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We study the single top quark production proceés,/etb_ve in various kinds of technicolor models in high
energyey collisions at the future*e™ linear colliders. It is shown that if there is a certain charged pseudo-
Goldstone-bosofPGB) coupling totb, thetb-channel PGB contribution is dominant, but the situation is quite
different from that in the neutral chann@ly—>tt_due to the destructive nature of different amplitudes. At the
DESY linear collider TESLA, the event rates in models withchannel PGB contributions, such as the
top-color-assisted technicolor model, etc., are experimentally measurable.*‘l;hetb_ue process provides a
feasible test of technicolor models with-channel charged PGB contribution§0556-282(199)04511-7

PACS numbgs): 14.65.Ha, 12.15.Lk, 12.60.Nz

[. INTRODUCTION to find experimentally measurable processes which are sen-
sitive to the PGB’s to test this kind of models.
So far the most unclear part of the standard model is its The top quark is the heaviest particle yet experimentally
symmetry breaking sector. Probing the electroweak symmediscovered and its mass 175 G¢V1] is close to the elec-
try breaking mechanism will be one of the most importanttroweak symmetry breaking scale 246 GeV. Thus processes
tasks at future high energy colliders. Dynamical electrowealcontaining the top quark may be sensitive to the electroweak
symmetry breaking, for example technicolor type theories, isymmetry breaking mechanism, and top quark productions at
an attractive idea that it avoids the shortcomings of trivialityhigh energy colliders can be good processes for probing the
and unnaturalness arising from the elementary Higgs fieldelectroweak symmetry breaking mechanism. There have
The simplest QCD-like extended technicolor modglleads  been many papers studying the test of new physics via top
to a too large oblique correctiof parametef2], and is al- quark productions at high energy colliders in the literatures.
ready ruled out by the recent CERN e~ collider LEP pre- For instance, the model-independent studies in the effective
cision electroweak measurement ddf4|. Various im-  Lagrangian formalism have been given in R¢i2—14), su-
provements have been made to make the predictiongersymmetric corrections to top quark productions at hadron
consistent with the LEP precision measurement data andolliders and electror{photon linear colliders(LC) have
even to give possible dynamical explanation of the heavinesseen studied in Ref15], top quark pair productions at had-
of the top quark, for example the walking technicolor modelsron colliders and photon colliders in various technicolor
[5], the Appelquist-Terning one-family modgd], the multi-  models have been studied in Ref§6,17. Recently, there
scale walking technicolor mode[3], the top-color-assisted has been a lot of interests in studying single top quark pro-
technicolor models(TC2) [8,9], the non-commuting ex- ductions which provides a sensitive measurement oftk
tended technicolor modéIlO], etc. This kind of dynamical Coup||ng[18] There have been many papers Studying sing|e
electroweak symmetry breaking theory is one of the importop quark productions in new physics modgl$], and also
tant candidates of the electroweak symmetry breakingnodel- mdependent study as wgll4]. In Refs.[16,17] it is
mechanism. Because of the strong interaction nature, it ighqwn that, in thet productions, once there is a neutral
hard to make precise calculations in such dynamical elec-
troweak symmetry breaking theories. However, there ar .GB. coupling strongly tat, the tt-channel PGB contribu-
ion is large and dominant over all other loop corrections,

some characteristic features in this kind of models, for in- d th h b itive tests of th tral
stance the prediction for certain pseudo-Goldstone bosorfy!? US Such processes can be sensilive tests of th€ neutra

(PGB'’s) in the few hundred GeV region. It is thus interesting PGB effects. In this paper, we shall study ey —tbv,
process at the high energy colliders in various technicolor

models, and we shall show that this process is sensitive to
*Mailing address. the tb-channel charged PGB effects if there is certain
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Y, b TAn t TABLE I. The massesmy;,, My and the decay constants
t ET, FHt, Fy of the top-pion and the technipion in the TC2-1 and
X WE - . Vi - TC2-1l models.
K3 E ¥
(a) (b)

Model top-pionlI, technipionIl
mp, (GeV)  Fp (GeV) mp (GeV)  Fy (GeV)

N W TC24  150-380 50 100-220 123
>—W< t Viw <s TC241  150-380 50 100-220 40

[
© @ are shown in Fig. (®—Fig. 1(d). The momenta of these par-
FIG. 1. Tree-level Feynman diagrams contributing from variousticles will be denoted by.+, p,, p;, Py andp;, respec-
technicolor models to the process y—tbv,. The dashed lines tively. In high energy processes, the effectsrpfis negligi-
denote color-singlet technipions or top-pions. bly small. Thus we neglect it in the fOIlOWing calculations.
o We take the unitary gauge. The obtained tree-level standard
charged PGB) coupling strongly tatb.* We shall see that model amplitude is explicitly
thee™ y—tby, process at they colliders based on the LC,
especi)e/llly the %ESY TeV Enyergy Superconducting Linear Mo= MG+ MED+ MG+ MED, @
Accelerator(TESLA), is a feasible test of the charged PGB
effects, andthe situation is quite different from that in the

neutral yy—tt channel due to the large mass difference 8i \/%M\ZNGF
between the top quark and the bottom quark and the destruc- M ((_)1a): -
tive nature of different amplitude©f special interest is the 6

test of the charged top-pion effect in the TC2 models. The
recent Fermilab Collider Detector &€DF) data ontt pro-
duction at the Fermilab Tevatron show that the branching
fraction for a top quark decaying into a final st&er u is
consistent with the tree-level standard model prediction up to

where

G(Ppb— P, ;M)

X G(Pet — Pys M) Up v, L (Bp— B+ Mp) vy,

X T\ (Pet —PRven L, &)

i o a2
a certain uncertaintj20]. Future improved experiments may M= 8iyZmaMy,Ge G(pi—p.:m,)
lead to more precise conclusion. As has been discussed in 0 3 PPy My
Ref. [8] that this means a charged top-pion lighter than the _
top quark may not be favored, and a charged top-pion X G(Pe+ — P MW UE(D— P, + M)y, Loy
heavier than the top quark will have a broad width so that it w _
is difficult to detect. Our result shows that tleé y—tbv, XTn(Per—P)venilu,,, 4

process at the DESY TESLA provides a possible test of the

charged top-pion effect. (10) 8i \/27Ta|\/|\2NG,: _
This paper is organized as follows. In Sec. Il, we shall Mo =———5G(Per tp,;0)
present the calculations of tle¢ y— tbv, production ampli- .
tudes in several currently improved technicolor models. We XG(pt+ PosMw)ury, Lo bT‘p"f,(pt+ Po)
take the TC2 model as a typical example of models contain- _
ing charged PGB's strongly coupling th. The numerical Xveb(Per+B,) Yolv,,, ®)

results of the cross sections will be presented in Sec. Ill, and

Sec. IV is a concluding remark. 8iV27maM3,Ge
- MED=— —————G(p+pp:Mw)
Il. THE e*y—tbwr, PRODUCTION AMPLITUDES
- — W N
The tree-level standard model contributions to the process X G(Per =Py iMw) Uy, LopT o (Pt Pb)
- — X -p,— + +ppt+
e++’)/—>t+b+1/e (1) [E,u(peJr Py p'y)rr Err(pt Pb py),u

~0uo(Pet =P+ Pt Pp) - €]

xTW —p)vey\ Ly , 6
The present study is different from that in REf4] in the fol- u(Per = Prveniloy, ©

lowing sense. Referen¢#4] studied single top quark production in
ey collision at tree level in the standard model and with the con-
sideration of possible model-independent anomal@th cou-
plings but without considering the contributions from light PGB G(p;M)= ,
Our present study takes account of one-loop corrections and the p2— M?
light PGB(s) contributions in various kinds of technicolor models

which are shown to be significant. the tensor

with the propagator

@)
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FIG. 2. One-loop Feynman diagrams for resonance contributing
from various technicolor models to the processy—tbv,. The ¢ .
dashed lines denote color-singlet technipions or top-pions. e AT
(pi+P),(Pi+P)) "
w _ i™ P PiT P Wi <
Tpa'( Pi + p])=gpa'_ 2 ) (8) <. v
My @
and LE%(l— vs), RE%(I—‘,— vs). In Eq. (7), M stands for FIG. 3. One-loop Feynman diagrams for nonresonance contrib-
the mass of the particle. uting from various technicolor models to the processy—tbuv,.

The technicolor and top-color contributions to this pro- The dashed lines denote color-singlet technipions or top-pions.
cess depend on the models. We take certain models as typi-

cal examples. are much smaller than the resonance enhantethannel
PGB contributions to the top quark pair producti¢ts,17].
A. The TC2 models Thus we concentrate our study to the PGB contributions in
this paper.

We first consider the TC2 model. There have been im- . L
provements of the TC2 modg®] to overcome some short- Thi Feyrm’;m diagrams for P_GB contrlput|;)ns tq the pro-
ccesse” y—tbv, are shown in Fig. 2 and Fig.“3In Fig. 2,

comings of the original model and make it more realisti k
[21,9]. Since the purpose of this paper is to test the Charac@nham:ed by the PGB resonance effects, are the most impor-
teristic effects of the charged PGB'’s, we are not consideringant tb-channel PGB contributions. The contributions from
the delicate refinements and shall simply take the originaFig. 3, without PGB resonance enhancements, are only of the
TC2 model (it will be referred to as model TC2-I in this order of ordinary radiative correctiortiess than 1%and are
papej [8] and the top-color-assisted multiscale technicolornegligibly small compared with those from Fig. 2.
model (it will be referred to as model TC2-1I in this paper The technifermion triangle loop contribution to thE"
[28,16,17 as typical examples. —W* —y vertex[Fig. 2a)] in extended technicolor models

In model TC2-I, there is a charged top-pidfy" in the  can be approximately evaluat¢@3] from the formulas for
top-color sector with mass roughly around 200 GeV and dethe Adler-Bell-Jackiw anomaly24]. The result has been
cay constanE; =50 GeV([8]. We take its technicolor sector given in Ref.[25]. Thell"™—W" —y coupling is

to be the standard extended technicolor model, thus there is a

charged technipiodl™ from the technicolor sector with SH*W*VS e’k KB 9)
mass roughly around 100 GgWr largey and decay constant 4oPF_ HrepTLTZTZ

Fp=123 GeV[1l]. Model TC2-1l [28,16,17 differs from

model TC2-1 only by its extended technicolor sector which is g2

taken to be the multiscale walking technicolor mof&l in Si+w+y= —=—Nrc, (10
which the technipion decay constant F5;=40 GeV [7] 23s,

rather than 123 GeV. To see the influence of the PGB masse

o 2 i e Ty oyt e s b e et
in certain  ranges: 150 Ge¥my <380 GeV and ompjicated. They contain both the top quark and the bottom

100 GeV=my=220 GeV. The values of these parametersquark propagators with the masses of these quarks relatively
are summarized in Table I. light and significantly different. The contributions of these

1. Model TC2-I

As we have seen from Reff22,17 that the technicolor  2tpere are additional loop diagrams with the photon line attached
and top-color gauge boson contributions to Wb verteX  , ihe pGB fine and the externndb lines which vanish in the
and the direct technicolor dynamics contribution to the approximatiorm,~0 in our calculation, so that they are not shown
production rate are only of the order of a few percent whichin Figs. 1-3.
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triangle loops are thus essentially different from the result of In the IT*(I1;")-propagator in Fig. @—Fig. 2e), the
the Adler-Bell-Jackiw anomaly, and they actually containtime-like momentum may hit thd]*(Ht*)—poIe. So we
logarithmic ultraviolet divergences. There are no correspondshould take into account the effects of the widthdlof and
ing tree-level terms to absorb these divergences. However, Q. in the calculation. For thdl*(II,")-propagator in Eq.
guaranted)(1)er gauge invariance, we should also take ac-(7), e take the complex mass tett?—iMT instead of the
count of Fig. 2d)—Fig. 2e) [nonvanishing asne~0] which  sjmple mass teriM? to include the effect of the width of
also contain logarithmic ultraviolet divergences, and cannoh+(1—[t+). The—iMT term is important in the vicinity of the

be absorbed into tree-level terms. Explicit results show thafagonance. It is this resonance contribution that enhances the
these two kinds of ultraviolet divergences just cancel eac mplitudes of Fig. @)—Fig. 2e). When My, My >m,
. . . 3 [ 1

other and the total result is finite as it should be. Because o —
the destructive nature of these two kinds of amplitudes, therhe dominant decay mode & * andTl," is tb. So, in this
is a significant cancellation between the finite correctiongase the width$'y andI'y are
from these two kinds of amplitudes. This makes the charged
channele® y—tbw, very different from the neutral channel o
yy—tt, and the detection of the charged channel needs a Ip~Tp+(Il—th)=cf 73
larger integrated luminosity as we shall see in Sec. Ill. 167F;Mp

To explicitly calculate the contributions of Fig(l—Fig.
2(e), we need the couplings of the technipibh™ and the and
top-pion Ht+ to quarks. In the original extended technicolor
models without top-color, the coupling " to quarks has . (mt_mt’)Z(m% _mtz)2
been given in Ref[25] which is Ty ~Tp(Tl—th) = !

mma ot

(15

- 16mFi MG,

ich—tUtLubH++H.c., (11)
I When My, Mp<m, I1;” andII" decay dominantly into

wherec;=1/\/6. In TC2 models, the extended technicolor cs. For smallmy, mg, we can approximately takEHt and

dynamics only provides a small part of the top quark masg'; to be zero.

m; . For reasonable range of the parameters in TC2 models, With Eqgs.(12)—(15), we can do the explicit calculation of

m; ~5—20 GeV[8,26]. Thus the coupling of the technipion the contributions of Fig. ®)—Fig. 2e) to the amplitude. In

I1" to quarks in TC2 models can be obtained by replacinghe calculation, we take dimensional regularization and the

m, by m{ in Eq. (11), i.e., on-shell renormalization scheme. The obtained amplitude
with technicolor corrections is

’

my—
ic; —u,Lu,IT*+H.c. 12
o B2 e Mo+ AMB+ A M B2+ A M 29117

Similarly, the coupling of the top-pioH," to quarks is of the +AMEES (16)
following form:

me—m’_ where the superscripts denote the corresponding Feynman
i%utLubH;jLH_C_ (13 diagrams in Fig. 2. The explicit formulas for
I, AMED  AMPE2I(IT), and AMEZPT2O(II) are

thWSH+W+y J—
AMFE= —chVZﬁGFGwﬁpg;M»G(pg—p::Mw>utvas“““ﬁeM<py>a<pe+—py>ﬁ
T

XTI (Per = Pven Ly, (17)

!
m{ My

AM 2T )= —ic; V2\2G (G (py+ P M) G(Pe+ — Py M) UL [ T @042 (TT) + T (2901711 4 T 29wv(T) |

11

!
m; My

V872G raG(py+ Po; M) G(py+ Po; M) G(pe+ + P, ;0)

X EVT,I\{\LI)\(pe+ - P?)Uey}‘Lv,,e-F ics
n

XuLvp =i SH(ID TR (P Pp)veé(Per + b)) ¥'Lv,, (18)
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and
(m—m{)Myy _
AM%Zé’*Ze)(HiF—iF—VZﬁGFGmﬁpa;MngG(pg—p:;MW)utva
HI
X[ @A) + T EOR(IL) + T ORI Je, ThA (Per = Pr)vey Ly,
_(mt_mt,)MW\/i _
L — BW\EGFaG(pﬁpﬁ;Mnt)G(pﬁpE;Mw)G(pe++py;0)utva
Hl
X[—iSH(IT) TR (P + Pove E(Per+0y) YLy, . (19
[
In Egs. (18),(19) the functionsT'(?*) (9 1@ = gng lll. THE CROSS SECTIONS

y72 72 722 y72 72
>, are given in the Appendix in terms of the standard

2- pomt and 3-point functionBy,B; andC,,C;; of the Feyn-

man integrals[27]. The formula forAM 3373 is quite

lengthy and we are not going to show it since its contributlon[zg] Let s ands be the center-of-mass energies of dey
is only of the order of ordinary radiative correctiofiess ande’e” systems, respectively. After calculatlng the cross

than 19 and is negligibly small compared with those shown Sectiona(s) for the subprocess” y—tbuve, the total cross
in Egs.(17)—(19) which are enhanced by the PGB resonanceseCt'On atthe*e™ linear collider can be obtained by folding

The hard photon beam of the" y collider can be ob-

tained from laser backscattering at thée™ linear collider
.

effects. o(s) with the photon distribution functiof,(x) (s=Xx5)
2. Model TC2-1I Xmax o~
: _ Utot:f , dxo(s)f,(x), (21
In model TC2-Il, the extended technicolor sector is taken (mg+mp) /s
to be the multiscale walking technicolor mod@] in which
the technipioril* is almost composed of pure techniquarks Wnere
[28], Thus the relevant changes in the above formulas are 1 Ax 42
2 _ @ o 07 D<§> L I T ' T (10
f—%, Sirwty= 43s, (20) (22)
Sw

The smaliness of the decay const&it in this model[cf.  with [29]
Table 1] will enhance thell™ contribution[cf. Egs. (17)—
19 D(¢)= 1—4—1—E In(1+§)+1 1

& &£ 2" ¢ 2(1+¢)?
B. The Appelquist-Terning one family extended technicolor (23

model
Jn Egs. (22) and (23), §=4Eqwo/m3 in which m, and E,

This model is designed in which the techniquark secto . .
stand, respectively, for the incident electron mass and en-

respects the custodi&U(2) symmetry, while the technilep- ergy, w, stands for the laser photon energy, and w/E
[} ’ e

ton sector is custodigbU(2) violating. The vacuum expec- . S
(2) 9 P stands for the fraction of energy of the incident electron car-

tation value (VEV) Fq of the techniquark condensate is ried by the back ttered ohot ishes for>
much larger than the VEW, of the technilepton condensate y the back-scattered photol, Vanisnes 1or=Xmax
omax Ee=&/(1+€). In order to avoid the creation of

[6]. There are 36 PGB's in this model, and the color smglet : ] ) -
PGB's are mainly composed of technileptons which is irrel-® e~ pairs by the interaction of<the incident and back-
evant to the production @b. Thus in this model there are no r(]:attered ph\c/)Lons we reqzmxﬁnax mS/E, which implies
(2"")(H ) and AM(Zb_Ze)(H+) The only technicolor that é<2+2.2~4.8. For the choice of=4.8, we obtain
contrlbutlon to theet y—tbv, is AM {3373 which is much Xmay~0.83, D(&)~1.8. (24)
smaller than those in Eq&l7)—(19). Thus the cross sections
in this model will be much smaller than those in the previous |n the calculation ofg(g), instead of calculating the
models. square of the renormalized amplitudet analytically, we
We shall see from the numerical results in the next sectioalculate the amplitudes numerically by using the method of
that, for certain parameter range, these models can all bref.[30]. This greatly simplifies our calculations. Care must
measured and distinguished by thefry—tbv, rates at the be taken in the calculation of the form factors expressed in
DESY TESLA. terms of the standard loop integrals defined in R27). In
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TABLE Il. Top-pion corrections to the™ ‘)/*)tEVe production cross sectio,mrnt and the total produc-
tion cross sectiomr= 00+A(TH‘+A(TH in model TC2-1 withmp;=220 GeV and various values nfnl. The
technipion corrections are negligibly small. The tree level production cross seg§et8.25 fb for \Js
=0.5 TeV,0,=14.73 fb for\s=1.6 TeV.

Js m; =5 GeV m; =20 GeV

(TeV) My, (GeV) Aoy, (fb) o (fb) My, (GeV) Aoy, (fb) o (fb)
150 0.0025 3.25 150 —0.004 3.25
180 0.083 3.26 180 0.06 3.26

0.5 200 0.081 3.33 200 0.062 3.31
240 0.12 3.37 240 0.096 3.35
300 0.098 3.35 300 0.083 3.33
380 0.058 3.31 380 0.052 3.30
150 -0.12 14.61 150 -0.11 14.62
180 -0.11 14.62 180 —0.099 14.63

1.6 200 0.05 14.78 200 0.039 14.77
240 0.086 14.82 240 0.061 14.79
300 0.082 14.81 300 0.058 14.79
380 0.05 14.78 380 0.042 14.77

the numerical calculation, we used the formulas for the tenOur numerical results show that the contributions from the
sor loop integrals given in Ref27] in which the stability of  diagrams in Fig. 3 to the production cross section are negli-
the numerical calculation is poor when the scattering is forgibly small in all models considered in this paper. Therefore
wards or backward§31]. This problem can be avoided by we simply ignore them.

taking certain kinematic cuts on the rapidityand the trans- In model TC2-1, the numerical results show that the tech-
verse momenturpy of the final states which are also needednjcolor PGB contributions to the production cross section are
in experimental detections. In order to compare with the corpegligibly small compared with the contributions from the
responding result; in the_ neutral c.hannel, we take, in thi%op-pion formy=220 GeV. In Table II, we list the correc-
paper, the same kinematic cuts as in R&7], i.e. tion to the production cross sectidvy;, (from the top-pion

contributions and the total cross section with 150 GeV

ly|<2.5, pr>20 GeV. (25) =mp <380 GeV, m;=5, 20 GeV at the 0.5 and 1.6 TeV
LC. We see that the correction Witth:lSO GeV is sig-
The cuts will also increase the relative correctjGal. nificantly smaller than those with largeny; . This is due to

In our calculation, we take m=176 GeV, my — ) o
=49 GeV, M,=80.33 GeV, Gp=1.1934%10° thetb threshold effect in thél, resonance contribution. For

(GeV)~2, s2=0.23. The electromagnetic fine structure con-Vs=0.5 TeV, we see from Table Il that the relative correc-
stanta at certain energy scale is calculated from the simpldion Aop /oq is around 0.1% ifmy is smaller than the
QED one-loop evolution formula with the boundary value threshold and aroun@-4)% if My, is larger than the thresh-

a=1/137.0433], and we will not consider the hadronic cor- 54 Fors=1.6 TeV,Aay /o is around(0.3-0.8%. These
1 t . . .

rections here since they d_o_ not affect the conclusions in thi%echnicolor PGB corrections are quite small compared with
paper to the present precision. q P

For estimating the event rates, we take the following in-those in the neutral channg_zly—>tt_[17]. This is because the
tegrated luminosities corresponding to a one-year-run at theontributions of Fig. 2), Fig. 2c) and Fig. 2d), Fig. 2e)
DESY TESLA[34] are destructive, which makes the charged channel very dif-

ferent from the neutral channel. With the integrated luminos-
ity in Eq. (26), we see from the values of in Table Il that,
Vs=0.5 TeV: f Ldt=500 fo* (26)  for a four-year run, there can be abont7000 events for
Js=0.5 TeV, and=30000 events fon/s=1.6 TeV. The
corresponding statistical uncertainties at the 95% C.L. are
J5=0.8 TeV: fﬁdt:5oo o1 then 2% for\'s=0.5 TeV, and<1% for \/s=1.6 TeV. Thus
the effect of the top-pion corrections can hardly be experi-
mentally detected iy, is smaller than the threshold and for

Js=1.6 TeV, butthere is a possibility of detecting the signal

_ . —1
Vs=16 TeV: J £dt=500 b= for \'s=0.5TeV if my, is larger than the thresholdn the
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FIG. 5. The number of eventd (4-year run at the TESLA
FIG. 4. The number of event§ (4-year run at the TESLA  versusMy for m{=5 GeV andM;;=220 GeV atys=1.6 TeV in

versusMpy, for m{ =5 GeV andM ;=220 GeV aty/s=0.5 TeVin model TC2-1. The solid line is the total number of events, the

model TC2-I. The solid line is the total number of events, thedashed line is the number of events corresponding to the tree-level

dashed line is the number of events corresponding to the tree-levstandard model contribution, and the dotted lines indicate the sta-

standard model contribution, and the dotted lines indicate the stdistical uncertainty bounds at 95% C.L.

tistical uncertainty bounds at 95% C.L.

around 10% for/s=1.6 TeV, both formHl smaller or larger

sense of statistical uncertairﬁy‘l’o show the above results than the threShOId, i.e. the corrections are much Iarger in this
more intuitively, we plot, in Fig. 4 and Fig. 5, the number of model due to thd1™ contributions. Fomy; =220 GeV, the
events in a four-year run of the DESY TESLA at 0.5 Tev relative difference between the cross sections in
and 1.6 TeV, respectively, wity; in the range 180 GeV model ~ TC2-l and model TC2-I [o(TC2-l)

. . —o(TC2-1)]/o(TC2-1) is about 15% when/s=0.5 TeV
=mp = 380 GeV. In the figures, the solid line stands for theand about 12% when/s=1.6 TeV. In this example, the

total number of events, the dashed line stands for the number, ..o o¢ avents in a four-year run are about 7800.fsr

of events corresponding to the tree-level standard model con-
F EVE o e e £0.5 TeV, and about 33000 fofs=1.6 TeV. The corre-
tribution, and the dotted lines indicate the bounds of the sta—ponding statistical uncertainties at the 95% C.L. are then

tistical uncertainty at the 95% C.L. We see that the signal og% for JS=0.5 TeV and 1% forys=1.6 TeV. Thus the
g;&?gbfogzgageﬂozts\l/gz k())eSd'I'eets/Ct\?viillg iihcear:ir(])gt}f)ezo effect of the technicolor corrections in model TC2-1l can be
~I ' : clearly detected both at thgs=0.5 TeV andys=1.6 TeV
detected at the 95% C.L. afs= 1.6 TeV. ~ energies. The difference between models TC2-1 and TC2-I
In model TC2-Il, the top-pion contributions are similar, a4 also be clearly detected @6=0.5, 1.6 TeV. So we
while theII* contributions are more significant than that in conclude thatodelsTC2- and TC2-1l can even be experi-

model TC2-1 due to the smallness Bf; in model TC2-Il.  nana)ly distinguished at theds=0.5, 1.6 TeV TESLA via
The numerical results in model TC2-Il are listed in Table 11l — . .
e y—tbw, if mpgis around 220 GeV. The plots correspond-

with the same ranges ofy, and m, and with my ing to Fig. 4 and Fig. 5 for model TC2-Il are given in Fig. 6
=100 and 220 GeV at th¢s=0.5 TeV andys=1.6 TeV  and Fig. 7, respectively.

LC. We see that the corrections are also significantly differ-  As has been mentioned in Sec. 112, the special arrange-
ent formy lying below or above the threshold. We see fromment of Fo and F_ in the Appelquist-Terning one-family
Table Il that the effect ofI* contributions, Aoy, is neg-  walking technicolor model causes that the color-singlet tech-
ligibly small for mp=100 GeV, while is almost dominant nipions are mainly composed of the technileptons, so that

for mp=220 GeV due to the effect of the tail of the they do not couple tab. Thus there is nab-channel PGB
IT"-resonance. Take they =5 GeV case as an example. contribution to the production cross section, and the techni-
For m;=220 GeV, the relative correctiodo/o (Ao color corrections are only from the diagrams in Fig. 3 which
EAaHlJerH) is around 16% for\s=0.5 TeV and is are negligibly small. Numerical calculation shows that the
relative correction is smaller than 1%. So the effect of the
technicolor corrections cannot be detected via the process

3Since the ordinary one-loop radiative corrections, such as th& Y—tbve. This is significantly different from the above
contributions from Fig. @—Fig. 3i), are already less than 1%, the W0 top-color-assisted technicolor models.
theoretical uncertainty of this calculatidinigher loop effectsis
expected to be unimportant relative to the statistical uncertainty. A IV. CONCLUSIONS
practical analysis of the detectability concerns also the systematic
error and the detection efficiency in the experiments, but this is In this paper, we have studied the possibility of testing
beyond the scope of this paper. different currently interesting improved technicolor models
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TABLE Ill. Top-pion and technipion corrections to tleg ‘)/HtEVe production cross secti(m(rnt,AaH
and the total production cross sectiofF o+ Aont—kAaH in model TC2-l with \/s=0.5, 1.6 TeV and
various values oan[,mH ,m{ . The tree level production cross sectiog=3.25 fb for Js=0.5 TeV, oy

=14.73 fb for\s=1.6 TeV.

\Js my My, m; =5 GeV m; =20 GeV
(TeV) GeV) (GeV) Aoy (fb) Aoy () o (fb) Aoy () Aoy (fb) o)
150 0.0025 325  —0.004 3.25
180 0.0083 3.26 0.006 3.26
100 200 0.081 —0.0007 3.33 0.062 —0.0008 3.31
240 0.12 3.37 0.096 3.35
300 0.098 3.35 0.083 3.33
380 0.058 3.31 0.052 3.30
0.5 150 0.0025 377 —0.004 6.63
180 0.0083 3.78 0.006 6.64
220 200 0.081 0.52 3.85 0.062 3.38 6.71
240 0.12 3.89 0.096 6.75
300 0.098 3.87 0.083 6.73
380 0.058 3.83 0.052 6.69
150 -0.12 14.56 -0.11 14.46
180 -0.11 1457  —0.099 14.47
100 200 0.05 —-0.047 14.73 0.039 -0.16 14.61
240 0.086 14.77 0.061 14.63
300 0.082 14.76 0.058 14.63
380 0.05 14.73 0.042 14.61
1.6 150 -0.12 16.39 -0.11 26.14
180 -0.11 16.40  —0.099 26.15
220 200 0.05 1.78 16.56 0.039 11.53 26.31
240 0.086 16.60 0.061 26.35
300 0.082 16.59 0.058 26.34
380 0.05 16.56 0.042 26.31
N(x10%) N(x10%)
8. 36. r r r r
34. L ]
7. | ] 2. b ]
________________ 30. | 3
6. L L . . 28, L L . .
180 220 260 300 340 380 180 220 260 300 340 380
M M

FIG. 6. The number of eventd (4-year run at the TESLA
versusMyy, for m{ =5 GeV andM ;=220 GeV atys=0.5 TeV in

nl

tistical uncertainty bounds at 95% C.L.
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nl

FIG. 7. The number of eventd (4-year run at the TESLA
versusMyy, for m{ =5 GeV andM =220 GeV atys=1.6 TeV in
model TC2-Il. The solid line is the total number of events, the model TC2-1l. The solid line is the total number of events, the
dashed line is the number of events corresponding to the tree-levelashed line is the number of events corresponding to the tree-level
standard model contribution, and the dotted lines indicate the stastandard model contribution, and the dotted lines indicate the sta-
tistical uncertainty bounds at 95% C.L.



SINGLE TOP QUARK PRODUCTION INey . .. PHYSICAL REVIEW D 60 014002

in the procese’ y—tbv, at the\s=0.5 TeV andys=1.6  the LC provides a feasible test of tb-channel charged

TeV LC, especially the DESY TESLA, via the effects of PGB’s in various technicolor models.

their typical PGB'’s. We see that thb-channel PGB contri- Since the recent Fermilab CDF data tinproduction at

butions play dominant roles in this production process andhe Fermilab Tevatron show that the branching fraction for a

their effects are experimentally detectable for certain reasonop quark decaying into a final stageor u is consistent with

able parameter range in the sense of the statistical unceghe standard model prediction up to certain uncertdihgj,

tainty. However, due to the destructive nature of the contrig charged top-pion lighter than the top quark may not be

butions of Fig. 2b), Fig. 2c) and Fig. 2d), Fig. 2e), the  favored[8], and a charged top-pion heavier than the top

relative corrections in this charged channel are much smallejuark will have a braod width so that it is difficult to detect

than those in the neutral channgy—tt [17], so that larger directly. Our results in model TC2-I show that the y

integrated luminosity is needed in the detection. —tbw, process at the DESY TESLA provides feasible tests
Specifically_,in a four-year run of the DESY TESLA, the of the charged top-pion effect.

effects of thetb-channel PGB'’s in models TC2-l and TC2-I

are all experimentally detectable for reasonable parameter

range, and these models can be experimentally distinguished ACKNOWLEDGMENTS

through . the d!fferences of the|r_ cross sections. The This work is supported by the National Natural Science

Appelquist-Terning model, as a typical example of modelszq,ngation of China, the Fundamental Research Foundation
without a tb-channel PGB, is not detectable in tle€ y  of Tsinghua University, and a special grant from the State

—tbv, process at the LC. Thus the y—tbw, process at Commission of Education of China.

APPENDIX
Here we give the explicit expressions 62 (IT), I'C(1m), r&Pan, =, an, r@)ary), rédan), réedar),

andZ ,(I1;) which can be obtained by direct calculations of the Feynman diagrams in 5%52@). The explicit expressions

are

Mmm/
T@)(IT) = — ¢————V2\27Gra{2[(Pe- — Py.) u(Per — Pr) ,Cor PyuPyuCont (Per = Py uP5uCast Py
127°F ¢ ¢ ¢

X (Pet = Py.) vCo3T 9,1, Caal = G,1,Bo(Py s My . My) = G ,,,MECo+ (2P — 25+ Py) u(Per C11— Py Crt P,C12),
+(Pe+C11— P, C11+ Py C12) u(2Pe+ = 2P, +Py),— (Pet C11— Py C1at P, C12)"(2Pet 090 = 2P3 p9pv T PopYpw

+1€4poP9) +[2(Per = Pu) w(Pet = Pu) = (Per = Pu) *Gust (Pet = Po) uPyu— GusPet-Py T 9Py, P,y

+Pyu(Per = Pu) v 1€ upuo(Per — P)’P51C0}, (A1)
M memy
rZo(m) =c; e 2\27Gea{2[(Per Py, u(Pet = Pr) ,Coit PPy Chiot (P = Pr) uPu Clat P
T

X (Pe+ =Py vCo5+ 9, Coal + (Per C11— Py CT1H P, C12) u(2Pe+ = 2P, +P,) = Py,u(Per C11— P, C11+P,CTo),

+0uu(Per-P,CT1— Py -P,CTD) — i€ upoil (Per —P3)) Cl1+ P,CTL17PY) (A2)

9 M wmm{ 2\/5 G XBl(pt+pE,mt,mb)+Bo(pt+pE,mt,mb)
L, =Cj———— 7Gra
g Am2Fy M2,

X{(Pe+ = Pu,) u(Pet = Po) v = PyuPyo= Guu(Per — Py )%, (A3)
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] M ym;my
—IE,L(H)=cfsT\/2ﬁGF(pt+ Pb) 1B 1(Pt+ Pp,Mi,Mp) + Bo(Pr+ Pp M, My) ), (A4)
T

Cij=Cij(Py,~ Pet, =Py, My, My, M),
Cii = Cij(Pe+— Py, Py s My, My, My), (A5)
whereCj;’s are the standard 3-point functions given in H&f7].

The expressions fof Z)(I1,), TZ(11y), TZ)(I1,), and = ,(11,) can be obtained by simply replacing; by my
—m{, Fp by Fpy_and takingc;=1.
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