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Supergravity primer

Supergravity: S(g,v,...) = [, Rgvolg + ¥, y"PV b, + ...
Symmetries:

o diffeomorphisms 6g = Lxg, d¢ = L1, ...(for x a vector field)
o local supersymmetry 6g,, ~ €Y, ¥y), 0y = Vyue+ ... (for € a spinor)

Symmetry algebra: [susy, susy| = diffeo + susy + stuff-eom  ~»  for quantisation need BV

BV formalism:

ghosts antifields
— * 1k a * %
SBV(gawa"'7§>ev"'7g7w7"'7£ae7"')

:S(gawwu)—i-/,wg*(ﬁgg—l—é’yw)—l—-~+§*55§+'~+¢*¢*-stufF+...

such that {ng, Ssv} =0
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Example: type |/heterotic supergravity [kupka-Strickland-Constable-FV '25]

Fields: metric g, 2-form B, gauge field A, scalar ¢, gravitino ¥, gaugino x, dilatino \
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Example: type |/heterotic supergravity [kupka-Strickland-Constable-FV '25]

Fields: metric g, 2-form B, gauge field A, scalar ¢, gravitino ¥, gaugino x, dilatino \

-~

o P P

Sey = / Ro? + G DY + 5B + 27 Dot
— 7550 (PaYabct™)(PY?"P) — 38302 (PaVabeh®) (Ppy?*7)
+ 0" [Leo — 3o (pe)] + Gapl(£:G) + 302 (8y")7)]
+ 5" [Lep + De + 12502 (Vpvabct)” )]
+ F5l(Lev)’ + DPe + Lo 2(DP p)e — Lo 2($Pvae)r ]
+ & [Lee + 150 2(Evae)Vp] + (€7, DF + 3L8) — 3¢i072(8y%)
+ 55 (Lef + §o%(872€)E7 — §(€, Le8))
— 520 2(87a€)(V57°Y) — 35072 (8p)(8Y*7) — dro 2 (87.€)(p"7p")

04
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Twist of supergravity [Costello-Li 16, '19]

Twist of supergravity = perturbative theory (cyclic L, algebra) obtained by expanding the
BV action of supergravity around a critical configuration with
nonzero susy ghost
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Twist of type | supergravity

Twist conditions:

metric, 3-form H, scalar ¢, principal G-bundle with connection F, spinor e

Vie=1H e, THe = (Yp)e, Fe=0, dH = Tr(F A F), e pure spinor
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Twist of type | supergravity

Twist conditions:

metric, 3-form H, scalar ¢, principal G-bundle with connection F, spinor e
V.e= i e, THe = (Yp)e, Fe=0, dH = Tr(F A F), e pure spinor

— complex structure, holomorphic volume form €2, holomorphic principal bundle

Costello-Li conjecture: the twist on a Kahler Calabi-Yau (B = ¢ = A = 0) can be identified
with the (minimal) type | BCOV (aka Kodaira—Spencer) theory, i.e.
the theory (cyclic L, algebra) describing the deformation of pairs

(complex manifolds, holomorphic volume forms)
Conjecture: the twist in the general case is given by the Courant contact model
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Courant contact model [ksscv 26, Jksscv 26]

Field space = Q%°[2] xQ%*(T*'Ma@ ad(Pc)® T*HOM)[1]x (2>°)* 3 (f, (x,s, @), \)
w= 5/ A0 + %ixéa + Jisxa + %Tr(sés))
M
S= / AMLIF + Licla + L Tr(sVEs) + tTr(s[s, s]) + Of + 3ix0a + Lig.a
M

+ 3 Tr(sVG1s) — Tr(sicFot) — ixix(i0w))
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Field space = Q%°[2] x Q%*(T}OM® ad(Pc)® T*HOM)[1] x (2>°)* > (f,(x, s, ), )
w= 5/M A(SF + Licda+ Sisea + 5 Tr(sés))
S= /M AL + il + L Tr(sVEs) + L Tr(s[s, s]) + Of + 2ixda + 3i5.a
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Can be regarded as "resolved” version of [Ashmore—Ibarra—Strickland-Constable-Svanes '25].
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Courant contact model [ksscv 26, Jksscv 26]

Field space = Q%°[2] x Q%*(T}OM® ad(Pc)® T*HOM)[1] x (2>°)* > (f,(x, s, ), )
w= 5/M A(SF + Licda+ Sisea + 5 Tr(sés))
S= /M AL + il + L Tr(sVEs) + L Tr(s[s, s]) + Of + 2ixda + 3i5.a
+ 3 Tr(sVG18) — Tr(sixFert) — ixix(idw))
Can be regarded as "resolved” version of [Ashmore—Ibarra—Strickland-Constable-Svanes '25].

Claim: In the Kahler Calabi-Yau case this recovers the (minimal) type | BCOV theory.
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Generalised geometry

Courant algebroid [Liu-Weinstein—Xu '95, Severa '98]: vector bundle E — M with fibrewise
inner product (-, -), bracket [-, -] on sections, and map p: E — TM, such that Jacobi, ...
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Generalised geometry

Courant algebroid [Liu-Weinstein—Xu '95, Severa '98]: vector bundle E — M with fibrewise
inner product (-, -), bracket [-, -] on sections, and map p: E — TM, such that Jacobi,

Courant contact model [KSSCV '26]:

Field space = C>°(M)[2] x T(E)[1] x Dens(M)* > (f,&,\)
1 1
o=d [ a(srr5e00).  s= [ a(wor+ plelea)

Generalisation: replace (C*°(M),[(E)) by a sheaf of dg rings © and module &
© = holomorphic functions ~» holomorphic Courant algebroids
© = Q%°* ~» “Dolbeault” Courant algebroids
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Geometry of N = 1 supergravity

Setup: transitive Courant algebroid E = TM @ ad(P) @ T*M associated to a principal bundle
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Geometry of N = 1 supergravity

Setup: transitive Courant algebroid E = TM @ ad(P) @ T*M associated to a principal bundle

Twist conditions:
év,e = Pe=Dye =0

— L := annih(e) C E® isotropic involutive
= L' /L is a holomorphic Courant algebroid (reduction)
— & :=QO*(L+/L) is a Dolbeault Courant algebroid (resolution)

The Courant contact model for & is (a holomorphic realisation of) the supergravity twist.

8/9




Outlook:

Understand the deformation problem described by the Courant contact model.

e}

o

Prove the Costello—Li conjecture.

o

Understand the relation between CCM and the Courant sigma model.

(¢]

Build the type Il version of the Courant contact model.

o

Relation to the deformation theory of generalised torsion-free U(5) x O(...)-structures.
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Outlook:

Understand the deformation problem described by the Courant contact model.

e}

o

Prove the Costello—Li conjecture.

o

Understand the relation between CCM and the Courant sigma model.

(¢]

Build the type Il version of the Courant contact model.

o

Relation to the deformation theory of generalised torsion-free U(5) x O(...)-structures.

Thank you for your attention!
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