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Electroweak constraints on heavy singlet quarks 

Myron  Bander  ' 
Department of Physics, University of California, Irvine, CA 92717, USA 

Received 26 November 1991 

Precision measurements of  rates in processes involving electrowcak gauge bosons limit contributions new physics can make to 
radiative corrections for such reactions. Such an analysis is used to place limits on heavy., SU (2)L singlet quarks that mix with the 
top quark. 

Recent determinations of parameters involved in 
processes around the Z ° [ 1 ], the measurement of  the 
mass of the W [2], and atomic parity violation ex- 
periments [3] have achieved such a precision that 
they are sensitive to radiative corrections within and 
beyond the standard model [4-8 ]; for example, if we 
assume that no physics beyond the standard model 
contributes, these results bracket the mass of  the t 
quark and favor a relatively light Higgs particle [ 1,7- 
9]. These results can also be used to support or to 
place constraints on new physics beyond the stan- 
dard model; constraints on technicolor models [ l0 ], 
contributions of extra vector mesons [ l l  ] and of 
Majorana doublets [ 12 ] have been obtained. 

In this article we examine the bounds such an anal- 
ysis can put on heavy singlet quarks that can mix with 
the top quark. Such quarks and their mixing with the 
ordinary ones have been proposed as the origin of  a 
possible non-unitarity of the Kobayashi-Maskawa 
matrix and resulting flavor changing neutral currents 
[ 13-16 ]. The limits on the size of these currents place 
strong restrictions on the simultaneous mixing of a 
singlet quark with several of the light quarks; should 
such a singlet mix primarily with a quark from one 
family only, then these limits disappear. The close- 
ness of the Kobayashi-Maskawa matrix elements Vd, 
and Vsc to one precludes significant mixing of such 
singlets with quarks from the first two generations 
[ 14]. Significant mixing of a quark heavier than the 
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Z ° with the b quark is likewise excluded as such a 

mixing would dilute the strength of the bbZ ° vertex 
and thus reduce the theoretical prediction for the Z ° 
width. Specifically, the theoretical prediction for the 
width is already one standard deviation (14 MeV) 
below the experimentally observed one [1,4] and 
thus, to 90% confidence we may allow the b to mix 
with a heavy quark up to an angle of 9 ° and to 11 ° at 
the 95% level. A similar bound was obtained in ref. 
[ 14]. We shall, thus, concentrate on the possibility 
o fa  singlct mixing with the t quark. 

We assume that the t quark mixes with a heavy sin- 
glet T quark of mass Mr. The SU(2)L doublet cou- 
pling to the W -+ and to the Z ° is [ t cos Z+ Tsin Z, b ]; 
Z is the mixing angle and we wish to see what restric- 
tions radiative corrections place on this angle and on 
the mass :147. Such corrections arc contained in the 
transverse self-energies Hoo , H3o, H33 and H, 1; the 
numerical subscripts refer to weak isospin compo- 
nents of left-handed currents and the subscript Q de- 
notes the electromagnetic current. We shall use the 
parameters S and T of ref. [ 10 ], the parameters used 
in ref. [6] and in ref. [7] are linear combinations of  
the above, 

d 
S =  16rt ~qSqZ [H33 (q z) -H3Q(q z) ]q~=o, 

47C 
T= M~v sin20 w [H,, (0) - /733(0) ] • ( 1 ) 

The computation of the corrections AS and AT to S 
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Fig. 1. Limits on Mrand g for various top quark masses and masses of the Higgs boson. The allowed region is to the left of and below the 
curves. In (a), (b), and (c) the constraint from the eleclrowcak radiative corrections is taken to be T~<0.48 while in (d) it is T~<0.27. 

and to T from the mixing is straightforward. With 
y=Mr/m ,  we obtain 

sin2z 
( - -  ] In 

cos2z 
AS= ~ \ Y~+ (y2_ 1 )3 

× [ ( y 6 - 3 / - 3 y 2 +  1 ) In y2 

- ~y6 + 9y4-  9y2 + ~ ] ) , 

A T =  --3m2 
16riM 2 sin20w sin2z 

2Y 2 2 . X(l+cos2z--y2sin2z---ff~_ICOS z l n y  2) 

(2) 

In the standard model it is T t h a t  is most sensitive 
to the t quark mass and in our case it is ATtha t  places 
the severest restrictions on the properties o f a  singlet 
quark. The analysis o f  ref. [ 6 ] gives an upper  bound 
of  T~< 0.27 while that of  ref. [7 ] yields T~< 0.48. In 
fig. l results are presented for various top quark and 
Higgs masses and for the various limits on T. In figs. 
la, lb and lc the more conservative limit of  ref. [7] 
is used. For top quark masses less than 145 GeV and 
for a wide range of  Higgs masses there is considerable 
room, both in mass and in mixing angle for a heavy 

singlet. For top quark masses larger than 145 GeV a 
low mass for the Higgs boson is excluded, even in the 
absence of  singlet quarks; however for a large Higgs 
mass we still get a large region for a possible singlet. 
In fig. l d bounds arc presented using the more re- 
strictive analysis of  ref. [6 ]. This also shows the sen- 
sitivity of  this new physics to bounds on the param- 
eter T. 

The parameter  S is very insensitive to the top mass 
[ 7 ], hovering at S ~  0.65 for a Higgs mass of  M,v= 50 
GcV and S ~ 0 . 5  for M u =  1000 GeV. AS as a func- 
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Fig. 2. AS as a function of the mixing angle Z, for various values 
of Mr~mr. 
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t ion  o f  the  mix ing  angle X and  for  va r ious  values  o f  

M1/m, is shown in fig. 2. Even  though  this  co r rec t ion  

is in the right d i rec t ion ,  name ly  to lower  the  overa l l  

va lue  o f  S, in the  region a l lowed by the p rev ious  anal-  

ysis it is qu i te  smal l  and  thus  gives no res t r ic t ion o r  

suppor t  for this hypo thes i zed  new physics.  

Discuss ions  wi th  Dr.  D. S i lve rman  are  acknowl-  
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