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Getting bounds on the mixing angles for a nonsequential bottom quark
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We analyze th& ff vertex in the framework of models that add a new bottom quark in a nonsequential way
and we evaluate the tree level contribution to the CERN, LEP, or SLC obsenlgb)d?;, andR,. We obtain
bounds for the mixing angles from the experimentally allowed contour regions of the parargteiatro-
duced here. In order to get a more restrictive region, we consider the experimental redBits foiX as well.
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I. INTRODUCTION on the mixing angles for additional fermions in exotic repre-
sentations. Specifically, we want to consider models that in-
The comparison of theoretical predictions with experi-clude a new quark with charge 1/3 which is mixed with the
mental data has confirmed the validity of the standard mode$M bottom quark. This kind of new physics was taken into
(SM) in an impressive way. The quantum effects of the Smaccount by Bameret al. [11] during the discrepancy be-
have been established at the level, and the direct and tween experiment and SM theory in tRg ratio. They ana-
indirect determinations of the top quark mass are compatiblé/Z€d a broad class of models in order to explain the discrep-
with each other. In spite of this success, the conceptual sittancy, and they considered those models in which @ddkh
ation with the SM is not completely satisfactory for a num- couplings arise at the tree level througfor b quark mixing
ber of deficiencies. Some of them are the large number ofith new particles. o
free parameters and the hierarchical fermion masses. Our presentation is based on the parametrization of the
The SM contains three generations of quarks in irreducZff vertex in an independent model formulation. Therefore
ible representations of the gauge symmetry gr&ug(3).  these results can be used for different quark representations
X SU(2),XU(1)y. The possibility of extending them has Iik_e singlet down qL_Jark, vector doublets model, mirro_r fe_r-
been studied in different frameworks—8] which are based Mions and self conjugated triplets, etc. The parametrization

either on a fourth generation sequential family, or on nonse®f the vertex in a general way has been reviewed by Barger

quential fermions, regularly called exotic representations be€t @ [1,4] as well as Cotti and Zeped8]. The LEP preci-

cause they are different from those of the SM. sion test parameters that we use are the otaidthI';, R|,
These unusual representations emerge in other theorie%'f‘d Rp. L )
such as theE; model where a singlet bottom type quark The procedure to get bounds_on the mixing angles is the
appears in the fundamental representafdh also, top-like  following. First, we analyze th&ff vertex as obtained after
singlets have been suggested in supersymmetric gauge thedrotation of a general quark multiplegommon chargeinto
ries[3]. The principal feature of a model which extends themass eigenstates. In particular, we write down the neutral
quark sector with an exotic fermion is that there are newcurrent terms for the bottom quarks, which are assumed to be
quark mixing phases in addition to the single phase of thénixed. With these expressions we can evaluate the tree level
SM. Therefore, in this kind of modelZ boson mediated contribution to the procesz— bb; we enclose this new con-
flavor changing neutral current&CNC's) arise at the tree tribution within the coupling constants, (vectoria) andga
level. This fact can affect the mixing mechanism in the neu{axial). We then write down";, R,, andR, including the
tral B-system[1—6]. new contributions, and we obtain bounds on the new param-
The possibility of indirect consequences of singlet quarketers by using the experimental values from LEP and SLC
mixing for FCNC andCP violation has been used to get [12]. Finally, we do ay? analysis and find the allowed region
bounds on the flavor changing couplings. Heavy meson deén the plane of the new parameteks and Ag introduced.
cays like B® and D°—pu*u™ [1,5], rare decayshb—sy  We also use the result obtained by Grossregal, involv-

[1,2,5, measurements such & —u"u", Bop'u X, ing B— vvX, [4], in order to narrow down the bounds in the
B—vvX, K meson physic$1,2,4], or evenZ—Il, 1—lll contour plots.
[9] have been considered for this purpose.

In the last years, the CER&"e™ collider LEP and SLAC Il. PRECISION TEST PARAMETERS

(SLC) Linear Collider have brought to completion a remark- . , .
able experimental program by collecting an enormous To restrict new physics, we will use parameters measured

amount of electroweak precision data on theesonance. &t theZ pole. These parameters are the total decay width of
This activity, together with the theoretical efforts to providethe Z boson I'z, the fractions R,=I'(Z—bb)/T'(Z
accurate SM predictions have formed the apparatus of elec-hadrons) and R,=I'(Z— hadrons)I'(Z—Il) [10,12.
troweak precision testslO]. We are interested in using the Considering the new physi¢slP) and the SM couplings, we
electroweak precision test quantities in order to get boundsan write
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— Gemi[38-p° matic factof{ 10] with m,=4.7 GeV. We also are taking into
I'(Z—bb)= —[T oM+ agyh)? account the oblique and vertex contributionsgipl giving
6\2m by the top quark and Higgs boson. For our purpose, It is
convenient to separate the SM and NP contributions as fol-
+B3%gR"+an")? NcRocp+oED: (1) lows:

I'(Z—bb)=TgM1+ 5)"). 2
whereN¢ is the number of colorsRocp- oep are the QCD (2=bb)=Ip"(1+6,7) @
and QED corrections, an@g=\/1—4(mg/m3 is the kine- The symbol&,’}'P is given by

|
wp (3= BALGV")*+290 g3+ 287(ga")*+ 295 9R "
% = 2y SM\2 2/ SM 2 : )
(3=B9)(gv ) +2B%(gn")
|

This equation could be written using the new physics param- ¥,
eters A (g that were introduced in Eq18), through the VI=UV,, V,= R (8)

h

relationshipsg\"=A, — Az andgi"=Ag+A,.

Similarly, theZ decay into hadrons after considering the

NP, can be written as

I'(Z—hadrong=2T M+ 2 ¥+ T,

_17SM
_Fhad

(4)

Here, onlyl",, gets NP corrections because only the SM bot

tom mixes with the exotic quark. Therefore, tAepartial
decay intod ands quarks remains unchanged.
On the other hand,', is equal to

[,=30(Z—vv)+30(Z—11)+I(Z—hadrong (5)
which again is rewritten, with Eq4), as follows:
ryV
I=T3M 1+ —=-8)"|. (6)
I‘IZ

Using the above equations, f& and R, we obtain the
following expressions:

R=RM1+Ry"sy"),

Ry=R5"[1+ 8, (1-Rg™)]. (7)
In a general wayR, is mainly a measure dig°|?+|g3|?;
therefore, the fractioR, is very sensitive to anomalous cou-
plings of theb quark.

Ill. THE MODEL

Following closely the notation of Ref9], if we have a
multiplet qu:L,R with n, ordinary fermions anan, exotic
fermions with the same electric charge

a

whereU, is the unitary matrix that rotates the mass eigen-
state W, into the interaction eigenstaté? . W) means
ordinary or light(exotic or heavy fermions.U, can be fur-
ther the composed as follovj8]:

A E
U= & K 9
where
A*A+F'F ATE+F'G 1 0
(UTU)a=| o+ + + + = .
E'A+G"F E'E+G"G/_ \0 1
(10)

If we suppose that the up quark sector of the SM is diag-
onal and that there are no exotic quarks, tAgrcorresponds
to the classical Kobayashi-Maskawa matrix. In the SM this
matrix is unitarity, whereas in our model it is not:

(ATA) =1—(F"F)_. (11

F_ corresponds to the mixing of the ordinary-exotic quarks.
As mentionedA, is not quite unitary and the factoF(F),_
indicates Flavor Changing transitions in the light-light sec-
tor.

The neutral current Lagrangian for the multipit is
given by

— o NC—

e —_—
0 .u 00
ey azzL,R\I’ 'DLWSZ0

e —
= myt 0
s a:ZL,R Wy UIDUP,Z%, (12
wheres,=siné,, and D, are diagonal matrices which con-
tain the couplings of the neutrZP gauge boson to the matter
fields; they have the form
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tao— Sy

TABLE I. SM predictions and experimental values measured at

0
D =(T3—Qﬁ/) = ) . (13 LEP for thel';, R, andR,;.
* : 0 tse—asa/
Experimentals Standard model
whereTga_ andQ are the ma'Frlces of the isospin charges and r, 5 4939+ 0.0024 5 49582
the electric charge, respectively, andt;g are the standard
. ) b . . R 20.765-0.026 20.7468
and exotic weak isospin third component of the multiplets. 0.21656 0.00074 0.215894
Using the unitarity relations of thg , matrix from Eq.(10), b ] ' '
the product U "DU),_ g in Eq. (12) can be written as
IV. RESULTS
N F'F —A'E
(UDU)L=| _cop pigp (tae—ta0) + Ta — Q2 With the expressions foF,, R;, andR,, in terms of the
L new physics contribution in Sec. I, and with the experimen-
. . tal data from LEP we get bounds on the paramefers;
N _(F'F F'G introduced in Eq(18). The experimental data that we used
(U'DU)r= G'F G*G t3ER_Q5&/' (14 for the LEP parameters, as well as their SM values are in
R

Table 1[10,12.

We do ay? fit of the observable§';, R, andR,, and
then we proceed to obtain bounds on the parametgrs by
taking on values in the best region allowed for them at 95%
C.L. This region is displayed in Fig. 1. In order to get a more

The neutral current Lagrangian in the light-light sector
can be written a$9]

e _
LNC=— > WKV L2, (15)  restrictive region we use the boufdl g|<0.0018 obtained
CwSw a=L,R by Grossmaret al.[4], which is represented by straight lines
in the figure. The intersection between the two regions is
Ki=(F"F) (tseL—tao) + lax3(tso. — 9S), —1.094< 10 4< A <1.086x10 4,
_ —3 —3
KR:(F+F)Rt3ER_|3><3q33v- (16) 1.8X10 °<Ag=<1.8x10 ". (19

We note that forA the region is more restrictive than the

For the SM with three generation, g are 3<3 matrices. . .
They can be produced FC transitions at the tree level de2"® obtained by Grossmah al.[4], while theAr parameter

. . ) o is not modified.
g?dnig;]r?/ g;fjl_gxggglfeesrn:\:glr::: are the mixing angles of the If we consider only mixing between an exotic bottom

In this work, we only consider onkeottomexotic quark quark with the third SM family, independent of any group
i.e. not mixiné withd z;/nds) Then U.. and ther'F grod— representations, it is given by a<2 unitary matrix for left-
.C., . 1~ a

uct become
0
A 0 0 0 0 0.002
U= . (F'F),={0 0 0 |,
% 0 0 sife
0 0 S, C. a 0.001
17
where sing_r represent the mixing between bottom quark g 0
with the exotic ones. Therefore, the couplinbZ gets modi-
fied by theA | y factors:
-0.001
KP=A +t30 —qsh,
-0.002
1 11
=si + |+ -5 +=82
SlnzaL(t:%EL 2) ( > 35w), \
b -0.002 -0.001 0 0.001 0.002
KR=Ar—0s;, A
1 FIG. 1. Contour plot represents the allowed region for
P +Zg2]. 1 — AR. The straight lines are the bounds fr&n- vvX reported in
S Ortaer t | 3w 18 et (a1
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TABLE Il. The parameters\| i for different representations
according with the quantum numbers in Ef5).

TABLE Ill. Bounds on the mixing angles for different represen-
tations of the exotic quarks.

(12, t2R) AL AR Model Model [sing|< |sin 6gl<
(0,0) Zsinf6, 0 Vector singlets Vector singlets 4.66%10 2 0
(—3.-3) 0 — 3sir6g Vector doublets Vector doublets 0 6102
(0-3% 3sinfg. —3sirfdg Mirror fermions Mirror fermion 4.661x10°% 6X1072
(-1,-1) —1sirfg, ~ —sirf6g  Self-conjugated triplets ~ Self-conjugated triplets 4.67910 2 4.24x10° 2

. . ) not modified with respect to the results obtained by Gross-
and right-handed fermions. The couplings for severalnanet al. [4]. We may note that the results have been ob-

SU(2), representations are given in Table Il. We can Us&gjneqd from the tree level contributions, and we can get
these bounds in order to get constraints for the left and rightyunds on the mass of the new quark using oblique correc-

mixing angles of each model. They are shown in Table IIl. iy [13].

Summarizing, we have used the fractidns, R, andR,,

to obtain bounds on the mixing angles of new quark bottom-
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