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Motivation

GR and QFT are cornerstones of modern physics, but both theories
suffer from singularities. QFT and GR encounter problems small
distances. There is no consistent (i. e. renormalizable and unitary)
quantum theory of gravity. Modifications of QFT and GR are
needed; point-particles or/and space-time structure. Many
attempts: String theory, Loop Quantum Gravity, Noncommutative
Geometry,..

Original motivation: Heisenberg, regularization of divergent
electron self-energy. Nowadays: different approaches and different
models of NC theories: NC spectral geometry, fuzzy spaces, matrix
models, +-product representations...



Motivation

One of the most studied examples: scalar NC QFT with
Moyal-Weyl (Groenewold) *-product

Si@) = [ ax(50(=0-m) o+ i onoxona).

Standard quantization: non-planar diagrams and UV/IR mixing

[(Minwalla, Van Raamsdonk, Seiberg ’99)] .
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Planar diagrams: Non-planar diagrams:

usual (quadratic divergent) UV behaviour UV convergent, unless ¢ — 0 or p — 0



Our approach is based on:

Deformation

a well defined way to deform a (Hopf) algebra of
classical symmetries to a twisted (noncommutative, defomed) Hopf algebra.
Module algebras (differential forms, tensors...) are consistently deformed into
*-module algebras: [Aschieri et al. "05...'18].

Construction of NC field theories

Any classical (gauge) field theory described by the corresponding
Lo algebra [Hohm, Zwiebach '17; Jurco et. al '19]. NC braided field theories can be
encoded in a [Dimitrijevic’ Ciri¢, Giotopoulos, Radovanovic, Szabo '21;
Giotopoulos, Szabo ’22].

Quantization

algebraic techniques for
quantization, can be generalized to NC braided field theories [Nguyen, Schenkel, Szabo
'21; Dimitrijevi¢ Cirié, Konjik, Radovanovi¢, Szabo '23].



L, algebra and gauge field theories

Lc-algebra (strong homotopy algebra): generalization of a Lie algebra with
higher order brackets.

In physics: higher spin gauge theories with field-dependent gauge parameters
[Berends, Burgers, van Dam '85]; Generalized gauge symmetries of closed string field
theory [zwiebach '15]; Any classical field theory with generalized gauge symmetries
is determined by an L.c-algebra, duality with BV-BRST [Hohm, Zwiebach '17; Juréo et
al. '18]. Applications to QFT: correlation functions, amplitudes, double copy

[Arvanitakis '19; Jurco et al. '20; Borsten et al. '21]...

NC gauge field theories in the Lo setting first discussed in [Biumenhagen et al.'18;
Kupriyanov '19]. Homotopy double copy of NC gauge theories discussed in [szabo,
Trojani '23].

Loo-algebras of ECP gravity [Dimitrijevi¢ Ciri¢, Giotopoulos, Radovanovi¢, Szabo 20]; Braided
NC (quantum) field theories from the baided Loo-algebra [Dimitrijevié Ciri¢, Giotopoulos,

Radovanovi¢, Szabo '21; Dimitrijevi¢ Cirié, Konjik, Radovanovi¢, Szabo ’23].



L, algebra and gauge field theories

Z—grading vector space V=---@d Vo Vi Vo Vad ...
e Grading |Vi| = k
e n-bracket:

bl v,V ) = =)MoV )

o degree [{n(va, ..., va)| =2 —n+ |vi| + -+ |val
e infinity many homotopy relations:

£1(61(v)) =0,
6 (a(vi, v2)) = La(t(v1), v2) + (=) b2 (1, £1(v2))

Lo (6(v1, v2), vs) — (—1)lval vsl £ (62(v1, v3), v2)
+ (=1)(h2l+hsl) Il g, (€a(v2, v3), v1)
= —L3(t1(v1), va, v3) — (=)t 43 (ve, £1(v2), v3)
— (=1)Mnltvl l3(v1, v, £1(v3)) — £1(€3(va, v, 13))

(1)



L, algebra and gauge field theories

Lo algebra is homotopy deformation of graded differential Lie algebra.

e cyclic paring (—,—): V®V =R

(vo, Ln(vi, va, ...y Va)) = (i, bn(vo, Vi, - .., Va1))
Example
e Vp-gauge parameters (ghosts), Vi-fields, Vo-EoM, V3-Noether ids.

1
oA = li(p) + ba(p, A) = Sl(p, A A) +

3l£3(AAA)+~--:o

S= <A 6(A))- <A 6(AA)) +
8,5 = (Fa, 8,A) = —(dFA, p)

Fa= &(A) - 1zz(A A) -



L, algebra and gauge field theories

e Gauge transformations
6pA=dp—[p, Al = l1(p) = Oup, La(p, A) = —[p. Al
o From [d1, 02] A = 0jp,, ,)A follows
ba(pa, p2) = —[p1, p2] -
e EoM

0(A) = 0A, — 8,(0"A,)
0(A, A) = —20M[A,, Al + 2[A*, 0, A, — LA,
63(A A A) = —6[A" [Au, Al



NC geometry via the twist deformation

Start from a symmetry algebra g and its universal covering algebra Ug. Then
define a twist operator F as:

-an invertible element of Ug ® Ug

-fulfills the 2-cocycle condition (ensures the associativity of the x-product).

FOUA®Id)F =10 F(id® A)F.
-normalization (id ® €)F = (e®id)F =1® 1.
Braiding (noncommutativity): controled by the R-matrix
R = FanF ' =F 2 =RF@R,; triangular R;y = R™! = R, ® R¥.
Symmetry Hopf algebra Ug
Module algebra A
abeA a-be A 5 axb=-0F Ya®b)=R(b)*R"a).

Twisted symmetry Hopf algebra Ug”

‘F
%
F
= % module algebra A,
F

Well known example: Moyal-Weyl twist F = e~ 20770,@9
frxg(x)="- o]:fl(f@)g)

= £ gt 2077 (9,0) - (908) + O()= Rug + K1 £ g o .

Associative, noncommutative: R ' = R, @ R* encodes the noncommutativity.



Braided L..-algebra
Generalization of a quantum Lie algebra [Woronowicz '89; Maijid '94].
e 7Z-graded vector space V = D, _, Vi. For an irreducible gauge theory:
V=WVwoVieo Ved Va.
o deformed brackets: /, : X"V s v
G ® @ vn) = Lln(vi @s -+ @ Vi),

with v @, v/ i= F 1 (ve V') = f*(v) @ fa (V') for v,v' € V. The
brackets are braided graded antisymmetric!

(v, V) = = (=DM (L Re(V), RE(V), L)
Example: in a non-Abelian gauge theory >(p, A) = i[p, A] is deformed to
45 (p, A) =ilf(p), Fe(A)] = [0, AL = —i[Ri(A), R (p)].
=ip’ x A°[T?, T"] = if**p* x A° T°.

The braided commutator closes in the corresponding Lie algebra! This is
different from [p s Al = px A—Axp= —[A7 pl!



Braided L..-algebra

e braided homotopy relations:

G (v) =0,
G (G (vi,v2)) = 43 (5 (v1)yv2) + (1)1 g5 (v, 25 (v2))

6 (05(v1, v2), v3) — (—=1)1211vl g5 (05 (ve, Ri(v3)). R (1))
+ (—)tel el g (5 (Re(v2), Rj(v3)), RRK(v1))
=05 (65 (1), v, v3) — (1)1 5 (ve, 05 (v2), v3)
— (—1)“/1"*""2| [é‘(vl, VQ,Z{‘(V3)) — 43 (ég(vl, Vo, V3)) ,

e Strict cyclic pairing:

(v2,v)e = {, ) o FH (2 ®w) = (Re(v1), R¥(v2))s = (v1. v2).,
(vo, Oy (vi,vay oo sV )hs = (R...R(va), €5 (R(v0), R(v1), ..., R(Va—1)))«-
Strict cyclicity enables a well defined variational principle. Twist operator

fulfilling this is a compatible Drinfel'd twists. It define a strictly cyclic
braided L.o-algebra.



Homotopy retract and perturbation lema
(V,0)— chain complex
AN N N
% Vv 1%
VO Vi

hy 2 hs
T 72 Tio

HO O gt O g2 Oy g3

an o anfl =0 (7)

Cohomology of degree n =closed /exact vectors

»_ Kerdy
H = Imo,_1 (8)

Degree |h| = -1, |8| =1, |p|=i|=0

h is contracting homotopy, p is projection, i is inclusion.



Homotopy retract and perturbation lema

Decompose i o p into Hodge-Kodaira relation
hit1 0 Ok + Ok—1 0 hx = ik o px — idy, (9)
Stronger set of conditions:

Pk 0 ik = idn, (10)
h>=0, hoi=0 (11)

(9)- Hodge-Kodaira relation; (10)-deformation retract; (11)-strong deformation
retract
Scalar field theory

H' = Kert; = {¢|(04 m*)¢ = 0}; H?> = Coker(h)

1
O+ m? 77G(X7.y)

loh=—(0+m)oh=idy, —h=



Homotopy retract and perturbation lema

Homological Perturbation lema (Crinic 94) B
The diferential /i is perturbed to the diferential Q@ = /1 + 4,

is a small perturbation

Q% =0, where §

=p+ps =p+p(l—3h)'sh
5‘:8+p(176h)71i
T=i+hp(l—dh) "
h=h+h(1—6h)""oh



Homotopy retract and perturbation lema

The observables live in (braided) symmetric algebra
Symg V[2]

e Projection: P(1) =1, P(p1®---©pa) =0
e Extended contracting homotopy H

H(1) =0

1 n
H(Sol@"'@%):;Zi%@'”h(@f)@%’““

i=0

o Quantum differential Qs = ¥¢1 + 6

- On

(12)
(13)



Braided homological perturbation theory

How do we calculate correlation functions? We use the (braided) homological
perturbation lemma.

e On Ly algebra V[2]: propagators h define (braided) strong deformation
retracts:
h

o,
v.ty) — (H*(V),0)

e This can be extended to the symmetric algebra Symg V[2]. In particular
h — H:
H

|
(Sym(V[2]), &) AN (Sym(H*(V[2])),0)

e A preturbation & defines a new (braided) strong deformation retract
H

i
(Sym(V[2]). Qw) ™ (Sym(H*(V[2])). )
P



Braided homological perturbation theory

Braided homological perturbation lema defines the perturbed projection map
P =P + Ps with )
Ps =P (idSymRV[Z] — 6H)7 OH .

When there is no NC deformation, this gives the path integral [Doubek, Jurzo,
Pulmann '17].

The new projection Ps with § = ihApv + {Siy, }« gives correlation functions
for the braided QFT:

G:(le cee 7Xn) = <0|T[¢(X1) Kok ¢(Xn)]|0>* = P(S(lsxl Ox =+ Ox Jx,,)

= i P(((S H)m((;xl O * Ox (an)) )
m=1

oo

G:(plv .- ~~,pn) = Z P((‘s H)m(qu Ox -+ Ox ek")~

m=1

where d,,(x) := d(x — x,) are Dirac distributions supported at the insertion
points x, of the physical field ¢ € V! and ¥ = e** € V, is the basis in
momentum space.

The braided BV laplacian Agy encodes the braided Wick theorem and the

interaction action S;,,; encodes interaction (vertices).



BV quantization: basic ideas

Classical BV formalism: quantization of (higher) gauge theories, models with

open gauge symmetry algebras...

Braided BV formalism developed in [Nguyen, Schenkel, Szabo '21], following [Costello,
Gwilliam '16)] and [Jurco et al. '19].

Free scalar field theory

0 = —ihAgy
The braided BV Laplacian Agy
Apv(1) =0, Apv(¢1) =0, Apv(d1 Ox ¢#2) = £(d1,P2)x ,
Apv (a1 O @) =(Apvar) Ox a2 + (—=1)1%1a; O4 (Apvaz) + {a1, a2},
i Ay + Ayl =0, A%, =0, Apvy(Si.)=0.

int

Green functions:

ih
Ga(p1, p2) = P(SH(eM 0 e)) = — d(ki + k2)
k? — m?

Ga(p1, P2, p3, pa) = P((6H)? (M1 @ ef2 0 e @ &)
= Ga(p1, P2) G2 (p3. pa) + €372 Gy(p1, p3) Ga(p2, pa) + Ga(p1, P4) G2(p2, p3) -

(14)



BV quantization: basic ideas
Interacting field theory

8 = —ihAgy — {Sh, I«

e (braided, cyclic) Lo algebra (V, £y, (, )«) is extended to the braided
symmetric algebra Sym V[2]

v Ox (v2) = (-1)MI12IR (v2) ©4 R¥(w1)
ff(al [ V1) = +4a ®ZI(V1) s
£ (a1 ® vi, a2 @ v2) = +(a1 O« Re(a2)) ® 63 (R* (1), v2) ,

(a1 ® v1, 32 @ Vo) = =+ (a1 @« Re(a2)) (R¥ (1), va) ,
for a1, a € Symg V[2], vi, w2 € V.
e The braided BV action Sjy € Symy V[2] is defined as

Sty =5 16, B — 5 1E, BEEN + = Sy + S

N =

with contracted coordinate functions £ € (Symg V[2]) @ V; constructed
using the basis in V, 7«, and the corresponding dual (via pairing) basis
he=Y, ek



BV quantization: basic ideas

e Sivy satisies the classical master equation
{SEv:SEv}x =0,
the braided antibracket {, }« : Symy V[2] ® Symg V[2] — Symg V2]
{a, b}, =(=1)PIP{Reb, R a}s,  {d1, 62}« = (1, d2)s, 12 € V[2]
{a,b Oy c}x ={a, b}x Ox c+ (=D)IPIIAHDR, b o, {R¥a, c}.
o The operator Q = £} + {S}, }. satisfies @* = 0 and

Q{p1, d2}+ = {Q1, d2}x + (1)1 {¢1, Qo).

The algebra of classical observables: (Symg V[2], Q,{, }.).

e The (braided) algebra of quantum observables: (Symy V[2]), Qsv,{, }+)
with
Qev = 4] + {Sint, }+ + ihAgsy.

These properties enable Q3. = 0!



(An attempt of) Dictionary

Classical field theory: = Leo : (V,05,(,)%)
[Hohm, Zwiebach '17; Jurgo et al. '18; MDC, Giotopoulos, Radovanovi¢, Szabo '21]

fields *, antifields ¢} - V=3 VWo Vi W o Vsd...
~ O~ N~~~
ghosts p fields A At /)}

Gauge transformations = O A=L1(p) +€5(p, A) — %Zg‘ (p, ALA) + ...

EoM = Fi=0(A) - 35(AA) - LB(AA A+ =0
Action S = S = AL (A)x — 3 (A LA A s + ...
Classical observables: —  (V, £, (, )x) extended to Sym V[2]

usually polinomial in fields
Vi Ox (v2) = (—1)III72IR, (v2) @4 RK(v1)

For example:
6% (a1 ® vi, 22 ® v2) = (a1 Ox Re(a2)) ® €5 (R¥(v1), v2)
(a1 ® v1, a2 ® Vo)« = (a1 O« Ri(a2)) (R¥(v1), v2)«

for ai,a> € Symp V[2], vi,v» € V.



Classical action Sgy —  Braided BV action Sf, € Symg V[2]

[... Weinberg '96; Gomis et al '94]
Sy = 306 GO — 7€, BEE +

= 8(*)4-8

Sev =S+wi(...)+...
with

int’
E=2,Tk® 7K 74 basis in V, 7 dual basis.
Classical master equation

{Ssv,Ssv} =0 = {SEv:SEytx =0

{H}~>a (&ﬂA Fol ~ &’%5(’%) —  the braided antibracket {, }«
A

{a, b} = (*D‘allbl{Rkb: Rka}* {91, P2} = £(d1, P2)«
{a,b®y c}s = {a, b} Ox c+ (=D)BIaHD R, b ©, {RFa, c}s

={Ssv, ¥}, Q> =0 - Q=04+ {S, }x Q*=0

Classical observables: Algebra of classical observables
cohomology of @ (Symz V[2],Q,{, }+)



Quantization: Correlation functions (generating functional Z[J]) do not depend on the

choice of the gauge fixing fermion W and <pj_" ~

SA”
Quantum master equation: —  Braided quantum master equation?
3 {SBv,SBv} — ih ApvSey = 0
BV Laplacian Apgyy —  Braided BV Laplacian Apy

2
Agve ~ D wa = Apv(o1 Ox ¢2) = £(d1, P2)«

Apv(a1 Ok 22) = (Apvar) Ox a2 + (—1)1%11a; O, (Apvaz) + {a1, 22}«
Qsv = e* ot 4 St }« +ihABy and Q3,, =0

Braided algebra of quantum observables:

(SymR V[Z])v QBV7 { ’ }*)



Correlation functions —

from Z[J] ~ [ D¢

G5 (x1, x2) = I

x1)6J(x1)

el(S+[d*Is)

52714

J=0

Braided correlation functions

Braided homological perturbation lemma
[Nguyen, Schenkel, Szabo '21]
[Costello, Gwilliam '16; Jurco et al. '19; Doubek et al. '17]

= Z;*I P((6 H)m(b-xl Ox - Ox dx,,))

Gr(prs-Pn) =200 P((E H)™(ek Oy -+ Ox ek")

8 = iApy + {Sl,» I«

Agy the braided Wick theorem, 8% . interaction (vertices)

int

H : extension of propagators h from (V/, ¢}, (, )«) to Symy V(2]

dx,(x) and e* coordinate and momentum basis of fields.



Example |: Braided ¢3

Braided scalar field theory: 4D Minkowski space-time, Moyal-Weyl twist and a
real massive scalar field ¢.

Classical theory is given by the graided vector space V = Vi @& V., with
Vi = Vo = Q%(R*®) and

01(8) = —(O+ m?)p, L(p1,¢2) = —A1 - b2,
(6,6 = / d*x § §*,

S@) = 36,600 - 50660 = [ ax (Fo(-0-m?) o 26°).

Braided NC scalar field theory: the same vector space V with
G(9) = (@O +m*)p, L5(d1,¢2) = —Ad1 * ¢
(6,01 = [ d'x oo,
1 1, 1 A
5.0) = 5 (60,640 — 5 6. 56.9) = [ dix(36(-0-m) o+ 5 62).

At the classical level, this action is the same as in the usual ¢] theory!
Differences appear at the quantum level. Global symmetries (Lorentz...)
discussed in [Giotopoulos, Szabo '22].



BV quantization: braided ¢3

Momentum space basis in V: ex = e % € V; and X = * € V,.
We of Example | to the space of observables
SymV[2]. Contracted coordinate functions £ € SymV[2] ® V
g:/ (ek®ek+ek®ek)
K
define the

1
St =~ g6 EE N = [ Viki b ka)eh 0, & 0, €,
k

where V(ki, ko, ks) = 2 €2 Ta<e ko % (2m)P 5P (ky + ky + k).

V(ka, ki, k3) = e *0R v (ky, ko, k3).



BV quantization: braided ¢3, tree level

. . AL 8(p1) 1
61 (p)® = in ARy H{Sint. HP)} ~ TR /k Z_m
: 1

3(p1 + p2)
pt—m?2’

G5 (p1, p2)® = ihApy, H(eP! @, o) = (2m)°

63 (P12, p3)” = (1R BBy H {Sine: H } + i Agy H{Sine, Hi R ARy H( )} ) (e O e 04 )

- (ih)Z(—i) 5(p1)  8(p2 + p3) / 1 5(p1 + P2 + p3)
3\pE—m pE—m2 Sk k2 —m? (P} — m2)(p3 — m2)(p3 —m?) )’
k P
P
p P



BV quantization: braided ¢3, 1-loop

G5 (p1, p2)M = (ih Apy H)? {Sing, H {Sine, H (e O )} },
—+ ihABV H {Sint: H ((ihABV H) {’Sint: H (ep1 Ox epz)}*) }*

(hX)? (27)° 5(p1) Uk 1 r (27)° 5(p2)

4 pf—m2 kK2 —m2 pg_mg
(BN (2m)®6(p1 + p2) / 1
2 (2 —-m)(p3 —m?) Ji (0—m?) (K> —m?)
(52?2 (2m)°4(p1 + p2) / 1
2 (pf—m?)(p3 —m?) Ji (k2=m?) ((pr — k)2 —m?)

OO T A,

Consistent with [Oeckel ‘00].



BV quantization: braided ¢3, 1-loop

G;(plv P2, P3)(1) =P ((ihABV H+ {Sin‘m _}* H)6 (eP1 Ox efP2 O, eP3 ))
= o4 (17 gy H)? ({Sint, H{Sints H{Sint, H(e @ 0 O e7)) )i} )

. A3 3(p1+ p2 + p3)
~ot (lﬁ)3( - i) (Pt — m?)(P3 — m?)(p§ — m?)

{ 1 1 1
((p2+ p3)> = m?) (0= m?) Jic (k* — m?)

1
M R e e s (e 18

k

Ps Ps
m b
P2 k
P
NC contribution appears as a No UV/IR

mixing!



BV quantization: braided ¢3, 2-loops
Preliminary results on
G5 (p1,p2)M) =P ((ihh Ay H + {Sing, — 1« H) (P O e2)).

Lots of disconnected and reducible diagrams, also 1Pl diagrams. Examples

include:
(i hABV H)3{Sinta H{Sint: H{Sinta H{Sinty H(epl Ox epz))}*}*}*}*
. 3_34 6(P1+P2)
O G e )

1
//1 //2 (17 = m?) (55 = m?)((h + R)? = m?)((p1 + h)? — m?)((p2 + R)? — m?)’

p ‘& p

[ b

Consistent with [Oeckel '00]. Maybe boring? Any
non-trivial NC contributions in scattering amplitudes, Schwinger-Dyson
equations?



Schwinger Dyson equations

SD equations are quantum analogous of the classical equations of motion.

1 ~
P&meoéoH:PoéoH, (15)

Using the identity (15) we can derive the Schwinger-Dyson equations. From
(15) it follows

Ps(f1(e—ky)Oxe™ -+ -0xe") = (P4+P;)H(l1(e—k ) Ox e Oy - - -0y . (16)

(16) is our main equation from which we derive the Schwinger-Dyson equations.



Schwinger Dyson equations

Case n=3
(k5 — m*)(QITd(ko)d(ka)(ka) B(ks)|Q) =
— in(2m)* ( (ko + ki) (Q Td(k2)d(ks))IQ) + (ko + ka)e (I T G(k1)(k3)|2)
+6(ko + ka)(Q TH (k) B(ka) ) -
(17)

This is braided Schwinger-Dyson equation in the free braided scalar field theory.



Example Il: Braided electrodynamics

4D Minkowski space-time, Moyal-Weyl twist, massive spinor field ¢, U(1)
gauge field A,. An example of L., algebra with gauge and matter fields. More
examples discussed in [Gomes et al. 20].

The braided L.. algebra of spinor electrodynamics:

¥ i . 0 X —iRi($) R (p)
A= |, Fa= Fy o = 0 . G(p, A) = ip % ,
A (Fa)p <Oup i[p, Alx =0

G(FR) = 0u(FA",  B3(A, FL) = —ie(d * Fy — Re(Fy) * RE(w)),
. 17“3“1,/1 . e ’Y“Al,u *"/’2+Rk"/“A2,u * RK P1
£G(A) = —iy 0, b (AL Ag) = = | 1 x v A+ Redy x yMRE AL,
—0u0uA” + 31/3 Au P1y* * P + RihoyH * Riapy

Braided action
1 . _ _
s5— /d4x {7ZF*“’*FW + Priyt By +§ (l ke Ayt % + P % R (Ap)yH * R“(u)> }

with F = 0,A, — 0, A,.



Braided equations of motion
Fi = (O = = (Au + 6+ Re(Au) * RA(8)) = 0,
(FA)" = 0, Fm + g(l/_; 7Y + Reth vV REp) = 0.
Where do we see the braided gauge symmetry? |l Noether identity:

Ou(FI* + g(')p (D" x b + Re(P)y* x R¥(v)) = 0.

If F5 =0, then the metter current 9 * 7" % ¢ + Ri(1))y" x R¥(4) is conserved.
The corresponding conserved charge:

R = e/.<13>?(7."" * P + Rk(z,"")*Rk(zr)).

Nontrivial contribution if 6% # 0. Consequences...



BV quantization

Braided QED is an Abelian gauge theory, ghost decouple, no photon
self-interactions. However, the photon-fermion interaction is different compared
to the x-electrodynamics.

As before, we extend the L..-algebra to the space of observables SymV/[2].
Momentum space basis: A ~ v* ey, ¥ ~ u’ e, P~ T e AN ~ Vp e,

W ~ usek, 1/7+ ~ ﬁsek.

Contracted coordinate functions £ € SymV[2] @ V
I3 :/ (vuek®v“ek+ﬁsek®usek+usek ®ﬁ5ek) .
K
Interaction action

1 . /
Sint = — (€, 63 %H(E, &) = / VIS (ki ko, k3) vy e O us e 04 By €5
6 ki ko ks

V;A,;s,s/(k ko k — _a7SAM s’ 2.a%b
1, ko k3) = —e@yHu® e

ka-0

kp
2m)* 8(ky + ko + k3)

—eshlk V‘“s‘sl(kg, ki, k3), braided symmetric.



BV quantization: braided QED, 1-loop

2-point functions at 1-loop

GZ“YAV(PI:P2)( *(’hABVH)Q{SmtaH{Smt,H(Vp,epl Ox vy e )} }
+IﬁABvH{Sint,H(IﬁABvH){Sint, (V,}Lep1 Ox Vyem)}*}

ky k; X
n ' b v
P P P
3 e

Vacuum polarization at 1-loop:

"

d*k Tr((p— k= m)y* (K+m)v¥)
@m*  ((p— k)2 —m?) (k2 —m?)

() =



GJ,SIJESZ (1, p2)M) = (i h Apy H)? {Sine, H {Sine, H(Ts 0™ Os us, )} )
—+ I'hABV H {Sin‘m H (ihABV H){Sint, H(ﬁslep1 Ox Us, epz)}*}*.

i

P P

Fermion self-energy at 1-loop:

d*k A (p—K—m)
(2m)* K2 ((p— k)2 —m?) -

i
ﬁ z*2([’) = 62

No NC corrections, no UV/IR mixing in 2-point functions at 1-loop! 3-point
function at 1-loop needs to be calculated. Any non-trivial NC contributions in
scattering amplitudes for physical processes?



Outlook

e We deformed the Lo-algebra to a braided L..-algebra.

-well defined way to construct a braided Lo.-algebra starting from the
classical one.

-enables constructions of new NC field theories (unexpected deformations,
different from the "naive” expectations).

e Quantization, so far
-no non-planar diagram, no UV/IR mixing in NC braided QFT.
-renormalization in braided ¢* needs to be studied carefully.
-scattering amplitudes, measurable effects?

e Future work
-better understanding of braided symmetries and classical braided field
theories, new solutions of the classical equations (in gravity).
-better understanding of braided QFT, BV quantization of braided NC
Yang-Mills.
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