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PDEs

» APDEis & — J°F, where F — M is a (ghost) graded super-bundle of
fields over spacetime M, with n = dim M.
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» APDEis & — J°F, where F — M is a (ghost) graded super-bundle of
fields over spacetime M, with n = dim M.

» The Cartan distribution on J>° F gives rise to dy, dy and evolutionary
vector fields (evis), Xey(J>F), which commute with dy and dy.

» The Cartan distribution should be involutive on £ and local symmetries
are evfs tangent to &, Xev(&).
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PDEs

» APDEis & — J°F, where F — M is a (ghost) graded super-bundle of
fields over spacetime M, with n = dim M.

» The Cartan distribution on J>° F gives rise to dy, dy and evolutionary
vector fields (evis), Xey(J>F), which commute with dy and dy.

» The Cartan distribution should be involutive on £ and local symmetries
are evfs tangent to &£, Xey ().

» We mostly consider horizontal forms Q®* = Qahost# horiz.deg( joo F or £),

> Sign Conventions: Any formula can be written for purely even (odd)
objects; general signs recovered by introducing formal parity changing
parameters (eq, eo, .. .).
Adopt |.Z(_)| = |[—, —]z| = even, |dy| = |dy| = |¢(—y| = odd,
#ZL ) = #[-, —lz = #dv = #dy = #,) = 0.
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BV-BRST

> A (sufficiently regular) variational PDE £ has a BV-BRST description.

> In the BV-BRST extension, fiber coordinates over M come in field ¢’ (FeprsT),
antifield ®; pairs (Fsy — FgrsT):
Fgy = Ty[-1]Fgast — Fgrst ———> F —— M

1 | |

J*Fgy ————— J*®Fprst —— JOF

I I

Egrst1 — &€
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BV-BRST

> A (sufficiently regular) variational PDE £ has a BV-BRST description.
> In the BV-BRST extension, fiber coordinates over M come in field ¢’ (FeprsT),
antifield ®; pairs (Fsy — FgrsT):

Fgy = Ty[-1]Fgast — Fgrst ———> F —— M

1 | |

J*Fgy ————— J*®Fprst —— JOF

I I

Egrst1 — &€

> Antifields give rise to a local shifted symplectic density Q = dy®;dy®/, together
with a homological evfs Q € Xev(J* Fav), Qsrst € Xev(EprsT), With ghost
#Q = —#Q =1, such that H*<°(C>(J*°Fpy),s = %p) = 0 and
H°(C>(J*Fpy), s) = H°(C™(EsrsT): Lagssr) = C°(£)“ with & generated by
infinitesimal gauge symmetries.
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BV-BRST

> A (sufficiently regular) variational PDE £ has a BV-BRST description.
> In the BV-BRST extension, fiber coordinates over M come in field ¢’ (FeprsT),
antifield ®; pairs (Fsy — FgrsT):

Fgy = Ty[-1]Fgast — Fgrst ———> F —— M
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> Antifields give rise to a local shifted symplectic density Q = dy®;dy®/, together
with a homological evfs Q € Xev(J* Fav), Qsrst € Xev(EprsT), With ghost
#Q = —#Q =1, such that H*<°(C>(J*°Fpy),s = %p) = 0 and
H°(C>(J*Fpy), s) = H°(C™(EsrsT): Lagssr) = C°(£)“ with & generated by
infinitesimal gauge symmetries.

» The antibracket ([ b, [ ¢) = t.q—1.dvbdyc is defined on local functionals H*"(d).
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> A (sufficiently regular) variational PDE £ has a BV-BRST description.

> In the BV-BRST extension, fiber coordinates over M come in field ¢’ (FeprsT),
antifield ®; pairs (Fsy — FgrsT):
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> Antifields give rise to a local shifted symplectic density Q = dy®;dy®/, together
with a homological evfs Q € Xev(J* Fav), Qsrst € Xev(EprsT), With ghost
#Q = —#Q =1, such that H*<°(C>(J*°Fpy),s = %p) = 0 and
H°(C>(J*Fpy), s) = H°(C™(EsrsT): Lagssr) = C°(£)“ with & generated by
infinitesimal gauge symmetries.

» The antibracket ([ b, [ ¢) = t.q—1.dvbdyc is defined on local functionals H*"(d).

> The BV differential s(—) = (Sgv, —), where the BV extended action
Sev = [ L(®,9*)d"x € H*"(dy) satisfies the Master Equation (Sgv, Sgv) = 0.
This makes (H*"(dy), s, (—, —)) into a dg-Lie algebra.
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» The antibracket ([ b, [ ¢) = t.q—1.dvbdyc is defined on local functionals H*"(d).
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Sev = [ L(®,9*)d"x € H*"(dy) satisfies the Master Equation (Sgv, Sgv) = 0.
This makes (H*"(dy), s, (—, —)) into a dg-Lie algebra.

> Symmetries 8 € Xev(J* Fav) must now leave Ld"x and Q invariant mod dg.
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BV-BRST

> A (sufficiently regular) variational PDE £ has a BV-BRST description.
> In the BV-BRST extension, fiber coordinates over M come in field ¢’ (FeprsT),
antifield ®; pairs (Fsy — FgrsT):
Fgy = Ty[-1]Fgast — Fgrst ———> F —— M
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J*Fgy ————— J*®Fprst —— JOF
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> Antifields give rise to a local shifted symplectic density Q = dy®;dy®/, together
with a homological evfs Q € Xev(J* Fav), Qsrst € Xev(EprsT), With ghost
#Q = —#Q =1, such that H*<°(C>(J*°Fpy),s = %p) = 0 and
H°(C>(J*Fpy), s) = H°(C™(EsrsT): Lagssr) = C°(£)“ with & generated by
infinitesimal gauge symmetries.

» The antibracket ([ b, [ ¢) = t.q—1.dvbdyc is defined on local functionals H*"(d).

> The BV differential s(—) = (Sgv, —), where the BV extended action
Sev = [ L(®,9*)d"x € H*"(dy) satisfies the Master Equation (Sgv, Sgv) = 0.
This makes (H*"(dy), s, (—, —)) into a dg-Lie algebra.

> Symmetries 8 € Xev(J* Fav) must now leave Ld"x and Q invariant mod dg.

> Conventions: |(—, —)| = |s| = odd, #(—,—)=#s =1, with (—¢, =) = (=)!/(—, ).
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L..-algebras

> Def: On a (Z,Z,)-graded vector space V, the (1, 0dd)-degree brackets
[S(V)] — V are an L..-algebra when [eZ[e®]] = 0 for any even B ¢ V,
while [1] =0 and ¢[(---)] = (=)!/[¢(- - -)], for odd e.
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L..-algebras

> Def: On a (Z,Z,)-graded vector space V, the (1, 0dd)-degree brackets
[S(V)] — V are an L..-algebra when [eZ[e®]] = 0 for any even B ¢ V,
while [1] =0 and ¢[(---)] = (=)!/[¢(- - -)], for odd e.

» Writing sB := [B] and decoding the higher Jacobi identities, s?B = 0,
2[BsB] +s[B?| =0, 3[B?sB|+3[B[B?]] +s[B’] =0, ...,

n

! e
Z (n 7nk)!k! [B k[Bk]] = 0.
k=1
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L..-algebras

> Def: On a (Z,Z,)-graded vector space V, the (1, 0dd)-degree brackets
[S(V)] — V are an L..-algebra when [eZ[e®]] = 0 for any even B ¢ V,
while [1] =0 and ¢[(---)] = (=)!/[¢(- - -)], for odd e.

» Writing sB := [B] and decoding the higher Jacobi identities, s?B = 0,
2[BsB] +s[B?| =0, 3[B?sB]+3[B[B?]]+s[B% =0, ...,

n

! e
Z (n 7nk)!k! [B k[Bk]] = 0.
k=1

> Ex: For a dg-Lie algebra (g, s, [—, —]), the L.-algebra is

(g[-1,0dd],08s® [, —|®0F---).
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L..-algebras

> Def: On a (Z,Z,)-graded vector space V, the (1, 0dd)-degree brackets
[S(V)] — V are an L..-algebra when [eZ[e®]] = 0 for any even B ¢ V,
while [1] =0 and ¢[(---)] = (=)!/[¢(- - -)], for odd e.

» Writing sB := [B] and decoding the higher Jacobi identities, s?B = 0,
2[BsB] +s[B?| =0, 3[B?sB]+3[B[B?]]+s[B% =0, ...,

" n! n—kr ok
> ol B =0
k=1
> Ex: For adg-Lie algebra (g,s,[—, —]), the L..-algebra is
(g[-1,0dd,0 s @[, -] 0@ ).

» Dually: L-algebra (V,[-]) < (S(V*),D = [-]*) dgca.
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L..-algebras

> Def: On a (Z,Z,)-graded vector space V, the (1, 0dd)-degree brackets
[S(V)] — V are an L..-algebra when [eZ[e®]] = 0 for any even B ¢ V,
while [1] =0 and ¢[(---)] = (=)!/[¢(- - -)], for odd e.

» Writing sB := [B] and decoding the higher Jacobi identities, s?B = 0,
2[BsB] +s[B?| =0, 3[B?sB]+3[B[B?]]+s[B% =0, ...,

n
k; M[Bn—k[sku =0.
> Ex: For a dg-Lie algebra (g, s, [—, —]), the L.-algebra is
(g[-1,0dd, 08 [—, -] D0 ).
» Dually: L-algebra (V,[-]) < (S(V*),D =[-]*) dgca.
> (non-)Ex: (C>°(J>Fgy),ssy) is an L..-algebr(-oid) in the dual picture.

But it is not the L..-structure that | will talk about!
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Higher Structure Constants in Extended BV

» Brandt, Henneaux, Wilch (1998)
Extended antifield formalism Nucl Phys B510 640-656
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Higher Structure Constants in Extended BV

» Brandt, Henneaux, Wilch (1998)
Extended antifield formalism Nucl Phys B510 640-656

» Start with a BV description of a gauge theory and consider a basis Sz of
representatives for H*<%"(s|dy) in local functionals, [ b(®, ®*)d"x.
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Higher Structure Constants in Extended BV

» Brandt, Henneaux, Wilch (1998)
Extended antifield formalism Nucl Phys B510 640-656

» Start with a BV description of a gauge theory and consider a basis Sz of
representatives for H*<%"(s|dy) in local functionals, [ b(®, ®*)d"x.

» Then take some antibrackets (—, —),
(—1)°4(84,88) = f55Sp + (S, Sx8)  (3.3)
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Higher Structure Constants in Extended BV

» Brandt, Henneaux, Wilch (1998)
Extended antifield formalism Nucl Phys B510 640-656

» Start with a BV description of a gauge theory and consider a basis Sz of
representatives for H*<%"(s|dy) in local functionals, [ b(®, ®*)d"x.
> Then take some antibrackets (—, —), then some more antibrackets,
(—1)°*(S4,88) = fRpSp + (5,Sa5)  (33)

(=) (814, Ssc1) = Spicfas) + 3 fapcSp + (S, Sasc)  (3.5)
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Higher Structure Constants in Extended BV

» Brandt, Henneaux, Wilch (1998)
Extended antifield formalism Nucl Phys B510 640-656

» Start with a BV description of a gauge theory and consider a basis Sz of
representatives for H*<%"(s|dy) in local functionals, [ b(®, ®*)d"x.
> Then take some antibrackets (—, —), then some more antibrackets, ...
(—1)°*(84,Sp) = fRpSp + (S, Sap)  (3.3)
(=)**(Sa,Sec1) = Spicfhsy + 3 fancSo + 3(S,Sac)  (35)

At each stage, you get new siructure constants fig, fsc, ..., and new local
functionals Sas, Sasc, - - - -
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Higher Structure Constants in Extended BV

» Brandt, Henneaux, Wilch (1998)
Extended antifield formalism Nucl Phys B510 640-656

» Start with a BV description of a gauge theory and consider a basis Sz of
representatives for H*<%"(s|dy) in local functionals, [ b(®, ®*)d"x.

> Then take some antibrackets (—, —), then some more antibrackets, ...
(—1)°4(Sa, Sp) = fagSp + (85, 848)  (33)
(=) (814, Ssc1) = Spicfas) + 3 fapcSp + (S, Sasc)  (3.5)

At each stage, you get new siructure constants fig, fsc, ..., and new local
functionals Sas, Sasc, - - - -

> Putting the dg-Lie properties of s and (—, —) to full use, after some magic,
they end up with ...

p—1

1
Yoy foanafhan =0, (38)
Y rlee 1.-Ar]

—ri(p—r)! e

n
o pnkpgkyy — ) S
= ; (n— K)Ik! [B""[B] =0 Lo-algebra identities!
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Homotopy Transfer
» Dually, an L-morphism A\*: (S(V5), D2) — (S(V5),Dy) is a
dgca-morphism, with A(1) = 0. Equivalently, for even B € V;:

[*)]e = A(e°[e7]1).
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Homotopy Transfer
» Dually, an L-morphism A\*: (S(V5), D2) — (S(V5),Dy) is a

dgca-morphism, with A(1) = 0. Equivalently, for even B € V;:

[*)]e = A(e°[e7]1).

> Expansion: spA\(B) = A(s1B)
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Homotopy Transfer
» Dually, an L-morphism A\*: (S(V5), D2) — (S(V5),Dy) is a
dgca-morphism, with A(1) = 0. Equivalently, for even B € V;:

X))z = A(e®[°]1).
> Expansion: spA\(B) = A(s1B), then ...
2(822(B%) + \(BFl) = S 28518+ [8]:)

(—1)°4(84,88) = f2Sp + (8, 8a8)  (33)
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Homotopy Transfer
» Dually, an L-morphism A\*: (S(V5), D2) — (S(V5),Dy) is a
dgca-morphism, with A(1) = 0. Equivalently, for even B € V;:

(M), = A(e®[]1).
> Expansion: spA\(B) = A(s1B), then ...
5152 (B + BAENB)Lz + \(B)']2) = 5 A(36%: 8+ 3667 + %)

(=) (Sia» Sacy) = Sprefapy + 3 fapeSp + (8, Sapc)  (3.5)
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Homotopy Transfer
» Dually, an L-morphism A\*: (S(V5), D2) — (S(V5),Dy) is a
dgca-morphism, with A(1) = 0. Equivalently, for even B € V;:

[M] = A(e°[e?)1).
> Expansion: spA\(B) = A(s1B), then ...
5152 (B + BAENB)Lz + \(B)']2) = 5 A(36%: 8+ 3667 + %)
(=)°*(Siar Spc) = Spicfim + 3§ fascSo + 3(8,Sanc)  (3.5)
» Homotopy transfer (Thm 10.3.{1,7}, Loday-Vallette Algebraic Operads):
Given an L-algebra (V2, [—]2) and a quasi-isomorphism (V;,s1) — (Vs, s2) of dg-vector
spaces, it can be extended to an Loo-morphism (Vy,[—]1 = s1 + ?) — (V2, [—]2)-

The [—]; can be built “explicitly” provided the g-iso is presented by a zigzag of (dg-vector)
homotopy retracts, using bar and co-bar constructions.
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Homotopy Transfer
» Dually, an L-morphism A\*: (S(V5), D2) — (S(V5),Dy) is a
dgca-morphism, with A(1) = 0. Equivalently, for even B € V;:

[M] = A(e°[e?)1).
> Expansion: spA\(B) = A(s1B), then ...
%(SZA(BS) + [BABA(B)]2 + [MB)*]2) = %/\(38251 B+ 3B[B?] + [B]1)
(=)** (S, Ssc1) = Spicfhsy + 3 fascSo + 3(S.Sac)  (35)
» Homotopy transfer (Thm 10.3.{1,7}, Loday-Vallette Algebraic Operads):

Given an L-algebra (V2, [—]2) and a quasi-isomorphism (V;,s1) — (Vs, s2) of dg-vector
spaces, it can be extended to an Loo-morphism (Vy,[—]1 = s1 + ?) — (V2, [—]2)-

The [—]; can be built “explicitly” provided the g-iso is presented by a zigzag of (dg-vector)
homotopy retracts, using bar and co-bar constructions.

» Homotopy transfer interpretation of Brandt-Henneaux-Wilch’98:

(H"(s1d). 0 & 5 & ffpp @) Z2E0 (HO"(dy), 8 © (—, )
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Noether’s Theorem

“symmetries” ~ “conserved currents”
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Noether’s Theorem

“symmetries” ~ “conserved currents”

» Barnich, Brandt, Henneaux (1995) Local BRST cohomology in the antifield formalism: |
CMP 174 57-92
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Noether’s Theorem

“symmetries” ~ “conserved currents”
» Barnich, Brandt, Henneaux (1995) Local BRST cohomology in the antifield formalism: |

CMP 174 57-92
antifields ghosts fields

» Recall the hierarchy Fgy — Fgrst — F — M (topologically trivial M, F).
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Noether’s Theorem

“symmetries” ~ “conserved currents”

» Barnich, Brandt, Henneaux (1995) Local BRST cohomology in the antifield formalism: |
CMP 174 57-92

antifields ghosts fields
» Recall the hierarchy Fgy — Fgrst — F — M (topologically trivial M, F).
—son-shell ~/gauge 2
> BV differential decompositions = sxkr  + Sce = Loy + ZLage, Skt = 0.

T
Koszul-Tate  Chevalley-Eilenberg
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Noether’s Theorem

“symmetries” ~ “conserved currents”

» Barnich, Brandt, Henneaux (1995) Local BRST cohomology in the antifield formalism: |
CMP 174 57-92

antifields ghosts fields
» Recall the hierarchy Fgy — Fgrst — F — M (topologically trivial M, F).
—son-shell ~/gauge 2
> BV differential decompositions = sxkr  + Sce = Loy + ZLage, Skt = 0.

T
Koszul-Tate  Chevalley-Eilenberg

> evi Xev (I Farst) 3 8 = B'(3/39') ems &} = b € Q*<O"(J>Fpy) loc.form

Igor Khavkine (CAS, Prague) Homotopy transfer for currents and symmetries Vienna 07/09/2021 6/9



Noether’s Theorem

“symmetries” ~ “conserved currents”

» Barnich, Brandt, Henneaux (1995) Local BRST cohomology in the antifield formalism: |
CMP 174 57-92

antifields ghosts fields
» Recall the hierarchy Fgy — Fgrst — F — M (topologically trivial M, F).
—son-shell ~/gauge 2
> BV differential decompositions = sxkr  + Sce = Loy + ZLage, Skt = 0.

Koszul—tl'aie Chevalley-Eilenberg
> evi Xeu(JZ Fepst) = B'(0/00) e ] 3! = b € Q<07(J* Fgy) loc.form
> Symmetry [Qkr, 8] = 0, gauge symmetry 8 = [Qkr,~], among .Z3Q2 = 0 mod du:

H‘;ERST([OCE7 7]6") = H;”Fsv,ﬁ([ov *]ev) = H.<01n(sKTldH) = H.<0’n(s‘dH)
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Noether’s Theorem

“symmetries” ~ “conserved currents”

» Barnich, Brandt, Henneaux (1995) Local BRST cohomology in the antifield formalism: |
CMP 174 57-92

antifields ghosts fields
» Recall the hierarchy Fgy — Fgrst — F — M (topologically trivial M, F).
—son-shell ~/gauge 2
> BV differential decompositions = sxkr  + Sce = Loy + ZLage, Skt = 0.

Koszul—tl'aie Chevalley-Eilenberg
> evf Xey(J® Fanst) 3 B = B'(9/09) «nr 78 = b € Q*<"(J>Fpy) loc.form
> Symmetry [Qkr, 8] = 0, gauge symmetry 8 = [Qkr,~], among .Z3Q2 = 0 mod du:

Hgansr([OCEv 7]9") = H;”Fsv,ﬁ([ov *]GV) = H.<01n(sKTldH) = H.<0’n(s‘dH)

» Barnich, Henneaux (1996) Isomorphisms between the Batalin-Vilkovisky antibracket
and the Poisson bracket JMP 37 5273-5296
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Noether’s Theorem

“symmetries” ~ “conserved currents”

» Barnich, Brandt, Henneaux (1995) Local BRST cohomology in the antifield formalism: |
CMP 174 57-92

antifields ghosts fields
» Recall the hierarchy Fgy — Fgrst — F — M (topologically trivial M, F).
—son-shell ~/gauge 2
> BV differential decompositions = sxkr  + Sce = Loy + ZLage, Skt = 0.

Koszul—tl'aie Chevalley-Eilenberg
> evf Xey(J® Fanst) 3 B = B'(9/09) «nr 78 = b € Q*<"(J>Fpy) loc.form
> Symmetry [Qkr, 8] = 0, gauge symmetry 8 = [Qkr,~], among .Z3Q2 = 0 mod du:

Hgansr([OCEv 7]9") = H;”Fsv,ﬁ([ov *]GV) = H.<01n(sKTldH) = H.<0’n(s‘dH)

» Barnich, Henneaux (1996) Isomorphisms between the Batalin-Vilkovisky antibracket
and the Poisson bracket JMP 37 5273-5296

> Conserved currents: duj = 0, j € Q%" P() = HoP o (skr).
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Noether’s Theorem

“symmetries” ~ “conserved currents”

» Barnich, Brandt, Henneaux (1995) Local BRST cohomology in the antifield formalism: |
CMP 174 57-92

antifields ghosts fields
» Recall the hierarchy Fgy — Fgrst — F — M (topologically trivial M, F).
—son-shell ~/gauge 2
> BV differential decompositions = sxkr  + Sce = Loy + ZLage, Skt = 0.

Koszul—tl'aie Chevalley-Eilenberg
> evf Xey(J® Fanst) 3 B = B'(9/09) «nr 78 = b € Q*<"(J>Fpy) loc.form
> Symmetry [Qkr, 8] = 0, gauge symmetry 8 = [Qkr,~], among .Z3Q2 = 0 mod du:

Hgansr([OCEv 7]9") = H;”Fsv,ﬁ([ov *]GV) = H.<01n(sKTldH) = H.<0’n(s‘dH)

» Barnich, Henneaux (1996) Isomorphisms between the Batalin-Vilkovisky antibracket
and the Poisson bracket JMP 37 5273-5296

> Conserved currents: duj = 0, j € Q%" P(£) = HoP o (skr).-
> Dickey bracket: [ji, jo]p = L, o (mod dn) on HZ" P(dw) 22 Hy " o (dnlskr).
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» Barnich, Brandt, Henneaux (1995) Local BRST cohomology in the antifield formalism: |
CMP 174 57-92

antifields ghosts fields
» Recall the hierarchy Fgy — Fgrst — F — M (topologically trivial M, F).
—son-shell ~/gauge 2
> BV differential decompositions = sxkr  + Sce = Loy + ZLage, Skt = 0.

Koszul—tl'aie Chevalley-Eilenberg
> evi Xeu(JZ Fepst) = B'(0/00) e ] 3! = b € Q<07(J* Fgy) loc.form
> Symmetry [Qkr, 8] = 0, gauge symmetry 8 = [Qkr,~], among .Z3Q2 = 0 mod du:

H‘;ERST([OCE7 7]6") = H;”Fsv,ﬁ([ov *]ev) = H.<01n(sKTldH) = H.<0’n(s‘dH)

» Barnich, Henneaux (1996) Isomorphisms between the Batalin-Vilkovisky antibracket
and the Poisson bracket JMP 37 5273-5296

> Conserved currents: duj = 0, j € Q%" P(£) = HoP o (skr).-
> Dickey bracket: [ji, jo]p = L, o (mod dn) on HZ" P(dw) 22 Hy " o (dnlskr).
» Noether’s first theorem (Lie algebra isomorphisms):

(Hegasr (1Q. =1). [ —lev) 2 (H7(sldn), (= =) = (Hg""(dw), [~ ~Io)
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Noether’s Theorem

“symmetries” ~ “conserved currents”

» Barnich, Brandt, Henneaux (1995) Local BRST cohomology in the antifield formalism: |
CMP 174 57-92

antifields ghosts fields
» Recall the hierarchy Fgy — Fgrst — F — M (topologically trivial M, F).
—son-shell ~/gauge 2
> BV differential decompositions = sxkr  + Sce = Loy + ZLage, Skt = 0.

Koszul—tl'aie Chevalley-Eilenberg
> evi Xeu(JZ Fepst) = B'(0/00) e ] 3! = b € Q<07(J* Fgy) loc.form
> Symmetry [Qkr, 8] = 0, gauge symmetry 8 = [Qkr,~], among .Z3Q2 = 0 mod du:

H‘;ERST([OCE7 7]6") = H;”Fsv,ﬁ([ov *]ev) = H.<01n(sKTldH) = H.<0’n(s‘dH)

» Barnich, Henneaux (1996) Isomorphisms between the Batalin-Vilkovisky antibracket
and the Poisson bracket JMP 37 5273-5296

> Conserved currents: duj = 0, j € Q%" P(£) = HoP o (skr).-
> Dickey bracket: [ji, jo]p = L, o (mod dn) on HZ" P(dw) 22 Hy " o (dnlskr).
» Noether’s first theorem (Lie algebra isomorphisms):
(Heepsr (1Q, =1, [ =Jev) = (H™""(sldn), (=, —)) = (Hg" " (dw), [, o)
> Tantalizing hint of homotopy transfer?

([Qce. ~Jev) = HP"(s]dn) = HE"P(d)

Ssnsr
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(New?) Local Antibracket
> The antibracket (/ b(d),cb*),/c(cb,d)*)) is traditionally defined on local

functionals or H*"(dy) classes [b], [c].
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(New?) Local Antibracket

> The antibracket (/ b(d),cb*),/c(cb,d)*)) is traditionally defined on local

functionals or H*"(dy) classes [b], [c].
» Local antibracket: lift to local forms Q¢®-*. Barnich-Henneaux’96 tried

(b,C)ioc = ZLpc or —Z,b or 15,0

where dyb = 15Q — dybp, dyC = 1,Q — dyfc and Q = dy®; dy®' is the
local antibracket shifted symplectic form (density).
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(New?) Local Antibracket
> The antibracket (/ b(d),cb*),/c(cb,d)*)) is traditionally defined on local

functionals or H*"(dy) classes [b], [c].
» Local antibracket: lift to local forms Q¢®-*. Barnich-Henneaux’96 tried

(b,C)ioc = ZLpc or —Z,b or 15,0

where dyb = 15Q — dybp, dyC = 1,Q — dyfc and Q = dy®; dy®' is the
local antibracket shifted symplectic form (density).

> All these choices satisfy at least one of anti-symmetry, Jacobi, (Leibniz)
identities only up to dy. By the transfer theorem, there might only be an
L..-transfer to Q*:* (cf. Barnich-Fulp-Lada-Stasheff’98).

Igor Khavkine (CAS, Prague) Homotopy transfer for currents and symmetries Vienna 07/09/2021 7/9



(New?) Local Antibracket
> The antibracket (/ b(d>,¢*),/c(d>,d>*)) is traditionally defined on local

functionals or H*"(dy) classes [b], [c].
» Local antibracket: lift to local forms Q¢®-*. Barnich-Henneaux’96 tried

(b,C)ioc = ZLpc or —Z,b or 15,0

where dyb = 15Q — dybp, dyC = 1,Q — dyfc and Q = dy®; dy®' is the
local antibracket shifted symplectic form (density).

> All these choices satisfy at least one of anti-symmetry, Jacobi, (Leibniz)
identities only up to dy. By the transfer theorem, there might only be an
L..-transfer to Q*:* (cf. Barnich-Fulp-Lada-Stasheff’98).

» Theorem: (via Prop 17.2.3 Delgado (PhD, Bonn 2017); via Eq (2.100) Deligne-Freed’99)
(2%°[1,0dd],dy + 8§, (—, —)ioc) is a dg-Lie algebra on the nose, with (for odd b, c € Q**):

f/gc—gyb—LﬁLWQ if b,c € Q*",
(b, ©)ioc = § Z5C if be Q*", cecQ*<n,
0 if b,c € Q<"
Proof. For Jacobi, use Q = dv(cb,*dvcb’) and (b, €)ioc ~~ [8,7] (Barnich-Henneaux'96),
while §(—) = (L+J+ -+, —)ioe, With dyd = (L, L)joc-
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L..-zigzags (WIP)

—

(X&a(=Fov),[Q. -1& [ —lo) (" dn+8& (=, —)oc) (Q°"*"(EprsT), dn & [~ —]p)

| l ]

(X&(Earst), [Qee, ~1 @ [~ ~low)  (H*™""(dn), 8 ® (—,-)) (Q*="(€),dw & [, ~]o)
(Hegnsr ([QcE; —1ev), 0@ [<lev)  (H*<*"(s]dn),0 & [~]zrw) (Hz="(dn),0 & [~]0)

> Arrows indicate dg-Lie morphisms, or inclusion of dg-vector cocycles.
All arrows should be dg-vector quasi-isomorphisms. (Work In Progress)
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L..-zigzags (WIP)

—

(X&a(=Fov),[Q. -1& [ —lo) (" dn+8& (=, —)oc) (Q°"*"(EprsT), dn & [~ —]p)

| l ]

(X&(Earst), [Qee, ~1 @ [~ ~low)  (H*™""(dn), 8 ® (—,-)) (Q*="(€),dw & [, ~]o)
(Hegnsr ([QcE; —1ev), 0@ [<lev)  (H*<*"(s]dn),0 & [~]zrw) (Hz="(dn),0 & [~]0)

> Arrows indicate dg-Lie morphisms, or inclusion of dg-vector cocycles.
All arrows should be dg-vector quasi-isomorphisms. (Work In Progress)

» (conj.) Extended Noether’s theorem:

L equiv.

(HE g (1Q0E, ~1ev). 0@ [ o) (H2<"(d4). 0 & []o)

Igor Khavkine (CAS, Prague) Homotopy transfer for currents and symmetries Vienna 07/09/2021 8/9



L..-zigzags (WIP)

/—\
(X8 a(J¥Fav),[Q, ~]@ [-, —Je) (<" dn+ 8@ (=, —)oc) (Q°"*"(Eprsr),dn @ [, ~]p)

| l ]

(X&(Earst), [Qee, ~1 @ [~ ~low)  (H*™""(dn), 8 ® (—,-)) (Q*="(€),dw & [, ~]o)
(Hegnsr ([QcE; —1ev), 0@ [<lev)  (H*<*"(s]dn),0 & [~]zrw) (Hz="(dn),0 & [~]0)

> Arrows indicate dg-Lie morphisms, or inclusion of dg-vector cocycles.
All arrows should be dg-vector quasi-isomorphisms. (Work In Progress)
» (conj.) Extended Noether’s theorem:

(HEyrsr (1Q0E, ~1an). 06 [ov) % (HE"(dn).0 [-]o)

» Topologically non-trivial £ — M: H2(dp) ~» Hg(dp)/H(d).
~ Central L..-extension?
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L..-zigzags (WIP)

—

(X&a(=Fov),[Q. -1& [ —lo) (" dn+8& (=, —)oc) (Q°"*"(EprsT), dn & [~ —]p)

| l ]

(X&(Earst), [Qee, ~1 @ [~ ~low)  (H*™""(dn), 8 ® (—,-)) (Q*="(€),dw & [, ~]o)
(Hegnsr ([QcE; —1ev), 0@ [<lev)  (H*<*"(s]dn),0 & [~]zrw) (Hz="(dn),0 & [~]0)

> Arrows indicate dg-Lie morphisms, or inclusion of dg-vector cocycles.
All arrows should be dg-vector quasi-isomorphisms. (Work In Progress)

» (conj.) Extended Noether’s theorem:

° Loo iv.
(HE sy ([QcE; —ev), 0 @ [~ev) sl
» Topologically non-trivial £ — M: H2(dp) ~» Hg(dp)/H(d).

~ Central L..-extension?
» Bonus: (Q°(€),dn, A) is a dgca.
~ Homotopy Transfer of C..-algebra structure?

(He="(dw),0 & [~]p)
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Discussion

> L., Homotopy Transfer interpretation of constant ghost/antifield extended
BV (Brandt-Henneaux-Wilch’98).
Cf. talk in Prague Mathematical Physics Seminar by Hiroaki Matsunaga (05.2021).

Thank you for your attention!
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> Successful dg-Lie local lift (—, —)ioc Of antibracket.
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» Geometric interpretation of H*<%"(s|dy) via higher symmetries and
conserved currents.
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Discussion

> L., Homotopy Transfer interpretation of constant ghost/antifield extended
BV (Brandt-Henneaux-Wilch’98).
Cf. talk in Prague Mathematical Physics Seminar by Hiroaki Matsunaga (05.2021).

> Successful dg-Lie local lift (—, —)ioc Of antibracket.

» Geometric interpretation of H*<%"(s|dy) via higher symmetries and
conserved currents.

» [ -extension of Noether’s theorem.

Thank you for your attention!
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