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Increasing R, and decreasingR. with new heavy quarks
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If the b and ¢ quarks mix with new heavy quarks of weak isospy—1 and 0, respectively, then the
Z—bb(cc) rate is necessarily greatesmalley than that of the standard model. This may be the reason for the
R, excess andR. deficit observed at CERN LEP. A possible consequence of this scenario is the prospective
discovery of a new quark with the dominant decax—ch, thenh—bb, whereh is a neutral Higgs boson.

PACS numbgs): 13.38.Dg, 12.66~i, 14.70.Hp, 14.80.Bn

It has been known for some tinjé] that the experimen- mal supersymmetric standard modg], or the SU3)°
tally measured—bb(cc) rate is greatefsmallej than that X SU(2), XU(1)y model[6]. However, the first two scenarios
of the standard model. With the recent observation of the tofre in potential conflict with top quark decEg] and all three
quark[2] at the Fermilab Tevatron and more precision datafail to account for the larg®. deficit.

[3] from the four experiments at the CER& e~ collider The purpose of this Rapid Communication is to point out
LEP, the two discrepancies have become even sharper, @sat theR, excess and thR, deficit are naturally explained
summarized below. by the mixing of theb andc quarks with new heavy quarks
of weak isospifl ;= —1 and 0, respectively. The idea is very
Measurement SM pull  simple. Consider first the mixing of the quark with a new
heavy isosinglet quark of charge 2/38]. Since boticg and
Ry 0.2219* 0.0017 0.2156 3.7 xgare singlets, we can defing to be that which appears in
R. 0.1543=* 0.0074 0.1724 —2.5 the gauge-invariant mass termxg. We then have both

c.cre? andc xg° Yukawa terms, whered™, ¢°) is the
usual Higgs doublet of the standard model. As a result, the
mass matrix linking €, ,x,) to (cg,XR) is given by

Here R,=I'(Z—bb)/T'(Z—hadrons), R.=I'(Z—cc)/
I'(Z—hadrons), SM stands for the standard-model fit with
m,=178 GeV andmy,=300 GeV, and “pull” is defined as
the difference between measurement and fit in units of the

measurement error. If these results are taken at face value, .//Z=(
physics beyond the standard model is indicated. Previous

attempts in this direction have dealt mostly wigy. Its ex-

cess has been interpreted as due to one-loop corrections ®he ¢ -x, mixing is thenf,~mg,/M,, whereas the&g-xg
the Zbb vextex coming from extensions of the standardmixing is mcrlﬁcx/Mi which is certainly negligible. The
model, such as the two-Higgs-doublet modg| or the mini-  physicalZ— cc rate becomes proportional to

@

mC mCX
0 M)

[(3— 5SiMP6y)coS 0, + (— §SirP ) Sin? 6,12+ (— 5SirfOy) = (3c0F 0, — §sinf Oy) 2+ (— 5sif0y)?, 2
which is clearly a decreasing function 6§ for small 6,.. Similarly, the physicaZHbB rate becomes proportional to

[(— 3+ 3Sin*6y)COS Oy + (— 1+ 3Sir? fy)Sin 6,12 + (3Si’ By) *=[ — 3(1+sir’6,) + 3sinf 6y ) >+ (3si6y)?,  (3)

which is clearly an increasing function &,. To be more To fit the updated LEP measuremefi®$, we need
precise, we have assumed an isotripfet(y,,Y»,y3) of .
quarks which transforms &8; 2/3) under the standard $P) sir’6,=0.045+ 0.019, 4

XU(1) with Q=I3+Y in both its left-handed and right-
handed projections. The extended model is thus anomaly-

free and we have a gauge-invariant mass t&yir  These numbers are perfectly consistent with the experimen-
+YaYortYaYsr as well as the Yukawa terigt{¢”  tally known entries of the 8 3 weak charged-current mixing
+Yor(t 0+ b *) /2 +Yarb ¢, Wheret’ =Vit+VAC  matrix [9]. The precisely measured entripg,q| and |V,
+V;pu. Henceb mixes withy; andt’ with y,. We assume are not affected. Others can be reinterpreted without
thatM,>m, . contradiction. For example, the experimental valye|

sinf6,=0.0127-0.0034. (5)
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may be written as |V.|cos, and |Ve as OV gA Alg ARg(LEP)
|ng|cosex.(cos¢9ycpst9)’,+ ﬁsin&xsine}’,), where si.n%zsiney/ 0.3519 0.5064 0.1022 0.0998 0.0031
V2. In this notationV’ is again a unitary matrix.

As the result of explaining the experimental values of _ ) )
R, andR,, a discrepancy in the total hadronic width is now It is seen that both asymmetries agree well with the experi-
exposed. If we keep at 0.123-0.006, then there is a miss- Mental measurements.
ing AR of 0.0118-0.0070 where the negative correlation  Tree-level flavor-changing neutral-currdfCNC) effects
betweenR, and R, has been taken into account. For aare presentin this model. It has_ been assumed that the new
smaller value ofu as indicated in deep-inelastic scattering duarksx, ys, andy, mix only with ¢, b, andt’, respec-
or the upsilon spectrum or lattice calculations, the discreptively. Hence there is necessarily a contribution8-D°
ancy would be even worse. One possible explanation is thahixing from the interaction
M,<M,—m, so thatZ decays intaecx+ xc with a rate pro-
portional to sikg,co$6,/2. To obtain AR>0.0048, we
would needM,<72 GeV. In that casesxx production at the -9

o) == H ’ ! I ok i
Tevatron would be plentiful and easily identifiable unless Hint Zcoﬁwcoagxs'nzayzu(vubvcb U y™cL
decays predominantly into hadrons. Actually, this may well e =
happen here because the decay chainch, thenh—bb, +Vip VepCLy“un), ™

whereh is the standard-model Higgs boson, is dominant if

kinematically allowed, and the existence of the heavy quark i 18

x would be hidden at the Tevatron from a search of its semiWhich results in a value akmg /mp~10 % well below the
leptonic decay modes. Since the present experimental lowéxPerimental bound of X 10 [9]. In the above, we have
bound ofm;, is about 65 GeMwhich comes from trying to used the central values given in E@4) and (5) as well as
detectZ— h+leptons), there is only a narrow window of |Vcb|_:0-040’ |Vub/Vc,b|:Q-08’ andfp=200 MeV. Note
opportunity for this scenario to be correct. On the other handthat if d ands also mix withys, then there would be also
if there are two Higgs doublets, thénis in general a linear tree-level FCNC contributions tk-K and B-B mixing.

combination of two states; hence, th&Z coupling would There will be a definite impact on plann8dphysics mea-
be reduced and the experimental bound rop would be  surements. The famous unitarity triangle based on the
lowered accordingly. standard-model condition

If M, is indeed less than 72 GeV, then it can be confirmed
in the near future at LEP, which will gradually step up in
energy to about 190 GeV. The e* —xX cross sectiorfnot VidVubt VeaVebt VigVib=0 (8)
including radiative correctionss given by

will be modified to read

8ma’® AMy[  2M
o= 1- 1+
9s s | s
. S(1—2sirf6y) 2 Vi Vupt VEVep/co€ 0, + ViV, =0. (9)
2c020y(s—M2+iMT',)|
starfdy, |2 The oblique radiative correctiors, T, andU are affected
+1+ vy e (6) only to the extent that the new heavy quarkandy mix
STMzTIMzL z with the usual ones. Since the mixings are small, these

changes are much smaller than the experimental uncertain-

which is about 4 pb at/§= 160 GeV forM,=70 GeV. This ties.
increase in the hadronic rate should be detectable across theln conclusion, it has been suggested in this Rapid
xx threshold. The decay of will be dominantly intoch, Communication that if both thR, excess and thR, deficit
thenh—bb, as discussed in the previous paragraph. Such at LEP are due to new physics, a simple explanation is that
signature should be easily identifiable at LEP2. the b and ¢ quarks mix with new heavy quarks of weak

With c—x andb—y mixing, the forward-backward asym- isospinlz=—1 and O, respectively. To keep the total had-
metries ofcc and bb production at LEP are also affected. ronic rate fromZ decay at about the standard-model level
Taking the central value sif,=0.045, the predicted value of Which does agree with data, the new quariay have to be

AS is about 6% below that of the standard model: light enough so thaZ —cx+xc is possible at LEP, and
e e —xx possible at LEP2. Fox to have evaded detection

c c c c at the Tevatron, it must decay dominantly into hadrons. In

9v 9a Ars Arg(LEP) this scenario, that means—ch, whereh is a neutral Higgs

0.1685 0.4775 0.0685 0.0725 0.0058 boson which then decays intob. This may be detectable
already at LEP fronZ— cx+xc because its branching frac-

In the case oA\, taking the central value $in,=0.0127, tion has to be greater than aboux 30 and should rise

its predicted value is only about 0.2% above that of the stanabove the expected QCD background. In fact, it may already

dard model: contaminate th& —bb and Z—cc samples used to deter-
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mineR, andR, . Of course, there may be other decay modes | thank Roger Phillips for discussions and an important-

such ax—sh™, whereh™ is a charged Higgs boson which suggestion. | also thank Vernon Barger for correspondence
then decays int@s or v,7". The signal would then be di- and for reading the manuscript. This work was supported in
luted. In any case, the production and detectionxgfat  part by the U.S. Department of Energy under Grant No. DE-

LEP2 would not be a problem if kinematically allowed. FG03-94ER40837.
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