PHYSICAL REVIEW D, VOLUME 61, 037301

Fitting precision electroweak data with exotic heavy quarks
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The 1999 precision electroweak data from CERN LEP and SLC persist in showing some slight discrepancies
from the assumed standard model, mostly regardimegnd c quarks. We show how their mixing with exotic
heavy quarks could result in a more consistent fit of all the data, including two unconventional interpretations
of the top quark.

PACS numbgs): 13.38.Dg, 12.60~i, 14.80—]

Precision measurements of electroweak parameters at the o
Z resonance have been available for many yghid. Their Obr =
updated values in 1999 as reported at Tamp8teand at
mal standard model, including all radiative corrections tom, andm,,. Note the important fadis] that e, (which has a
one-loop order. However, certain sllght_ dlscr_epanmes perssgtrong quadratic dependenceror) contributes only tcgﬁ,’_\".
mostly regardingb and ¢ quarks. In this article, we show ~. the other hand. the measured quantly=I(Z
how their mixing with exotic heavy quarks could resultina  — T . 2 2

—bb)/I'(Z—hadrons) is proportional to gy, +0yg.

more consistent fit of all the data, including two unconven- ob . P Vi 5
tional interpretations of the top quark. whezreasAF'B and A, are proportional to d —gpr)/(Js1

The most telling sign that there may be something beyond" 95r)- From the 1999 data reported at Tampg3gand at
the minimal standard model in precision electroweak meaStanford[4],
surements is the observatigd] that the two most precise _ ob_
measurements of Sify; are 3.0 standard deviations apart. Ry=0.21642-0.00073, Agg=0.0984-0.0020,
One is the left-right asymmetr, g (which directly mea-

€
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1
2 §Sinzaeff1 (5)

suresA.) from the SLAC Linear Collide(SLC) that gives Ap=0.905+0.026, ©®)
[4] the couplingsy,, andgyk can be extractefb]:

SiN? B ¢+(ALr) =0.23101+0.00028, (1) gpL=—0.4163-0.0020, g,r=0.0996+0.0076. (7)
and the other is the forward-backward asymmesf of b~ Using m,=174 GeV, my,=100 GeV, and a(mz) '
quarks from the CERN* e~ collider LEP which giveg3] = 128.9, the standard model yielfig|

SM SM
=—0.4208, =0.0774. 8
sir 04 AZS) = 0.23236 0.00036. 2 9oL 9bR ®

Note that g3, +g2 is almost exactly equal togf)?
We note that Eq(1) is consistent with the forward-backward +(g§g')2, but g,,. and gy are each over two standard de-

asymmetry of leptons measured at LEP which gi\@s viations away fromgp" andggg', respectively.
As we already pointed out last yeld], sincee, depends
sirf¢((AZL) = 0.23107 0.00053, (3)  only on the left-handed partner of thejuark, this may be an

indication thatm, is actually much greater than 174 GeV and
whereas Eq(2) is consistent with theA, measurement at the observed “top™” quark events are due to an exotic quark
SLC, i.e.,A,=0.905+ 0.026 versus the extracted val4g of =~ Qa4 of charge—4/3. In this scenario, the singléz mixes
A,=0.881+0.020 from the value oA2S used. This points to  With the exotic quarkQ, in the doublet Q;,Q4)r so that
the possibility that there is new physics in the decay

—bb. Oor=|1+ % %simaeffco§0b+(%+ %sinzae”) Sirt 6y,
Specifically, consider the effective left-handed and right-

handed couplings of thie quark to theZ boson in the stan- €)1 1

dard model: :(1+? §sin209ff+§sin20b). 9

Since sikf./3 is small to begin with, a reasonably small

1 1
~olte)t §Sm208” : “ sirfg, is sufficient to makeg,g fit the data.(If radiative

SM €1
= + —
bl (1 2
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corrections tog,r from new physics were invoked, an un-
reasonably large effect of about 30% would be needed.
the following we will update our analysis using the 1999
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Consider now the 1998 cc data:

R.=0.1674+0.0038, A%5=0.0691+0.0037,

data. We will also address the new possibility that slight

discrepancies iZ—cc may be due to yet another exotic

A.=0.630+0.026, (17)

qguark[8] and offer a second alternative interpretation of the

“top” quark events.
Using the 199%—1 1" data assuming lepton universal-
ity [3,4], i.e.,

I'=83.96:0.09 MeV, A%,=0.017010.00095,
(10

together with[3]

my=80.394+0.042 GeV, m,;=91.18710.0021 GeV,
(11)

we find
6=(4.71.1)X10 3, €,=(—7.2+2.4%X10 3
€3=(3.6-1.7)x10 3, (12

which agree very well with previous valu¢g,5] and also
with the standard model, i.€.6]
e;M=5.4x10"3,

&V=-7.6x1073, €M=52x10"2,

(13
Using Eqgs.(3), (4) and(7), we then obtain
€,=(—15.3t4.0)x 10 3, (14
This implies that
m=271"33 Gev, (15)

where we have approximateq] by its leading contribution,
— GemZ4m?\2. To explaing,g of Eq. (7) and thus also Eq.
(2), we use Eq(9) and find

sirf 6, =0.045+ 0.015. (16)

In the standard modele; and e, are fixed by m;

=174 GeV andd, is absent, so the experimental discrep-

ancy fromZ— bb data is forced into a value of ifi¢ given
by Eg. (2) which is 3.0 standard deviations away from the
true value given by Eqg1) and (3).

Our interpretation of the data so far is thgtis not purely
;=0 as in the standard model, but has a srga# 1/2 com-
ponent from mixing with the exotic@,,Q,4)r doublet. We
also take the viewpoint thdi;, is as given by the standard
model and the measuregl,, is a direct indication of the
mass of its partner, defined as thguark. This results in Eq.

from which the couplingg)., andg.g can be extractefb]:

0..=0.341+0.005, g.r=—0.164-0.005, (18
whereas the standard model yie[@§
g:=0.347, g3¥=-0.155. (19)

Although the deviations here are small, there is a hint that
O.r May be too large in magnitude amyd, too small. To
explain both, we take the analog of E§) and letc mix with

a heavy quarl,, whereQ,, is a singlet butQs,Q,)r is an
exotic doublet, so that

€ 2 1
Oer=| 1+ El - §sm20eff— EsmzecR) , (20
e\l 2 1
goo=| 1+ 5|5~ §sm26?eff— §5|n29c|_) : (21
Using Eqgs.(3), (12) and(18), we then obtain
Sirf#,z=0.02+0.01, sifh, =0.01+0.01. (22

This opens up the possibility th&, may also mix witht
(and not just withc) so that the Tevatron “top” quark
events are due tQ, rather thant which is heavier. This
second interpretation is of course much more speculative be-
cause it is not directly related to the data. Note thatethe;
contributions ofQ, andQs may be handled in the same way
as those of); andQ,, as discussed by us in R¢B].

In conclusion, we have shown in this article that the 1999
precision electroweak data at LEP and SLC still support the
possibility [5] that bg mixes with Qg of the exotic heavy
quark doublet Q;,Q4)g. Hence the “top” quark events
may be due tdQ, which has charge- 4/3, whereas the true
t quark is heavier, as evidenced by the valuepéxtracted

from gy, . Experimentallyt—bW" andQ,—bW" are not

distinguishable at the Tevatron at present because teéh

jet charge is not easily measured, but that will become pos-
sible in the near future. We also propose here a second, more
speculative idea that the “top” quark events may be due to a
heavy quarkQ, of charge 2/3, wher&,, is a singlet but
(Qs5,Q,)Rr is an exotic doublet. In both scenarios, the life-
time of the “top” quark is enhanced by the inverse square of
a reduced coupling and the single production of “top” quark
at the Tevatron is suppressed.

(15). At this point, we need to revise our assessment of the

agreement of Eq.12) with Eq. (13), namely that in the pres-
ence of new physicss, , 3 receive additional contributions,
hence a change in the value of may be suitably compen-
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