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Recent study on the charged top-pion correctiorRtoshows that it is negative and large, so that the
precision experimental value d®, gives rise to a severe constraint on the top-color-assisted technicolor
models such that the top-pion mass should be of the order of 1 TeV. In this paper, we restudy this constraint
by further taking account the extended technicolor gauge boson correction which is positive. With this positive
contribution toR,,, the constraint on the top-color-assisted technicolor models Rgrwhanges significantly.

The top-pion mass is allowed to be in the region of a few hundred GeV depending on the models.

PACS numbd(s): 12.60.Cn, 12.60.Nz, 13.38.Dg

The mechanism of electroweak symmetry breaking restraints have recently been studied in RE8s4]. Because of
mains an open question in current particle physics despite thiae strong coupling between the top-pion and the top and
success of the standard mod&M) tested by the CERN bottom quarks, the top-pion gives rise to a large negative

+ : f —
e'e" collider LEP and SLAC Large Detect¢SLD) preci-  cqrrection to thez—bb branching ratioR, . Together with
sion measurement data. In_ the SM, an elementary Higgs f'elﬂle positive contributions from the colorons and the total
is assumed to be responsible to break the electroweak sy Jp-color correction toR, is shown to be quite negative

metry. So far the Higgs bosons has not been found. Rece hich is of the wrong sign when comparing the SM value of

investigation shows that the LEP-SLD precision measure—Rb to the LEP-SLD data. Since the negative top-pion correc-

ment data do not really require _the ex_istence of a light Higg%ions become smaller when the top-pion is heavier, the LEP-
boson [1]. Furthermore, theories with elementary scalarSLD data of R, give rise to certain lower bound on the

fields suffer from the problems dfiviality and unnatural- top-pion mass. It is shown in Ref3,4] that the top-pion

ness To completely.avmd these prpblems arising from themassmw should not be lighter than the order of 1 TeV to
elementary Higgs field, various kinds of dynamical elec- t

troweak symmetry breaking mechanisms have been prc{_nak_e the theory consistent with the LEP-SLD data._Thls
posed, and among which the top-color-assisted technicoldf'Plies that the scale of top-color should be much higher
theory[2] is an attractive idea. In the top-color-assisted techinan what the original model expectil. However, in those
nicolor theory, there are two kinds of new heavy gauge?halyses, the ETC contributions ®, are not taken into
bosons:(a) the extended technicoloiETC) gauge bosons account. The main ETC corrections g are from the ETC
including the sideways and diagonal gauge bos@msthe — 9auge pqson _contrlbutlons. It has been showrj mfﬁéﬁhat
top-color gauge bosons including the color-octet colorondhe positive diagonal ETC gauge boson contribution is larger
CZ and an extra (1) gauge bosorZ’. The technicolor in- than the negative sideways gauge boson contribution, and

teractions play the major role in breaking the electroweanus the total ETC correction @, is positive. It is the pur-
gauge symmetry and, in addition, give rise to the masses dt0S€ ©f this short paper to investigate how much the con-
the ordinary leptons and quarks including a very small por_stramt on the top_—coloria_\smsted technlc_olor_th_eory fiegm
tion of the top-quark mass, namedym, [5] with a model- changes when this positive ETC correction is included.
dependent parameter<1. The top-color interactions also . SiNce the corrections 8, in the top-color-assisted tech-

make small contributions to the breaking of the electrowealicOlor models depends on the values of the parameters in
symmetry, and give rise to the main part of the top-quar he models, we shall consider the original top-color-assisted

mass (1 &)m, similar to the constituent masses of the light technicolor mode]2] (it will be referred to as model-I in this

quarks in QCD. So that the heaviness of the top-quarlpapey anq the top-color-assisted muIti;caIg technicolor
emerges naturally in the top-color-assisted technicolof"0del[7] (it will be referred to as model-ll in this papess
theory. Furthermore, this kind of theory predicts a number ofWo typical examples in the investigation. These two models

seudo Goldstone bosofBGBS includina the technipions &re different only in their ETC parts. For the model-
b BGBY d y dependent parameter, it has been shown that tHe—sy

in the technicolor sector and the top-pion in the top-color i P
sector. All the new particles in this theory can give correc-"at€ is sensitive to the value ef and the CLEO data on the

tions to theZ-pole observables at LEP and SLC, and thus thd®—SY rate give a constraint on the value of namely s
LEP-SLD precision data may give constraints on the param=0-1[8]. We shall take three values=0.05, 0.08, and 0.1

eters in the top-color-assisted technicolor theory. These cor? OUr calculation to see its effect. _ _
The left-handed and right-handed-b—b andZ—t—t

coupling constantgy®, g%, g!, and gk in the SM are
*Mailing address. respectively gP=—1+1 sirf 4y, gi=1%sirf4y, gi=3
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FIG. 1. The top-pion contributed- R, /R;™ versus the top-
pion massm, (in GeV) for e=0, 0.05, 0.08, 0.1.

—2sir? 6, andgh=—2 sir* 4. Let 5g° and 5g% denote,
respectively, the corrections gﬁ andgg from the top-color-
assisted technicolor theory. Then the correctioRgaan be
expressed as

SRy Rp—RyM . 290890+ gRSgR]
SM v —(17Rp b\2 . (b\2 1)
Ry Ry (90)°+(gr)
where REM=0.2158+0.0002 is the SM prediction foRy, .

We shall calculatesg? and 6g% from various sectors in
model-I and model-II.
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FIG. 2. The predicted?;, in model-I versus the top-pion mass
m,, (in GeV) for e=0.05, 0.08, 0.1 together with the experimen-
tal valueRE*P'. The horizontal solid line denotes the central value
of RE*P'and the dotted lines show therland 2o bounds.

wherev . /v,,= (167 GeV)/(174 GeV) reflects the effect of
the mixing between the top-pion and the would-be Goldstone
boson[3,4], F, =50 GeV is the top-pion decay constapy,

andk are respectively the momenta of the exterajuark
andZ boson,B;, andC;; are the two-point and three-point
scalar integral functlons The factpfl—e)m,]? in Eq. (2)

comes from them,— t—b coupling when the technicolor
contribution to the top-quark mass is considered. This factor
causes the-dependence oﬁgb(”‘) The negative correction

to Ry, from the top-pion decreases with In Fig. 1, we plot

We first consider the top-color sector which is the same irthe top-pion contributed— R, /R5™ versusm,, with &
model-I and model-Il. The Feynman diagrams for the one-—q (.05, 0.08, 0.1. The=0 curve is just the resultgwen

loop charged top-pion correctlons to the-b— b vertex and
the dependence of 5Rb/Rb onm, have been shown in

Figs. 1 and 2 in Ref[3]. Compared with the charged top-

in Ref. [3].
The contributions t(ﬁgE andgg from the top-color gauge
bosonsCi andZL have been calculated in R¢10,4], which

pion contributions, the neutral top-pion contributions areare

suppressed by a factor nfﬁ/mf and thus can be ignored. In
Ref.[3], the effect of the technicolor contribution to the top-
quark mass:m; is not taken into accourithe result in Ref.
[3] corresponds to taking=0). Taking account of the
effect, the total one-loop top-pion correction R in the
on-shell renormalization scheme red8%

v\ (1—e)m]?V3 _
69{’(””=<a) w{—gEBl(—pb,mt,mm)

16m°F 7
+gR[2C3,+ Bo( —k,m,m) —mZ CF (py,
kmﬂvmtamt)]+gL (pb1 vmtamt)

+ (12 i 0y) Coa — Py Km,m, M, )}, (2)

5gb(77t) 0, 3)

'Here we have ignored the coupling constasin 6,,coséy)
which is irrelevant toRy, .

59 V=g 5~ Ca(R)

m2 2
mz Mcl
2 2|
Mz m3

2 2
m M
b(C) Z C
2 MZ,
500 =gl (YD) i3,
Mz m;
2 2
b(z')_ z
6 =gl (YR)? MZ,l m%]’ ®)

where «3 and x; are respectively the coloron and t#é
couplings[2,4], M- andM . are respectively the masses of
C2andz’, C,(R)=3, Y. =3, andYp=—35. We shall take
Mg=Mgz =1 TeV in the calculation. To obtain proper
vacuum tilting(the top-color interactions only condense the
top quark but not the bottom quarkhe couplingsc; and x4
should satisfy certain constraint. There is a regioxand
k1, Namely k3=2, x;<1, satisfying the requirement of
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vacuum tilting and the constraints frodipole physics and 0.220 - ‘ - ‘ ‘ S —
U(1) triviality shown in Refs[11,17. We shall takex;=2 0.219 | P
and x;=1 in the following calculation. 0018 L e T T T ]

Next, we consider the ETC sector correctionsRip. In R e T et T
the top-color-assisted technicolor theory, the technipion-top- > e =
bottom COUp”ng is proportional t@mt/Fﬂ., and the tech- v 0.216 —/// ...... / ;;/i .................................... 26—
nipion corrections toégE and 5g‘F’Q are proportional to ] A ]
(em,/F,)? which is very small, so that the technipion cor-  o214f, ,* .~ - £=0.05
rections toR, is negligible. Therefore, the main contribution g3/ ,” S
is from the ETC gauge bosons. This has been calculated in [ ./ T ]
Ref.[13,14,§4 which reads L . | . o . |

1 m N [ ON o 11 50 250 350 450 550 650 750 850

beTg_ _ — &Mk [NTC C -1 ) My,

5gL - A 1671,':77 NC [NTC+1 gt(gt +§b) é:t ’ . . .
(6) FIG. 3. The predictedR,, in model-1l versus the top-pion mass

m,, (in GeV) for e=0.05, 0.08, 0.1 together with the experimen-
whereNtc andNc are respectively the number of technicol- tal valueRE*P'. The horizontal solid line denotes the central value
ors and the numbers of ordinary colog,and &, are cou-  of RE*P'and the dotted lines show therland 2o bounds.
pling coefficients withé, = (mg/mc) &, * [15], and¢, is ETC
gauge-group dependent. Following Ref$3,14], we take ETC sector only gives rise to a very small portion of the
&=1/\/2. The factor 1A reflects the walking effect in the top-quark massem,, therefore the violation of SU(2)in
ETC sector which is taken to b= 1.7 in Refs[15,16. The the ETC sector is significantly smaller depending on the val-
decay constanF  is different in model-I and model-Il. In ues ofe. It has been shown that the most dangerous positive
model-I, the ETC sector is the one-family ETC model. Con-contrbution toT in the ETC sector is from the exchange of
sidering the mixing between the top-pion and the would-behe diagonal ETC gauge boson whose couplings to the up-
Goldstone boson, we haweé,(F . /\2)%+ Fﬁt=va [Ng=4 type and down-type techniquarks are different, and this has
is the number of S(2) doublets in the one-family technifer- P€en studied in Ref.14]. Since the four-fermion operators
mion sectal, and thusF, =118 GeV. In model-Il, the ETC contributing the positive correction fbis also related to the
sector is the multiscale technicolor model in whigh, ~ ETC generation of the top and bottom quark masses, the
—40 GeV[16]. This difference makes the ETC corrections formula in Ref.[14] can be further expressed in terms of the
to Ry, very different in model-l and model-1l. This positive parameterem;, & and¢, as follows
ETC correction taR, is larger in model-1l than in model-I.

Finally, we add all the corrections together and obtain the TETC 1 1 N%
total corrections A 16si? 6, co€ 6y Nre(Nrct1)
b(m & !
ogb= 31"+ g1+ g ¥+ 52T, (7) emE, fNoo
. ’ 2 N—C[ft — &% ©)
ogr=6gr 7+ 6gr*, ® ‘
in which 5gfm), SgPCY) | 5gBCY | sgb@) | 5gb@)  For £=0.05, 0.08 and 0.1, the values ®F ' are 0.0086,

0.009 and 0.01, respectively. These are to be compared with
the experimental valug=0.00+0.15 [18]. We see that,
for the parameter range=0.05-0.1 which we take in this

and 5gPET© are given in Eqs(2), (4), (5), and(6), respec-
tively. Plugging Eqs(7) and(8) into (1), we obtain the total

; SM ; _ pSM ;
(rfé;eeﬁtzogniR%g%bel I;’md the predicteR,=Ry™+ dRy in paper, the ETC contributed positive correctionTtés small
Before presenting.the numerical results, let us make ar(1a nough to make the theory cgnsisten_t with the ex_perir?lent.
ination of the parameter range-0 05_’0 1 which we Now we compare our predictdgl, with the experimental
examina p 9€o. ¥ é/alue RE*P'=0.21642-0.00073[20] to get the new con-

take in the calculation. It has been noticed that the ET . . . .
sector not only gives rise to a positive contributiorRgbut straints on the two typical top-color-assisted technicolor
models. The results of the predict®) in model-l1 with ¢

also contributes positive correction to the oblique correction 0 .
parameteiT (or equivalentlyAp, Ap=aT) [17] due to the _0'05’ O(t)SI ar}dag)ipztar(_arﬁlot;eq n '?? ZIFSglgthe(; W'ﬂ; the
violation of the custodial symmetry SU(2in the ETC sec- fr:(perlrrler} a }/agexgt ' q tﬁ Enz_on ‘i ISZ Itt 'gel_ €no zs
tor [14]. In the original ETC model, the top-quark mass is 1€ céntral vaiues, =, and the horizontal dotted lines indi-
completely generated by the ETC dynamics, so that the viocate the 1r_and 20 deviations. We see from Fig. 1 that the
lation of SU(2). in the ETC sector is very serious and the 2¢° constraints on model-I are

positive contribution toT (or Ap) is so large that it can

barely be consistent with the experimg¢at]. Now we ex-

amine this problem in the top-color-assisted technicolor 2The corrections td from the exchange of topcolor gauge boson
models. In the top-color-assisted technicolor models, théas been studied in Ref19].
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£=0.05. 400 Geem_, ETC correction toR,) in model-Il, the allowed top-pion
‘ mass is lower in model-Il than in model-I1.

From Fig. 2 and Fig. 3, we see that, when the positive
ETC gauge boson correction Ry, is taken into account, the
constraints on the two typical top-color-assisted technicolor

e=0.1: 280 Geem, =770 GeV. models are significantly different from that shown in Refs.
_ _ _ [3,4]. As is mentioned in Ref[3], this kind of constraint
The results of the predicted?, in model-ll with &  ghould only be regarded as a rough estimate sincemthe
20'05' 0.08 and O;i ?re plotted in Fig. 3 togthef W'Fh the—t—b coupling is so strong that higher order corrections
experimental valu®;*" and the 1r and 2 deviations. Fig-  ,om the top-pion are expected to be important. Anyway, the
ure 3 shows that the constraints on model-Il are conclusion of the present investigation is that, to be consis-
£=0.05. 350 Gevem,_ <900 GeV, tent with the experimental valugE*P!, the top-pion mass is
t roughly in a region of a few hundred GeV, and thus the scale
of top-color is likely to be around a couple of TeV which is
not much higher than what is expected in the original top-
(1D color-assisted technicolor theofg].

£=0.08: 340 Geem, =900 GeV, (10

£=0.08: 250 Ge¥em, =560 GeV,

=0.1: 220 Geem, =430 GeV. This work is supported by the National Natural Science
Foundation of China, the Fundamental Research Foundation
We see that the constraints on model-I and model-Il are difof Tsinghua University, a special grant from the Ministry of
ferent due to the different values &f. in the two models. Education of China, and the Natural Science Foundation of
Since F , takes a smaller valuécausing a larger positive the Henan Scientific Committee.
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