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e Motivation for (1,0) models
@ (1,0) models and ‘(1,0) gauge structures’
@ Overlap with higher gauge theory
@ Self-dual strings
e abelian case
e potential non-abelian analogues of 't Hooft-Polyakov monopole
@ Higher instantons

e potential non-abelian analogues of BPST instanton

@ Conclusions
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GOAL: (2,0) Theory

Looking for:

@ SUSY transformations
@ Equations of motion
o (Possibly a Lagrangian)

@ Which algebraic structure describes multiple M5-branes?
e which particular choice of vector spaces etc.?
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(1,0) Models

@ SUSY transformations v/
e Equations of motion v* (different from twistor results)
e Lagrangian v (PST-like)

e Which algebraic structure describes multiple M5-branes?

e which particular choice of vector spaces etc.? x
o e.g. same as M2-branes? (probably not)
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(1,0) Multiplets

(2,0) Multiplet
(B, X1, W)

(1,0) Tensor multiplet (1,0) Hyper multiplet
(B, X°=¢,91 =X) (X', UR)
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(1,0) Multiplets

(2,0) Multiplet
(B, x',0)

(1,0) Tensor multiplet (1,0) Hyper multiplet
(B,X%=¢,¥; = x) SR

Auxiliary vector multiplet and 3-form field
(A, Y,\) and C
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Fields live in

Maps:
f:ghg—g
d:gog—bh
b:hg—g*

Induced maps:
f*rgxgt—g", d:bh*xg—g*
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Closure of SUSY = Identities

ForAeg®, xebh, veg
h(g(})
f(h(x),7) —h(d(h(x),7)
f(V[l, f(72, 73]))—%h(d( (7[1,72) 3])
g(b(x1,h(x2))) — 2d(h(x1), h(x2)
g(f" (7, A) —d*(h*(A),7) + b(g(A),7)
( )
)
)
)

I
o o o o o

2(d(h(d(v1,72))sv3)) — d(h(d(v2,73)), 1
—2d(f(71,72),73)) + &(b(d(v2,73), M
d*(h*(b(x,72)),71) + b(x, h(d(71,72)

+2b(d (1, h(x)),72) — F* (71, b(x, 72

)
)
)
)
)
)
)
)
)
—b(x; f(71,72)) — b(g(b(x,71)),72)

This is a ‘ (1,0)-gauge structure‘

Example: Lie algebra f(7}1, f(72,73)) = 0
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SUSY transformations, E.O.M. and Gauge transformations

SUSY transformations

SA = —Ev) 0B = —d(A,e7)) - a7y
ON' = 1Fe' = 5¥ej+ jh(@)e!  ox' = gHe’ + [Poe’ —xgd(yN, x50
5V = —glpa) 4 260h () 3¢ = &x

5C = —b(B,&y)) — 1b(d(A,EY\)A) — b(¢, 5y )
where
v = yudxt, 2 = %’yw,d:c“ Adz?, 4B = %’yu,,pdx“ Adx” A dx?
F =0A— %f(A,A) +h(B) #0
H=DB+d(A,0A — %f(A,A)) +g(C)#0

D=0 —f(A4,-) +h(d(4,"))
or 9+ 2d(X, h(x)) — g(b(x, X))
or &+ f*(X,\) — d*(h*(\), X)
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SUSY transformations, E.O.M. and Gauge transformations

Tensor multiplet E.O.M.

H —«H = —2d(X,73)N)
DXt =d(F,N) +2d(Y7,N)) +d(h(e), \') — 2g(b(¢, "))
D¢ = 2d(Y",Y;;) — #2d(F, F) — 4d(\, PA)
—2g(b(x, A)) + 16d(X, h(x)) — 3d(h(¢), h(¢))

Anti-self-dual part constrained

Sam Palmer N'=(1,0) SUSY in Six Dimensions, Self-dual Strings and Higher |



SUSY transformations, E.O.M. and Gauge transformations

Gauge transformations parametrized by (o, A, E)
dA = Da — h(A)
0B = DA +d(A,Da — h(A)) — 2d(«a, F) — g(2)

2d
6C = D=+ b(B,Da — h(A)) — tb(d(Da — h(A), A), A)
+b(A, F)+b(H,a) +

Sam Palmer
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Fake Curvature

F=0A—-3(AA)+h(B) £0
H =DB+d(A,0A— (A, A)) +g(C) #0

Fake curvature condition F =0, H = 0, not SUSY invariant ‘

unlike twistor construction, yet still large overlap for the algebraic
structures
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Overlap of (1,0)-gauge structures with familiar objects

Lie algebras C (1,0)-gauge structures

0O — 0 — g

what about

Answer: Courant-Dorfman algebras
(finite dimensional Courant algebroids)
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Courant algebroid

Bundle E over manifold M with fiber metric (-, ), anchor map
0: E — TM and courant bracket [-, -] satistfying axioms

[le1, e2], es] + [[e2, es], ex] + [[es, 1], e2] + 3D([ep, e2], e3) = 0
o([e1, e2]) = [o(er), o(e2)]

[e1, fea] = fler, ea] + (oler) - flez — (e1,e2)Df(Df,Dg) =0
o(e) - (e1,e2) = <[[e, e1] + D{e, e1), €2> + <61, [e, ea] + De, €2>>

where D is the pullback of the exterior derivative by the anchor
map (Df,e) := o(e) - f

c=(M) 2 I(E)
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Courant-Dorfman Algebra

as a (1,0)-gauge structure

with f:= —[-,-] , d:= %<.,.>

exactly a (1,0)-gauge structure of the form

0—>hL>g
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(1,0)-gauge structure with g* =0

as (semistrict) Lie 2-algebra

0—>ng

m(x) == h(x) , p2(v1,72) == —f(y1,72) ,
p2(,x) == d(y,h(x)) s wa(v,72,73) - dOys F(res )

Courant-Dorfman algebras C Lie 2-algebras

|NON — EXAMPLE : OCTONIONS

d(-,-) cannot be written in terms of Lie 2-algebra products
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String Lie 2-algebra

as (1,0)-gauge structure

0 — R — g

E.O.M.

I = (F AT +2(Y7, )
¢ =2(Y",Y;;) — 52 (F xF) —4 (X g\,
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M2-brane 3-algebras

as Lie 2-algebras (Patricia will talk more about this)

A—>gA

p2(g.a) =g>a, pr=p3=0

Examples
BLG uses A4 defined by [e#, e”, ef] = eHP7e”

R* — so0(4)

ABJM uses
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M2-brane 3-algebras
as Lie 2-algebras

Problem:

if pa(7, x) = d(7v,h(x))

w1 =h=20

then pa(v,x) =0
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M2-brane 3-algebras

as (1,0)-gauge structures

00— A—Axga,

and choose the maps
v
= = h =
g=b=0, h(v) <0> ,

d <<vl>> (’02>> = %(gl > U2+92 > ’Ul) )

91 92
£ <<Ul> <U2>> _ <%(92 >vr—g1 > 02))

g1) \g2 (91, 92] ’

for v € A, (;E)EAXQA.
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Tensor gauge field with GxG symmetry

as (1,0)-gauge structure

ABJM with boundary suggests u(N) x u(N) M5-brane symmetry

0—g—gxg,

and choose the maps

o= () 6((2): () = mod - mad

((2).(2)) = (e~ s el
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(1,0)-gauge structures \ker(g)

as Lie 3-algebras

If ker(g)=0

g =5 0p LN g C Lie 3-algebras

one parameter embedding

Using Q-manifolds

g"\ker(g) £, h BLIN g C Lie 3-algebras

corresponds to a particular parameter value
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If fake curvature condition imposed

gauge transformations can be written in terms of Lie 3-algebra products

0A = O+ pa(A, ) — pa(A)

0B = OA + pa(B, @) + p2(A, A) + 5p3(A, A, @) — i (2)

6C = OZ + p2(C, @) + p2(B, A) + p2(A, Z) — 3p3(A, A, A)
+ p3(B, A, ) + 2pu(A, A A ).

F=0A+ Lus(A A)+ i (B) =0,
H = 0B+ p2(A, B) + gus(A, A A+ (C) =0,

But SUSY and E.O.M. cannot be written in terms of Lie 3-algebra
products
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Put this to some use
BPS equations for self-dual strings

H= D¢,
F=xF,
h(¢) =0

Differ from twistor equations

F#0
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Self-dual strings
abelian - single M5-brane

0—+R—0
o= # (1,0)-models and twistor
match

Suggests that M2-brane models should describe fuzzy S3
- open problem
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Self-dual strings
non abelian - two M5-branes

Akyol-Papadopolous Self-dual string

0— R — su(2)
string(su(2))

Compare to 't Hooft-Polyakov monopole

¢ =a'e f(|z])
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Ay Self-dual strings

non abelian - two M5-branes

@ = et f(z])
B;w = 5#1//{)\65'1)\ g(’w‘) )

Ap, = 5#1/11)\[61/76/{7 ] 33‘/\ h(|$‘) ’

many solutions, all like:

F# «FAND F #£0

Sam Palmer N'=(1,0) SUSY in Six Dimensions, Self-dual Strings and Higher |



Trick
to satisfy fake curvature

F # 0 Lie 2-algebra
becomes F =0, H = 0 Lie 3-algebra

h — g
becomes h N gx b N g
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Ay Self-dual string topological invariants

su(2)-monopole

m(SU(2)/U(1) = Z .

Similarly for A4 self-dual string

73 (SU(2) x SU(2)/SU(2)) = 7 |
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Basic (BPST) Instantons

F € su(2),
F =x%F,
F — Oas|z| — 0,

o dzAdx

T )
r = glot

dz A dz self-dual on R?
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Higher Instantons

dz A dZ A dz self-dual on RYP

with z = 2MoM =
0 To+ x5 —x3—1iry —x1 +iT9
—Xy — s 0 —T1 — i$2 T3 — 11'4
T3 +iry 11 +ixg 0 —xo + x5
T —ireg —x3+iry xTo — Ts 0

H xdx ANdz Adx
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Higher Instantons

many solutions, e.g.:

" p? (0 dgz«/\dmdfc>_*H
a0 0

B 1 p*dz Adz + §diz Adza 0
= 02+ 22)2 0 p?dx Adi + sdzd Adz i
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In Conclusion

@ (1,0) models similar but substantially different from HGT

@ (1,0) models include Courant-Dorfman algebras, String Lie
2-algebras and M2-brane 3-algebras

@ With fake curvature condition, gauge transformations match
Lie 3-algebras but SUSY doesn't fit

@ BPS (non-abelian) sector also different from HGT

@ Analogues of 't Hooft-Polyakov monopoles and BPST
instantons have many solutions
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Thank you!
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