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@ A convenient framework to address the issue of diffeomorphism
invariance is provided by the LCFT [Brunetti-Fredenhagen-Verch 2003].

o It was successful as a general paradigm for QFT on curved
spacetimes.

@ To formulate a theory in this framework we need some notions
from the category theory.

@ In this talk I will use the following categories:

Loc Obj(Loc): all four-dimensional, globally hyperbolic oriented and
time-oriented spacetimes (M, g).
Morphisms: Isometric embeddings that preserve orientation,
time-orientation and the causal structure of the embedded
spacetime.

Vec Obj(Vec): (small) topological vector spaces
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Kinematical structure

In our formulation, with a physical system we associate:

@ The configurations space &(M) of all fields of the theory. € is a
contravariant functor from Loc (spacetimes) to Vec (lcvs). For
the scalar field (M) = C>°(M).

@ The space of compactly supported fields &.(M). €. is a
covariant functor from Loc to Vec.

@ ® : Loc — Vec a covariant functor that assigns to M the space
of compactly supported test functions D (M).
X
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@ Observables of the theory are described by functionals on &(M),
i.e. a measurement of an observable assigns a number to a field
configuration of the system.

@ Let C°°(€&(M)) denote the space of smooth (in the sense of
calculus on Icvs) maps from the configuration space to R.

@ The spacetime support of a function F € C*°(&(M)) is defined:

supp F = {x € M|V neighbourhoods U of x 3o,y € (M),
suppv C U such that F(¢ + ) # F(p)} .

e Fisadditive if Vi1, @2, 03 € (M) s.t. suppy; N suppys; =J:

F(p1+ w2+ 93) = F(p1 +92) — F(p2) + F(p2 + 3) -

@ Fislocal if it is of the form: F(y) = /f(/'x(go)) du(x),
M

@ In this talk we restrict ourselves to products of local functionals,
we denote this space by F(M).
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Vector fields

@ Vector fields X on &(M) (trivial infinite dimensional manifold)
can be considered as maps from €(M) to E(M).

@ We restrict ourselves to smooth maps X with image in &.(M).
They act on (M) as derivations: dxF(¢) := (FU(0), X(¢))

@ We consider only the multilocal (products of local vector fields
and multilocal functionals) vector fields with compact support.

@ The space of vector fields with above properties is denoted by
U (M). 0 becomes a (covariant) functor by setting:
Vx(X) = EcxoX o €y,
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@ The dynamics is introduced by a generalized Lagrangian L which
is a natural transformation between functors © and §joc, S.t.:

o supp(Lw(f)) < supp(f),
o Ly(o) is additive in f.

@ The action S(L) is an equivalence class of Lagrangians. We say
that L; ~ L, if Vf € ©(M), M € Obj(Loc):

supp(Lim — Lam)(f) C suppdf.

1 1
e For example: Ly (f) = / (Ecpz + Evﬂch“go)fdvolM.
M
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@ The Euler-Lagrange derivative of § is defined by:
(Sylp),h)= <LM(f)(1)(<,o), h>,f = 1 on supph. The field

equation is: S,(¢) = 0. The space of solutions is denoted by
Es(M) C E(M).
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Equations of motion and symmetries

@ The Euler-Lagrange derivative of § is defined by:
(Sylp),h)= <LM(f)(1)(<,o), h>,f = 1 on supph. The field
equation is: S,(¢) = 0. The space of solutions is denoted by
Es(M) C E(M).

@ X € U(M) is called a symmetry of the action S if Vi € E(M):

0 = (Sy(p), X(¢))= Ox(Sm)()-

@ In other words: a symmetry is a direction in &(M) in which the

action is constant. We denote the space of symmetries by s(M).
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@ We can define the space of on-shell fnctionals Fs(M) as the
quotient §s(M) = F(M)/Fo(M ), where Fo(M) is the ideal
“generated by equations of motion” in the following sense:
VF € §o(M) 3X € (M) such that F = (S}, X) =: d5(X).
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@ We obtain a sequence: 0 — s(M) — U (M) %, §(M) — 0.

@ The differential § = ¢+ & 5 ® 0 is called the Koszul-Tate
differential. On-shell functionals are described by its
0-homology: §s(M) = Hy(9).

o From this we obtain the graded differential algebra, which is a
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Invariants

@ The space of symmetries s(M) is a Lie subalgebra of U (M) and
has a natural action (as a Lie algebroid) on §(M).

@ It also acts on the space §s(M) of on-shell functionals, but this
action is not faithfull.

@ In physics we are interested in the space of on-shell functionals,
invariant under the action of s(M). We denote this space by
3™(M) and call it gauge invariant on-shell functionals.

@ It can be easily characterized with the Chevalley-Eilenberg
complex (€Eg(M)= /\% s* (M) ®R;55s(M), 7).

e 5*(M) is defined as C°(&(M), & (M))/I, where
I C C>®(€&(M), € (M)) is the ideal of forms vanishing on s(M).

o Indegree 0, vy acts as: (VF)(§) = 0:F, & € s(M), F € §s(M).

o If F € ™ (M) then vF = 0, so the H() characterizes the
gauge invariant on-shell functionals.
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Kinematical structure
Equations of motion and symmetries
Antibracket and the CME

Local covariance

BV complex

@ In physics it is sometimes convenient to go off-shell. Therefore
we replace §g(M) by its resolution RZ(M) in the definition of
the Chevalley-Eilenberg complex.

Q:@S /\5 ®g 33(M)
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BV complex

@ In physics it is sometimes convenient to go off-shell. Therefore
we replace §g(M) by its resolution RZ(M) in the definition of
the Chevalley-Eilenberg complex.

M) = [\ 5" (M) @; S35 ®3/\%
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Kinematical structure
Equations of motion and symmetries
Antibracket and the CME

Local covariance

BV complex

@ In physics it is sometimes convenient to go off-shell. Therefore
we replace §g(M) by its resolution RZ(M) in the definition of
the Chevalley-Eilenberg complex.

S ®3 S. ®3 m
A Al

@ We obtain the graded algebra BY(M) with a differential 6,
which acts on /\ * as the identity and the differential - is
3

in a natural way éxtended to the full algebra BY(M). Their sum
is the BV differential s = § + 7.
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Kinematical structure
Equations of motion and symmetries
Antibracket and the CME

Local covariance

BV complex

@ In physics it is sometimes convenient to go off-shell. Therefore
we replace §g(M) by its resolution RZ(M) in the definition of
the Chevalley-Eilenberg complex.

S ®3 S. ®3 m
A Al

@ We obtain the graded algebra BY(M) with a differential 6,
which acts on /\ * as the identity and the differential - is
§

in a natural way extended to the full algebra BY(M). Their sum
is the BV differential s = § + 7.
@ The Chevalley-FEilenberg differential v acts on

Hy(d) = /\?5(M)* ®z §s(M) and we have:

H"(Ho(8),7) = 5" (M) .
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Kinematical structure
Equations of motion and symmetries
Antibracket and the CME

Local covariance

BV complex

@ In physics it is sometimes convenient to go off-shell. Therefore
we replace §g(M) by its resolution RZ(M) in the definition of
the Chevalley-Eilenberg complex.

S ®3 S. ®3 m
A Al

@ We obtain the graded algebra BY(M) with a differential 6,
which acts on /\ * as the identity and the differential - is
§

in a natural way extended to the full algebra BY(M). Their sum
is the BV differential s = § + 7.
@ The Chevalley-FEilenberg differential v acts on

Hy(d) = /\?5(M)* ®z §s(M) and we have:
H°(Ho(0),~) = 5" (M) .
@ Moreover it holds: H*(Hy(6),~) = H°(s).
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Antibracket

@ There is one more, interesting structure on BL(M).
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Antibracket

@ There is one more, interesting structure on BL(M).

o Elements of the BV complex can be treated as graded tensor
powers of derivations of the Chevalley-Eilenberg algebra, i.e.:

BY(M) C S2,,, Der(CE(M)) = S§<M>Der< A 5(M)*> .
(M)
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Local covariance 5
tion and symmetries

the CME

Antibracket

@ There is one more, interesting structure on BL(M).

o Elements of the BV complex can be treated as graded tensor
powers of derivations of the Chevalley-Eilenberg algebra, i.e.:

BY(M) C S2,,, Der(CE(M)) = S§<M>Der< A 5(M)*> .
(M)

@ The antibracket on 3, Der(€&(M)) is just the Schouten bracket

{., .} defined by the properties:
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Local covariance 5
tion and symmetries

the CME

Antibracket

@ There is one more, interesting structure on BL(M).

o Elements of the BV complex can be treated as graded tensor
powers of derivations of the Chevalley-Eilenberg algebra, i.e.:

BY(M) C S2,,, Der(CE(M)) = S§<M>Der< A 5(M)*> .
(M)

@ The antibracket on 3, Der(€&(M)) is just the Schouten bracket
{., .} defined by the properties:
o {X,Y} = [X,Y] (commutator of derivations)

X,Y € Der(€E(M)),
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Local covariance N p
f motion and symmetries

and the CME

Antibracket

@ There is one more, interesting structure on BL(M).

o Elements of the BV complex can be treated as graded tensor
powers of derivations of the Chevalley-Eilenberg algebra, i.e.:

BY(M) C S2,,, Der(CE(M)) = S§<M>Der< A 5(M)*> .
(M)

@ The antibracket on 3, Der(€&(M)) is just the Schouten bracket
{., .} defined by the properties:
o {X,Y} = [X,Y] (commutator of derivations)
X,Y € Der(€€&(M)),
o [X.F} =X(F) = ixF, FeCe¢M), X e Der(CE(M)),
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Local covariance N p
of motion and symmetries

Antibracket and the CME

Antibracket

@ There is one more, interesting structure on BL(M).

o Elements of the BV complex can be treated as graded tensor
powers of derivations of the Chevalley-Eilenberg algebra, i.e.:

BY(M) C S2,,, Der(CE(M)) = S§<M>Der< A 5(M)*> .
(M)

@ The antibracket on 3, Der(€&(M)) is just the Schouten bracket
{., .} defined by the properties:
o {X,Y} = [X,Y] (commutator of derivations)
X,Y € Der(€€&(M)),
o [X.F} =X(F) = ixF, Fe@¢M), X e Der(CE(M)),
o {(X,YAZ} ={X, Y} AZ+ (—1)VIXFDy A (x 7).
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BV differential in terms of the antibracket

@ In contrast to the standard approach, we don’t restrict neither to
compact spacetimes nor to compactly supported configurations.
Therefore derivation ds = (S}, .) is not inner with respect to
{.,.}, but locally it can be written as:
0sX ={X,Ly(f)}, f=1onsuppX,X € B(M).

Katarzyna Rejzner CME and QME



. structure
Local covariance N p
f motion and symmetries

and the CME

BV differential in terms of the antibracket

@ In contrast to the standard approach, we don’t restrict neither to
compact spacetimes nor to compactly supported configurations.
Therefore derivation ds = (S}, .) is not inner with respect to
{.,.}, but locally it can be written as:
d0sX ={X,Ly(f)}, f=1onsuppX,X € V(M).

e Similarly differential + is not inner with respect to {., .}, but if
the action of symmetries is local, we can find a natural
transformation 6 from © to Der(€€) s.t.:

{w, 0y (f)} =~v(w), f=1onsuppw,w € CEM).
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Local covariance N p
of motion and symmetries

Antibracket and the CME

BV differential in terms of the antibracket

@ In contrast to the standard approach, we don’t restrict neither to
compact spacetimes nor to compactly supported configurations.
Therefore derivation ds = (S}, .) is not inner with respect to
{.,.}, but locally it can be written as:
d0sX ={X,Ly(f)}, f=1onsuppX,X € V(M).

e Similarly differential + is not inner with respect to {., .}, but if
the action of symmetries is local, we can find a natural
transformation 6 from © to Der(€€) s.t.:

{w, 0y (f)} =~v(w), f=1onsuppw,w € CEM).

@ The full BV differential is recovered from the sum of these two
Lagrangians L and 6, i.e.:
sF={F,L3;'(f)}, f=1onsuppF, F € V(M)
and the extended Lagrangian is defined as L™ = L + 6.
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Classical master equation

e The BV differential s has to be nilpotent, i.e.: s> = 0. We can
write this as a condition on the extended Lagrangian L',
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Classical master equation

e The BV differential s has to be nilpotent, i.e.: s> = 0. We can
write this as a condition on the extended Lagrangian L',

@ We define extended Lagrangians L € Lgr to be elements of the

o
space @ Nat(’Dk , B¢ ) satisfying the support property and

k=0
the additivity rule in each argument. We can introduce on Lgr an

equivalence relation: Ly ~ Ly, if Vf, ..., fx € Dk (M)

supp((L1 — La)m(f1; -, fk)) C supp(dfi) U ... U supp(dfi) -
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Local covariance N p
f motion and symmetries

and the CME

Classical master equation

e The BV differential s has to be nilpotent, i.e.: s> = 0. We can
write this as a condition on the extended Lagrangian L',

@ We define extended Lagrangians L € Lgr to be elements of the

o
space @ Nat(’Dk , B¢ ) satisfying the support property and

k=0
the additivity rule in each argument. We can introduce on Lgr an

equivalence relation: Ly ~ Ly, if Vf, ..., fx € Dk (M)

supp((L1 — La)m(f1; -, fk)) C supp(dfi) U ... U supp(dfi) -

@ The nilpotency of s is equivalent to the extended classical master
equation:
{LCXI LCX[} ~ ()
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R QME and the quantum BV operator
Quantization N .
Renormalized time-ordered products

Perturbative algebraic quantum field theory

@ We start with the free theory defined by the quadratic action S.

Katarzyna Rejzner CME and QME



PAQFT

R QME and the quantum BV operator
Quantization N .
Renormalized time-ordered products

Perturbative algebraic quantum field theory

@ We start with the free theory defined by the quadratic action S.
e At the beginning we consider only regular functionals Fres (M),
i.e. such that F (o) € G (M"),
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PAQFT

R QME and the quantum BV operator
Quantization N .
Renormalized time-ordered products

Perturbative algebraic quantum field theory

@ We start with the free theory defined by the quadratic action S.

e At the beginning we consider only regular functionals Fres (M),
i.e. such that F (o) € G (M"),

@ We define the x-product: F x G = m o exp(ihl'A)(F @ G), where
m is the pointwise multiplication and I'a is defined as:

1 5 5
DA = = dyA(x, y)—— @ — A=Ap—Ay.
A Z/dxy (x’y)5s0(X)®5sO(y)’ o
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PAQFT

R QME and the quantum BV operator
Quantization N .
Renormalized time-ordered products

Perturbative algebraic quantum field theory

@ We start with the free theory defined by the quadratic action S.

e At the beginning we consider only regular functionals Fres (M),
i.e. such that F (o) € G (M"),

@ We define the x-product: F x G = m o exp(ihl'A)(F @ G), where
m is the pointwise multiplication and I'a is defined as:

1 ) 0
FAi/dxdyAx,y®, A=Agr—Ay.
2 500 @ 500) w
o The time-ordering operator T is defined as: T(F) = &0 (F),
52
where I'p,, = / dxdyAp(x,y) ————— and
? o >590(X)5<p(y)

1
Ap = §<AR + Ay) is the Dirac propagator.

Katarzyna Rejzner CME and QME



PAQFT

R QME and the quantum BV operator
Quantization N .
Renormalized time-ordered products

Perturbative algebraic quantum field theory

@ We start with the free theory defined by the quadratic action S.

e At the beginning we consider only regular functionals Fres (M),
i.e. such that F (o) € G (M"),

@ We define the x-product: F x G = m o exp(ihl'A)(F @ G), where
m is the pointwise multiplication and I'a is defined as:

1 ) 0
FAi/dxdyAx,y®, A=Agr—Ay.
2 500 @ 500) w
o The time-ordering operator T is defined as: T(F) = &0 (F),
52
where I'p,, = / dxdyAp(x,y) ————— and
? o >590(X)5<p(y)

1
Ap = §<AR + Ay) is the Dirac propagator.
@ Define the time-ordered product -5 on T (Free (M)[[]]) by:
FoG=T(T'F-TG)
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R QME and the quantum BV operator
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Time ordered BV complex and the antibracket

o Elements of the BV complex can be treated as smooth maps
from &(M) to a certain graded algebra A (M), equipped with a
suitable topology.
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PAQFT
QME and the quantum BV operator

Quantization N .
Renormalized time-ordered products

Time ordered BV complex and the antibracket

o Elements of the BV complex can be treated as smooth maps
from &(M) to a certain graded algebra A (M), equipped with a
suitable topology.

e For regular elements BUc, (M) the time-ordering is defined by
applying the operator J on X treated as an element of
Cree(E(M), A(M)).
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PAQFT

R QME and the quantum BV operator
Quantization N .
Renormalized time-ordered products

Time ordered BV complex and the antibracket

o Elements of the BV complex can be treated as smooth maps
from &(M) to a certain graded algebra A (M), equipped with a
suitable topology.

e For regular elements BUc, (M) the time-ordering is defined by
applying the operator T on X treated as an element of
Cree(€(M), A(M)).

@ The time ordered antibracket {., .} on the space
T(BY(M)) C S*Der(TCE,(M)) is defined again as the

Schouten bracket. Equivalently this can be written as:

MY PR S SR S
o)== (2 sty - OV 7 sow)
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PAQFT
QME and the quantum BV operator

Quantization N .
Renormalized time-ordered products

Time ordered BV complex and the antibracket

o Elements of the BV complex can be treated as smooth maps
from &(M) to a certain graded algebra A (M), equipped with a
suitable topology.

e For regular elements BUc, (M) the time-ordering is defined by
applying the operator T on X treated as an element of
Cree(€(M), A(M)).

@ The time ordered antibracket {., .} on the space
T(BY(M)) C S*Der(TCE,(M)) is defined again as the
Schouten bracket. Equivalently this can be written as:

MY PR S SR S
o)== (2 sty - OV 7 sow)

o Similarly:

o fae( K O g X oY
001 = - fa(535 + tr + 0 s* )-
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PAQFT
QME and the quantum BV operator

Quantization N .
Renormalized time-ordered products

Nonrenormalized QME and the quantum BV operator

@ The quantum master equation is the condition that the S-matrix
is invariant under the quantum Koszul operator {., S}.:

{ lV/]LI S}* o 0
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Quantization N .
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Nonrenormalized QME and the quantum BV operator

@ The quantum master equation is the condition that the S-matrix
is invariant under the quantum Koszul operator {., S}.:

{ef.'TV/na S}* - 01

1
e For regular V this is: E{S +V, S+ Vg =ih A (S+ V), where:
60

AQ = (—1)U+12D dxm

, 0 € Ao (M).
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QME and the quantum BV operator

Quantization N .
Renormalized time-ordered products

Nonrenormalized QME and the quantum BV operator

@ The quantum master equation is the condition that the S-matrix
is invariant under the quantum Koszul operator {., S}.:

{ef.'TV/na S}* - 01
1
e For regular V this is: E{S +V, S+ Vg =ih A (S+ V), where:

5Q
_ (_1(+leh _ oY
AQ = (—1) dxéwi(x)&p(x), 0 € AUyeg(M).

e A isill defined on B (M)! (renormalization needed).
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PAQFT
QME and the quantum BV operator

Quantization N .
Renormalized time-ordered products

Nonrenormalized QME and the quantum BV operator

@ The quantum master equation is the condition that the S-matrix
is invariant under the quantum Koszul operator {., S}.:

{ef.'TV/na S}* - 01
1
e For regular V this is: E{S +V, S+ Vg =ih A (S+ V), where:

5Q
_ (_1(+leh _ oY
AQ = (—1) dxéwi(x)&p(x), 0 € AUyeg(M).

e A isill defined on B (M)! (renormalization needed).
@ The quantum BV operator § is defined as:

X = eV ( Az X7S}*) ,
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QME and the quantum BV operator

Quantization N .
Renormalized time-ordered products

Nonrenormalized QME and the quantum BV operator

@ The quantum master equation is the condition that the S-matrix
is invariant under the quantum Koszul operator {., S}.:

{ef.'TV/na S}* - 01
1
e For regular V this is: E{S +V, S+ Vg =ih A (S+ V), where:

5Q
_ (_1(+leh _ oY
AQ = (—1) dxéwi(x)&p(x), 0 € AUyeg(M).

e A isill defined on B (M)! (renormalization needed).
@ The quantum BV operator § is defined as:

X = eV ( Az X7S}*) ,
@ 5 on regular functionals can be also written as:

s={,S+ Vs —ihA .
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Renormalized time-ordered products

@ We use the causal approach of Epstein-Glaser ([Epstein-Glaser 73]).
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Renormalized time-ordered products

@ We use the causal approach of Epstein-Glaser ([Epstein-Glaser 73]).
@ The time-ordered product T" of n local functionals is well
defined if their supports are disjoint.
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Q Renormalized time-ordered products

Renormalized time-ordered products

@ We use the causal approach of Epstein-Glaser ([Epstein-Glaser 73]).

@ The time-ordered product T" of n local functionals is well
defined if their supports are disjoint.

@ Assuming the causal factorization property
‘Tn(Fl, N ,Fn) = ‘Tk(Fl, e ,Fk) *Tn—k(Fk—i—]; e ,Fn), and
suppT,(F1,...,Fy) C U suppF;, we can extend T" to arbitrary
local functionals but the extension is not unique: renormalization
ambiguity described by the renormalization group.
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Renormalized time-ordered products

@ We use the causal approach of Epstein-Glaser ([Epstein-Glaser 73]).
@ The time-ordered product T" of n local functionals is well
defined if their supports are disjoint.
@ Assuming the causal factorization property
‘In(Fl, N ,Fn) = Tk<F1, e ,Fk) *Tn—k(Fk+1; .. ,Fn), and
suppT,(F1,...,Fy) C U suppF;, we can extend T" to arbitrary
local functionals but the extension is not unique: renormalization
ambiguity described by the renormalization group.
Theorem (K. Fredenhagen, K.R. 2011)
The renormalized time-ordered product -7, is an associative product
on T(F(M)) given by
F7.G=T(T'F-T,'G),

with T, = (,T,) o 5, where 5 : §(M) — S'%’l(gg (M) is the inverse of
multiplication m.
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Renormalized QME and the quantum BV operator

@ Since -, is an associative, commutative product, we can use it in
place of -7 and define the renormalized QME and the quantum
BV operator as:

0= {ef%‘:/hvs}* )
5(X) = eV, ( eV X,S}*) .

Jr
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Renormalized QME and the quantum BV operator

@ Since -, is an associative, commutative product, we can use it in
place of -7 and define the renormalized QME and the quantum
BV operator as:

0={"" s},
500 = e (1" 5 X, 5. -

@ These formulas get even simpler if we use the anomalous Master

Ward Identity ([Brenecke-Diitsch 08, Hollands 08]). We obtained:
1
SX ={X,V+ S}y, — Ay(X).

where Ay (X) is the anomaly. It is local and of order O(h).
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Renormalized QME and the quantum BV operator

@ Since -, is an associative, commutative product, we can use it in
place of -7 and define the renormalized QME and the quantum
BV operator as:

0={"" s},

500 = e ({5 X, 81 )

@ These formulas get even simpler if we use the anomalous Master
Ward Identity ([Brenecke-Diitsch 08, Hollands 08]). We obtained:

1
X = {X,V + Sty — Av(X).

where Ay (X) is the anomaly. It is local and of order O(h).
@ By using the renormalized time ordered product -+ we obtained
in place of A\, the interaction-dependent operator Ay .
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QME in the algebraic adiabatic limit

@ In physical examples V is not localized and cannot be understood
as an element of F(M).
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QME in the algebraic adiabatic limit

@ In physical examples V is not localized and cannot be understood
as an element of F(M).

@ We have to go to more abstract level and formulate the QME on
the level of natural Lagrangians.
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QME in the algebraic adiabatic limit

@ In physical examples V is not localized and cannot be understood
as an element of F(M).

@ We have to go to more abstract level and formulate the QME on
the level of natural Lagrangians.

o Let Sy be the free generalized Lagrangian and and S the
interaction term. The QME on the level of natural
transformations reads:

—iS1/h iS1/h
e St ( S/ ,SO}*> ~0,
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QME in the algebraic adiabatic limit

@ In physical examples V is not localized and cannot be understood
as an element of F(M).

@ We have to go to more abstract level and formulate the QME on
the level of natural Lagrangians.

o Let Sy be the free generalized Lagrangian and and S the
interaction term. The QME on the level of natural
transformations reads:

—iS1/h iS1/h
e S ( &S/ ,SO}*> ~0,

T

@ The quantum BV operator is defined as

T

§() = e MO ({5 X Sow())

where suppX C O andf,fi = 10onO.
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Renormalization group action

Proposition (K. Fredenhagen, K.R. 2011)

Let L, be a natural Lagrangian that solves the QME for the
renormalized time-ordered product J;. Let Z € R be the element of
the renormalization group, which transforms between the S-matrices
corresponding to T; and T/, i.e. eI;jM * = ei(,L W) Then z (L)
solves the QME corresponding to 7, .
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Renormalization group action

Proposition (K. Fredenhagen, K.R. 2011)

Let L, be a natural Lagrangian that solves the QME for the
renormalized time-ordered product J;. Let Z € R be the element of
the renormalization group, which transforms between the S-matrices
corresponding to T; and T/, i.e. eI;jM * = ei(,L W) Then z (L)
solves the QME corresponding to 7, .

For the quantum BV operator we have a relation:

Susp 0 ZW(S1) = Z21(81) 0§ .
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Summary of the results

@ We formulated the classical BV complex in the language of
LCFT and generalized it to the level of natural transformations,
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Summary of the results

@ We formulated the classical BV complex in the language of
LCFT and generalized it to the level of natural transformations,

@ We formulated the BV quantization in the framework of pAQFT
and proposed algebraic definitions of the QME and the quantum
BV operator,
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Summary of the results

Summary of the results

@ We formulated the classical BV complex in the language of
LCFT and generalized it to the level of natural transformations,

@ We formulated the BV quantization in the framework of pAQFT
and proposed algebraic definitions of the QME and the quantum
BV operator,

@ We proved the associativity of the renormalized time-ordered

product and this allowed us to use J; instead of J for
transporting classical structures into the quantum algebra,
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Summary of the results

Summary of the results

@ We formulated the classical BV complex in the language of
LCFT and generalized it to the level of natural transformations,

@ We formulated the BV quantization in the framework of pAQFT
and proposed algebraic definitions of the QME and the quantum
BV operator,

@ We proved the associativity of the renormalized time-ordered

product and this allowed us to use J; instead of J for
transporting classical structures into the quantum algebra,

@ The renormalized QME and the quantum BV operator are defined
in a natural way and don’t suffer from divergent terms,
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Summary of the results

Summary of the results

We formulated the classical BV complex in the language of
LCFT and generalized it to the level of natural transformations,

We formulated the BV quantization in the framework of pAQFT
and proposed algebraic definitions of the QME and the quantum
BV operator,

We proved the associativity of the renormalized time-ordered
product and this allowed us to use J; instead of J for
transporting classical structures into the quantum algebra,

The renormalized QME and the quantum BV operator are defined
in a natural way and don’t suffer from divergent terms,

We generalized these structures to the level of natural
Lagrangians and showed that they transform correctly under the
action of the renormalization group.
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Thank you for your attention!
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