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We investigate the Bhabha scattering with the Seiberg—Witten ex-
pended noncommutative Standard Model scenario to the first order of the
noncommutativity parameter @,,,,. This study is based on the definition of
the noncommutativity parameter that we have assumed. We explore the
noncommutative scale A, > 0.8 TeV considering different machine energy
ranging from 0.5 TeV to 1.5 TeV.
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1. Introduction and motivation

The noncommutative Standard Model is based on the noncommutativity
of the space and time variables. The noncommutative space-time is defor-
mation of the ordinary one that can be realized by representing ordinary
space-time coordinates z# by Hermitian operators 2"

ctv
[#H, 2¥] = iO* = i/l ) (1)

NC

where ¢ are dimensionless parameters and A, is the energy scale where
the noncommutative effects of the space-time will be relevant. In the present
work, we are especially interested in the spacetime noncommutative Stan-
dard Model based on the Moyal-Weyl (WM) product [1] and Seiberg-Witten
(SW) maps [2|. In the WM product formalism, to define a field theory on
noncommutative spacetime, we replace the ordinary product by the WM
*-product

(F20)@) = o5 ( 50,000 ) F(@)alo) | )

and the SW maps express noncommutative fields and parameters as local
functions of the commutative fields and parameters.

* Funded by SCOAP? under Creative Commons License, CC-BY 4.0.
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The existence of the Seiberg—Witten maps to all orders leads to expan-
sions for matter field v, gauge fields V,, and gauge parameters A\, as follows:

b= DIV =6+ SO Vd+ O [V V0 (67), (3)
Vo = ValV] = Vo + 10" {0V + Fua, Wi} +0 (67) | (@)
S = Aa M V] = da + i@’”{aﬂ)\a, V) +0(67) . (5)

The full description of the minimal noncommutative Standard Model
(mNCSM), built on the U(1)y ® SU(2)r ® SU(3)¢ group, and the complete
Feynman rules derived from NCSM, including new interactions between the
gauge bosons in the nonminimal NCSM version, are presented in [3]. The ex-
tension of SM to noncommutative space-time with motivations coming from
the string theory and quantum gravity provides interesting phenomenolog-
ical implications since the scale of noncommutativity could be as low as a
few TeV, which can be explored at the present or future colliders. Due to the
breaking of Lorentz invariance for fixed @, background, noncommutativity
of space-time leads to dependence of cross section on azimuthal angle which
is absent in the Standard Model (SM) as well as in other models beyond
the SM. Thus, the azimuthal dependence of the cross section is a typical
signature of noncommutativity and can be used in order to discriminate it
against other New Physics effects. We have found this dependence to be
best suited for deriving the sensitivity bounds on the noncommutative scale
Ay, and the main purpose of this work is to derive the bounds on the non-
commutative scale A in the Bhabha scattering in the context of mNCSM,
by using the framework introduced in [3].

The present manuscript will be organised as follows. In the next section,
we will present some bounds for the noncommutativity parameter ©,,, pro-
vided by the most recent papers. We will then conclude with the results that
we have obtained for noncommutative scale A in the Bhabha scattering,
in the framework of the mNCSM, using the SW maps to the first order of
the NC parameter ©,,.

2. Overview of bounds on noncommutative scale

We will dedicate this section to the bounds which can presently be stud-
ied in several processes and systems, including estimates for some exper-
iments [4-16]. Most of them used noncommutative antisymetric constant
matrix @, analogous to the eletromagnetic field strength tensor; denote

the time-like components ¢ by E and the space-like components ¢ by B.
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However, they often use two different parameterizations for the noncom-
mutative parameter ©,,. The first one is considered as an elementary
constant in nature, its direction is fixed in the specific celestial Cartesian
reference, so one should take into account these rotation effects on 6,
in this frame, before moving towards the phenomenological investigations.
In the second parameterizations, the values of the two vectors are fixed as
E= %(2—1—54—1_5) and B = %(2—1—54—/2) The phenomenological consequences
of the noncommutative space-time have been explored in several studies for
giving bounds on noncomutative parameter. From the eTe™ — ¢g subpro-
cess and by comparing with the ALEPH and OPAL data of LEP in [4],
there were found two constraints on the noncommutative space-time scale,
215 GeV< Ay, < 240 GeV and 270 GeV< Ay, < 310 GeV respectively.
In [5], the authors investigate the TeV scale signatures of NC space-time
in the efe™ — vy, ey — e 7y and vy — e'Te™ using polarized beams in
the mNCSM. The process ete™ — ~7 at the International Linear Collider
(ILC), in the framework of nonminimal NCSM, with anomalous triple gauge
boson couplings is studied in [6]; knowing that, all these bounds deal with the
first parameterization. For the constant parameterization case, the bound
Aye > 400 GeV was found from the Drell-Yan process pp — v, Z — [T~
at the Large Hadron Collider (LHC) in the framework of the nonminimal
NCSM |[7]. The Higgs boson pair production ete™ — HH in the linear
collider (LC) gives the range of A, =0.5-1.0 TeV [8]. The study of the
Lorentz violation in the Higgs sector in the NCSM [9] leads to a bound on
the noncommutative parameter as large as A, ~ 10% TeV. The Higgs boson
production process ete™ — ZH and the SM forbidden process ete™ — HH
were investigated in the framework of the mNCSM [10], with Feynman rules
involving all orders of the noncommutative parameter which are derived us-
ing reclusive formation of SW map. By applying the same Feynman rules,
the authors in [11| have studied the Higgs plus Z-boson production at a
future electron—positron collider to explore the sensitivity of future accel-
erator experiments to noncommutativity, and obtained as a lower limit of
Ay = 1.1 TeV. The bound A, > 0.5 TeV was determined in [12] from the
same process at the future Linear Collider. An experimental constraint on
Ay and projected sensitivities for the future collider with neutrino—electron
scattering was summarized in [13]. The authors in [14] have also explored
an experiment to probe the effects of noncommutative structure in quantum
optical.

Since the models considered by the various authors are different, and
since also the experimental setups probe different energy and length scales,
one must be careful in the comparison of the various results of the noncom-
mutative scale Ay.
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3. Results and conclusion

In this section, we investigate the effect of space-time noncommutativity
on the Bhabha scattering, with the Ansatz for noncommutative parameter
O, that we have assumed, and we provide the numerical results of our in-
vestigation. We are restricting ourselves only to the first order in @; thus,
the interference between SM and NC term can provide required corrections
to cross section. In order to check the sensitivity of Bhabha scattering in
the context of noncommutative space-time and especially the resulting phe-
nomenological effects, we have defined the noncommutative parameter with
the help of the gamma matrices, by which the noncommutative structure
is determined by some spinor background on which the gamma-dependent

O, acts
1

o =3 (0" + (o)) (6)
knowing that ‘
ot = % (V" =) (7)

where v* are Dirac matrices.
We study now, how the space-time noncommutativity affects the e (p;)
et(p2) — e (p3)eT (p4) scattering process, through the exchange of v and
Z bosons at tree level (via the s and ¢t channel). The Feynman rules to the
first order in © are given in [3].
The Feynman rule for e(pin) — e(pout) — (k) vertex is
1

e (Ot —@Wmfﬂ ®)

= 1eQy {’m ~ 3

and for e(pin) — e(pout) — Z(k) vertex,

_ e Y P I _ ot
~ sin 29W{ (7“ o O m) (CV CA”"’)

—%@#ymf |:ng (C\J; - 05175) — Pout (C\J; + 01{175)} } ) (9)

where 6,p = 6,7y +Oup Y +Opuu, Cf = T —2Q sin® by and €% = T
with 6w is the Weinberg angle and Qy = F1 for eT. Also poutOpin =
Ph Oty = —PinOPout- The momentum conservation reads as pin + k =

Pout -
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The corresponding Feynman diagrams are shown in Fig. 1.

e (p) e (p,) e (p) e (py)

Fig. 1. Feynman diagrams for the e~e* — (v, Z) — e~ e process in the NCSM.

The scattering amplitude to the first order in @ can be written as:

— For the y-mediated diagram

AT =AY+ A, (10)
where
Al = € [1 + % (p26p1 + p4@p3)}
X [77(]92,82)7”U(pl,Sl)ﬂ(p3783)7uv(p4754) <;>} (11)
and
A = —¢é? [1 - %(Pi’)@pl +p49p2)]

[t saruton, st sootonsn) ()] - a2

— For the Z-mediated diagram

AZ? = AZ + A7 (13)
where
47— & 14 a0+ prOp)
S = 2ot 5 (1261 + p4Ops
_ _ _ 7
X [17(172,82)’7”FA u(p1, 51)U(p3, 53)Vul 4 V(P4 54) <s_mg>] (14)
7
and
A7 = 1 om + i)
t = sin229w 9 p3@p1 + papa

X [ﬂ(p?n83)7“F2U(p1,81)5(p2,S2)7ufgv(p4,84) (t _ngzﬂ , (15)
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where F;lt = (Cy£C95), with s = (p1 —|—p2)2, t = (p1 —pg)2 and
u=(p1 —ps)’.

The spin-averaged squared amplitude is given by (see Appendix A for
more details)

12 1 712
|A| :ZZ\AWFA " (16)
spins
The differential cross section can be written as
d 1 _
2 = |4]*

= _ _ - 1
d?  64n2s ’ (17)

where 6§ and ¢ are polar and azimuthal angles, respectively, with 3—‘!’2 =
d cos 6d¢.
We can obtain the cross section o = o (\/s, Ay, 0, ¢) as

1 2m
do
o :/ld(cosﬁ)o/dqbdg. (18)

Our results are based on Feynman rules for NCSM given in [3]. We ana-
lyze the total cross section in the presence of space-time noncommutativity.
The results are shown in Fig. 2.
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Fig.2. (Colour on-line) The total cross section for the e"e™ — (v, Z) — e~ e™ [pb]
process as a function of the center-of-mass energy Ecom = /s [GeV].
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The ordinary SM is presented by the solid black curve and the NCSM
with different curves: dash-dotted green, dotted blue and dashed red, with
the corresponding A ., = 0.8,1.0 and 1.2 TeV, respectively. As can be seen,
the noncommutative correction increases on increasing the center-of-mass
energy of the collisions, and we found that the total cross section departs
significantly from the Standard Model value as the machine energy starts
getting larger than 1.0 TeV. Due to the significant sensitivity of the total
cross section, it can be used to set lower limits on the noncommutative scale.

The NCSM is one of the extensions for physics beyond SM; Its phe-
nomenological implications are quite interesting since the scale of noncom-
mutativity could be as low as a few TeV, which can be explored at present
or future colliders. In the present work, we have examined the testable
nature of noncommutative Standard Model by analyzing the fundamental
Bhabha scattering process at high-energy positron—electron linear collider.
We have parameterized the noncommutative relationship in terms of non-
commutative scale A, and antisymmetric matrix ¢*, which is defined with
the help of the gamma matrices, whose noncommutative structure is de-
termined by some spinor background on which the gamma-dependent ©,,
acts, and we have shown how the positron—electron scattering process at the
tree level is affected by space-time noncommutativity. The NC effects are
found to be significant for A, = 0.8,1.0 and 1.2 TeV for the center-of-mass
energy Feom = 1.5 TeV. We got the same results that have been obtained
by [16], i.e. the asymmetry at Ay, = 0.8 TeV is greater than that obtained
at Ay, = 1.2 TeV.

Linda Ghegal would like to express her gratitude to Prof. Fedele Lizzi
for his useful discussions during the period of her stay at the University of
Naples Federico 11, Italy.

Appendix A

The spin squared-amplitude can be written as [16]

AP = AT + |A] P + |AZ] + | AZ|* — 2Re (ATA]") — 2Re (AZAZ)
+2Re (AL AZ*) — 2Re (A] AZ*) + 2 Re (A] A7*) (A1)

with the several terms

4
AP = < (1+iC2>

452

xTr {%W?ﬂ“} Tr [psrwpﬂy} ’ (A.2)
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e 1
AP = (1+ DQ)

x'Tr {pﬂﬂﬁﬂ#] Ir [?47%27#] ’ (A.3)

AZ? = - (1 + 102>
° 4 (sin 20w)* (s— m2z)2 4

XTr [pw Ty gyl s | T [p o Tapn Ty | (A)
4

= 4(sin20w)e4 (t—m3)? <1+ 4D2>
xTr [@1% A?;ﬂu }Tr {p4fy ApQ’Y } ,(A.5)

[ 4
“2Re (ATA]) = — o Re [<1+20> <1+2D>]

XTx | bV P Py (A.6)
2RAAT) = S 20w>€248 (t=m%)
xRe [<1 + 102> Tr [ Fapy ] T [pﬂvr;pﬂﬂu , (A7)

2 (sin 20w)% s (t—m%)

xRe [<1 + ;0) (1 + ;D> Te |0 Cx Py v ﬂ”FApﬂ“H . (AB)

64

2 (sin 20w )? t (s —m%)

xRe [(1 - ;0) (1 = ;D> Tr [pl'yyfgp2'y“p4fy”]—’2p3'yuH . (A9)

64

2 (sin 20w)* u (u—m%)

K " D2> Tr Pﬂu FA?[Y#} Tr [?Q’YV AP3Y H (A.10)
Re (AZA7")

—2Re (A]AZ*) = —

+2Re (A] A7*) =

4
—2Re (AZA7") = ‘
‘ e TR RE AL (u—m2) (t—m2)

«Re [<1+;C) <1+2 )Tr BTl nggwrg]] (A1)
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The factors C' and D are given by

C = p20p1 +psOps,
D = p3Op1 + psOps .
The differential cross section is calculated using the center-of-mass frame
for the Bhabha e (p1)eT(p2) — (v,Z) — e (ps)eT(ps) scattering pro-

cess, in which the four-momenta of the incoming and outgoing particles
are given by

S —
po=pe = L0001 = (B, A)
P2 = Pet = \2[(1 0 0 _1) (E27-F;é) )
E 5
P3 = P =5 (1,sin 6 cos ¢, sin O sin ¢, cos ) = ( B3, P3 ) ,
B Vs g _ 5
P1 = Per =5 (1, —sinf cos ¢, —sinfsin ¢, —cos0) = ( By, Py ) . (A.12)

In evaluating the matrix element square, we have ignored the mass of ingoing
particles (me ~ 0), with P1 + P2 =0= P3 + P4 In the relativistic limit s >
4m?, we get s = (Ey + E3)? = 4E? (with By = By = E), u = —$(1 + cos )
and t = —5(1 — cosf).

In our analysis, we have assumed an Ansatz for 6, (see Eq. (6)). The
NC antisymmetric tensor ©,,,, is defined with the help of the gamma matri-
ces. Using this definition, we may write C and D as follows:

C = p2Op1 + psOp3 = Vs [1+sinf(cosp +sing)],  (A.13)

4/12
_ -~ \f : :
D = p3Opi + psOpy = Ve [sin f(cos ¢ + sin ¢)] . (A.14)
NC
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