # SH# A0S, 4

| Self duality equ. imposed consistently after deriving 20nd order equ. (like 1B
Problem of a different category. 10sYbta=u. are not contracted withl"

|l VEV of scalar beld acts as inverse Yang- Mills coupling, no dimensionful co



I topological term

/ Liop ! / (s F't FSt H' "H 't DHy)
M 7 M 7

Nonlinear conditions for the various group tésSogs , h;, . ..
iImply that there is only a single possible (overall) coupling constant.

Requirement of gauge invariance might give quantization conditions for the
dimensionless coupling constant (see Chern-Simons).

Conformal Symmetry

The action is invariant under the following conformal transformations:

leont 1= Lil+ w7 w/ !( "!):! Hul

= ', B'", " A" Y #.C) <z w =(2,0,5/2,0,2,3/2,0)

Note: [ Conf, SUSY ] = special SUS¥ Superconformal Symmetry
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Gauge Groups & Representations |




Semisimple Groups

The A" 1 BStYckelberg coupling is determined by rk(h" ;) !'. ny, nT
Choose basis/decompositionA" = (A' ,A?), B' = ( Bsudh*hat:

<zLie algebrg & representationslj ... (12437 = | f.5°
R,R... T\, T,

1 T

d?s = 2 T




For a given nontrivial representation R, the different models are classibed by
the choice of the representation RQunder which vector and tensor mutiplets
V=(A"1%YY) T =(Bansfoym.

| RQs trivial Rep.:

C decouplesz YM off-shell!

Fields: (V! )ad, (Va1 Ta)R1 (Ta!)sing

T pi = Ma = dBart daly K

DA2! IT.,2A" " AP+ B2 =: B2 - Dp?

Coupling of uncharge@ergshoeff, Sezgin, Sokatchev aeidcharged1,0) tensor
multiplet to off-shell YM multiplet<z Need susy dynamics for Y M.




| Rds the adjoint:

[ ]Ir - .-! 0
9 0 0 Ca decouples

Fields:(V' ,T',C\ )ad, (V&, TR,

Some of the Invariant tensoxs, .., b, ., 0%+, b,y , Which are otherwise
unconstrained may exist for special groups and representatons

The so far considered explicit models do not provide an action.
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Conclusions and Outlook

We have constructed a general class of 6D (1,0)superconformal models with
non-abelian vector and tensor muliplets:

¥ generically needs non-dynamical 3-feindlual of gauge peld

¥ models parametrized by dimensionless constant group tensors
¥ Action only for special cases, I.g. only e.o.m.

¥ Perturbatively debPned only in the conformally broken phase,
scalar VEV acts as inverse YM coupling

Questions?

¥ Solution w/o 3-forr<Z YM multiplet off-shell.
Introduce 10st order equations in supersymmetric way ?

¥ Models with action: does large gauge symmetry help to remove ghosts
¥ Anomaly cancellation ?

¥ Including hypermultipletgz  relation to M5 branes ?
Background with (1,0) symmetry éhargedensors ?

¥ Reduction to 4/5<{ SYM, SD string solutions .... e.c.t.
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