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Z—1*1~ and W— || decays in the noncommutative standard model
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We studyZ—I1"1~ and W— ™ decays in the standard model including noncommutative effects. We
observe that these effects appear in the flavor-dependent part of the decay widths of the processes under
consideration and, therefore, they are more effective for the heavy lepton decays.
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I. INTRODUCTION BR(W— vee")=10.9-0.4%,
LeptonicZ decays are among the most interesting lepton BR(W—v,u")=10.2£0.5%,
flavor conserving(LFC) and lepton flavor violatingLFV)
interactions. The improved experimental measurements at BR(W—v,7)=11.3+0.8 %. 3

present stimulate the studies of these interactions. With the
Giga.z option of the DESY TeV Energy Superconducting The main contribution to this decay comes from the SM in
Linear Acceleratof TESLA), there is a possibility to increase the tree level, similar to the proce&-171". There are a

Z bosons at resonandd]. The processeZ— |1 with | large number of studies in the literature on this charged pro-
=e,u, T are among the lepton flavor changifig-C) decays  cess[13].
and they exist in the standard mod&M), even in the tree In the present work, we stud¥—I1"1~ and W— ™"
level. The experimental predictions for the branching ratioglecays, witl =e,u, 7, in the SM, including the noncommu-
(BR9) of these decays afé] tative (NC) effects. The noncommutativity in the space-time
is a possible candidate to describe the physics at very short
BR(Z—e'e )=3.366+0.0081 %, distances of the order of the Planck length, since the nature
of the space-time changes at these distances. In the noncom-
BR(Z—u" u )=3.367+0.013 %, mutative geometry, the space-time coordinates are replaced

by Hermitian operator&M which satisfy the equatiofiL4]

BR(Z— 7t 77)=3.360+0.015 %, 1 " A )
[X,.X,]=i6,,, (4)

whered,,, is a real and antisymmetric tensor with the dimen-
sions of length-squared. Hetg,, can be treated as a back-
ground field and its components are assumed as constants
over cosmological scales.

and the tree level SM predictions are

BR(Z—e'e )=3.331%,

BR(Z—p"pu")=3.331%, It is possible to pass to the noncommutative field theory
by introducing* product of functions, instead of the ordinary
BR(Z—r"77)=3.328%. (2  one,
This shows that the tree level contribution of the SM plays (f*g)(x):e(i/2)0uuﬁiﬁif(y)g(z)|y:Z:X. (5)

the main role within the experimental uncertainities. In the

literature, there are various experimental and theoreticaihe commutation of the Hermitian operat&r,§[see Eq(4)]

studies[3-12. In [5], a method to determine the weak elec- ho|ds with this new product, namely,

tric dipole moment was developed. The vector and axial cou-

pling constantsy; andas, in Z decays have been measured [X,,%X,],=i6,,. (6)

at the CERNe* e~ collider (LEP) [7]. In [9], various addi- re r

tional types of interactions have been performed and a way With the remotivation due to the string theory arguments

to measure these contributions in the procgsst™ 7" was  [15,16], various studies on the noncommutative field theory

described. Referencgl2] is devoted to the possible new (NCFT) have been done in the literature. However, NCFT

physics effects to the proce@s—1"17, in the general two have a nonlocal structure and the Lorentz symmetry is ex-

Higgs doublet model. plicitly violated. The violation of the Lorentz symmetry has

W— 1™ (I=e,u,7) decays exist also in the tree level, in been handled iN17,18, and bounding noncommutative

the SM, and the experimental predictions for the branchingQCD due to the Lorentz violation has been studiedidl].

ratios are 2] In this work, it was emphasized that the collider limits were
not competitive with low energy tests of Lorentz violation
for bounding the scale of space-time noncommutativity. Fur-

*Email address: eiltan@heraklit.physics.metu.edu.tr thermore, the renormalizability and the unitarity of NC theo-
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ries have been studied in the series of wdrk8—-22. The
noncommutative quantum electrodynami@$CQED) has

been examined 23,24 and the noncommutativity among

extra dimensions for QED has been studiedl2f|. Further-
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geometry on wealCP violation and the untarity triangles
have been examind®2].

The paper is organized as follows. In Sec. Il, we present
the explicit expressions for the branching ratios of

more, the noncommutativity in the non-Abelian case has—|"1~ andW— |l " in the framework of the NCSM. Sec-
been formulated if26] and this formulation has been ap- tion Il is devoted to a discussion and our conclusions.
plied to the SM in[27]. Recently, a unique model for strong
and eIectrovx_/eak interactions with their umﬁca‘qon has been, 1. NONCOMMUTATIVE EFFECTS ON THE  Z—1*1~
constructed if28]. In the work[29], the SM forbidden pro- AND Wes 1|+

. . . — | DECAYS IN THE SM
cesseZ — yy andZ—gg has been studied by including the
NC effects. In[30], the form factors, appearing in the inclu-  The flavor-conserving—1*1~, | =e,u, 7 decays appear
sive b—sg decay, have been calculated in the NCSM, usingn the tree level in the SM. When the noncommutative effects
the approximate phenomenology, and the new operators emre switched on, there exists a new contribution which is
isting in b—sg decay due to the NC effects have been ob-proportional to the function of the noncommutative param-
tained in[31]. In the recent work, the possible effects of NC eter 6. Our starting point is the effective acti¢g@7]

Stater,lepton® J d“x(E_ L+ L2 i @M Py (L L0 L2
|

+> (e +el+el?)«i(DSM+T)* (el + e +el)?) | + 0(6°), (7)
1

with parts ofL{"*2andel)?, O(A?,B AB), andO(A?), which
include the interactions of more than one gauge fislkle
DML =(9,—ig"Y A, —igB, THL, [26] and[27] for detail9.
Finally, the additional vertex to the—1"1~ decay to the
D;S;,MeR:(f?p,_ig,YRAp.)eRv (8) second order irf can be obtained as
and V;Z/,,NC: (euvya+ 0V017;L+ 00{;[)’1;) pzpf

ATV

_ 1 . [
L= =5 60,,(0' Y A"+ gBT) 7L+ O(A?, B% AB), = 200 Yat Oua ¥t 0uu¥,) 0,0PIPZPTPY

X (c1L+CyR), (10

where c,=—e[(2 sirf By—1)/(4 sinby, costy)], Co
=—e(tanby/2), L(R)=[(1-ys)/2][(1+ y5)/2], and p;
(—py) is the incoming(out going four-momentum of theZ
boson with polarization vectoe* (antilepton. Notice that
the part of the vertex proportional with,, would be the
whole contribution in the case in which the NC effects enter

into the expressions as an exponential fa@®f fuPzP1,
which is consistent with in approximate phenomenol&ge
[33] and references thergin

Now we present the BR of the proceds:| 1~ including
the noncommutative effects at the least ordepjrin the Z
boson rest frame:

_ i _
L= — 5 0,,00p(9' YLI*A"+ga BT a"9PLY

+0O(A?,B? AB),

. 1 .
et =—50,.(0' YrA*)3"el) + O(A?),

. i [
e(RI)ZI - g eﬂugafﬁ(g’YRé’MAa)avﬁﬁeg) + O(AZ) !

€)
where= in Eq. (7) denotes the Moyal-Wey! star prodUsee
Eq.(5)], L (el)) is the left-(right-) handed lepton doublet
of the ith family, Y,=—2%, Yg=—1, and O(A?B?
AB)[O(A?)] is the part of.{("*? (e)2?) which includes the
interactions of more than one gauge field. Here the function
I' has no interest since it contains two gauge field interac- m2
tions, which do not give any contribution to our processes
Z(W)—I1*"1"(»!1"). Furthermore, we do not present the

QemMz

BR= ———| (1—4sirf 6y+sin* 6
6T, Sir? 26y ( W W)

|
2
mz

4
1+ 8 sir? 6y,— 16 sirf 6y + T—éf(a)) 1 (11
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FIG. 1. f(#) dependence of ratio=BRgao/BRei, Where FIG. 2. The same as Fig. 1 but far—u " u~ decay.
BRy.vor is the flavor-dependent part of the BR, and,BR the total
BR, for the proces@— 7" 7. Eq. (13), which is second order if, give a nonzero contri-

_ _ bution to the BR of the decay— »,1 *, in the W boson rest
where I'z is the total d2ecay width of th& boson, Iz frame. This contribution is proportional t2mZ,(fr.p;)2
=2.490 GeV, andvey=e€/4. As shown in this equation, powever, it is cancelled by the part coming from the vertex

the NC effects appear as the function&f linear in 6.
IR 5 A S 5 At this stage we will try to parametrize the vectom];
_ 2 2_ 2 2 i
f(0)=(07.p1)*+(05.p1)° (| 61[°+]64*) and (¢s); which are responsible for time-space and space-

~s 2 space noncommutativity, respectively. With the assumption
+ (67X Os). ) ;

2p1-(67 05) (12 that the matrixd,,, is real and constant, we take
Here we use the definitiong)f);= 6o and (fs); = 3 € '%,
i,j,k=1,2,3 andp;=(m,/2)p;. (67); and (fs); are respon-
sible for time-space and space-space noncommutativity, re- . . s
spectively. The noncommutative effects enter into the ex- 0s=B1p1+Bap71, , (19
pression with lepton mass and they are much more o
suppressed in the case of light leptons. Notice that the termsherep, (pL ,pi) is the unit vector in the direction dgthe
of the vertex Eq.(10), which is second order im, do not perpendicular direction jothe incoming lepton three-

give any contribution to the BR of the decﬁy—>| 17 in the momentun‘ﬁl (for éT , éS)’ andAi !Bi are the Corresponding

Z boson rest frame. o real coefficients. Using this parametrizatiof(,¢) can be
The chargedV— v * decays exist with the charged cur- wyritten as

rent and they also appear at the tree level in the SM. Similar
to theZ—1"1~ decay, the noncommutative effects are con- f(6)=2A,B,p;.(p1, Xp3,)— (A5+B2), (16)
trolled by the additional vertex

éTzAlﬁl"‘AzE’L '

and this shows that the transverse components of the vectors

T ~S ; ; -
VW o= = ———— (04 Yat OraVut 0uu¥y) Pobs p;, and p7, to the incoming lepton three-momentum
#NC o 2 singy\ - * g Tan T EWEL play the main role for the NC effects. In the case of
[
- Z( 0,4,Lv7a+ 0va7;¢+ Haﬂyv) ey(rp\}//vp\l;zvpgpjll) L, 02 I I I I -
13
(13 0.15 .
wherepy (= p4) is the incominglougoing four-momentum
of the W boson with polarization vectae* (antilepton. The 201k i
BR of the proces®V— |~ including the noncommutative =
effects, at the least order i, in the W boson rest frame
reads 0.05 |- 4
AerMy m|2 4 0 1 1 1 1
=—————| 32+ —[16—-myf(9)] |, (14 0 2 4 6 8 10
384" sir? 6y my 100 x £(6) (GeV—Y)
whereI'yy is the total decay width of th&V boson, T\ FIG. 3. f(6) dependence of ratio§=BRﬂavorg/BRﬂavor, where

=2.060 GeV. Here the functiof(¢) [see Eq.(12)] repre-  BRpay, is the noncummutative flavor-dependent part of the BR, for
sents the noncommutative effects. The terms of the vertethe procesg — 77~
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FIG. 4. The same as Fig. 1 but fav— v 7" decay. FIG. 5. The same as Fig. 3 but fov— 7" decay.

AT rg A ) —u"u” decay(see Fig. 2, since the mass of the leptanis
P11 P11 Py With A;=B,, the noncommutative effects are gmaj| and there is a strong suppression factgfm? for
switched off. Furthermore, fofir|p; (64py), the coefficient  BRyyqr-

A;=0 (B,=0) and, therefore, only the space-sp&sgace- Figure 3 is devoted to thé(#) dependence of ratio5
t!me) noncommyta_ltiv_ity is re.sponsible for the _non_commuta—:BRﬂavorH IBRiavor» Where BRaor, is the noncommutative
tive effects. This is interesting in the determination of theflavor-dependent part of the BR, for the proc&ss 7+ 7. It

noncommutative directions with the help of the future sensiig jserved that the noncommutative effects on the flavor-
dependent part can reach 0.1%.

tive experimental results.
Now we would like to study the chargat— »|1* decay

IIl. DISCUSSION and the noncommutative effects on this process. The BR for
In this section, we analyze the NC effects on the BR ofthiS process is
the flavor conserving—1"1~ and chargedV— vl ™ decays, BR(W— 11 *)=10.74-0.33 % (18)

in the framework of the SM. The processes under consider-
ation exist in the tree level in the SM and the theoreticaland the flavorl =e,u,r dependence of this value is weak.
calculation of the BRs obeys the experimental results withirSimilar to the Z—|"1~ decay, the part of the BRY

the measurement errors. —vl™) which controls the flavor effects is proportional to
The flavorl =e, u, 7 dependence of the part of the BR(  the factorm?/m&, and the noncommutative effects appear in
—1717) is extremely weak, this part.
L In Fig. 4, we present the noncommutative paramé{é)
_BR(Z—p p) _ 1.0008" 0.005 dependence of ratio}’= BRyayor/ BRiot, Where BRiyor is the
“® BR(Z—e'e") ' o flavor-dependent part of the BR, and BRs the total BR for
the processV— v.7*. It is observed that the noncommuta-
BR(Z—7"7") tive effects are at most at the order of magnitude of 0.001%,
o= ——=0.998+0.005. (17)  for the heavy leptorr decay.
BR(Z—e"e") Figure 5 represents thé(#) dependence of ratiay’

This part, which controls the flavor effects, is proportional to — BRfavor,/ BRiavor, Where BRiy,, is the noncommutative
the factomn?/m2 and it includes the noncommutative effects. flavor-dependent part of the BR for the procéfis> v, 7.
Therefore, it is more informative to study the heavy leptonHere, the noncommutative effects on the flavor-dependent
decays to determine the noncommutativity of the geometryPart can reach 0.1%, similar to the proc@ss 7~ 7*.

Notice that we choose the noncommutative parameter !N conclusion, the NC effects in the decays under consid-
—|0,,| as at the order of magnitude of-10 6  eration are effective in the flavor-dependent part of their
y7a%

—10°° GeV 2. BRs. With the possible future experiments, which will be

In Fig. 1, we present the noncommutative paramété) sensitive to the flavor-dependent part of these processes,
dependence of the rat'rcf= BRyayor/ BRit, Where BRiyc, iS those effects can be extracted and the noncommutative direc-

the flavor-dependent part of the BR, and BRs the total tion can be determined.
BR, for the procesZ— 7" 7. This figure shows that the
noncommutative effects are at most at the order of magni-
tude of 0.001%, even for the heavy leptendecay. This This work was supported by Turkish Academy of Sci-
dependence becomes extremely small,” %%, for Z ences(TUBA/GEBIP).
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