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It has been pointed out recently by Chanowitz that Zhebb decay asymmetry poses a problem for the
standard model whether or not it is genuine. If this conflict is interpreted as new physics brqteerk
couplings, it suggests a rather large right handed coupling obtpeark to theZ boson. We show that it is
possible to accommodate this result in left-right models that single out the third generation.
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I. INTRODUCTION with  L(R)=(1F ys5)/2. In terms of gy=t.3
—2Qsirfby, ga=t 3 (with the parameters defined in Ref.
The precision measurements at theesonance continue [6]), 9= (9vb+ gan)/2 andgrp=(gyp—gan)/2. Heret 5 is
to exhibit a deviation from the standard model in the observihe weak isospin which is 1/2 for up-type of quarks and
ableA2; by about three standard deviatids3]. It has been ~ —1/2 for down-type of quarks, ar@is the electric charge in
pointed out recently by Chanowitl] that this deviation Uunits ofe. At the tree level then
indicates a problem whether or not it is genuine. In particu-

lar, Chanowitz argues that if the anomalyAfi; is attributed OLpb=— : + 1sin2 Ow~ —0.42,

to systematic error and dropped from the CEBNe™ col- 2 3

lider LEP fits, then the indirect determination of the Higgs 1 ©)
boson mass is in conflict with the direct linjit]. gszgsin20W~O_O77_

In Ref.[4] Altarelli et al. approach this problem by look-
ing for supersymmetric ccl))rrections that improve the qualityy, gauge the magnitude of the required shifts, &g, it is
of the LEP fits(including Agg) and that improve the consis- yseful to compare them with the one-loop correction in the
tency with the direct limits on the Higgs boson mass. Theystandard model due to the heavy top quafidg,,~ 0.003[5].
find that this is possible with light sneutrinos. _ In view of the agreement of other low energy observables

The possibility of new physics affecting tlbb coupling  with the standard model, any new physics invoked to explain
has also been dlscusbsed in R&H. It is known that itis not  the AP, anomaly has to affect primarily the third family, and
easy to explain thé\rg anomaly with new physics in the jn particular the right-handed couplings. Several scenarios in
Zbb coupling mainly because the measuremenRpfis i which the third generation interacts differently from the first
good agreement with the standard model. However, agyo have been explored in the literature. Foremost amongst
pointed out by Chanowitf5], it is possible to have devia- these is top color, where thbb couplings have been stud-
tions in both the left- and right-handed couplings of the jed extensively in connection witR,, [7—9)]. It is easy to see
quark to theZ boson in such a way as to chanig without  that while top color can easily generate a correction to the
affectingRy, . left-handedb-quark coupling of the required magnitude, it

Our starting point is the combined fit to LEP and SLAC cannot generate a sufficiently large correction to the right-
Large DetectofSLD) measurements in terms of the left- and handedb coupling[8]. Other models considered in the litera-
right-handed couplings of the quark. These are shown in ture, such as those of Refgl0-13, single out the third
Fig. 11 of Dreeq?2], as well as in Ref[3]. Subtracting the family as well. However, they predominantly affect the left-
standard model values from the central value of the fit onévanded couplings, and cannot generate the shifts required by
obtains the deviations the A2, measurement. A possibility that may accommodate

the required new physics appears in certain scenarios in
which theb quark mixes with heavy quarks with unconven-

(1) tional charge assignmenfi$4—17.
69.,~0.001, Alternatively, the LEP data can be attributed to new phys-
) ) i ics in the form of higher dimension operators. In this way
where we have flipped the sign gf,, in Refs.[2,3]to agree 56 oes not have to explain the origin of the new physics

with the particle data b_oo[@] definitions. ) . but can still use it to predict other consequences. This has
The tree-level coupling in the standard model is written ag,)aan done in Ref18].

89rp~0.02,

In this paper we explore the possibility of a left-right
by*(g, L+ grsR)DZ, , (2  model that preferentially affects the third family. In Sec. Il
cosby . we present a model of this type and show how it can natu-

L(b)=—
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rally accommodate the required shift gg,. In Sec. Il we In the bases\W,Wg) and (Z,Zg) for the massive gauge
explore the viability of the model in light of other existing bosons, the mass matrices are given by
constraints. 5 ) ) )
M2 — ( M1 leW) - ( Mz leZ) 0
W ) YA 1
IIl. THE MODEL M2,y Magy mZ, m,

The specific model to be discussed is a variation of Ieft-With
right models[19,20. The gauge group of the model is
SU(3)XSU(2) . XSU(2)gXU(1)g_, with gauge cou- 1
plings g3, 9., gr, andg, respectively. The model differs m§1W=§gf(|vL|2+2|vAL|2+|vl|2+|02|2),
from other left-right models in the transformation properties
of the fermions. 1

The f|rst'two generations are chosen to have the same m§M=§g§(|vR|2+2|0AR|2+|v1|2+|v2|2),
transformation properties as in the standard model,

QL=(3,21)(1/3), Ur=(3,1,1)(4/3), Mia=—0gLgrREvW3),
()
2
Dr=(3,1,1)(—=2/3), 4 L
® milzzi m(|UL|2+4|UAL|2+|Ul|2+|U2|2)a
LL:(1!2|1)(_1)! ER:(l,l,l)(_z)
2
Or .
The numbers in the first parentheses are 8i4(3), m%gzZE m[(|UL|2+4|UAL|2)Sm40R
SU(2)., and SU(2)r group representations, respectively, R
and the number in the second parentheses idUtfE)g | +(|va|?+[val?) cos O+ (|vrl*+4[v, D],
charge.
The third generation is chosen to transform differently, 1 sin g
miZ:ZngRm[dvd2+4|UAL|2)tan9R
QL(3)=(3,2,1D(1/3), Qr(3)=(3,1,2(1/3), w
(5) = ([val®+]v2l*) cotor)],

LL(3):(1=211)(_1)! LR:(lvlvz)(_l)
wherev; are the VEVs of the Higgs representatiads g,
The above assignments are unusual compared with the cony ; and ¢.
ventional left-right model, but they enhance the difference To compare the fermion—gauge-boson couplings that re-
between the right-handed couplings of the first two and thesult in this model with those in the standard model, we find it
third generations. This model is anomaly free. convenient to introduce the following definitions for gauge
The correct symmetry breaking and mass generation ofixing angles:

particles can be induced by the vacuum expectation values
(VEVs) of three Higgs representationktr=(1,1,2)(—1), Oy )
which breaks the group down t8U(3)x SU(2)XU(1); tan0W=g—L, 9y=g Costr=grSIN b,
and the two Higgs multipletsH, =(1,2,1)(=1) and ¢
=(1,22)(0), which break the symmetry toSU(3)

XU(1)em. For the purpose of symmetry breaking, only one tang, = g, cosfy,= <-:osa|_ _ , (9)
of H, or ¢ is sufficient, but both are required to give masses 9 V1-sinf oy sinfog
to all fermions.
One may also introduce triplet Higgs multipleta, . sin 6, cosfg
=(1,31)(2) andAr=(1,13)(2) to separate theSU(2), sin Oy = . ——.
J1—sirf e, sirfbg

andSU(2)r symmetry breaking scales and to give Majorana
masses to the neutrinos. These triplets may be desirable for
neutrino physics for example but they are not necessary qug
our present purposes.

The introduction of¢ causes the standard mod&landzZ
to mix with the newWg andZ gauge bosons. HeMY/y, is wi coséy  Sinéy | (W
the SU(2)g charged gauge boson a#g is a linear combi- ( 2) :( )( )
nation of the neutral component of ti84J(2)g gauge boson W Wr

After diagonalization of the mass-squared matrices, the
hter and heavier mass eigenstat@s,Z?) and (W W?)
are given by

—singéy coséy

W3 and theU(1)s_, gauge bosomB defined as (10)
3R (1)s-1 gaug ZY\ [cosé,  sing\(Z
Zr=C0SORW3r— Sin 6xB, (6) Z?) |\ —sing&, cosé, )\ Zg)’
where tardr=9/0g. whereé; \y are the mixing angles,
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rotate the right-handed quarkg; and dg; from the weak
tan(2éw,z)= — > (11)  eigenstate basis to the mass eigenstate basis. The repeated
M11z,w)~ M2z, w) indicesi andj are summed over three generations. For the

o ] ) neutral sector the couplings are
In principle &, and &, are related, and this can introduce

severe constraints from processes such-asy. However, g —

in general we find that the two can be quite different. For L,=— —qy“(gv—gAys)q(cosgzzl—singZZZ)
; a \ 2 cosfyy " ”

example, in the limit wherg<gg we find

2
2Miw,z)

Oy 1 4 2
2Rev1v3) sin g + ?tanGR §QL7“QL+ §URi?’”URi_ §dRi'y'udRi
B 2 208t ol o] Nl ;
(12 X(sin&;Z},+ cosézZ2) — %(tanaRJr cot o)
vi-i- v% sin Oy
52% 2 2 2 2CO Rai . T ,uVu*Vu _a ,uvd* Vd do:
vptdvigtuvitus sin fyy X(URiY*VRiiVrijUrj— driY*VRbiVRbdR))
: 1 2
This limit is of interest because it is the one required by the X(singzZ),+Cos¢7Z,,). (14

AR, data as we will see in the next section. , ,

These results show that it is possible to have the mixing ir]" this expressiory -ar?d. q. are summed oven,d,c,s,t,b
the neutral sector be larger than the mixing in the charge(‘]‘u""rks’_and repea.tedj l|nd|ces are summed over the three
sector by takingy; much larger(or smallej thanuv,; or by ge_neratlons. Tr_\e first _I|n_e contains the_standarq model cou-
giving them a large relative phase. plings to theZ in the limit £,=0. The first two lines also

The VEVs ofH, and ¢ will generate all the masses and contain couplings of the tw& bosons to quarks that arise

mixings for the quarks. They also provide masses and mix‘ghrough mixir_lg of th? neutral gauge _bosons.. .
The most interesting terms occur in the third line and are

ings for leptons. Neutrinos in this model can also receive _ _ _ . .
Majorana masses from the VEVs a&f andAg. If v, is potgnnally large if coby is Ia(ge. In the _weak |nteract_|on
R asis they affect only the third generation whereas in the

ass eigenstate bagis written in Eq.(14)] they also give
rise to flavor-changing neutral currents. To satisfy the severe
constraints that exist on flavor-changing neutral currents we
must have very smaWg,,andV%, . matrix elements as we
discuss in the next section.

It is clear that if¢, is not too small, through mixing, the
quark coupling to the light Z boson can be very different

much larger than the electroweak scale, the right-hande
neutrino will be much heavier than the left-handed neutrinos
However, there is also the possibility that the VEVA{ is

of the same order as the VEV df, such that all neutrinos
(the three left-handed ones and the right-handed amne
light. This possibility may provide a solution to all the neu-
trino problems resulting from the atmospheric, solar andb_

LSND data, should the LSND result be confirmed. from that of thed ands quarks due to the last term in Eq.

. In this model there are new interactions between the mas(-14). If indeed the enhancement is achieved via a large value
sive gauge bosons and quarks. For the charged current intey-

action, there are both left- and right-handed interactions. o Cc.)le’ the cohupllngs gf tge flzjstltwcln gen_elz_La}t|qlrlls will
the weak eigenstate basis, the charged gauge bddon femain close to their standar m<t)) el values. This i u_strates
couples to all generations, but the charged gauge b@gen how th's model Wou'd solve thé\eg problem. To leading
only couples to the third generation. There is a similar pat-Order in small¢z one finds

tern for the neutral gauge interactions. This pattern gives rise

to interactions between the fermions and the lightest physical 59y~ — lsin Oy tan fgé

gauge bosons that can be made to resemble the standard Lb 6 W ez

model couplings except for the right-handed couplings of the (15
third generation, precisely the scenario suggested bﬁﬁl@e 1

data. In the mass eigenstate basis the quark—gauge-boson 59Rb~§5m Owtanogé;

interactions are given by

1
— = sinfy(tanfr+ cotOg) VEE VS, £, .

9 2

LW: \/E

UL '}’MVKM D |_( COSviV;: - Sin ng; 2)

Similarly, one finds for the couplings of the top quark to the

9r— d Z that, 89, ;= 89, , and
- _uRi?’MVg’:iVijdR]
2
V2 -
X (sinéwW,; 1+ coséwW,; %) +H.c., (13 0GRy~ — 3 SiNbwtantréz

whereU=(u,c,t) andD=(d,s,b). Vg is the Kobayashi- } . Uk U
Maskawa mixing matrix an¥x; are unitary matrices which 3 SinOw(tandp+ cotbp) VenVrutz. (16
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To explain theA2; anomaly the model must be able to
generate the shifts of El). The shift required for the left- S= —Iog
handed coupling is small and at the level of radiative correc-
tions. We have no way of fixing all the parameters of the
model at one-loop so we concentrate on the larger shift re- 3 M2 2
quired for the right-handed coupling. Keeping only the large T= —( )Iog —
8 sin Oy

M2
[2(69Rrit 69rp) — (6911t 691p) ],

Z

2

cotbg term Eq.(1) implies that MW z

&7 cotrVaE Ve, ~0.08. (17) X (26K + 69rt— 6911), (21
We now examine this result in view of the available phenom- 1 M2
enological constraints. = 5100 —> | (—40K .+ 691~ 59Lp)-

lll. CONSTRAINTS The contributions tdJ are seen to be small from E¢L5).

As we have pointed out, the couplings of Efj4) induce There is a potentially large contribution &given by
tree-level flavor-changing neutral currents and there are se-

2
vere phenomenological constraints on these. The potentially 1 Mz
dangerous terms in Eql4) are of the form 57109\ 72 | SinfwCotbr £V Rob
Z
g _
?Ltanaw COtORV LV Ry ARi Y ORI ZE - (18 VRiVRi 1)
d*
\Y beRbb

The easiest way to suppress this while keeping a |Zigle T
right-handed coupling is by choosing th& matrix to be —0.00 VeitVrit 1
very close to the unit matrix. Usual constraints fréee- K, ColvEENe L T
D-D, andB—B mixing on four fermion operators, such as i

those generated by a tree-level exchangd gfimply that In the last line we have used E¢l7) and takenMz,
off-diagonal elements iv¢ andVy are of order 10% orless ~600 GeV as a plausible upper bourids we will see
[21]. Since these matrices are arbltrary, choosing them to b@elow. From Ref. [6] we know that S=-0.03
approximately equal to the unit matrix does not constrain®0.11(—0.08), so new physics contributions ®are con-

(22

other sectors of our model. strained to be less than 0.22 at the &vel. We conclude
In this model there are two mechanisms that generate #at there are no significant constraints on our model fom
large contribution to the oblique parame®and this leads Returning to our discussion df, we find a second large

to constraints on the parameters that affepg in Eq. (17). ~ contribution,
First, there is a direct contribution b from Z—Zz mixing

2
[22] given by 3 Mt Mz,
= 67 sin Oy Mw log| —- 2 cot0R§ZV Viit-
1 1 M22 (23)
T=—e= —gz ——1]. (19
MZ Combining Eqs(19) and(23) and using Eq(17) restricts the

allowed £z—Mgz, parameter space. In line with our discus-

In addition there are large contributions from tdand sion of flavor-changing neutral currents we also require that

bottom-quark loops to the oblique corrections. Starting with .. o 1\ dx +,d .
the couplings in Eq(15) these loop contributions can be VR“VR“/VRbeRbhwl' The global fit from the WWW 2001
obtained by extending the calculation of Rlg#7] to include update to Ref[6] is
the Zt_)b couplings as well. Starting from the effective La- T=-0.02+0.13 +0.09. (24)
grangian
With the particle data book definition df this implies that
new physics contributions t® are at most 0.26 at theo2
level, and we show the resulting constraints in Fig. 1. The
hatched region in the figure indicates the parameter space
— 9 — allowed in our model.
+ (Orgt 09Rr) AR YL ORIZH — E{[(Pr Sr )t yub Additional contributions to the oblique parameters arise
from the Higgs sector of our model. The model contains a
+ 5KRt—R'y,u,bR]W+M+ H.cl, (20) standard modelSM-) like Higgs boson fronH,; which con-
tributes in a manner similar to that of the SM Higgs boson.
one finds that the leading nonanalytic contributions to theThe remainder of the scalar sector is largely unconstrained
obliqgue parameters af@7] and we shall not discuss it further in this paper.

g

L= Sosty 2y [(OLaT 30907, 0,

013004-4
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5 <4 (25

Allowed Region For T < 0.26 ( gy cotdg)?

0.02 — 77— 7T

results in coﬁRsZO Combined with Eq(17), and assuming

ot | that V& Vap,~1, this resuI'Fs ip a lower limit o.ngz'
=0.004 shown as a dashed line in Fig. 1. As seen in Fig. 1,

this also implies thaMZZ$600 GeV. The hatched region

below the dashed line in Fig. 1 satisfies phenomenological

o 001 7 constraints but implies Z, coupling to the third generation
which is nonperturbative.
We now turn our attention to the charged gauge-boson
0.005 /,,,, == ot8,=20 7 sector. The early bounds dN-Wg mixing from a compre-
hensive analysis of low energy data can be found in Ref.
/ / / [29]. Depending on the model their typical result was
%00 300 400 Moo(Gev) |&gl<1073 (26)

where
FIG. 1. Allowed region(hatched in ¢z—Mg, from requiring

T<0.26, a I agreement with the global fit. Below the dashed line Or i
our model becomes nonperturbative as discussed in the text. &g= afwz tané\y/sinOgéyy .

As with the neutral gauge-boson sector, these constraints
do not apply directly to our model. The best bound\Wg
couplings to third generation quarks comes flom sy as in
the bound on the anomalous couplidgg from Eg. (20)
obtained in Ref[30]. A more careful treatment of QCD cor-
rections can be done along the lines of R&fl]. The domi-
Fiant contribution td— sy and the associatdm— sgis from
W-Wg mixing, one has

It is instructive to discuss existing constraints on left-right
(LR) models. An early comprehensive analysis of weak neu-
tral current datd28] found that|£,|<0.05 was typical for
left-right models. The equivalent constraint for our model
would be weaker since ouf, couplings to the first two
generations are much weaker than in the usual LR model
Nevertheless|¢,|<0.05 is satisfied in the allowed region in
Fig. 1. The best direct search limits forZa boson reported
in Ref.[23] come from Collider Detector at Fermild&DF)

data[24,25 and for a LRZ, are of the order of 630 GeV. Himixng= =~ —— Vyp V[ kRO, +cROg],
However, this limit assumes couplings of electroweak

strength between the nexiy boson and the first two genera- e _

tions. In our model these couplings are at least ten times O7=1g,2MbS0 ., RF*’D, 27

smaller (since they are proportional to t&# and we need

cotfz=10) effectively reducing théower boundon theZ, g3 —

mass to less than 100 GeV from experiments that only in- ngﬁmbs%vRGf‘”b,

volve couplings to the first two generations. Referefic®

has studied the problem of placing bounds on the mass of wherec:? are the Wilson coefficients due to left-right mix-
Z, that couples preferentially to the third generation. Froming evaluated at a scale of ord@(m,y). In our model they
searches for compositeness there are bounds on the scaled$¢ given by

four fermion operators such aﬁquLeLy“eL on the order M My~
of 4 TeV [26]. However, when these operators are induced C%R=§effm—F(Xt), C§R=§effm—G(Xt), (28)
by the exchange of th&, in our model, the smallness of its b b
couplings to the first two generations results in a very weakvhere
lower bound(well below 100 GeV as well.

. ‘g . u * U

It appears that there are no significant constraints on the _tanby VRttVRbs VARV Rob
mass of aZ, with couplings to the first two generations as e singg W yx Vi |’
weak as those in our model. For illustration we will simply ts
assume a lower limit on the mass of oW, of order 100 ~ —20+31x—5x%  x(2—3x)
GeV because it has not been producedfie ™ colliders, and F(x)= 12(x—1)2 + 2(x—1)3 Inx, (29)
assume a similar lower limit on th&, mass to produce Fig.
1. - 4+ x+x? 3x

It is possible to place a theoretical constraint on the pa- G(x)=— 4(x—1)2 + 2(x—1)3 Inx,

rameters of the model by requiring the coupling of #eto
the third generation fermions to remain perturbative. Dewith x,=mZ/m3,, and Vy,, Vs the usual Cabibbo-
manding that Kobayashi-Maskaw&CKM) angles.
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Running down to the scale relevant t8 decays, first allowed range in Eq(33) one finds 0.25|&y/&|
we obtain the dominant effective Wilson coefficient for <1.5 making both mixing angles of the same order. On the

b—sy, Creft, other hand, in the second allowed range in E83) O
8 <|éwl&7<0.18, soéy is typically much smaller. An analy-
Creti= 7 2% R+ §( 23— 16123 cLR (30)  sis of the quark mass matrices in our model reveals that it is

possible to accommodate naturally a hierarchy/v,

N l . . .
Here 7= a(my)/ ag(my). m;/my, .~ This scenario would result in|&,/&;| as low as

Compared with the SM top quark contribution, there is an2mb/mt~0.046.

enhancement factan,/m, . Using the most recent experi- In conclusion we have shown that it is possible to accom-
mental  data fort b—sy, B(b—sy)=(3.21=0.43 modate theAZ result in a model with new right-handed

+0.27"318 % 10 4 [32] we find at the 2 level that there interactions for the third generation. The model predicts large
are two allowed ranges fdf,;;. They correspond to destruc- deviations from the standard model in the right-handed cou-
tive and constructive interference with the standard modeP!ings of the top-quark and perhaps the tau lepton. A striking

amplitude, respectively, and are feature of the model is the possible existence of a light
(M, <600 GeV)Z’' boson on which there is no meaningful
2
—0.032< §e1<—0.027, lower bound at present. The range allowedbby sy in Eq.

(31) (31 also indicates that this model can give ris€X® asym-
metries inB decays that deviate significantly from the stan-
dard model[34].

—0.0016< £,;<0.0037.

In line with our discussion of flavor-changing neutral cur-
rents we assume that th&t® matrices are very close to the
unit matrix. The largest contribution is then from
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With cotfz~10 the two allowed ranges fay are

—0.0003< ¢,,,<0.0007.

For comparison, the bound @i from T combined with the ISimilar ratios of VEVs arise naturally i6O(10) grand unified
perturbative requirement resulted in 0.804,<0.02. In the  models, for exampl33].
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