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Decayt — bW Z within the context of the left-right mirror model
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In this paper the left-right mirror model is applied to the decay bW Z, according to the Feynman rules given by the model. We write
the corresponding width in compact form in terms of the Standard Model width by assuming the contributioftd thievertex being of

the same order of magnitude as that ofthe andbZb vertices. The width has to be compared with recent experimental data in order to get
preliminary values for the parameters of the model, since these quantities have not been measured yet. With the appropriate rules giv
the model we can deal with other related decays and improve results.
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En este aftulo se aplica el modelo izquierdo-derecho especular al decaintientblV Z, siguiendo las reglas de Feynman proporcionadas
por el modelo. Escribimos la anchura correspondiente en forma compa@&arends de la del Modelo Emtdar suponiendo que la con-
tribucion al vertice W ZW es del mismo orden de magnitud que la de légigestZt y bZb. La anchura debe de compararse con datos
experimentales recientes para obtener valores preliminares de émsqiers del modelo, ya que estas cantidades no han sido medidas a
Con las reglas apropiadas que da el modelo podemos tratar otros decaimientos del mismo tipo y mejorar resultados.

Descriptores: Modelo izquierdo-derecho especular; quark top.

PACS: 12.60.Cn; 14.65.Ha

1. Introduction the QCD Lagrangian. Recently, models involving mirror
fermions have discussed within a left-right R) symmet-

In 1956 Lee and Yang [1] presented a theory where the COlic context [4,5]. These models offer a possible solution to

pling between a charged lepton and a neutrino contains bothige strongC' P problem. On the other hand, mirror fermions

vector (V) part and an axial (A) part, so that the fermion cur-can manifest themselves through their mixing with the stan-

rent has d” — A structure. Thus the parity (P) is maximally gard fermions generating, for instance, new sources of flavor

violated. In the standard model (SM), the— A structure of  changing neutral processes, which could lead to observable
electroweak interactions is built in by assuming that only thesjgnatures and to constrain such models.

left-handed fermions transform nontrivially under the gauge
group SU(2), and only they couple to the weak gauge bo-  The left-right mirror model(LRM M) assigns right-
sonWW. However, the inclusion of a second class of fermionshanded doublets and left-handed singlets of isospin within
coupling to thel boson withV + A currents restore®.  the context of the groupU(2);, ® SU(2)g ® U(1). That
Such particles have been called mirror fermions. Technicallyis, the right-handed mirror fermions transform like doublets,
mirror fermions are introduced in specific models to canceland the left-handed like singlets, unds (2) . This model
anomalies. Ordinary and mirror fermions are conjugated ta@ives results in agreement with experiments for the decays
each other with respect to the gauge group, and the anomaly — v, Z — vy, andZ — eé, andbb, where the
cancellation is automatic. Mirror particles appear naturallysuffix M stands for “mirror”. It also helps the problems of
in many extensions of th&M/, such as the grand unified the- the deficit of atmospheric and solar neutrinos and of the dark
ories (GUT), extended supersymmef < N < 8) [2], matter [6,7]. In ref. [8] there were obtained the off-diagonal
string theories, and Kaluza-Klein theories. The extended sueouplings of the model that produce flavor- changing neutral
persymmetric theories are vector like, implying the existenceurrents, which could be a sign of new physics. When quarks
of mirror fermions. In a superstring-inspired unification, pos-are considered, from theRM M one can obtain the associ-
sibly connected t&V = 2 supergravity, the standard fermions ated rules in the charged sector, now applied to the rare decay
would have both mirror and supersymmetric partners [3]. ¢ — bW Z. This decay has a predicted branching ratio (BR)
The strongC P problem is associated with the suppres-in Standard Model (SM) of ordei0—6 [9], which is beyond
sion of thed term that breaks P and'P symmetries of the sensibility of Tevatron or even CERN Large Hadron Col-
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lider (LHC); in the general version with the incorporation of is the Weinberg angl€7, is the unitary matrix containing the
two Higgs doublets, the BR isz 10~2 [10], which seems parameters of the model and relates the gauge eigengfates

feasible to be detected at the LHC. with the corresponding mass eigenstatgsi.e. [4,8]:
However, the decay — bW Z has peculiar features be-
cause it occurs near the kinematical thresHalfl ~ My, + U, = ( g“ g“ > (5)
M, + Mz). This fact has as a consequence thafthandZ a a
finite-width affects the theoretical value of the correspondinggnd
width.
In this work we give an extended version of the decay Yo = (Yi,¥uri)e, @=L, R (6)

t — bW Z; in fact, in relation with a previous one [11], .
here we have discussed points such as connections with sy- Further, o and /3 are the rotation angles between the

_ ! I _ H
persymmetric theories and other treatments, comparison wit Z',andZ . 4 gauge bosons, respectively; andTs
the event — b1+, loop corrections, and So on. are the respective diagonal generators of $&(2);, and

SU(2)r groups . By means of the definition of U we get

for Lnc [12]:
2. Left-right mirror model - -
g an = WW“!‘W + wM’YHBwIW)LZ/A
The first family of leptons and quarks is + (YY" Cp + Py DYrr) R Z),
Ve Ve + (QZ’YHKwM + 1/7}1\4’}/MK+,¢))LZ,U,
e y €ER, e y EML B _
L MR + (DY Loar + by L )2, (7)
with
u u
< d ) , UR, dR7 < d ) , UML, d]WLa 1 1
L MR K = 5(5’A+B, L= 55’C+D
respectively. Similar expressions can be written for the other )
families. 5= e — 222
The Lagrangian involving the interactions between sc T
fermions and gauge bosons is given by e s
/ «
e = _——
L™ = iy Dytp + Yorin" Dagtpms 1 e
i Ll @) where, as for the charged sector, it is found:
where D,, and D), are the ordinary and mirror covariant 9 /70 _prir+..0 0 _prir— 1.0
- = : : L.=——== / '
derivatives, respectively, written as: NG (Pury" Wi dar + Yary" W Vs
0 1 1 + D Wil Wosar + Oirary* War, o) (8)
iD, = ZTL B 59 Wi — §QIYBM ) MuR Mp¥YMdR MdR Mup¥YM R)
T with
i D _o 1 ‘W-—E’YB 3) " " T
WWnm = o 29M T™MiVV Mip 29 w 2L _ (110750750%7 ng _ ((ZU’EOJJO)L7 9)

Herer;, i = 1,2, 3, stands for the Pauli matrices. This . .
Lagrangian can be decomposed in its neutral and charged: 1 n€ transition amplitude

parts. The first one is [4], withys = g: The tree-level diagrams corresponding to the decay

t — bW Z are given in Fig. 1. The contributions of the
e 5254 2 LRM M to thetZt vertex are [11]

- C°Sq
an = — Z l/WMU;[(Ca - )T3a - TM3a
5C SR T r g _1 cos sin? Oy sin « (A* A)
cos Oy 2 Tow fL
2 . sin o
+82(87a —¢a)QIUaYa Z, 4 +§ sin? Oy ( . cos a)] = A}, (10)
w
here 1 cos? Oy sin «
Wi 75 g |: w (C+C)ttR
cos Oy Tow

s =sinfy, c=cosfy, So =sinb,,

9 .
+3 sin? Oy ( SN cos 6W>} =CLr (12)

Cy = COS 904, T = CBCohy, and Ow Tow
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For theZ boson with the b quark one has:

.92 .
g {1 <cosa sin® Oy sma) (A* A

cos Oy 2 Tow
1 .
——sin? Oy (sma — cos a)} = Ay, (12)
3 Tow
g 1 (cos? Oy sina :
— (= 2" «cte t
cos Oy { 2 < Tow ) ( Joor
1 .
——sin? Oy (sma — cos HW)} =Chr (13)
3 Tow .
Finally, thelW coupling with these quarks is: | k
1 —l— g x
— =g A, (14) t b
V2 (b)
The associated amplitudes to Figs. 1(a) and 1(b) are then b 7
4
1 _
My + My = Moy = ——=9(Ap L AL L Al L by vyt
V2
+ Ay AL A by Ayt )ewvezy, (15)
with
( ) (k ) t
(k- +my (k2 -y +my
A =i—s——F> Ay =i—5——F—> 16
t 1 k% — m% ’ b 1 k% — mlg) ( )
. . FIGURE 1. t — bWt Z. Feynman diagrams for the amplitudes
My, can be rewritten as: M,), My, andM, .
2
Ma, = Ay Z a; M*, (17) After combination of these equations one finds for the
i=1 complete amplitude of this process:
where 1 ~ ~
1 M:_EQEWHEE{aLbL'VMAb'YVtL_bLbL'VVAt'YMtL
AV;L = _EQGWVEZ,U, (18)
g cos Oy \o  KSKS .
a; = Ao Al Ay oz ) 9, ) e
T2 - m?
2
e X[(pz + k3)u9pr + (Pw — P2) pGuv
0y — AborAir A
2= k% _ m% — (k3 +pW)Vgpu]uL (pt)} (20)
and with
M* =q 1+ H(kg -y +mp)y (1 — v5)u gk
1 (Po) (1 4 75) 7" (k2 - v + mp)7" (1 = 75)u(pr) an = Al AL Al
MM =7 1+ Y(ky -y +mo)yYH (1 —v5)u « "
> (Po) (1 +75)7" (k1 -y +me)v* (1 = y5)ulpr) br = Al Al Al
The amplitude for Fig. 1(c) is e = Al Al (21)
1 . —1
My = — —=g(—igcosbw) | 75—75 We take as a first approximatien small (otherwise the
V2 k2 — M2, o , :
number of parameters is increasei®,, a nearly diagonal
% (g)\p _ k§k§> Boen LA A% YaL ()T mixing matrix if we consider the extrd’ neutral boson to be
Mg, ) Wrv LTl sufficiently more massive than ti#boson, obtaining:
X [(pZ + kS)ug/)V + (pW - pZ)pg/w} a sin2 Oy
Al = AL~ 4+ — 22
7(143 +pW)u9pu}uL(pt)} (19) L pl cos Oy (gbL 6row > ( )
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1 1
gL =—=+ 2 Ser%ew

2 3
so that
M = cp(Mgy + My))sar (1 +6) +eccMey spe (23)
wherecy, is given by Eq. (21) and
§=a sin® Oy /6r0y. (24)
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4. Conclusions

We have found the transition amplitude for the decay
t — bW Z inthe LRM M, according to Egs. (20) and (21).
By means of these relations and confronting with the expres-
sion given by the Standard Model [15], one can compare with
experiment to predict parameters of the model sucH s
However, to our knowledge, there is no measured value re-

Now we assume that the new contribution of the model toyorted for the width of the decay— bW Z. This is because

M., is of the same order @, then
M = cp (14 6) Mgy
and the width is
I~ ler*(1+26)Tsu.

(25)

(26)

the sensibility of the current experiments are be{o®w*) of

the required theoretical width [9]. As it is known, the decay
t — bW+ has alargeB R as compared with the decay we are
dealing with, & 1073, [16]), and even increases one order of
magnitude according to a recent report [17]. On the other
hand, the above formulae can be corrected and simplified if

Since thelV’ZIV coupling has not been discussed yet in gne works in the t quark center of mass system and the mass
the model, we assume it is roughly of the same form thaby the b quark is neglected. These approximations will not

for the verticesbZb and tZt , to first order ofg. How-

be so large due to the expected smallness of the involved pa-

ever, to our knowledge there is no experimental bounds fofameters: that is why we have used the reduced Egs. (25-26).

I'(t — bW Z). For the main decay mode— bW one has

M = (5V2) Vagebatnn (1= )ule) (@)
or
M =} Mgy (28)
This implies [13]:
I' = |cp|*Tsn ~ 1.4|cp|*GeV (29)
With the result [14]:
R=B(t—bW)/ Y  B(t—qW)
q=d,s,b
=T(t—bW)/ > T(t—qW)=094, (30)

q=d,s,b
which tell us that the contributions of thkands quarks are
almost negligible, we obtain

D(t—bW) =094 > T(t—qW)
q=d,s,b

(31

Other investigation has been made recently in this model in-
cluding Higgses [18].

Concerning one loop radiative corrections to our process,
we must include in Fig. 1 diagrams containing self-energies
in the fermion lines mediated byphoton,Z boson, and the
neutral Higgs particles and H. There will also appear dia-
grams with vertex corrections mediated by the same patrticles,
as well as those diagrams like vacuum polarization in4he
andW boson lines with the ordinary fermions in the internal
lines. We asumme that all of these (and higher order) cor-
rections do not change the order of magnitude of Eq. (26).
However, at present time there is no available experimental
bound for the decay — bW Z which would allow one to
check our prediction at tree level.
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