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Understanding theory of multiple M5

6d (2,0) superconformal theory with a non-abelian chiral
tensor supermultiplet

(B,..4". 1)

How to endow this chiral multiplet with non-abelian
structure?

No free (dimensionless) parameter to make the theory
weakly coupled. Does an action exist?

Can, at least, equations of motion be constructed?



Rewrite and reinturprete 6d theory (compactified on a
circle) in terms of a 5d SYM theory

Lambert & Papageorgakis + Schmidt-Sommerfeld ’10; Douglas *10
Singh ‘11

Ho, Huang & Matsuo ‘11

Chu &Ko ’12

Bonetti, Grimm & Hohenegger 12

Hee-Cheol Kim and Kimyeong Lee ’72

Higher gauge theories, twistor space, gerbs...
Kotov & Strobl ‘/0; Saemann & Wolf ‘71, ‘12; Palmer & Saemann ‘12, ...

Construction of superconformal non-abelian tensor field
theories directly in 6d

Samtleben, Sezgin & Wimmer ‘11,+ Wulff’12;

Chu 11

Akyol & Papadopoulos ‘12

Each of the approaches has its own issues (limitations)



To show that a non-abelian deformation of 6d chiral
tensor fields is possible

Supersymmetrization and on-shell closer of susy
algebra produces equations of motion

Superconformal actions can be constructed for a sub-
class of these models

Issues:

)

restrictions on possible gauge groups
non-maximal (1,0) 6d susy

presence of ghosts in the action
vector gauge fields are dynamical

Resemble issues
in BLG and ABIM



Tensor hierarchy (de Wit & Samtleben '05) (A,B,,C;,C,,...)

to gauge 6d (1,0) chiral multiplets (B' ,¢', 7")

pv
use 6d non-abelian vector multiplet (AL,&",Y'")
d,—>D,=0,-A'T, <-generators of a gauge group G
Fyrv = Za[yA‘E] - fstrAzAi +h/B,

H,,=3DByy +6d (46 47—/ "4 474%)+¢"C,  additional 3-form field
h',g",d',b, . - constant tensors
Gauge transformations: extended:
. oA, =D, A" (X) 6A, =D, A" (x)—h/A,

B,,=2D, A, (X)-T,A'B,, AB,, =3B, —2d A, 0N = 2D A, (X) —2d A'F; —g A,
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Covariant gauge transformations of field strengths

r r I lygJ
FI=AT 'FS, H! =AT,'H

uv? uvp uvp
Bianchi identities

D, F,=thfH' . D,H!  =2d\F. F:

1pnlr (4)
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(1,0) supersymmetry transformations are defined by closer of the
susy algebra

[6,,,0, 1=&y"€,0,+6,+6, +0, +o(eoms)

susy transformations of the off-shell vector multiplet (A}, 2",Y")

A =gy A

oA =Ly Fl e —3YVe +1ngle

" =gy D, A"+ 208" "
susy transformations of the tensor multiplet (B, ,¢' ,v") and Clom
5¢| s _EZI
5" =45y""H,,& +57"D,g'e —5dy A" &y A

| = |

AB,, =—¢7,.,X
Ac,uvpr :—bursg7yvp/1$¢l C; does not have its own superpartners

it is expected to be dual to the vector field

—
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Tensor multiplet eom

Hxlwp *H;pr —d; A" 7/Wp/1 - self-duality condition

y“Dx' =3d Fl "2+
D“D,¢' =—1d\F/ F**+3d hihs ¢’ ¢ +-

rs' uv

Susy variations of these produce vector multiplet eom

g"by. (Yijs¢ 2187(,)) 0
9"by (¢'F;,—22° 1 ):%gﬂﬂpmg"Hf““p“ - duality between A and C,
g Ierrs¢J7/ﬂ Dﬂis :

Superconformal invariance: ®=(¢,Y;,A,,B,,.C,.x . 4)

uv?

A=(2,2, 1, 2, 3,5/2,3/2) conformal

o.K,,=Qn,, - conformal Killing vectors weights

5@, = 4 D +(A-p)QD



Metric in the representation space of the tensor multiplet is
required

37,D,9' D¢’
Additional constraints on the coupling tensors are required

b, =27,dy,  7,d rIJ(qdeS) =0, N =m,0" g"7,9° =0

h/g® =0 | metric is indefinite
Lagrangian for ¢ ,Y;,A,,C,
L=—3D“¢'D,¢'n, +4byg (FF* —4YY)+1b 9;0x¢'¢'¢" + Ly,
[Lop= [ F" AFAH'—H' ADH’7,)

oM, M,

F'=dA"— f A°’A'+9/B,, H; =DB, +d (AdA° -1 f A°APA")+g"C;,



Action for the self-dual field B, H, =*H,

Abelian case (Henneaux & Teitelboim ’87, Perry & Schwarz ’96, Pasti, D.S. & Tonin ’96)
H, =dB,
L, =—3iH, 6 H"“1v“(H-*H) (H-*H)*v v,(X): vui=-1 v, __ 9400
6 "uva 2 VA P W
Local gauge symmetries:
B, , =0\, (X)

éBW :U[HCDV](X) — v“B,, is pure gauge d.o.f. (enters Lagrangian under a total derivative)

a(x)=gp(x), B Zﬂ(H —*H) v gauge fixing: a(X) =x°, v, =6

WW w 7

Alternative form of the Lagrangian and equations of motion:
_ Vvip
L ——%v“*H#M(H —*H) v,

[y
oB

y7A%

zg,uvpo%r@p[vo_(H _*H)ATKUK:I:O: d /\U/\iU(H —*H) = U/\iU(H —*H) :d(v/\q)l)

CTIOr H, -*H; =0



Non-Abelian action (Bandos, Samtleben & D.S. in preparation)
L=—30"*H,,,,(H—*H)"v, +3b, ¢ (FLF* — AV Y T) 4 L+ L,
L,=—1D“¢'D, ¢'n, +1b,0)9x0' ¢’ #" no kientic term for C,

[Lop=[(04F AF*AH'=H' ADHp,,)

oM, M,

Symmetries

| 1N _ (D(X) * A _ ¢(X) (4) *[ S | (o
5a(X) —@(X), £yv_W(H - H),uv/lv ! &:yvpr __W(Hyvpar F,uvpoblsr¢ )U
5BI & v[ﬂ v] (X) bUt 5B,uv - g v[yq)v]r (X) &,uvpr =V u vp]r (X)



Variation with respect to C,, B,, A and a(x)
L=AC, Ang/i (H' —*H") Av

+ABZI A D[IU(H ! _*H I)/\v]+ABZI N glr(H4r _*Fsber¢J)
+A AFS Al (H' —*H") Av b,

+5A1r /\[bsrl H | A FS + h[SI b\]]sr¢I * D¢J - D(*Fsber¢J )]
+1dad|i (H' —*H') i, (H, —*H,) n—22
0 ,a0"a

demonstrates how tensor hierarchy works



Modified off-shell susy transformations
susy transformations of the off-shell vector multiplet (A7, 2",Y")
oA, =—&y A
A" =Ly"'F g lY”rg.+ihr¢'g
oY =—gly“D, A" +2h/g" y

susy transformations of the tensor multiplet (B/'w,¢' ") and C,,r

5¢| :_gll
5}(“ :4187/WpH| E +%7/ﬂDu¢l 1d|s7ﬂ;tlr 57/st 487/%”//1 (HI sl )Vﬂpvp

HVp

| =
AB,, =-&7,,1
AC wm _blrsgyyvpﬂ’s¢l

HVp T
susy deformation is due to the structure of self-dual action:
Ly =—%tH, H**—1v“(H-*H), (H-*H)*v , H,=DB,+AdA+AAA+C,

HVA

-
—



Samtleben et. al. ‘11,’12; Chong-Sung Chu 11

Minimal non-Lagrangian model: g" =0=Db,,
F'=dA"— f,A°’A'+h/'B,, H; =DB, +d (AdA° -1 f A°APA%)+a"C,
A"=(A*, 4"), B,

f." = fos, (T),” fas - structureconstants(generators)of adj G

st

d. — (T), - generators of some representaion of G

h' — &
F': F*=dA“—f,“A’A, @ =da'-A"T,' 2’ +B,=Da'+B,
H) = Da,
Equations of motion imposed by susy

(H'—*H')ﬂvp=Taj'/T“7/ﬂVp/l', F., - remains on-shell

r



Minimal Lagrangian model

A" =(A% 4'), Bl=(B),B,,), C, upperand lower I, J label inequivalent reps.
f." — fa’, (T)), fas - structure constants (generators) of adj G

dr'; :anA — (T,),” - generators of some representation of G

Jrs
field strengths
F': F*=dA“—f, AN, @ =da'-AT,' 2’ +B,=Da' +B,
Hsf : H?! - D@zlf gSI — Dle +C3|' H4| = Dé:al
Lagrangian (of BF-type)
L=-1D*g, Dﬂ¢' +T ¢J@ F&+3(@+*¢)""1D,B,,

Equations of motion: H; =*H;,  T,'¢,F*“=1D (€+*€)"" =*H{y,

T,'D,(6,8") =1T, (¢ +*¢)*": 3, +4,D"¢' +4'D'4,) D*D,g =0, D*D,g' =...



A wide class of 6d (1,0) superconformal models of non-abelian
tensor multiplets has been constructed (with highly restrictive
constraints on possible gauge structure)

Akyel & Papadopoulos 12 studied BPS solutions and their string/brane
interpretation

resently Samtleben, Sezgin & Wimmer ’/2 coupled these models to (1,0)
hypermultiplets which together with the (1,0) tensor multiplets form
the field content of a non-abelian (2,0) tensor multiplet (which one
might be tempted to associate with the dofs of multiple M5).

Key question: may some of these models have something to do
with the (2,0) theory of multiple M5-branes?

Issues to be resolved
presence of redundent dofs - vector gauge fields are dynamical

presence of ghosts in the action

To study relation to other proposals of non-abelian 6d chiral
tensor models and 5d SYM. Can this give us a further hint at
which direction to move?



