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" plat : higher symmetry in holomorphic twists

10d super-Yang-Mills
R19

enjoys 10d .4 = (1, 0) super-Poincaré

Lorentz supertr.

= o(V) X (Ve Tls)
transl.

(V=R", S=R'

vector MaJorana Weyl



Pick out subsector given by the cohomology of Q such that Q-closed
observables depend topologically or holomorphically in some
directions and Q-exact observables’ correlators vanish.



Pick out subsector given by the cohomology of Q such that Q-closed
observables depend topologically or holomorphically in some
directions and Q-exact observables’ correlators vanish.

Twisting a la [Costello, Li, Williams, Safronov, Elliot, Saberi...] (simplified):

1. Take symmetry, which is Lie superalgebrap =p, @ p_.

2. Lift Z/2 grading to Z so that p = @; p; with p, = &@; p,; and
p_ = @i Pais1-

3. Pick Q € p, ® C so that Q? = 0.

4. Define a differential on p  C by

dx =[Q, x]

to get a differential graded Lie algebra p, := (p ® C, d).

5. Take its cohomology H(p,). This is a Lie algebra of remaining
nontrivial symmetries (e.g. holomorphic transformations).



Twisting 10d super-Poincaré

Pick 10d Weyl spinor Q € S  C such that rﬁBQ“QB = 0. It defines a
complex structure on 10d spacetime V:

VeC=Lel
P= Span{Q"FgB} cVecC
This picks out SL(L) c O(V). Then
pg = (8o(LeL) 5SeC SLel)
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I(L) X L"? L*



Twisting 10d super-Poincaré

P =(3o0(L®L) ySeC SLel)

c— LS
@ )
(L*)/\Z ) LA3
= ®
® L——>1L
@
I(L) X L"? L*

?

H = 3[(L) X 12 [*
(PQ) z,a/(az)j ( 6/62);

(z4, .., 25 = holomorphic coordinates on L)



L -algebras: Linfty is nifty

An L -algebra is a differential graded Lie algebra in which the Jacobi
identity holds up to homotopy.

[([x,y], 2] + [y, z], x] + [[z, x], y] =
d(IJ3(X, yr Z)) v IJS(dXI yr Z) i IJ3(XI dyr Z) & “3(X1yr dZ)



L -algebras: Linfty is nifty

An L -algebra is a differential graded Lie algebra in which the Jacobi
identity holds up to homotopy.
([x,y], 21 + [ly, z], x] + [[z, x], y] =
d(IJ3(XI yv Z)) + IJ3(dX, yr Z) + IJ3(XI dyr Z) + “3(X1 yr dZ)
An L -algebra (g, U4, U5, - ) cOmes with totally graded-antisymmetric

brackets:
* pq() = ()
c p(, ) =1,
ps(,, )= acoblator (controls failure of Jacobi for [, 1)
. u4(, ,,)=2" d_order Jacobiator (controls failure of coherence

relations for p5)



L -algebras: Linfty is nifty

An L -algebra is a differential graded Lie algebra in which the Jacobi
identity holds up to homotopy.

[([x,y], 2] + [y, z], x] + [[z, x], y] =
d(IJ3(XI yv Z)) v IJ3(dX, yr Z) i IJ3(XI dyr Z) & “3(X1yr dZ)

An L -algebra (g, U4, U5, - ) cOmes with totally graded-antisymmetric

brackets:
* pq() = ()
c p(, ) =1,
ps(,, )= acoblator (controls failure of Jacobi for [, 1)
. u4(, ,,)=2" d_order Jacobiator (controls failure of coherence

relations for p5)

Theorem: the cohomology of a dg-Lie algebra is an L., -algebra.



Punchline (U.S.) = squash queue (U.K.)

Twisting 10d super-Poincaré yields

i3[(L) = H(pq) = 8L(L) X (L"? & L*)
with

Hy: L_:z x L’;Z x L’;2 >;L* - 3[(L)

19z; 20z



Punchline (U.S.) = squash queue (U.K.)

Twisting 10d super-Poincaré yields

i3[(L) = H(pq) = 8L(L) X (L"? & L*)
with

Hy: L;‘2 x Lf x L’;2 EL* - 3[(L)

19z; 20z
Twisted 10d super-Yang-Mills, i.e. 5d holomorphic Chern-Simons

[Baulieu, Elliott-Safronov-Williams]
S-= fo/\tr(cAéB++A/\éB++B/\éB
+A2/\B*+BzAA+cB/\B*+cA/\A*+c2c*)

c+A+B+B* +A +ceQ”(L;g)

carries a nontrivial i3I(L) symmetry where the action of L*? is only
visible in a higher sense.



2°™Me plat : gauge = gravity

Ye have heard that it hath been said:

* GRy can be formulated as a Poincaré-valued gauge theory with
constraints

+ Gravity on AdS,,, is holographically dual to gauge theory CFT,
+ GR, amplitudes are double copies of YM, amplitudes

« Some classical GR, solutions are obtained by double-copying
some YM, solutions



2°™Me plat : gauge = gravity

Ye have heard that it hath been said:

* GRy can be formulated as a Poincaré-valued gauge theory with
constraints

+ Gravity on AdS,,, is holographically dual to gauge theory CFT,
+ GR, amplitudes are double copies of YM, amplitudes

« Some classical GR, solutions are obtained by double-copying
some YM, solutions

Ye have not heard (?):
GR; with a source is literally YM5 with gauge group SL(2, R)

(perturbatively, classically, etc.)



The proof was in the pudding (sorry about smudges)

Chern-Simons with gauge group T* SL(2, R):
2

Decompose 8[(2, R) X 8[(2, R)*-valued connection A = (A% A,)

(ae{0,1,2})
= f[\a A (dA + A%)?
3d gravity (1°t-order formulation):
dreibein
S[eg, wg] = f €abce® A (dwbe + wbd A wy©)
spin conn. Riemann ter;sror as 2-form
Ad s e A > leabcw
u 1 u D bep

[Achicarro-Townsend, Witten]



The proof was in the pudding (sorry about smudges)

Chern-Simons with gauge group T* SL(2, R) and a masslike term
using background metric g,,,:

S)= [ trT* SL(2,R) (A ANdA + §A3) + A% A *Aa
= [ Aan(das A+ 1ol detgl(g™ VA,
integrate out A

[ %(dA + A2) A %(dA + A?)

3d gravity (1°t-order formulation):

dreibein stress—-energy density
Slef, Pl = | €gpce® A (dwbe + wbd A w ) +%T“Veﬁeav
spin conn. o ~ /
Riemann tensor as 2-form

. . ] —
Al - ef A, - Ee“bcebcu JIdetg|(g W — THY



Let's over-egg the pudding

An AKSZ theory is a topological field theory associated to a
symplectic L, -algebroid g

Sual91= [ and9®s 9oty (9143 Baio(B, 9+ LB (#, 6, §)° -

where ¢ are g-valued p-forms.

Add masslike terms (subject to some conditions) that depend on a
background metric g:

Smanin[®] = Saksz + / bo A *P°



Let's over-egg the pudding

d Manin pair gauge gravity

(T*D(1, 2), 0(1 , 2)) YM3 GR n Tuvg“v
(T'o(1,2),0(1,2))  0(1,2) NLSM, Einst.—Cart + TH W,
(0(1,2)%%,0(1,2)giag) 3" Wy (¢aBm)  GR, + (/\ >0)+THg,,

(0(1,2;C),0(1,2)) imag. 3" GR, + (A< 0)+THg,,
AdS, NLIM JT+THg
T[1]*0(1,2), o(1, 2 2 2 ’ pv
2 (01e(1,2),0(1,2) YM, torsionful JT + T2
4 T1](o(4)X 20[-1]) YM, +scalars =GR, + THP%g 9,4

[Freedman-Townsend] [ApBavitakig-Sevrin-Townsend] [ApBavitakig-Kavakapig]

[Borsten-Kavakdapig-Kim] [ApBavitakig-Borsten-Kavakapig-Kim]



Fin.



Diapositives de sauvegarde
(ne regardez pas svpr)



Action of the higher symmetry on SYM

Space of linearised solutions to 5d holomorphic CS is holomorphic
functions on L = €° = Span{z,, ..., z;}. On this, i8I(L) acts as

(1) r.j :z.i_laj:zi
p ( l) lazl 5 i kazk
M(eiy = 9
p(e) 57,

1
3
p' )(rijr Thpy Tn) = 5( li€j1rtpimZn] ~ Z[i€j1mnplkZ1]
* Z1k€(mnpliZj] ~ ZkENijpImZn]
+ ZimEnlijplrZy ~ Z[mfn]mp[izj])g
p

where r/ € 8[(L) (holomorphic rotation) and e’ € L* (holomorphic
translation) and r;; € L"* (?).

We can also work out its actions on off-shell fields, but this is more
complicated.



Answered questions & questioned answers

What happened to diffeomorphism symmetry vs YM gauge
symmetry?
YM gauge symmetry = rotation of dreibein indices in GR. The
GR diffeo is broken by presence of a background T,

Is it fine to break diffeomorphism symmetry?
For Maxwell, from S = [ —%Fz +A -, the EOM implies o - | =
0, which then implies that gauge symmetry holds even with
a background source J. In GR, fromS = [R + %T“"g“v, the
EOM implies V,JT“" = 0, which doesn’t save diffeo; similar
situation for YM.

What happened to the degree of freedom count?
Lack of GR diffeo changes the degree of freedom count.

For GR, one should ensure that the metric is nondegenerate, and
also sum over topologies/smooth structures, and ...
Yes. But that wasn't a question, was it.



Answered questions & questioned answers

What happened to spin 1 vs spin 2?
In YM, ‘spin’ refers to that defined by the background metric
v perturbing about g, ~ 0. In GR, ‘spin” would refer to
perturbations aboutg,, ~ n,, (which is not always a solution
due to the presence of background THY).

What if | want unitarity?
Work with o(3) gauge group (but with background metric g,,,
still Lorentzian). This yields (unitary Lorentzian) YM, = (Euc-
lidean) GR, with Lorentzian TH".

Is there a holographic boundary theory for YM on AdS?
Dunno, but that’d be wild.

Why are your slides in French?
Tout ce qui est écrit en francais est plus profond.



3d Manin theory

3d AKSZ is Chern-Simons. Data associated to a Manin pair (d, g¢) and
a g-equivariant map M: d» - d with imM c g c ker M.

[ApBavitakiG-Kavakapig]
S=/A/\dA+%A3+%A/\*MA
= [Z\a NdAY + fo, CAT NAP A+ FOP AL A Ay AAS

+ %habcAa NAp NA,+ %Mab[\a A A,



3d Manin theory

3d AKSZ is Chern-Simons. Data associated to a Manin pair (b, g¢) and
a g-equivariant map M: d - b withimM c g c ker M.

[ApBaviTakigG-Kavakapig]
S=[A/\dA+%A3+%AA*MA
= [Aa NdA% + £ AT AAP AA, + fO0 AL AAL AAC

+ %h”bcﬂa NA, NA_+ %Mab[\a A A,

Manin pair theory
(g% g% ) 3d Yang-Mills
(g g g") NLZM [Freedman-Townsend]

(go®g, Qdiag) gl way (Romans ABJM) [ApBavitakic-Sevrin-Townsend]
(g®Cq) Imaginary 3" way [ApBavitakic-Kavaképic]




3d Manin theory

3d AKSZ is Chern-Simons. Data associated to a Manin pair (b, g¢) and
a g-equivariant map M: d - b withimM c g c ker M.

[ApBaviTakigG-Kavakapig]

S=[A/\dA+%A3+%AA*MA
= [Aa NdA% + £ AT AAP AA, + fO0 AL AAL AAC

+ %h”bcﬂa NA, NA_+ %Mab[\a A A,

Manin pair gauge gravity
(0(1,2) X 0(1,2)*, 0(1,2)) YM, GR, + TH'g,,
(0(1,2) ® 0(1,2),0(1,2)4iag) 3" way GR, + (A >0)+THg,,
(o(1,2;€), 0(1,2)) imag. 3 GR, + (A<0)+ T,

(0(1,2)X 0(1,2),0(1,2)) ~ NLEM,  Einst-Cart.; + T"w%wg,




AKSZ with dg-Lie algebra

0(1,2) X o(1,2)[1]

1-form A/ o-form ¢;
(corresponds to linear Poisson manifold o(1,2)*) is
Jackiw-Teitelboim gravity (2d dilaton gravity with linear dilaton
potential)

s= [ ica~ady
cosmo. const.

= f OR[w] + ®e® A e’ + A (de? + wy A eP)

constraint for metricity of w
under the replacement
bod) A, PO (ALA) P e A W)

. u o u
Lagr. mult. dilaton zweibein spin conn.

(more general Poisson manifolds = more general 2d dilaton gravity)



Add masslike term to Jackiw-Teitelboim gravity using a background
metric g,
2\, pa o pa AVAY 14012
SE= ¢,(dA +A ) + AN AT —m tr(P(u(1)1)V dy)
cosmo. const.

- [ OR[w] + De® A e’ + A (de® + w?, neb)+ THg,,

constraint for metricity of w

under the replacement

(D0 d1) > Ay 92> @ (ALA) - e Ao w) | detg|(g ) - T
Lagr. mult. dilaton zweibein i
pin conn.

JT + string-frame stress—energy density = SL(2, R)/ U(1) NLIM,



Add masslike term to Jackiw-Teitelboim gravity using a background
metric g,

s= [ i(das A 9, 1o

fd)R[w] +®ednel + T<D2+)\ o(ded + wab/\eb)+ TA, Aa
—_—

dilaton potential

constraint for near metricity of w

under the replacement

(b0, 91) = A, ¢2 > (Ag,AZ,)He A2r—>w21 |detg| » T

Lagr. mult. dilaton zweibein spin conn.

gravity + quadr.-lin. ® pot. + relaxed metricity = SL(2, R) YM



4d Manin theory: YM for Plebs

AKSZ for graded Lie algebra

3-form Xgpeq 1-form A%
R* - o(1,3)" - 0(1,3) > R
2-form By, o-form ¢

with appropriate Lie brackets has the action

S _%Bab N (dA + %Az)ab + %d’ade(Bab A Bcd - anbcd) (1)



4d Manin theory: YM for Plebs

Add Manin-Llike terms:
5= [ ~1Bap A (0 + TADP + 1708, A By - )
- %Xubcd A xx?PC - 11*6/‘/'2¢0de A *bgbed = 7 Bap A B
LR [ %Bab A (dA + %Az)"b + ¢¢dB , A B g
+dp A« + %Md) A+ + %Bab A B
When M — oo, then ¢ becomes Lagrange multiplier, and
B = e p e,
This is Plebanski formulation of GR, with a coupling
THPg,,9,0

where
Tiee = \[| detl(g (g e



4d Manin theory: YM for Plebs

Add Manin-like terms:
1 122 1
S= [ ~2Bap A (dA + SA%) + 29%Y(B A By - dXgpea)
1 bcd 1 bed 1 b
- TeXabea N *X = =M?@ A xgpeq ~ 7 Bap A *BC
integrate out B, x 1 ab 1 ,abed 1
—_— f‘z’:a NxFap = 2@V UFap A Feg + 5 * Fap A %Feg)
1 2
- L0 2 4 - Mg +

GR, + THP%g,,g,, = YM, + vigintuplet of scalars



