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and
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Quick recollection

On finite dimensional superchart we consider coordinates pi 9

ghp pha 1 w dpida Δ

BV integration Y odd function of the q's gauge fixing
fermion

dgSf ftp.eihid
by

by Pi 1 Lagrangian graph



















































BV Lemma If f Ag g integrable on by then

fb 0

by
BV theorem Ye family ofodd functions of the 9s

parametrized by te I E R

f integrable on every by
If 0

Then
daff 0 gange fixing

independence

Yt



Generalization The BV pushforward

Split the coordinates
p q

into

Ii 9 in k Pi 9 i ktl h

w dpidg Endpida

W T Wz

A did did

Δ A



Let f be a function of all Aq s

4 be a familyof odd functions of the gis i ftp.yh

Assume f integrable on each Left Left iii µ

Then if a functionof Ping

1 Δ.gl Ab
LY LY

2
4 At if Af o

The proof follows the same lines as the previous ones



The global version

Data M W oddsymplectic manifold
graded

i e M supermanifold WER M s.t.co.th M

How do we define Δ

Recall locally If did b ftp.t 8f
divte



Khadaverdian Anf dive to
2 600 Idf seitionoftheBerezina linebundleBer

µ a nowhere vanishing Bereziindeneity

Lemma Δ Gg Subg 8Aug bgt

However in general Ai to

Def µ is compatible if I 0

the µ compatible structures exist



Rem In the codion case of field theory µ doesnotexist

tantamount to producing a functional measure

The definition of Δ goes in parallel
with regularization andrenormalization

Idensities sections of Berk

Properties 1 5 density

CM Lagrangian

density w r

s

2 canonical operator Δ on
densities that in local Darbouxcords is did

Khudoverdian

In particular Δ 0



BVthen now reads 1 Sg AT 0

2 15 0 HE 0

BVpushforward If M all product of oddsyupl.info

or moregenerally all fibration with M M andtopicalfiber
odd symplectic

M

some conditions on the transitionfunctions

hedgehog c Mniv Reshetithic

2015



Back to functions

If T is a nowhere vanishing density we get an operator

Δ on functions via

f DARK
Moreover Δ Age



Digression Interpretation via differential forms Witten

Schwartz all w TN wian

nonclinical Todd Edpida
pympleckmorphic

iotangent
bundle

ie CALM NIN multivector fields

Italeotoll.ws that r Ber IN N I A

Now VIN 1 A RIM

X O NIV
Δ d



Stokes theorem is now part of BV

CEN submanifold TNC CTTW Lagragia

N volume form or N W nowherevacishing density
onMTN

End of
the

digression



Applications of the BV pushforward

1 Construction of observables

c Rossi 2002 Mar 2015 Moshayedi 2020 C 2024

2 Renormalization a la Wilson loser 2000 Mniv2006Costello 200

3 Zero modes C Felder2008 C Mar 2008 Gai Li Xu Gui hi 2021

Onlytrees Merkulor98 Konteevich foibelman2000

MEU 2006

4 Quasi isomorphism of Los structures c Mnév 2008

c hair Richetikhizois

C becomes constructionofLa reps Jardo Rapallini SinanWolf2020



5 Equivalence of field theories

Contractible pairsandelimination ofauxiliaryfields Henneant 1990

Parent theories Barnich Grigoriev Semikhator Tirunin 2004

Different formulations of gravity
Schiavina

202
Canepa
Simao

Dressing in YM theory
Anselmi 2022

YM theory from a topological field theory
Bonehi crabzine 202



I will focus on three examples

Surface observables and 2 knot invariants

Yang Mills theory from a topological field theory

AKSZ formulation of GD Palatini Cartangravity



o C Rossi 2002

Surface observables and 2 knot invariants 1 0 0,2024
Cardzeromodest

4D BF theory with cosmological term M closed oriented4 manito

L BFA BB
1 teal parameter

Fields A connection to

B advalued 2 for

an invariant pairing is understood

El equations Fs AB

Symmetries JA dat 10
dB dat TB



The surface observable Ʃ C M din Ʃ 2

fDaDβ e
Il

Ji βdaα βGα βB

Real TTI can be compensated by the infinitesimal changeof variables

209 0 42 β β YP

Read symmetries do dap tap β X PR

J 1 FA 1B 0 using EL equations



Using the ftp.f one can fix this

s ns v JE u JE
04111 5 e is a BV observable

L C BVspacefor aβ

CEA B1 etsitqfe.is

is an invariantof
the 2 knot Ʃ

For4 0 these invariants have beenstudied by Watanabe 2006,2002 Lethtcy2020



details Ser BFA IBB
M

superfields A At Bt net lot

B 0 4 8 At Ct

QA E AB QB dAB

JBi fbdga fbla.at bB

a Y Pt
b β attut

Lemma Sat IT satisfies the CME



AB get may be expanded in Feynman

diagrams

for example 11 0 A
A

propagatorfor a b
A

bo Ti j j B
bo zero mode for b



Yang Mills theory from a topological field theory Bonehi crabzine 202

Again

5 Sm BFA BB

Pick a metric and write B Bt B s.lt antiselfdnal

Set B 0 Synfy BFA B B

B D can be viewed as part of a gauge fixing for a BVpush
forward

2es.lt
e

014
effi

UV



In particular induces a surface observable forYM theory C 2022

Of es q f efii eisi



AKSZ formulation of GD Palatini Cartangravity Canepa 6,2024

Spiff ééFw̅
M 4 manifold

Fields É coframe

w̅ orthogonal tonnestion

Assume M Fie En
section of the take tangentbundle

En En 1 time like

Write
endt te effect be

w̅ Wndt w̅

Spc enefotzeednwtwnedwef.de
M



Now split in Wtv with Endue er arbitrary 5

her o

See ffenefwtzeednwdttwn.edu e
M

220 edue I ene v.v It

fee dawdt analogue to padt
M

eFw o
Eu Wa Lagrange multipliers yielding the constraints educ o

Rem f Ʃ also has a boundary there are additional
boundorsterms
1 mar angularmomentum



Let w Wnt 220 z vector field
II dependent in E directions

Then SPC Speaksz Sam

Span e W M 2 W

fnfeednwtye.tzelef.tw edweldt

Sam In tene E Idt



Idea integrate out V

Thy Assume y e e is a nondegenerate metric on each times

Then Sam In tene Er Idt

is a nondegenerate quadratic form in v

This is a corollary ofa theorem in C Schiavina 17

e
SPAKE effPC



To deal with symmetries this has to be extended

to a BVpushforward

Result either f

with spinez the BV action in Canepa C Schiavina 20

obtained by the AKSZ method from the BFV action

describing the boundary
constraints



Thanks


