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Introduction

Example of noncommutativity (NC): Heisenberg algebra
[Eguapy] — ih(s'uya [p,u,pl/] =0
Constructing models on noncommutative space-time

Motivations: String T heory
Quantum Gravity
Lorentz invariance breaking
Heuristic
* The star product:[z#, 2¥]x = xtxz¥ — 2V xxH = 1hOFY
_iguv 0 0
(f*xg)(z) =e 27 9270 f(x)g(y)|y—a

*  Noncommutative space is flat Minkowski space:
ot — ZH = [zH, T¥] = ihoH,

6 - constant, antisymmetric and real 4 x 4 matrix
h =1/A3c - NC deformation parameter

*  Symmetry extended to enveloping algebra

* Seiberg-Witten map (SW)
There are 2 essential points in which NCGFT differ from
standard gauge theories:

*  The breakdown of Lorentz invariance with respect to a fixed
# 0 background field 8#” (which fixes preferred directions)

* The appearance of new interactions and the modification

of standard ones. For exapmle, triple—neutral—gauge boson,
2 fermion—2 gauge bosons, photon-neutrino, etc.

Both properties have a common origin and appear
in @ number of phenomena
AT VERY HIGH ENERGIES AND/OR VERY
SHORT DISTANCES.
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Models based on the Seiberg-Witten mapping
Expansion in power series in 8 — new vertices
Any gauge groups

Arbitrary matter representation

No charge quantization problem

No UV/IR mixing due to 8 expansion

* Unitarity is OK for: 0% #, 9" =0 ;

carefull cannonical quantization produces always uni-
tary theory: (Bahns, Fredenhagen, Doplicher, Piati-
celli: Time in S matrix treated in form of slices)

* By covariant generalization of % = 0 to:

0,,0" = —62= % (B — E3) >0
ANC

known as perturbative unitarity condition one avoids
potential difficulties with unitarity in noncommuta-
tive gauge field theories
* Construction of covariant NCSM Yukawa cou-
plings OK
* One-loop renormalizable gauge sector at the first
order in noncommutative parameter 6
* Models 1 & 2: mMNCSM & nmNCSM constructed
as an effective, anomaly free and partly renormaliz-
able theories
* Model 3: SU(N) GFT constructed as an renor-
malizable theory via renormalization of 8 — RGE for

noncommutative deformation parameter h

* X X X X ¥



NC gauge transformation

Consider infinitesimal NC local gauge transforma-
tion § of a fundamental matter field that carries a
representation py

SG — ipw(?\) * /\l}
In Abelian case py fixed by the hypercharge.

Covariant coordinates in NC theory introduced in
analogy to covariant derivatives in ordinary theory

gH =zt 4 " A,

Locality

A x — product of ordinary functions f, g, determined
by a Poisson tensor 6#Y(x), is local function of f, g
with finite number of derivatives at each order in 6:

frg=1 g+ 26" @)duf - g+ O(6?)

Gauge equivalence, and consistency conditions
Ordinary gauge transformations § A, = ouA\+i[A, A,]
and ¥V = A - ¥ induce non-commutative gauge
transformations of the fields ﬁ, W with gauge pa-
rameter A

Consistency reqwre that any pair of non-commutative
gauge parameters A, N satisfy

T ———

A, N] 4 i6AN — 6 A = [A, N].



Enveloping algebra-valued gauge transformation
The commutator

AT = _{Aa(@) T AT, T

1
2
of two Lie algebra-valued NC gauge parameters A =
Ao ()T and A = AL(z)T* does not close in Lie. For
NC SU(N) & Lie algebra traceless condition incom-
patible with commutator. Extension to enveloping
algebra-valued NC gauge parameters and fields.

+ Z[Aa(z), Nj(2){T?, T}

A= Ad(2)T® 4+ AL (z) : TOT : +A2, (z) : TOTPTC : + ...

abe
Clousing condition for gauge transformation alge-
bra are homogenos differential equations which are
solved by iteration, order by order in 6. This solution
IS known as Seiberg—Witten map:

R 1
A=A+ 0V, 0uN} + ...

A~

1 )
— oy — — B _
p=9¢- 50 (Va 9 =, [Va,V5]> Y+ ...

_ 1
V.=V, + Zeaﬁ{aavﬂ + Fap, Va} + ...



GAUGE SECTOR
FRAMEWORK PROPOSAL

1: Commutative GFT, that are renormalizable are
extended to the NC space with deformed gauge trans-
formations. These deformations are not unique. For
instance deformed action S; depends on the choice
of representation. This derives from the fact that
FHY s enveloping algebra but not Lee algebra val-
ued. The trace Tr in Sy is over all representations:

1 . ~

2: Seiberg-Witten map up to 1st order in 6:
h

Vu(z) = Vu(z) — 2 0P {Vp(x), 00 Vyu(x) + Fopu(z)},
Fuy = Fuw + %epa (Q{Fpua Fov} — {Vp, (05 + DJ)F/M/}>,
Fuy = 0,V — 3V, — i[V, ¥ V)]

Points 1: and 2: leads to:

S} = 8,=25%u+5s = —%Tr / d4z By FHV

1

Note: Solution for the SW map is NOT UNIQUE.
All expressions V,;, F},, of the form

Vi=V.+ X, Fl,=Fu+D,X,— D,X,,
are solutions to the closing condition to linear order, if X, is a

gauge covariant expression linear in 8, otherwise arbitrary. This
transformation is a redefinition of the fields V,, and F},,.



3: Clearly we do not know the meaning of ‘minimal
coupling concept’ for some NCGFT in the NC space.
However, renormalization is the principle that help
us to find such acceptable couplings. We learned
that the renormalizability condition of some specific
NCGFT requires introduction of the higher order NC
gauge interaction by expanding general NC action in
terms of NC field strengths. This lead us to the

extension of ‘minimal’ action S4 to higher order

1~ ~

+ hO*bE,, % Foo x FPO|
with b being free parameter determining renormal-
izable deformation.

4: SVW map for NC field strength up to the first order
in hO"*" gives

1 1
+ horv bFWFpaFW} ,
4 1 v
2
1
‘|‘ ho"” ((Z + b)Flepa — FMPFVU> F'w] .

Redefinition 1 4+ 4b = a:

1
S = Tr / d*z [—EFWFW

1+ o (%FWFPU _ FM,FW> FP"]



Proposed framework 1,...,4 gives starting action
a—1

1 . . N
Sy = —ETr/d4x (1 = h OHY *FW> x Fpo x FP7

which, via SW map for F*¥ produces directly:
1

+ h9““Tr/d4w (%Fupra—Fﬂpro')Fpa.

REQUIREMENT OF RENORMALIZABILITY
fixes the freedom parameter a =
PRINCIPLE OF RENORMALIZATION
DETERMINES
NC RENORMALIZABLE DEFORMATION

Trace of three generators in the above action
lead to dependence of the gauge group
representation!

The choice of the trace corresponds to the
choice of the representation of the gauge
group

Choosing however vector field in the adjoint representation, i.e.
using a sum of three traces over the SM gauge group we have:
= Model 1: MNCSM

Choosing a trace over all massive particle multiplets with differ-
ent quantum numbers in the model that have covariant deriva-
tive acting on them we found:

= Model 2: nmNCSM

Choosing however vector field in the adjoint representation
SU(N) we have:

= Model 3: NC SU(N) GFT



Gauge sector Model 1: mMNCSM

Short rewiev of mMNCSM gauge sector

The mMNCSM gauge action is given by

1 1 1 1 o
Sgange ™ = -5 / d*z (7Tr1 + S Tra+ —2Tr3> Fuyx F*.
g g 9s

In the definition of Try:

Yzl(l o)
2\ 0 -1
The fundamental representations for SU(2) and SU(3)

generators in Tro and Trg, respectively. In terms of
physical fields, the action then reads

1

1
Sg;,'dgg"v' — —E/d“a: (EAWAW + TrBLB" + Tr GWG“”>

1
+7 9. 67 / d*a (%Ga Gl — G, Gh, ) G,

po " v pu~ov

note the U(1), SU(2); and SU(3). field strengths,
respectively:

Aw = OpAv — Ay,
B, = 0uB%-0,B%+ geBSBS,
G%, = OuGY —0,GY + gs f°GLGE .

For adjoint representation =

* NO NEW NEUTRAL EW TGB INTERACTIONS



Gauge sector Model 2: nmNCSM

The action SJIRS>M up to linear order in 6:

1 1
Sgatge = Sa=Ssu+ 8" =—3 / d*e Tr 3 Fu I
o 4 1 a v
G 4
where TréQ is trace over all massive particle multiplets with

different quantum numbers in the model that have covariant
derivative acting on them; 5 multiplets for each generation of
fermions and 1 Higgs multiplet (Table). Here F,, = 0,V, —
oV, —i[Vy,Vi] is SM field strenght, i.e. V, is the SM gauge
potential:

8

3
VE = gAY 49 BETE+g. Y GLT

a=1

b=1

SUB)c | SUMR)L | ULy U(1)g T3
et 1 1 ~1 -1 0
0]
G _ [ v B 0 1/2
w-(B) e e () (%
L
ulV 3 1 2/3 2/3 0
i 3 1 —1/3 ~1/3 0
0]

(3) uy 2/3 1/2
¢ —(d; 3 A A
_( ¢T 1 1/2
<b_< 0 1 2 1/2 5 i
W, w-, Z 1 3 0 (£1,0) (£1,0)
A 1 1 0 0 0
G° 8 1 0 0 0

The SM fields. Here ¢ € {1,2,3} denotes the generation index.
The electric charge is given by the Gell-Mann-Nishijima relation
Q = (T3 + Y). The physical electroweak fields A, W+, W~ and
Z are expressed through the unphysical U(1)y and SU(2) fields
A and B, (a € {1,2,3}). The gluons G* (b € {1,2,...,8}) are
in the octet representation of SU(3)c.



For SM gauge group we denote field strenght as:

3 8
FW = ¢f""R(Y)+g Y BYYR(TE) +gs > GIVR(TY)
a=1 b=1
Lagrangian linear correction in € has trace of prod-
ucts of 3 field strenghts. Written genericaly that is:

F3 ~ ¢ B3 TrR(Y)3Trl Trl 40

g3 B3 TrR(TH> Trl ~ d* for sU(2)
g3 G3 TrITrR(TY3TrI  ~ d®€for SU(3)
gS3fQBT'rTiT7°I =0

q'g° fB? T?“(Ti)2 TrlI #0

g’293 FG2TrITr(T? =0

g g2 fG? TrI Tr(T™)? Trl #0

9952 BG? TrT' Tr(T%)? =0

92gs B2GTr(TY TrT® = 0

Nonzero are only 3 terms containinig 3, 4 and 5 fields
linear in 6

+++++++

The NC couplings — additional vertices.
The lines are gauge fields A, BL and Gﬁ



Matching the SM action at zeroth order in
6, three consistency conditions are imposed

1 2 1 8 2 1 1
= = St 3toat—ot—ots
g’ 95 95 393 397 3g2 g2
1 1 3 1
2 T P T st
g g5 g5 96
1 1 1 2
2 - ataT 5
gs g3 g4 g5

giving final expression for T GB action

Spauge = Sgq= 8y + 8% = —% / d*x fu, f* — % / d*z Tr (B, B")
— % / d*z Tr (G, G"™)
+ P07 [ at (Ghmti = fuokir) 1

4+ ggPro0°T (2£,-B%, — fu,B%) B+ c.p.
4 H

3
d4xz
agl -

+ g'9ik3 HPT/dA'iE Z (prrGZ,, — fup,GE )GHP c.p.]

b=1

Above three consistenty conditions together
with the requirement that 1/g? > 0 define
a 3D pentahedron in the six-dimensional

moduli space spanned by 1/g7,...,1/g2



4 1

1
997 99z

_|_

9g§

_|__
96
8 1

Y

6 gﬁ

1
+6—gg)-

9y2) 1 _
& )295 "o " og2
1 942
189§+<1 (g’))
g' 2 1
1 7
( +(g) ) (39§

1

2g3°

10. 2
K
o 199
1-0. 2
0 0.1
Kyry Kz Kzgg Kzzy Kzzz Kygg

—0.184 | —0.333 0.054 0.035 —0.213 | —0.098
—0.027 | —0.340 | —0.108 | —0.021 | —0.337 0.197
0.129 —0.254 0.217 —0.068 | —0.362 | —0.396
—0.576 0.010 —0.108 0.202 0.437 0.197
—0.497 | —0.133 0.054 0.162 0.228 —0.098
—0.419 0.095 0.217 0.155 0.410 —0.396




[G. Duplanci¢, P. Schupp and J. Trampeti¢; Comment on triple gauge
boson interactions in the non-commutative electroweak sector, Eur. Phys.
J. C32 (2003) 141]

0.1+

-0.3 -0.2 -0.1 0 0.1

-0.3 -0.2 -0.1 0 0.1



The interactions £? in terms of physical fields (A, Z, W, Q)

€ 1 T 14
L. = 7 SN 20w Ky 07T AP (0 Ay Agr — 4 A3, Aur)
1
Kyyy = 5 99' (k1 + 3k2)
£y = zsin 20 K gy 077 [22M (2A,pAvr — aAuyAyr)
+ 82,y A" Ay — aZ pr Ay AP
1
Kzyy = > [glzlil + (g’2 — 2g2> I‘LQ]
Loy = S sin 20w Ky, 07 LA [2 (W, W + W™, W
WW~  — ZSIn W NNW W~ { [ ( up VT + up 1/7')
—a(WHuW™pr + W™ W)
+ 44, (WHHW ™ + WHWT,) — aA, W, W]}
Kwwy = —5 [9’2 +92] Ko
Lywz = Lwwy(A Z)
/
Kwwz = —g; Kwwy
LHZZ'Y = Lzyy(A Z)
—1 14 2 2 12
Kzzy = 594 [g kK1+g (g —2g ) Iiz}
'C'GZZZ = Lyy(A— Z)
—1 14 4
Kzzz = 25 [9 k1 + 3g FLQ]
LY = Lzy(A— G
2 /
Kzgg = QES [1 + (%)2] K3
o _
L, = Lz99(Z — A)

2 /
K’ygg — I [gl + g_] K3, A;u/ = 8MAU — BVAM,
2 |9 g




Renormalization Model 2: nmNCSM

* Advantage of the background field method is the
guarantee of covariance, because by doing the path
integral the local symmetry of the quantum field
Py, is fixed, while the gauge symmetry of the back-
ground field ¢y is manifestly preserved.

* Quantization is performed by the functional in-
tegration over the quantum vector field ®y in the
saddle-point approximation around classical (back-
ground) configuration. Our case ¢y = constant.

* The main contribution to the functional integral is
given by the Gaussian integral.

* Split the vector potential into the classical back-
ground plus the quantum-fluctuation parts, that is:
We replace, ¢y — oy + Py, and than compute the
terms quadratic in the quantum fields.

* Interactions are of the polynomial type.

* Proper quantization requires the presence of the
gauge fixing term Sgr[¢]. Adding to the SM part in
the usual way, FFP ghost appears in the effective
action. Result of functional integration

Mgl = Sqldl + Sgele] + r Vg,
Serld] = — [ d*a(Dudlh)?,

produce the standard result of the commutative part
of our action:

r(Wig] = %Iog det $(2[¢] = %Tr log S [¢].



The S [¢] is the 2"9-functional derivative of the
classical action,

625,
Sy, 0y,

sPg] =

After making the splitting
A, — A+ A, B, — B, +B, G- Gl +G,
we obtain for the quadratic part of the action :
1 | g0+ Me# o ) * Ag
= (A.BLGY) x g*P§ii 4 Vb 0 B, |.
2 ¢ 0 gaﬂ5ab|:]_|_Waﬁab G%

[] - propagator of any field
x - terms which will not contribute 61: they give
only higher-order corrections.

MeB = 5, MrevB(2)8,

M#HPYe = % (""" — g"" g"P)0% fop
b G 070 7) (O S  0R)
GO 0P ) — g% 0 )
S QHPFYT . QVO FHP _ QPO fHV _ QUY £PO _ QUP fHO _ QHO FVP
The structure of Ve84 is as follows:
Vol = (Ny+ Np+ Ty + T + T3)*%,

The operators Ni and N, come from the commuta-
tive 3-vertex and 4-vertex interactions:

(N1 = —2igag(Bu) 7ok — (0" Bpu)gag,
(N2)gg = —(BuB")Yg,5 — 2i(Bag)"



the notation (X,)¥ = —if“* X} The operators T1,
T> and T3 describe the 91, noncommutative vertices.

o Prnd [a@epafpagaﬂa? 5567 £,000)

(Tl)gﬂ

%4 a —> a _)

—  2(50,af B, — T, f5,8, — D00 fupGapd® + 0007 f5,00
00031700 — 707 3 fap B, — P67 Frp9050s

gﬂepafapgc:) + 2a(§pepafu6@> + ﬁepﬁfuagp))

- -

— 2(52005" By — 00 f50° — 07 0p0 fuad” + 8,00 fasda) |,

(T2)gs = 9g9%n2 [a(—@emgaﬁfpa(B”)“ — 0% fp0905(B")7'D),
4+ 950 for (Ba)" + 07 £,0(B3) 0 + 0ps £7°(Bag)™)
- 2(_<a_ﬂepafup(3u)ij - epﬂfup(Bu)jia—c: + b_uepafﬁp(By)ij
4+ 0,55, (BV) 8, 4 950 fupGes(B)9 + 0% fupg0s(B*)710y
— 00" 3,(Ba) — 0% fap(Bp) "85 — 8u0,5./"*(Ba)" — 0pa f**(By )3,
+ 0677 905", (Bo) + 0% fupgap(Bo )Y 'OF + 8,67 fap(B*)7
Ot (B0 = 5507 fap(Bo)' = 0% f5p(Bo) B + 07 fap (B
+ epﬂfup(Bua)U + ‘9Mfﬁp(Bacr)jz
+ paf (B )7) — 2a(5P8pafus(B*)Y + 65 fua( BH) 0P
y 3 1 y

4+ 50,5 fua(BP)7 + 00 f,s(BP)IE — 000 fap(B*)Y

1 .. .. ..
—  S0apSpr(B")7) = 2(= 00 fiu (B = b0 fuu(B")'PP
500 £up(B°) + 0py Fua( B0 + 50,5 far(BY) + Opafsu (B) P
- gpgﬂcrfozﬂ(Ba)ij - gpgfﬂa(Ba)jigg + Hﬁafoa/(BM)ij + aaafﬁu(Bya)ji)] )

(T3)Y g'9%k2 [a(ef’“fpa(BMB“)"jgaﬁ — 0% foo(BgBa)¥)

- 2(0pafﬂp(BﬂB.u)ij - epafﬁp(BuBV)ij - epafup(BaBu)ijgaB
077 f5,(BsBa)” 4+ (a <+ B i > 7))

2a(0pa fus(BPB*) + 20,5 fua(BP B*)1)

—  2((Bapf*(BuB,)Y

— oo fus(B*B°)Y = 050 fua(B B + 6% fap(B,By)” )} .

—- -



The matrix WB:ab gnalogous to VA4 up to the
change B}, +» G4.

The one-loop effective action is

r§12) = %Tr l0g (T4 07 (N1 + No+ Ty + To + T3))

> ( 1)n—|—1
— Z 07Ny + O 1Ny + 0717 + 0737 + 07173) "

N | e

the divergences in 6-linear order are all of the form

6fB2. Need to extract and compute only terms that
contain three external fields.

r§g = STrO7 VD207 — 07 W07, — 07 N0 7y),

¢5Y

1-loop divergent corrections to the 6-3-vertex also
contains the contributions to the 6-4-vertex and 6-
5-vertex.



Computed divergences due to the U(1)y — SU(2)_

part of the noncommutative action, SY using back-

ground field method; divergent part calculated in
momentum representation by dimensional regular-

ization.
Tr (D_lNlD_lTQ) = 4 g/g21$2
3(4m)2e

X [(6=20)(0% fop + 000f ) (B¥0,0, 5" — B¥0BY)

+ (3a—4)67 f,,(B"0,0,B"" — B;DBW)] ,

44
Tr (O 'NO ') = ' g2
( 2 1) 3(471')26gg 2

X [(20 = )6 fap + 001 ) (B"'0,0° B + 0, 50" B))

+ 6°7f,,(18 — 11a)(8,B""9,B"" + B;DBHi)] ,

4, ,
— K
3(47‘(‘)2699 2
(15 — 10a)d,B*8" B},

Tr(O'NZOTy)

[ep"fpa ((22 — 140)B;B"

(3a — 4)B*9,0,B"" + (3 — a)auB”iB,,B“i)

(6 fop + 650 °") (20 = 6) (BLOB™ - B19°0,B"

B*9,0°B;, — 9,B"9,B*") + (a — 3)9,B*'0" B},

+ 4+ + 4+ +

(3a — 9)803“"8"‘3;)] .

The result for U(1)y —SU(3)¢ is analogous and fol-
lows immediately. Finally

11 o 11
r(l) — —/d4 B’L BMV’L —/d4 Ga, G'U’Va
av 3(4m)2e * P + 2(4m)2e T
4 1 - -
T Samed 9 200 / d*2 (5 Jur Byo B = fupBLsB"")
6 5 1 W oo o
+ Syl B - 0 [ PG — G )



Renormalization via Counterterms & a = 3

L+ Let

1 1 )
—Zfo,wfou - ZBOLUBOM f— ZGol‘wao“ @
v 3 loa o
+ g,3l<’10u (Zfouvf()pafop — foupfOWfOp )
3 R -
+  ghg5K20"" (ZfouyBoZaBg " — foupBore B + C-p-)
3 o .
+ gh(g)3ma0m (ZfouuGoZaGS * oGt GE + p> ,

Bare quantities are:

Ay = A, 9%=49,
_ _ 44 g2 6/2
ot = B“Z\/1—|—3(4g)2, 44
T
¢1+3<4:)2
22 €/2
o' = GM“\/1+(47§§€, (95)0 = 22—
\/1+(47r)2e

k1, ko and k3 unchanged under renormalization

k1= (K1), k2= (K2)g, k3= (K3)g,

replacement:

1 33 1 —-11 1 —11
7 = G, s 2 ”*m’% ”*W’
1 1 —143 1 —121 1 110

NC parameter 6 need not be renormalized

because LY is free from divergences.



Gauge sector Model 3: NC SU(N) GFT

Sa = Sncvym —/d4 ( —F,, F
_I__he/ﬂ/dabc( Fe Fb _ F@ Fb > Fere ’
4 4

uv= po upt vo

Here earlier introduced noncommutativity deforma-
tion parameter h becomes very important.

Renormalization:

Second functional derivative S2[¢] of S,

S2=0+4+ N1+ No+To+ T35+ Ty ,

N1, No> - commutative vertices
15,13, T, non-commutative vertices

The 1-loop effective action computed by using BFM

Fos = %Tr 09 (T4 07 (N1 + No+To + T3 + Ta))
* n+1
= Z ) O N+ 0N+ 04+ 0775 + 07 T4) ,
Vertices are
(Np)®F = _2j(Ar)2bgPy,,

(NQ)aba,B — _Qfachcaﬁ . (A“Au)abgaﬁ,



Noncommutative vertices are

h
(1) = Zd® {[ (a6 F,g"" g™ — 2(a — L)IHFP + 49°,FOr g

8
+ 464, Fg*F) — (B & v)| +la & B1} 9,
(T3)abaﬂ — % {dacd [_QGQaM(AV)chd/BV - Qaaﬁy(Ay)chdap
— ab”( Au)bc F;lagaﬁ + a6’ ( Aa)bc F;io_ gﬁu
— 20, (A, FWeghu 4 g, (AR)be By
+ 204 (AV)*F, — 20 ,(A*)*F%P — 26F ,(A%)PeFire
+ QQﬂP(Au)chdap + QGVP(AV)chdupgaB
+ 26°P (AP F# 4 20°(A,) P F9Pk + 20°4(A,) e Fi
—20",(A,)PCF P gPr 4 201 (A,) e P ]
— [a<—>b,a<—>ﬁ]}8u,
(T4)abocﬁ _ gdcde [(_4a0ap(Ap)aC(A'u)bdFeﬁu - a/epa(Au)aC(A'u)bdFlfagaﬁ
+ a6P7 (AP)(A%)PIFE — 4°P(AP)“(AFYRE
4+ 49ap(Au)ad(Au)cheﬂp + 40Vp(Ay)ad(A”)che/,Lpga,B
+ 20°8(A,) (A, FH 4 49°P(A,) 4 (A,)be FePr
+2677(4,)*(A,)"F**F) + (a ¢ b, a ¢ )

+ F%(2a0P FL FeP + af*P Pl Fere

+40,0 F420 [P0 4 89 FUREE )]



The divergent parts are calculated in the momentum
representation via dimensional regularization

D]_div

D3diV

L (@) (@)

dabc
(4m)2¢

-3
/ d*x [a (O FG, + Oas P (VI VHVV, )

3a—4
+

HPUF/?U(V“V”V,,VH)”C} :

N (CREANGEI

h dabc

(4m)2e

7-3
/ d*z [ - 2007 O (VVEVLVY + VLV VEVY 4 VYV VR

3 —-2a

T

(0*PFS, + Oao F4P)(V,VVEV, + V,V,VVH

_I_‘/;)Vuvuva')bc] :
i . 4 . div
5Tr<(D AN TQ))
h

dabc
(4m)2e

7a— 11
x / d*z [ “12 0P F2 (VW VAV VY + VV,VEVY 4 V,V, VPV k)b

a—3
12

+ (0P F2 4+ 000 F*P)(2VHV,V,V + 2VHV,V,V°

+ VFV,VV, + V,VHV, V)|



= —%Tr ((07'N2) (07 7)™

h 4 —3
= Wd“bc/d“x[ 2 GHPUF;U(VHVVVVVu)bc
T )€
2 —

a
+ TS (O F, + 00 P (VFV VLY,

+i(2(a + 1o Fg, (VHFPV) + 60 F (VF FapV*)™)
be

+2i6 Fe, (V,,vaa - vupaﬂvv)

_ieaﬁng(VaFquﬂ)bc _ QNGﬁNngFbaVV;ﬂ

3
NG S, Fh 0 — o2 NG FS L Fcaﬁ] ,

H pr af
o i _1 2 1 div
= 5T (7))
— h abc
 (47)2¢
X /d4$ |:a ; 3 (GapFaaN _|_ eaqup)(Fp,yFVp)bc
0" Fp, (30, e 2 By 4 222 7(V“vuv:/v,,)b0)} ,
= %Tr <|:(D_1N1) (O7'N2) + (O Ns) (D—lNl)] (D_1T3)>°“V
h aoc
- (47T)2€d b

a—3 a
X /d4:c [TQQUF;U(Van;VﬂVP)bC _ ngUF;U(FaﬂFaﬂ)bc
oo FE (a4 1) <2i(va peoyBybe _ (oo FOzB)bc)

+ %W TFL (VaVeVaVP + Vo VeV FeVp)be
3a—4 50 — 4

+0pUFpaa( VaVIBV'BVa -|—

VaVaVaVP — 2Vavﬂvavﬂ)b6] + ...,



. div
D,V — _é'rr (Z (D_lNl)2 (D_lNz) (D_1T2)>

h
(4m)2e

abc

18 —-11a y y
X / d*z [ > 0P Fs(QVIV, VYV, + VEVYV, V)%

3 —
= (0O ES, + 05, 7Y (VaV V!V, + VIV VPV, + Vavvvyvﬂ)‘w} .

7

: N 2504 — 3 a—+21
D'dlv — hep,udabc d4 (_ Fe Fb e Fb ) Fcpa,
Z : (47)2€ / N ag Lwler ¥ T Pt

1=1

Renormalization of the theory:
To cancel divergences, counter terms should be added
to the starting action, which produces the bare La-

grangian
1 11Ng?
L — __ % papv _ a papv
0 4 M 6(4m)2e H¥

1
+ Zgue/ 2hoH dobe (%Fﬁnga — FS F) > FePo

ppvo

21 4+ a
12

NQS,ME/Q
 (47)2e
1. 4 auy 1 e/21 puv jabc

= —ZFOWFO -I-Zgﬂ ho™"d

a 3 —25a Ng? b
x |=(1- F% F
[4 ( 3a (47T)26> pv=po

21 4a Ng? 5
— (1 F% F) | FPO.
( + 3 (47r)2€> HP VJ]

hO'LLV dabc

3 —25a a b a b cpo
( Fa,Fb + Fa,F, ) r

prvo




To obtain the same structure as in starting La-
grangian we have to impose the condition

(_2528— 3) : (a -|1-221> _ % (-1,

Solutions, a =1 and a = 3.

The case a = 1 correspondes to Model 1 : mMNCSM;
the deformation parameter h need not to be renor-
malized. Renormalization obtained through the renor-
malizations of gauge fields the coupling constant.

The case a = 3 is different since the NC deformation
parameter h has to be renormalized.

The bare gauge field, the coupling constant and the
NC deformation parameter are :

22N g2
vy = VA1 ,
0 \ +3(47r)2€
1€/
90 = 22N
g
\/1+3(47r)2
ho = :
0 1 _ 2Ng2

3(47)2e



Ultraviolet asymptotic behaviour of NC
SU(N) GFT via RGE

Gauge coupling constant g in our theory depends on
energy i.e., the renormalization point u, satisfying
the same beta function as in QCD

8, = 1 g(u) = 11Ng3 ()

our theory is UV stable, i.e. asymptotically free:

g°(p) _ 6m 1

47 11NIn&
/A is an integration constant not predicted by the
theory; free parameter to be determined from ex-
periment: hadronic production in eTe~ annihilation
at the Z resonance has given as(my) = 0.12 corre-
sponding to A = Aqcp =~ 250 MeV.

as(pn) =

0 11Ng?(w)
= u—~nh = — h(w).
Bh Hon (w) sa2 m)
Both g functions are negative — decrese with in-

creasing energy u. Solution to 3y:

h
(p) =5, =
A

running deformation parameter h. hg is an additional
integration constant, physical interpretation later.




By increase of u the h decreases, = modification of
Heisenberg uncertainty relations at high energy

[z,p] = z'hh(1+ﬁp2>,
1
Ax — E(A—p—FﬁAP)-

Large momenta — distance Ax grows linearly: So
large energies do not necessarily correspond to small
distances. Running h does not imply that noncom-
mutativity vanishes at small distances. Related to
UV/IR correspondence. By assuming

Anc becomes a function of energy p too giving:

d 11N

o Anc(p) = 3(an2) 9° (1) Anc(u)

7
Anc(p) = Ng /1N N

ANc becomes the running scale of non-commutativity.
* Physical interpretation of hg and/or Ay is not quite
clear; they have to be proportional to the scale of
noncommutativity Anc.

* Assume that in a first approximation

ho =1/N5 = 1/N3 .

* Considering typical QCD energies, u© = my, factor
JIn(mz/Aqcp) ~ 2.4




FORBIDDEN DECAYS

GAUGE SECTOR: Z — v decay

[W. Behr, N. G. Deshpande, G. Duplanci¢, P. Schupp, J.T. and J. Wess;
The Z — ~v, g g decays in the non-commutative standard model, Eur.
Phys. J. C 29, 441 (2003)]

[G. Duplanci¢, P. Schupp and J. Trampeti¢; Comment on triple gauge
boson interactions in the non-commutative electroweak sector, Eur. Phys.
J. C32 (2003) 141]

[M. Buric, V. Radovanovic and J.T., The one-loop renormalization of the
gauge sector in the noncommutative standard model; JHEPO3 (2007) 030]
[M. Buric, D. Latas, V. Radovanovic and J.T., Nonzero Z — ~~ decay in
the renormalizable NCSM; Phys. Rev. D 75, 097701 (2007).]

From Lz, = the gauge-invariant amplitude A5_,. .

A (Z = vy) = —2esin20y Kz,,04"(a; k1, —ka, —k3)
X €u(k1)€y(k2)€p(k3);
k1 + ko + k3 = 0;
©5"(a; k1,ko,k3) = — (k10k2)
x[(k1 — k2)Pg"” 4+ (ko — k3)*g"? + (k3 — k1)"g"*]
— O* [k (kok3) — kb (k1k3)]
— 0"P [Kk5 (k3k1) — K5 (kok1)]
— 0P [k5 (k1k2) — kY (k3k2)]
+ (Ok2)* [g"7 k3 — k5kS] + (0ks)" [g°7 K3 — Kks)
+ (Oks)” [g" K — KERE] + (Ok1)" [9"° k3 — K4RS]
+ (0k1)" 9" k3 — kbk3] + (0k2)” [g" kT — K{KY]
+ 04 (aky + k2 + k3)a [g"° (ksk2) — k5]
+ 0" (k1 + aka + k3)a [g"° (k3k1) — K5KS ]
+ 07% (k1 + ko + ak3)a [g" (kok1) — kbKY] .




Experiments
Decay mode: Z — ~v, old mesurements:

(<« 52x%x10°% L3 1995
_M(Z =) _5
BR = { <55x%x10~°> DELPHI 1994
Tt (Z) _4
| <1.4x107*% OPAL 1991

ete™ — vy near Z resonance is an ideal process to
test QED. The present statistic enables comparison
of data with the QED up to O(a3).

Deviation of the experimentaly measured cross sec-
tions from the QED prediction — evidence for Z —
v~y (SM forbidden) and Z — w09 / ny.

The forbidden decay Z — ~+ and the real decays Z —
wov/m would have the same experimental signature
as the SM forbidden process

ete™ = Z* — vy

Rare decays at high energies, the two photons from
79 or n decays are very close seen in EM calorimeter
as a single high energy photon:

eTe™ = Z* = (7% n)y = (v7)y

Theoretical estimates Br(Z — 7% /ny) ~ 10710,
(Arnellos at al. Nucl.Phys.B 196 (1982) 378)



Z — vy LHC experimental possibilities:
CMS Physics Technical Design Report:

107 events of Z — eTe~ for 10 fb~ ! in 2 years of
LHC

Assuming BR(Z — ~v) ~ 108 and using BR(Z —
eTe™) =0.03 = ~ 3 events of Z — v~ with 10 fp~1

Background sources (CMS Note 2006/112, Fig.3):
1. Study for Higgs — ~v showes that, when ¢~ from
7 — eTe~ radiates very high energy Bremsstrahlung
photon into pixel detector, for similar energies of e
and ~, there is a huge probability of misidentification
of e= with ~ !

2. Irreducible di-photon background may kill signal.

After 10 years of LHC running Int.L ~ 1000 fb—1
and assuming BR(Z — ~vv) ~ 1078

=~ 300 events of Z — ~v decays, OR
=~ 3 events with BR(Z — ) ~ 1010

= NC scale Anc R 3.0 TeV



Probable/possible LHC luminosity profile =

need for L-upgrade in a longer term
L =10% L=10%  SLHC:L=10%
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First physics run: O(1fb-1)

for the 2008 run likely to get from 100pb™ to 1fb"

D. Denegri, SLHC talk, LHC Days in Split, October, 2006




HADRON SECTOR

* NEUTRAL CURRENT DECAYS:
QQR1——(J/Y, T) = vy

[B. Melic, K. Passek-Kumericki and J.T.; Quarkonia decays into two pho-
tons induced by the space-time noncommutativity, PRD 72 (2005) 054004]

Q)

Q G(kl)

«(P) ij
Q G(kg)

Mmncsm = i74V3 M aeg|Wg,(0)] eu(ki)en(k2)e,(P)

X{ — (k1 — k2)* [mw —2 "‘”('“}3'52)}
v , (k10k2) , (k10k)
+2g"* |:(k10) — 2k T] + 24" |:(k1 9)”'*‘2145”7] }
e(kr)
‘" ) f\/\/\/\/

€(k2)

16v3

e 04|WQQ(0)|Gu(kl)eu(k2)€p(P)

MnmNCSM = i T—s

. M\? g

X@g((l.t, kl)a (Va k2)7 (pa P))



* CHARGED CURRENT DECAYS: K — m7,...

[B. Melic, K. Passek-Kumericki and J.T.; K — pi gamma decay and space-
time noncommutativity, Phys. Rev. D 72 (2005) 057502]




DISCUSION
Limits on Anc from theory and experiment
DECAYS: 1— 2
*Z — vy = ANnC > <1101000> GeV, [Duplancic,...];[Buric, .. ]
*yp — vy = Anc > 81 GeV, [schupp, JT, Wess, Raffelt]
*J/ — vy = Anc > 9 GeV, [Melic, Passek, J.T.]

* K — 7y = Anc > 43 GeV, [Melic, Passek, J.T.]

SCATTERINGS: 2— 2
X ete™ — vy = Anc > 141 GeV, [OPAL Coll. (2003)]
¥ vy = ff = Anc > 200 GeV, [T. Ohl et al ]

X ff=>Zy = Anc> 1 Tev, [T. Ohl et al.]



SUMMARY

* Principle of renormalizability implemented on our
g-expanded NCGFT led us to well defined deforma-
tions via introduction of higher order NC gauge ac-
tion class for mMNCSM, nmNCSM and NC SU(N)
models. This extension was parametrized by generi-
cally free parameter a.

* Divergences cancel differently than in commuta-
tive GFT and this depends on the representations.

* Model 1: mMNCSM gauge sector is renormalizable
for a = 1. No renormalizaion of h.

* Model 2: nmNCSM gauge sector is renormalizable
and FINITE for a = 3. No renormalizaion of h.

* Model 3: NC SU(N) theory is renormalizable only
for a =1, 3.

— Case a = 1, requires no renormalizaion of h.

— Case a = 3, requires renormalization of NC de-
formation parameter h, which becomes the running
deformation parameter and vanishes for large pu.

— Anc runs too and it is very smooth, = small
change when p increases = large degree of stability
of NC SU(N) theory within a wide range of .



CONCLUSION

* Renormalization principle is fixing the freedom pa-
rameter a = 1,3 for our #-expanded NC GFT

1 A
S0 = —ETr/d“x (14ia— 1) 8 %@ % Fu) % Fpo % FP°.

This way principle of renormalization determines NC
renormalizable deformation.

* T he solution a = 3, while shifting the model to
the higher order, hints into the discovery of the key
role of the higher NC gauge interaction in 1-loop
renormalizability of classes of NCGFT at 61.

* Hence, the nmNCSM gauge sector, which produces
SM forbidden Z — ~~ decay, is renormalizable and
FINITE — no renormalizaion of h needed.

x Hence, in the case of NC SU(N) the noncommuta-
tivity deformation parameter A had to be renormal-
ized and it is asymptotically free, opposite to the
previous expectations.

* Similarity to ¢* NC GFT: Adding Q [ d*z ZxZxp*o.
renormalization principle determines NC renormaliz-
able deformation up to all orders.

* We beleive that all above could be of paramounth
importance in modifying matter sector so that it be-
comes renormalizable.

* Phenomenological results as Z — vy are ROBUST
due to the 1-loop renormalizability and finitness of
the nmNCSM gauge sector.



