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Overview of the talk

Idea 1: simplify the treatment of N =1, D = 10 supergravity (including fermions)
Idea 2: build its Batalin—Vilkovisky (BV) formulation

First simplification = generalised geometry
o efficient repackaging of fields, action, and symmetries
o inclusion of the Yang—Mills supermultiplets for free

o fully geometric

Second simplification = metric formulation
o direct and geometric (including the diffeomorphism action on fermions)
o avoids vielbeine and Lorentz symmetry
= considerably simplifies the symmetry structure
o equally applicable to supergravities in any dimension
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N = 1 supergravity in 10 dimensions

o

o

o}

o}

Lorentzian metric g, (graviton)
2-form By, (Kalb-Ramond field)
1-form A, valued in g (gauge field)
function ¢ (dilaton)

o vector-spinor P# (gravitino)
o spinor p (dilatino; p = v, " — A)
o g-valued spinor x (gaugino)

3/10



N = 1 supergravity in 10 dimensions

Lorentzian metric g, (graviton)
2-form By, (Kalb-Ramond field)
1-form A, valued in g (gauge field)
function ¢ (dilaton)

o

o vector-spinor P# (gravitino)
o spinor p (dilatino; p = v, " — A)
o g-valued spinor x (gaugino)

o

o}

o}

S= / V0gle 2 (R + 4|V|? — & HupH"? + L Tr Fu FP MY, + oo + 2 TrxYax
M T T = — T T %
_Zlbuv,u,p + %II)#HIP/L - %PHP - % TrXIﬂX + %Hyy/}ll)uﬂyuq)p + %II)MH/I,VP,.)/I pp
+% TrxFp+ Tr F,,,,,tT)“’y”X +...)

3/10



N = 1 supergravity in 10 dimensions

Lorentzian metric g, (graviton)
2-form By, (Kalb-Ramond field)
1-form A, valued in g (gauge field)
function ¢ (dilaton)

o

o vector-spinor P# (gravitino)
o spinor p (dilatino; p = v, " — A)
o g-valued spinor x (gaugino)

o

o}

o}

S= / V0gle 2 (R + 4|V|? — & HupH"? + L Tr Fu FP MY, + oo + 2 TrxYax
M T T = — T T %
_Zlbuv,u,p + %II)#HIP/L - %PHP - % TrXIﬂX + %Hyy/}ll)uﬂyuq)p + %II)MH/I,VP,.)/I pp
+% TrxFp+ Tr F,,,,,tT)“’y”X +...)
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[Bergshoeff-de Roo—de Wit-van Niewenhuizen '82] [Chapline-Manton '83] [Dine~Rohm—Seiberg—Witten '85]
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Generalised geometry crashcourse

Transitive Courant algebroid (local picture) [Severa '90s|:
o data: manifold M = R19, Lie algebra g with an invariant pairing Tr
o vector bundle: E=TM & T*M & (gx M), (-,-), E—=TM
o bracket: [x+a+s,y+ S+ t] =Ly + (Lxf — iyda+ Trtds) + (Lyt — L,s + [s, t]g)

. i N
Bosonic fields T o9 ng 2
o generalised metric = symmetric map ¢: E — E sit. G =1 @Q‘\\%
_%
~ orthogonal splitting E = C; & C_ Cx

o nonzero half-density o € [(H) (02 = \/|gle %)

Nc !

Fermionic fields

o assume signature(C;) = (9,1) ~» Majorana—Wey!l spinor bundles Si*

opE r(I_ISJE+ ®H), $el(NS“ ®C_ ®H) (SuSy parameter ¢ € [(NS © H))
Unique operators (only depending on ¢ and o): R, DY®, Dup, ... (€s,eq <+ Cy,C.)
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Supergravity in generalised geometry

S= / + PV PV + pPp + 2pDayp™
M

— 7880 (Va¥eae )PV P) = 3530 (Vaveaet™) (P57 1)

56@35 = 50 2@%%)
00 = 50 (ﬁe)
) p = De + ﬁ0_2(d—1a'}/cdewa)’ym’e€
0o = Doc + 50 (ap)e + 0 2(Payce)y p

= NI

[Coimbra—Strickland-Constable-Waldram '11] e e
[Coimbra-Minasian-Triend-Waldram '14]  [Kupka-Strickland-Constable-FV "24]
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S :/M igle ®?(R+ 4|Vp|* — L HupH™? + 1 Tr Fu FH =" Vb, + pVp
+3 TrXYax — 20" Vup + 30" MY, — 2pHp — £ Trichx
_i_%H/WpJ)M,Yle/J + %J)MH/U/,U'VW)F) + % Tr)_(Fp +Tr F/WJ)M'YVX
+ 388 (D000 V™) (BYP70) — 765 (P770) Tr(XVuwpX)
_ng(lI’M'Ypaleu)(lT)V’YpaTlpy) + ]_Q%(J)M’YV/)UII)H) Tr()_(’yypUX)

— s Tr(XYvpX) Tr(XYPX))

08uw = €y 0B = Eypby) — TrALET X
0A, = —%E%X dp = %ﬁe - }lﬂ)“fyﬂe

5p=—Ye+ (Vup)r'e + jHe+ g (0o )y e + 3(pe)p — 195 Tr(Xwpx)V" e
Py, = Ve — éH/Wﬂ'Vype - %(ﬁmp)e - %(@uyye)'y”p + %(F_)e)ll)#

Ox = 3Fe—3(xp)e — 3(Rme)r o + 3(Pe)X,
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Supersymmetry algebra [kupka-Strickiand-Constable-FV '25]

Generalised diffeomorphisms: ( € [(E), 6, =L, (diffeo + 1-form + gauge)
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Generalised diffeomorphisms: ( € [(E), 6, =L, (diffeo + 1-form + gauge)

Reducible transformations: Lpr =0, f e C®(M)

Algebra: [(5{1, (5(2] = 5L41(2v [(5{, 55] = 5LC€' [551,552](1) = ((56 + (5()(19 + Q¢ - EOMo

Ca = %0_—2(52,}/361)7 €= _%¢p7 O, = _% ) Od) = %6[2(?1] - %gv 0, = OQ =0

{all fields} > {G,a,p, 9}
Field space: i}

{bosons} > {@, o}

~ natural non-flat connection

7/10



Interpretation of symmetry variations

1)
T all fields
(6p, 00) A
/

bosonic fields
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Interpretation of symmetry variations

1)
T all fields
(6p, 00) A
/

bosonic fields

= [01, d2] on fermions picks curvature contribution ~~ “cancellation” of Lorentz terms
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BV formulation of supergravity [Kupka-Strickland-Constable-FV '25]

Fields: physical G, 0, p, 1, ghosts e (SuSy), £ (diffeo), ghost for ghost f + antifields
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BV formulation of supergravity [Kupka-Strickland-Constable-FV '25]

Fields: physical G, 0, p, 1, ghosts e (SuSy), £ (diffeo), ghost for ghost f + antifields

S= / Ro? + ho DY + pp + 25Daih®
— 7850 2 (BaVabc V™) (P77 P) — 38570 (Pavabch®) (77 0°)
+ 0" [Leo — oM (pe)] + Gasl(LeG) Y + 302 (8v7¢P)]
+ 5 [Lep + De + 1550 2(Dgvancth? )y €]
+U5[(Lev)’ + DPe+ 2072 (¥Pp)e — Lo (VP vae)v7p]
+ & [Lee+ £50 2 (Eva€)7 70l + (€, D + 5L¢6) — 36507 2(877%€)
+ 3 (Lef + 502 (872€)€7 — §(€, LeE))
— 410 2(8720) (70 7) — 5072 (E05) (EYF) — Lo (8vae) (57 p")
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BV formulation of supergravity [Kupka-Strickland-Constable-FV '25]

Fields: physical G, 0, p, 1, ghosts e (SuSy), £ (diffeo), ghost for ghost f + antifields

S= / Ro® + oDV + pDp + 25Dath®
— 7689 (PaVabc ) (P17°P) — 3830 (Pavabcth™) (7" Y7)
+ 0" [Leo — 5o (pe)l + Gipl(£eG) + 302 (&v707)]
+ 7" [Lep + e+ 1550 (Vprapcty” )y el
+P5l(Lev)” + DPe + go~2(¢7p)e — o2 (¢ vae)y?p]
+ & Lee+ 150 (Bv2e)7°p] + (€7, DF + 3Le6) — &30 (87%)
+ 31 (Lef + 502 (8726)87 — § (€, £ed))
— 010 (E1ae) (Wi ) — 02 (8us)(8™T) — ggo 2 (8vae) (7 p)
Claim: This satisfies the classical master equation {S,S} = 0.
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Conclusions and remarks

Completion of the program of simplifying N = 1 supergravity via generalised geometry.
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Allows a (reasonably short) check of supersymmetry by hand.

e}

First BV formulation of higher-dimensional supergravity in a background independent way.

o

Confirmation that gen. geometry provides natural variables for string massless sector.
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o New approach: fibred structure of field space, avoids vielbeine & Lorentz transformations

o Case ¢ =1 ~~ dilatonic supergravity (topological locally supersymmetric theory for (o, p))

o Case M = {x} ~» finite-dimensional toy model of supergravity

o Qutlook: type Il, Costello—Li twist and link to Kodaira—Spencer
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