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Motivation

> In superspace supersymmetry is manifest

» Component formulation from the superspace one is
obtained by integration over odd coordinates and
elimination of auxiliary fields.

> Is it possible to systematically derive superspace
formulation from the space-time one?

2/18



Results

At the level of equations of motion for arbitrary SUSY theory:
» “Presymplectic BV-AKSZ for N = 1, D = 4 Supergravity, M.
Grigoriev, A. Mamekin, 2025”
At lagrangian level:
» N =1D =1 toy model: “Presymplectic BV-AKSZ for N = 1,
D = 4 Supergravity, M. Grigoriev, A. Mamekin, 2025”.
» N=(1,1) D=2, N=1D=3, N=1D=4
"Presymplectic BV-AKSZ for supersymmetric theories,
M. Grigoriev, A.Mamekin, in preparation”

For somewhat related approaches see [Ponomareyv, Vasiliev,
2012], [Misuna, Vasiliev, 2014], [Misuna, 2026].
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Basic notions

Definition: Q-manifold (M,Q) is Z-graded manifold M equipped
with odd nilpotent vector field Q, i.e.

Q> =0, gh(Q)=1.
Example: Odd tangent bundle (T[1]X,dx). Local description:

0 0
A A _ A
gh(x*) = gh(n®) =0, ep(x*) =0, er(f) =1

gh(6") = gh(c) =1, ep(8") =0, er(¢h) =1

Definition: Q-bundle (E,Q) "8 (B,v) is a locally trivial bundle
E ™8 Bsuch that mg oy = Q.
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Presymplectic BV-AKSZ with background fields
[Alexandrov, Kontsevich,Schwarz,Zaboronsky, 1995],

[Alkalaev, Grigoriev, 2013], [Dneprov, Grigoriev, 2025].
Ingredients:

» Target: Q-bundle (E,Q) =8 (B,y) with compatible
presymplectic form w € Q%(E) of gh(w) =n — 1:

w=dy, Iqw+ dH e 1g,

where T is generated by 7j(«a) for a € Q(B).
» Base: Q-manifold (M,§) with trace Tr: C>*(M) — R:

gh(Tr) = —n  Tr(6f) = 0V fe C®(M).

For M = T[1]X, where X is ordinary real manifold of
dimension n:

Tr(f) = / d"xd"0f(x,0).
X
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Presymplectic BV-AKSZ with background fields
Action and equations of motion:

» Fix background oy : M — B such that o oy = § o 05 and
consider Z-degree preserving supermaps o : M — E,
o*omg = 0p.

» Equations of motion:

o*(wag) (8 0 0" (%) — o™ 0 (QYF)) = 0,

where ¢ is fiber coordinate.
» AKSZ action reads as

Sakszlo] = Trio" (x)() + o™ (H)],

» Passing to generic supermaps ¢ : M — E presymplectic
form wgy and BV-AKSZ action reads as

wpy = Tr[c*(w)], Spv-aksz[0] = Tr[6"(x)(0) + 6" (H)].

Taking symplectic quotient one obtains odd symplectic

form provided wgy is regular.
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Presymplectic BV-AKSZ for N=1 D=3 scalar

supermultiplet
Target:
» B =g[l], where g = siso(1,2)/s0(1,2). Local coordinates
and their nonzero degrees:
(&8 0%,  gh(e®®)=gh(w®) =1, @) =1
» Total space E = B x F, where F is locally described by
complex coordinates (¢, pas, M) with all degrees be 0, but
eM) =1
» Q-structure:
Qo = % gap + v a4, QXA = 1B, Qgag =0,
QA =P QUi =o0.
» Compatible presymplectic structure
x -z ~B B
XE = —€apd"Pdd + EapX AN + EaptodA” + cic,

~ _ 1 -B ~ _
H = —266"% 65 + S 6aBY VNN + EasdPuAc + c.c.
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Presymplectic BV-AKSZ for N=1 D=3 scalar

supermultiplet
Minkowski space-time formulation

» Take as base manifold M = T[1]R? with local coordinates
(XAB HAB).
» Fix background oy : M — B:

op(EF) =%, op(v*) =0.
» Consider Z-degree preserving supermaps o : M — E

o*(¢) =d(x), o (pag) = das(X),  F(\) = M(x).
» AKSZ action:

SAKSZ[U] = / C/3X (—4¢AB€)AB§5 — 4)\A8ABS\B + 2¢ABQ?)AB + C.C) .
R3
Eliminating ¢ag:
Sl = —4 / #x (;aABwAqu 4NN c.c) .
R3
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Presymplectic BV-AKSZ for N=1 D=3 scalar
supermultiplet

Superspace formulation

> Take as base manifold M = T[1]R?/? with local coordinates
(x"B, A, 048 (A). For convenience we perform change
coordinates #AB — 9AB  ((AyB).

» Introduce Tr: C*°(M) — R as

Tr(f) = P xd*nd®0d*f(x,n,0,0)Y,
T[1]R3I2
where Y = §A36<,?2<36(C1)5(§2).
» Fix background oy, : M — B:
op(€*) = 0", ap(h) =M
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Presymplectic BV-AKSZ for N=1 D=3 scalar

supermultiplet
» Consider Z-degree preserving supermaps o : M — E

o (¢) = ®(x,n), 0" (ag) = Pas(x,n), o (X)) = A (x.n).

» Equations of motion read as

Ppg = 0ag®, A =DA®, D@ =0,

_ 9 B_d
where DA_W_n 5B -

» AKSZ action reads as

S[®,® 45,0 = 6 / dPxd?n ((I)DAKA L IDAAA AAT\A> :

» Eliminating ®45 and A” one gets

S[®] = —6 B xdPnDpdDAD.
R3I2
» Passing to generic supermaps 6 : M — E it can be shown,
that induced presymplectic form is regular and thus one
gets full scale BV.
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Presymplectic BV-AKSZ for N=1 D=4 scalar
supermultiplet

Target:

» B =g|l], where g = siso(1,3)/s0(1,3). Local coordinates
and their nonzero degrees:

' y?),  gh(e™)=gh(y*) =1, @) =1

» Total space E = B x F, where F is locally described by
complex coordinates (¢, paa, \*) with all degrees be 0, but
eM) =1
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Presymplectic BV-AKSZ for N=1 D=4 scalar

supermultiplet
» Q-structure:

/ 7A/
Qp = + M, Qua=-2¢" dan, Qpaa =0,
QgAA’ _ gwAiA” Q¢A —0.
» Compatible presymplectic structure
- , 1_a
X = —&an ((bAA dp — 5)\ d)\A> —

~ igapdut A — Sean 0" Gdlo + c.c.

~ ) — ~ *AA,
H= " bpn +Eand” 1 Np+
i —A A~ . —A—
+ €t M + a0 GuPas +c.c,
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Presymplectic BV-AKSZ for N=1 D=4 scalar
supermultiplet

Minkowski space-time formulation
» Take as base manifold M = T[1]R* with local coordinates
(XAA’ 9AA’)_

» Fix background oy : M — B:
) =0 ) =0
» Consider Z-degree preserving supermaps o : M — E
0" (9) = 6(x),  o"(dan) = dan(x), "\ =N (x).
» AKSZ action:

—AA! - <A
SAKSZ[U] = / <2¢ Opapr® — gbAA dap + A GAA/)\A + C.C.> d*x.
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Presymplectic BV-AKSZ for N=1 D=4 scalar
supermultiplet
Superspace formulation

> Take as base manifold M = T[1]R*/* with local coordinates
(x* 2,074 ¢A). For convenience we perform change

coordinates 024" — 0A4 4 C(AA + ZA’UA_
» Introduce Tr: C*°(M) — R as

Tr(f) = / d*xd*nd*7d*0d?Ca*CH(x,n,0,0)Y,
T[R4
where
29AB 82 —27nA’B’ 82

+0°0"° ——% —
acAagB 8CA BCB
2

Y =
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Presymplectic BV-AKSZ for N=1 D=4 scalar

supermultiplet
» Fix background oy, : M — B:

op( ) =0, o) =M
» Consider Z-degree preserving supermaps o : M — E
o*(¢) = ©(x.n, 1),
o*(¢as) = Paa (x.),  oF (M) = A (x;n,7).

» Equations of motion read as

Ppap = Oan @, Ap = Dy®, Da® =0, D2P =0,

where Dy = 0p — ﬁA'aAA,. The first three are algebraic.
» AKSZ action reads as

S[®,AA] = / o' xPne (12BDAN P+

+377A/77A(2$@A/AA — ApAp + 268,4/\/(1)) + C.C> .
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Presymplectic BV-AKSZ for N=1 D=4 scalar
supermultiplet

To obtain explicitely SUSY invariant action we impose algebraic
equations of motion:

S[®] =72 / d*xd*nd*ndd,

where Dy ® = 0. This is well known Wess-Zumino action.
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Conclusion

» Superfield formulation at the level of EOM for arbibtrary
SUSY theory can be derived systematically within
Presymplectic BV-AKSZ framework.

» Lagrangian superspace formulations for N =1D = 3,
N=(1,1)D=2and N = 1D = 4 supersymmetric theories
were recovered via presymplectic BV-AKSZ construction.
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Thank you for attention!
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