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1. Introduction

The interest to formulate a consistent quantum field theory on noncommutative space
comes, besides from string theory, also from mathematics [[] and from phenomenology.
After the initial noncommutative standard model (NCSM) by Connes [J] many other mod-
els were proposed, differing in their physical properties such as particle content, additional
symmetries, grand unification scheme, etc.

There are two main approaches to define gauge theories on the canonical noncommu-
tative space. One possibility, extensively analyzed in the literature [B, fl], is to replace the
ordinary product in the Lagrangian by the Moyal-Weyl %x-product; it is well defined owing
to associativity and the trace property of the x-product. Using this prescription, however,
only U(N) gauge theories can be consistently defined and the group representations are
restricted to the fundamental and the adjoint. This implies in particular the quantization
of the electric charge which takes values in {£1,0}. In perturbative quantization, the in-
teraction vertices obtain additional phase factors in comparison with commutative theory,
and this leads to the well-know UV/IR mixing.

A slightly different and nonequivalent representation is the so-called #-expanded ap-
proach. A consequence of the requirement that the gauge algebra closes on noncomutative
fields is that the fields are enveloping algebra-valued. Using the Seiberg-Witten map,
which is also an expansion in the noncommutativity parameter #, noncommutative fields
are expressed in terms of their commutative counterparts [f, f]. There are therefore two
symmetries in the theory: commutative gauge symmetry which is manifest in each order
in 6, and noncommutative gauge symmetry which relates different orders and exists only



after the summation. Commutative gauge theory is recovered in the limit § — 0, which, in
this case, is smooth. Assuming that noncommutativity is small and considering the theory
as effective, the leading noncommutative effects can be calculated by truncation to linear
order in #. The major advantage of this approach is that models with any gauge group
and any particle content can be constructed.

There is a number of versions of the noncommutative standard model in the 6- ex-
panded approach [[]-[[0] and in the other approaches too [[1], [J]. The argument of
renormalizability was previously not included in the construction because it was believed
that field theories on noncommutative Minkowski space were not renormalizable in gen-
eral , @] However, a recent result on the one-loop renormalizability of the #-expanded
noncommutative SU(N) gauge theory opens different perspectives [[5-[[7. In particular,
a recent positive result [[] was our initial motivation to re-examine the noncommutative
standard model gauge sector. Of course, renormalizability in linear order does not mean
renormalizability of the complete theory, but one can expect that the additional Ward
identities, which correspond to the full noncommutative symmetry and relate different or-
ders, might help. In this paper we show that it is possible to construct a version of the
NCSM gauge sector which is one-loop renormalizable to first order in 6. In addition, it has
already been proved that the theory is anomaly free whenever its commutative counterpart
is anomaly free [I§.

An important point in our consideration is that the SW map is not unique. Therefore,
the SW map in fact gives a class of ‘truncated’ gauge theories, no theory a priori preferred.
We show that the requirement of renormalizability pinpoints one of them as ‘physical’.

A reason to focus on the gauge sector of the NCSM is the possibility to detect, in
the forthcoming experiments at LHC, decays which are forbidden in the SM [, L], like
Z — 7, and/or to find deviations with respect to the SM-predicted angular distribu-
tions of the differential cross section in ff — 77, etc. scattering [Rq, RJ]. In all of these
transitions the so-called triple gauge boson (TGB) couplings contribute. Clearly, from the
perspective of the safe usage of noncommutativity-induced corrections to the TGB cou-
plings in further phenomenological analysis of the above processes, it is important to prove
the regular behavior of these interactions with respect to the one-loop renormalizability.
Signatures of noncommutativity in experimental particle physics were discussed in the lit-
erature from the point of view of collider physics [B9]. Decays which are strictly forbidden
in the SM by angular momentum conservation and Bose statistics, known as the Landau-
Pomeranchuk-Yang theorem, as well as noncommutativity from neutrino astrophysics and
neutrino physics were discussed in [{, [d] and [RJ], respectively.

The plan of the paper is the following. In section 2 we briefly review the ingredients
of the NCSM relevant to this work. In section 3 the renormalizability of the NCSM gauge
sector is worked out; in Subsection 3.3 the counter terms and the final Lagrangian are
explicitly given. Section 4 is devoted to the discussion of the results and to the concluding

remarks.



2. Noncommutative standard model

2.1 General considerations

The noncommutative space which we consider is the flat Minkowski space, generated by
four hermitian coordinates T# which satisfy the commutation rule

[z#, "] = 160" = const. (2.1)

The algebra of the functions (b( ), X(Z) on this space can be represented by the algebra of
the functions (b( ), X() on the commutative R* with the Moyal-Weyl multiplication:

Ow) *X(w) = 2" 5 3 @)XWy (2:2)
It is possible to represent the action of an arbitrary Lie group G (with the generators
denoted by T%) on noncommutative space. In analogy to the ordinary case, one introduces
the gauge parameter A(z) and the vector potential ‘7“(:6) The main difference is that the
noncommutative A and ‘7“ cannot take values in the Lie algebra G of the group G: they
are enveloping algebra-valued. The noncommutative gauge field strength F v is defined in

the usual way

Fu =0V =0,V —i(V, %V, =V, x V). (2.3)

There is, however, a relation between the noncommutative gauge symmetry and the com-
mutative one: it is glven by the Seiberg-Witten (SW) mapplng [fl. Namely, the matter
fields gb, the gauge fields Vw E v and the gauge parameter A can be expanded in the non-
commutative # and in the commutative V), and Fj,,. This expansion coincides with the
expansion in the generators of the enveloping algebra of G, {T9, : T°T® :, : T°T*T* :};
here :: denotes the symmetrized product. The SW map is obtained as a solution to
the gauge-closing condition of infinitesimal (noncommutative) transformations. The ex-
pansions of the NC vector potential and of the field strength, up to first order in 6, read

~

V(2) = V(2) - lew (Vi(2), 0,V (@) + Fypla)} + ... (2.4)

Fry = Fpy + 9“”(2{ " W}—{VH,(&,%—D,,)FPJ}) ¥ (2.5)

D, is the commutative covariant derivative.
The solution for the SW map given above is not unique. As it was shown in [[3, P4,
along with (2.9) all expressions V,, F},, of the form

0= 0t Xy Bl = Bt DX, — DX, 20)

are solutions to the closing condition to linear order, if X, is a gauge covariant expression
linear in 0, otherwise arbitrary. One can think of this transformation as of a redefinition
of the fields V,, and F,,.

Taking the action of the noncommutative gauge theory

1 ~ ~
§=—5Tr /d4x E « FH (2.7)



and expanding the fields as in (2.4)- (B.§) and the x-product in #, we obtain the expression
1 1
§=—5Tr / iz F, F™ + 0 Tr / d'z (ZFWFPU — FupFug ) F, (2.8)

which is the starting point for the analysis of #-expanded noncommutative gauge models.
The action consists of two terms. The first term is the ordinary commutative action, and
the second gives additional interactions which describe noncommutativity in the leading
order in #. In order to take into account the non uniqueness of the expansions (R.4)-
(.3), one should also add terms which correspond to the freedom (P.). In the action this
amounts to

S =8 —Tr / d*zF"' D, X,. (2.9)

The additional terms which could be included in the Lagrangian (P.§), that is those
linear in # and of correct dimension are,

F™D,X, = F* D, (b 0°° D, Fy + by6°, D F,y + b36" D,F,,). (2.10)

Out of these three terms the second vanishes owing to its symmetry-antisymmetry prop-
erties. The third term can be transformed into the first one using the Bianchi identities
1

In summary, the freedom due to the SW field redefinitions reduces to the possibility
to add one term, AS, to the original Lagrangian:

AS = —2b0 Tr / d*z F" D, D, F,, = b0 Tr / d*z F*" F Fpp. (2.11)

Writing b = —% + 7, we obtain the following general form of the noncommutative gauge
field action:

1
§=-3Tr / 'z F, F™ + 0" Tr / &z (% FuFoy — FupFye)FP. (2.12)

The coefficient a is going to be fixed by the requirement of renormalizability in the next
section.

2.2 U(1l)y ® SU(2)r, ® SU(3)c

The discussion given above was a general one, without any specification of the gauge group
G or of its representations. However, as the f-linear term in the action includes the trace
of the product of three group generators, it is obvious that the action is a representation-
dependent quantity. In the commutative case, the action contains only the trace of the
product of two generators which is up to normalization the same for all group represen-
tations, TrT9T" ~ 6% (if we assume the usual properties of G, i.e. that it is semisimple,
compact, etc.). But in (R.12) we have a factor Tr {7 T°}T¢ ~ d®°. One could perhaps

1One could in principle also add the parity violating terms. There are two independent expressions:
F" D,e*"*P0,5D, Fpo and F* D,,e""*?0,5D" Fyo,. These terms violate parity if one assumes that 0" is
invariant under parity; compare, however, with [E] We shall not discuss such a possibility in this article.



assume that, as the field strength transforms according to the adjoint representation, the
symmetric coefficients d*° are given in that representation. However, when the matter
fields are included, other representations of G are present too, and therefore the expres-
sion (R.19) is ambiguous.

To start the discussion of the gauge field action-dependence on the gauge group and/or

on its representation, we use the most general form of the action, [§]:
1 AN o~
Sa =3 / d'z Y CrTr (R(FW) * R(FW)). (2.13)
R

The sum is, in principle, taken over all irreducible representations R of G with arbitrary
weights C'r. Of course, for the gauge group G we take U(1)y ® SU(2);, ® SU(3)c. To
relate the action (R.13) to the usual action of the commutative standard model, we make

the decompositions

Vi = g AR(Y) +gBLR(T}) + gsGAR(TS), (2.14)
F,uu = glfﬂl/R(Y) + gB:wR(T[Z/) + gSGZuR(Tg)' (215)

The R(Y), R(T%), R(T%) denote the representations of the group generators Y, T} and
T¢ of U(1l)y, SU(2)1, and SU(3)c, respectively; the group indices run as i,j = 1,...3
and a,b = 1,...8. According to [{], we take that Cr are nonzero only for the particle

representations which are present in the standard model. Then from (R.1J) we obtain the
expression for the #-independent part of the Lagrangian

Lsy = —%g’z Z Crd(R2)d(R3)R1(Y)R1(Y) fruw [
R

1 i j i vj
_592 Z CRd(R3)Tr (R(TL)R(Ti)) B;LVBﬂ /
R

1
—59% ) Crd(Ra)Tx (R(TS)R(T3)) G, G, (2.16)
R

A

where d(R) denotes the dimension of the representation R. Identifying (R.16) with the
SM Lagrangian, we find that the weights have to be constrained to match the coupling
constants in the standard model in the following way [[1-[]:

2;—,2 = ZCRd(R2)d(R3)R1(Y)2, (2.17)
R
% = X Crd(Ra) T (R(THR(TY)) (218
R
ab
iz% = 3" Crd(Ra)Tr (R(TER(TE)). (2.19)
gs R



SUB)c | SU@)L | Uy | U Ty
en 1 1 —1 —1 0
(v 0 1/2
e e )]
un 3 1 2/3 2/3 0
dr 3 1 ~1/3 | -1/3 0
(u 2/3 1/2
Qr= <d2> 3 2 1/6 ~1/3 <—1/2>
)] e 0

£’ = Z ﬁ? = 9,3'“619“” <%f;wfpafpa - fupfwfpa)

+ g?’nffke“” (

st

a
1 G

%B;VBgUBPJk _ B'_Bi_prok

b poc
a,a

ppPvo

-Gy,Gh G

+ g/g2ﬁ29uu (%f;wB;ngoi o fuszijonoi + c.p.)

X g/g?q/f?ﬁm/ (%fWGZoGpm — fupGo GP c.p.) ’

k1= Y Crd(Ry)d(R3)R1(Y)?,

K20 =" Crd(Rs)R1(Y)Tr (Ra(T})Ra(TY)),

K36ab =

ijk
K4

Kgbc _

R

R

Y CrA(R2)R1 (Y)Tr (Rs(T¢)R5(T8)),

R

% Z Crd(R3)Tr ({Ro(T}), RQ(Ti)}RZ(Tf))7
R

% 3" Crd(Ry)Tr ({Rs(T8), Rs(T4)}Rs(TS)).
R

Table 1: Matter fields of the first generation. Electric charge is given by the Gell-Mann-Nishijima
relation Q =715+ Y.

The noncommutative correction, that is the #-linear part of the Lagrangian, reads

(2.20)

where the c.p. in (R.20) denotes the addition of the terms obtained by a cyclic permutation
of fields without changing the positions of indices. The couplings in (R.2(]) are defined as

(2.21)
(2.22)

(2.23)
(2.24)

(2.25)



Let us discuss the dependence of k1,...,k5 on the representations of matter fields.
For the first generation of the standard model there are six such representations, summa-
rized in table 1; they produce six independent constants Cz2. These constants are already

constrained by the three relations (2.17)— (B.19). The couplings £y, ..., k5 given by (R.21))-
(2.25) also depend on C'z. However, one can immediately verify that /ﬁff ¥ — 0. This follows
from the fact that the symmetric coefficients d”* of SU(2) vanish for all irreducible repre-
sentations. We shall in addition take that ligbc = 0. The argument for this assumption is
related to the invariance of thecolour sector of the SM under charge conjugation. Although
apparently in table 1 one has only the fundamental representation 3 of SU(3)c, there are
in fact both 3 and 3 representations with the same weights, C3 = C3. In the Lagrangian
this corresponds to writing each minimally-coupled quark terms a half of the sum of the
original and the charge-conjugated terms. Since the symmetric coefficients for the 3 and 3

representations satisfy d%bc = —dgbc, we obtain
Kb = C3d3™ + C5dg = 0. (2.26)

We are left only with three non vanishing couplings, x1, ko and k3, depending on six

constants C1,...,Cs (indices 1,...,6 enumerate the representations as they are given in
table 1):

1 8 1 1 1
=—C1—-C+=-C3—=Cy4+—0Cs+ =C,
K1 177 2+9 379 4+36 5+4 65

1 1 1
/<62=—102+ZC5+ZC67
1 1 1
=4+-C3—=-Cy+=-C5. 2.27
K3 +3 375 4+6 5 ( )

There are three relations among C;’s:

1 8 2 1
— =2C1+ 0o+ =-C3+=-Cs+ =C5+ C
7° 1+ 2+3 3+3 4+3 51+ Ce,
1
—2:CQ—|—3C5—|—C6,
g
1
? = Cs3+ C4+205, (2.28)
S

in effect representing three consistency conditions imposed on (R.13) in a way to match the
SM action at zeroth order in 6. Note that detailed discussions about the solutions of the
system of three equations (.27) and six unequations C; > 0, satisfying (R.2§), are given
in [f]. Our classical noncommutative action reads

Set = Ssm + S?, (2.29)

2We assume that Cr > 0; therefore the six C'r’s were denoted by gi_z ,i=1,...,6,in [ﬂ, E]
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Figure 1: f-vertices
with
3 a
s@::§:sf:gﬁﬁﬁwv/}#x(Zﬂwﬁmfmw—ﬂwﬁwfm)
=1
N / dhz (% FuBigBY' — f,Bl, B + C.p.>
I / 0 (5 Fu G0 G — £GP ). (2.30)

The noncommutative couplings introduce additional vertices, as depicted in figure 1.
For simplicity, we do not distinguish the gauge fields A,,, BZ and Gy, by different types of
lines: the dependence on the fields is not difficult to trace.

The term S{ in (R:30) is one-loop renormalizable to linear order in 6 [[7q] since the
one-loop correction to the S? is of the second order in . We need to investigate only the

renormalizability of remaining S§ and S§ parts of the action (.30).

3. One-loop renormalizability

3.1 Effective action

We compute the divergences in the one-loop effective action using the background-field
method [R5, Pf]. As we have already explained many details of similar calculations [[L4],
here we just introduce the notation. Let the classical action be given by S [¢]; in our case,
the fields are, ¢4 = (A, Bfu Gy, ). To quantize, one performs the functional integral. The
integral over the quantum fields, ® 4, can be calculated in the saddle-point approximation
around the classical (background) configuration, denoted also by ¢4. The effective action
is

T[¢] = Salg] + T [g]. (3.1)

The first quantum correction to the one-loop effective action F(l)[¢], is given by

T[g] = %log det SP[¢] = %Tr log 57 [¢). (3.2)

cl
In (B.2) the Sg) [¢] is the second functional derivative of the classical action,

528
5(2) _ cl )
et 19 dpA09B



In the case of the polynomial interactions as we have in (R.3(]), one can find Sg)
simply by splitting the fields into the classical-background plus the quantum-fluctuation
parts, that is, ¢4 — ¢4 + P4, and by computing the terms quadratic in the quantum
fields. For the action (B.I3), the classical Lagrangian reads

Lo=Lov+ Y L]
1 |
— = 1Bl B — LG, G
—1-9/3/119“” <quufpafpo - fupfuafpo)
+4' g2 R (9 By BY' — f,,Bi B c.p.>
—i—g/g%"%aﬂu ( fpyGa Groe f,qua Groa + Cp) ) (34)

Writing the c.p. terms in (B.4) explicitly, we obtain

1 1
La == fuwf" = ZBLVB“” = 1 GG (3.5)
+g/3/<a19‘“’( fuufpaf re fupfuafpa)
. o a - . oi
_{_9/92,{29# (— f;wBZ B — 2f,uszZ/on "+ gfpoBZ B prBLpBV ‘)
(o loa a loa g
+9/9§'“39W(1fquzaGp “— 2fquﬁoGp “+ EfpoquGp ¢ - prGZpG” ),

the classical Lagrangian which we are using next in the renormalization procedure.

3.2 Interaction vertices

In order to fix the quantum gauge symmetry, we have to add the gauge-fixing term to the
Lagrangian (B.H). The gauge-fixing term is added to the #-independent part in the usual
way, |6, [[4]. After making the splitting

Ay — A, +A,, B,— B, +B), G.—Gl+Gy, (3.6)

we obtain for the quadratic part of the action (B.5):

1 ¢™P0 + MoP * * Ag
~(A,B,G%) s g®Bu0 4 Ve 0 B/
2 " 0 gaﬁ(sabD + Wozﬁab G%

(3.7)

In (B.7), * stands for the terms which will not contribute to linear order: they give higher—
order corrections. The first matrix element in (B.7) is given by M’ = 5 MHevB (g )31,,

where
MEPYT = % (9" g7 — g"7g"*)0°" fug
G (0 o 0% ) + 77 (071 + 07 1)
GO+ 0 f) — g (677 [+ 07 )
F Q1P FYT QYT fIP _ QPT fIV _ UV £PT _ GUP FHO _ QHO VP (3.8)



The structure of V% is as follows:
Vaﬁ;ij = (N1 + N2 + 11+ 15 + Tg)aﬁ;ij. (39)

The operators N7 and Ny come from the commutative 3-vertex and 4-vertex interactions:

(N1)y = —2igap(By)7 0" — i(0" By)" gap, (3.10)
(Ng)gﬁ = —(BHB“)”gaﬁ — QZ(Baﬁ)Z] , (3.11)
where we have used the notation (X M)ij = —ifikx 5 The operators T, T and T3 describe
the 6-linear, that is the noncommutative vertices. They are more involved:
(Tl)gﬁ = ¢'¢? ko0 [a g@”"fpggo[g@_> — ﬁaﬂ"fpaa_;) (3.12)

—2(D0p0 17D, — 0" fgp — 06" fupgaga + 0,6 f3,00
+0u0p31"0 00 — 075 fapy — IO fupGase

+0507 fap0s) + 2a(0,0, f,507 + 0°; f100,)

28005 By — T 0o 50" — T 030 a0l + 0,07 fa05).

(TZ)aﬁ - g g ZKZ[ guepogaﬁfpa(B“)ij - Hpofpagaﬁ(B“)jia_;; (3'13)
40597 oo (Ba)™ + 6 foo (B30 + 0,0 7 (Bag)¥)
_ﬂ_%gmfup(Bu)ij _ gpﬁfup(BM)jia—a’ + gyﬁpafﬁp(B”)ij
0,5 foL(BYY 0y + 000 fupgap(B*)T + 07 fpgas(B") 0y
=050 f3p(Ba)" — 07 fap(BsY Ty — 0ubyp /" (Ba)” — Opaf"*(B3) "D,
+0u07 g £ (Bo ) + 07 fupGas(Bo ) 'O + 0,07 fap (B*)
+9pafgp(BM)jiaﬂ - %epafap o)” - epafﬁp( J)ﬂaa + epafaP(BBU)ij
+0,5/""(Bua)” + 07 f5,(Bao )"
+Opa " (B V") = 2a(D 60 (B + Oy fra (B0
— Iy L— 1 .
+8M9pﬁf,ua(Bp)” + epafuﬁ(Bp)ﬂau - §9pafa/3(BpU)”
_§9aﬁfpa(Bp0)w) - 2(_?9045]0#1/(3”)” - aﬁaf;w(By)ﬂaﬂ
+W9aofuﬁ(30)ij + Hﬁaf,ua(BO)jia—ﬂ + yepﬁfaV(By)ij + Hpcufﬁu(By)jia7
_gpeﬁafaﬁ(Bo)ij - apofﬁoz(Bo)jia—p) + Hﬁafau(Byo)ij + eaofﬁu(BVo)ji)] 3
(T3)idy = o582 [a(0% Fpo (BuB") g0 — 0% o (BB (3.14)
—2(0paf""(BsBu)” — 0%, f5,(B,B")7 = 6% f,,,(BsB")” g
+07 f3,(BoBa)” + (a < B i< j))
+20(0p0 fu5(B° B*)7 + 20,3 fuo(B” B*)'")
=200 /" (BuBo)" — Oag fus(B"B%)T — 030 fua B BY)7* + 077 fa5(B,B5))|.

We do not write the matrix W% explicitly as it is completely analogous to V3%
up to the change BZ < Gy

,10,



Figure 2: One-loop divergent corrections to the 6-3-vertex.

3.3 Divergences

We compute the divergences due to the U(l)y — SU(2);, part of the noncommutative
action, S§. The result for U(1)y — SU(3)c is analogous and follows immediately. The
one-loop effective action is

?
T = 5T log (Z+ 071 (N1 + Na+ T+ Ty + Ty)) (3.15)

— (=1 n
Z — T (O "N+ 0 "N + 07 + 07 + 07 1T3) "
n=1

NN

For dimensional reasons, the divergences in -linear order are all of the form 6 fB?. Con-

sequently, from the sum (B.1§) we need to extract and compute only terms that contain
three external fields. A careful analysis gives that these terms are

i) = %Tr (O7IN)20T — O N O T — O EN,07 1T, (3.16)
As one can readily see, only the vertices obtain divergent contributions. For the 0-3-vertex,
the diagrams which correspond to the traces in (B.15) are given in figure 2. Being written in
terms of the field strengths, that is covariantly, (B.15) also contains the contributions to the
f-4-vertex and 6-5-vertex. We do not draw the corresponding diagrams: they can be easily
obtained from figure 2 by adding external legs (in accordance with the Feynman rules).
The divergent part of (B.16)) is calculated in the momentum representation by dimensional
regularization giving:
4

Te (O IV, O T) = 3(4@269’92@

x [(6 = 20)(0° fop + 0,0 fP)(B*8,0,B" — BYOIBL)

+(3a — 4)0° f,0(B'0,0,B" — B,OB")], (3.17)
-1 -1 4i /2
Tr (D NQD Tl) = Wg g R2

x| (2a = 6)(077 fap + Opaf ") (B" 050° B}, + 0,B" 0" B},

077 fpo (18 ~ 110)(9, B"'0, B + BLOB™), (3.18)

— 11 —



Ai A A
T (O-N207I7) = 3(47:)269’92@ [epfffpo ((22 — 14a)B},OB"

+(15 — 10a)8, B 9" B;,
+(3a — 4)B"9,8,B" + (3 — a)BMB”iBVB“i>

O oy + 050 ) (20— 6)(BLOB™ — B0, B"
+B"9,0*B], — 9, B"0,B*") + (a — 3)0,B*0" B},
+(3a — 9)3031”36“3;)] . (3.19)

Their sum, that is the complete divergent part due to the U(1)y — SU(2);, gauge boson
interaction is

1 4 1 A N
L = 3(4@269’92%2(3 —a)ot” / d'2 (3 fuw By B = fupBlo B™). (3.20)

Adding to this expression the divergences which come from the commutative part of
the action, and also those induced by the U(1)y —SU(3)¢ mixing, we obtain the full result
for the divergent one-loop effective action linear in 6:

11
2(4m)%e

4 ] Vi 4 v
Fdiv = W /d .%'BLVBM ! + /d .%'GZVGM @

4 , 1 o S
+Wg’g2@(3 — a)6" / d%c(Z fuvBLy Bt — f,,BL, B

6 9 y 4 1 0 oo " ooa
+73(47T)269’gs/€3(3 —a)o* /d m(ZfWGpO,Gp — fupGeyGP ). (3.21)

The divergent contribution due to U(1)y solely vanishes, both the commutative and the
noncommutative one.

3.4 Counter terms

It is clear from (B.2I)) that the divergences in the noncommutative sector vanish for the
choice a = 3. Therefore one obtains that the noncommutative gauge sector interaction is
not only renormalizable but finite. The renormalization is performed by adding counter
terms to the Lagrangian. We obtain

1 1. . 1
L Lot = =7 foufo™ = B0y B — 7 Gopy Got™
(3
+glglilau <Zf0pyf0pof0p0 - fOppnyUfOpU>
3 N o
+9095 260" <Zf0ﬂuBOZoBg " — foupBoyeBo + C-P->

3
rabas st (oG G — fonpGotaGE™ +e0.) . (32)
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where the bare quantities are given as follows:

Agtt = A*, a=4d, (3.23)
. . 4492 g;f/Q
\/ 3(4m)2e’ 14 4>
+ 3(4m)2e
292 €/2
Got = Gy [14+ =25 (gg), = 2L —. (3.25)
(47)%€ 1 22g%
+ (4m)2e

In order to keep the constants k1, k2 and k3 in (B.23) unchanged under the renormal-

ization procedure, i.e.

K1 = (:‘il)o, Ko = (@)0, R3 = (53)07 (3-26)

we obtain the following renormalization of the constants C(R)

33 11 11

01:(01)0+m, CZZ(CZ)O_W’ C?’:(C?’)O_W’
143 121 110

C’4—(C4)0—Wa C5—(C5)O_W’ C6_(C6)O+W'

(3.27)

Finally, an important point is that the noncommutativity parameter # need not be

renormalized.

4. Discussion and conclusion

We have constructed a version of the standard model on the noncommutative Minkowski
space which is one-loop renormalizable and finite in the gauge sector and in first order in
the 6 parameter. The renormalizability in the model was obtained by choosing six particle
representations of the matter fields for the first generation of the SM as in table 1, and by
fixing the arbitrariness in the f-linear expansion terms in the Seiberg-Witten map.

The one-loop renormalizability of the NCSM gauge sector is certainly a very encour-
aging result from both theoretical and experimental perspectives. So far fermions have
not been successfully included: the results on the renormalizability of noncommutative
gauge theories with Dirac fermions are negative [[J, [[4] as a 4¢)-divergence always ap-
pears. This issue was analyzed in more details in papers [[J, [[5, [ for noncommutative
QED; it was obtained that renormalizability properties were the same for SW-expanded
and SW-unexpanded theories. However, in the case of SU(N) or SU(3) ® SU(2) ® U(1)
the unexpanded gauge theory cannot be consistently defined. Furthermore, our results
show that the requirement of renormalizability fixes the SW freedom i.e. the corresponding
parameter to a = 1 or a = 3 [R7]. We hope that a similar procedure could be applicable to
the fermionic sector of the theory.
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Our result also has an important consequence on the phenomenological analysis of the
1 — 2 [{ 19, bJ and 2 — 2 [RJ-PRJ processes in elementary particle physics. Namely, in
the gauge sector of the noncommutative standard model the above transitions contain triple
gauge boson interactions induced by noncommutativity and, according to (B.21), they can
be safely used further on. Since the triple gauge boson couplings have already been used in
a number of phenomenological predictions to determine of the scale of noncommutativity [d,
[0, 9, 1, B3], the regular behavior of these TGB interactions with respect to the one-loop
renormalizability puts predictions from the NCSM gauge sector to a much firmer ground.

Experimentally, there are chances to detect, in the forthcoming experiments at LHC,
the decays forbidden in the SM but kinematically allowed, like Z — ~+, and/or to find
deviations of ff — ~v, etc. scattering with respect to the standard model predictions.
Finally, the discovery of forbidden decays, and/or measurements of differential cross section
distributions deviating from the SM predictions, would certainly prove a violation of the
SM as we know it at present and could serve as a possible indication/signal for space-time

noncommutativity.
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