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Top-charm associated production in high energye*e™ collisions
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The possibility of exploring the flavor changing neutral currer/tcy couplings in the production vertex
for the reactione®e” —tc+tc is examined. Using a model independent parametrization for the effective
Lagrangian to describe the most general three-point interactions, production cross sections are found to be
relatively small at CERN LEP Il, but potentially sizable at higher eneedg™ colliders. The kinematic
characteristics of the signal are studied and a set of cuts are devised for clean separation of the signal from
background. The resulting sensitivity to anomalous flavor changing coupling at LEP Il with an integrated
luminosity of 4x500 pb is found to be comparable to their present indirect constraints from loop processes,
while at higher energy colliders with 0.5—1 TeV center-of-mass energy and 50—26dufminosity, one
expects to reach a sensitivity at or below the percentage [£5@556-282(99)06313-4

PACS numbd(s): 14.65.Ha

[. INTRODUCTION tors at large momenta and to striking kinematic signatures
which are straightforward to detect in the clean environment
It is often stated that the large value of the top-quark massf e*e™ collisions.

opens the possibility that it plays a special role in particle
physics. Indeed, the properties of the top quark could reveal Il. TOP ECNC INTERACTIONS
information on the nature of electroweak symmetry break-
ing, address questions in flavor physics, or provide special Deviations from the SM for the flavor changing vertices
insight to new interactions originating at a higher scale. Oneean be described by a linear effective Lagrangian which con-
consequence of its large mass is that top decays rapidly vi@ins operators in an expansion series in powers d&f, 1/
t—W+b, before the characteristic time for hadron forma-whereA is a high mass scale characteristic of the new inter-
tion and hence top-flavored meson states do not form. Thigctions. In this case the lowest dimension gauge invariant
results in a fundamentally different phenomenology for topoperators built from SM fields are dimension six and can be
than for the lighter quark states and allows for the uniquewritten as[6,7]
capability to determine the properties of the quark it§&]f

The precise determination of these properties may well re- _%B= = aw— = a
veal the existence of physics beyond the standard model ['eff_PQL‘T CR(DBWJFPQL" CRP W,
(SM) [2].

One possible manifestation of new interactions in the top-
qguark sector is to alter its couplings to the gauge bosons.
Such anomalous couplings would modify top production and
decay at collider$3], as well as affecting loop-induced pro-

cesseg4]. The most widely studied cases are th¥, with
V=1v,Z,g, andtbW three-point functions. However, the fla-
vor changing neutral currefECNOQ) interactionstcV,tuvV ~ Wwith WZV,BW being the field strength tensors for the three
also offer an ideal place to search for new physics as they amon-Abelian fields of SU(2) and the single Abelian gauge
very small in the SM5]. In this instance any positive obser- field associated with U(4,), respectively® is the conjugate
vation of these transitions would unamblguously signal th%iggs field =i 7,d*, 7, are the Pauli spin matrices, and
presence of new physics. The FCNC Yeft'ce? can be prob L represents the third generation left-handed quark doublet.
either directly in top-quark decays, indirectly in loops, or via This effective Lagrangian is then added to that of the SM and

the production vertex for top plus light quark associated proy ey spontaneous symmetry breaking it induces the dimen-

duction. It is the latter case which is studied here in thesion five operators in

apg— i ~
+ PQLO'MV| 75CRq)BMV
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reaction
. = —io,,q" e A g
ete"—tc+tc. (1) —etmt+mc('<y—“<ﬂ’5)0 + 2_cwt Yu(Vz—azys)
As will be discussed be]pw, this mechanism .offers_some ad- + 19 u,M (ky—i%yys) [CZF+H.C., 3
vantages due to the ability to probe higher dimension opera- m+me
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whereq labels the momentum of the gauge boson. The di-

mension four terms can arise from anomalous contributions 0t b J

of terms like &ZI_AZ)Tpiy#D‘%//,—, wherev represents the E g

vacuum expectation value of the SM Higgs field dnd is 108 —~

the covariant derivative. The coefficients of the dimension 3

five terms are related to those of the dimension six operator:s w2 L ]

above by & E | T

) r ]

e () V2V (o) () T 2 S 3

merm, <~ Rz (Ow aet s aw), B T z

+ 100 3

g ~) VIV (o)) © : ]

e mImy Kz= vz (Swap—Cw aw). @ @ Lo
2Cu(Mp+me) A 5 10 200 400 600 800 1000

Vs (GeV)

In the flavor conserving cas&,and’x are the magnetic and

electric dipole moment form factors, respectively, of the fer- FIG. 1. Cross section for top-charm associated production as a
mion to they andZ. Note that thé terms areCP violating. ~ function of center-of-mass energy i'e” collisions. Only one

It is also possible to derive these operators from a non"neaﬁmqmalous coupling is taken to be nonzero at a time, with values as
effective Lagrangian approadB], where the exact form of indicated.

Eq. (3) can be derived in the unitary gauge with prescribed Te(t—cy) mé AM2
relations[7] between the form factors and the parameters 5 Y _ ¢ W

of the chiral expansion. In principle, the operator L(t—=bW)  (m{—Mg)*(mi+2My) m¢
etF(9%)(v,9°—q, 4)cA* can also mediate FCNC interac- X SIr? Gy K2+ 72)

tions for nonzero values af?, i.e., F(q>=0)=0, but we do Wy Ty

not consider this possibility here. In the following, we em- =0.3k5+7%5). (7)

ploy Eg. (3) as a model independent parametrization of the

effects of new physics on the FCNC three-paint function andS Préviously mentioned, the top FCNC branching fractions
assume that the form factors are static. are unmeasurably small in the SNB] with B(t—cvy,c2)

— -13 -13 ; -
It is instructive to roughly estimate the relative sizes of _uslﬂgéﬁgal énﬁfﬁct%eﬁtsr%?%?él\g?gér;og;ngalaist&eevéan be
the anomalous couplings. It is sensible to assume that th 9

couplingsa, @ in Eq. (2) are naturally ofO(1). We thus tained[5,9] in flavor conserving two-Higgs-doublet mod-

- ¢ els and supersymmetry, however the resulting branching ra-
expect thaik, k as well asaz,vz in Eq. (3) to be ofO(0.1.  tjns remain small being of order 16— 1078 at the largest.

This estimate of course depends on the normalization scalg\or changing multi-Higgs-doublet models bring further
which we have conveniently chosenmgin order to corre-  epnhancementsl0] with B(t—cV)~ 10 6— 105 being pos-
spond to the traditional dipole moment form factor defini-sjple. However, models with singlet quarks or additional
tions. If we took it to be scaled byt =1 TeV instead, then quark isodoublet§11] which contain tree-level FCNC, com-
the «’s would be roughly of order 1. positeness mode[4.2], or models of dynamical electroweak
A convenient way to compare the sensitivity of varioussymmetry breaking13], which can all introduce effective
processes to these anomalous form factors, as well as favor changing couplings a®(y/m;m./v), can yield sizable
evaluate their expected values in different models, is to relatBranching fractions oB(t—cV)=<1%.
them to the FCNC partial widths of the top quark. In the case Some models which induce FCNC are more naturally
of the dimension four operators, this can be readily com{probed via top-charm associated production than in flavor

puted and gives the branching fraction changing top-quark decays due to the large underlying mass
scales and possibly large momentum transfer. An illustration
I,(t—c2) (mtz_ M%)Z(mt2+ 2|\/|§) , o_f this, which i_s particularly well suiteo_l to the reac_:tion con-
= (vz+a3z) sidered here, is that of topcolor assisted technicfiah.

- 2 2 2 2
P(t=bW)  (m{=Mg)*(mi+2My) Tree-level FCNC for the additional neutral gauge boson
(5) present in this model are generated when the quark fields are

rotated to the mass eigenstate basis. The couplings of this
re nonuniversal and stronger for the third generation, yield-
g potentially largetcZ’ interactions. In addition, the pro-
duction rate for thisZ’, which is constrained15] to be
heavier than~1.5 TeV, is sizable in high energy e~ col-

lision [16], and hencee*e” —tc+tc is the ideal place to
search for this effect. Another example is given by multi-
5 > Higgs-doublet models with tree-level FCNC. In this case,
=0.59 k7 +k7) (6) s-channel Higgs boson exchange can mediate top-charm pro-
duction at interesting levels at mugh7] and yy [18] collid-
and ers.

2 2
=(vz+az).

For the dimension five operators, the results in the on-she
case are

Is(t—cZ)  (m{—M2)%(mi+3/2M%) 2M5
L(t—bW)  (mf—M3)2(m?+2My) m?

K%‘FT{%
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Present constraints on the anomalous couplings in&q. TABLE |. Total cross sections in fb for signal Eq13) and
arise from a variety of processes. A global analysis of thebackground Eq(14) including the leptonic branching fractions and
flavor changing neutral current procesdés—u*u~, B With no kinematical cuts.

— 171X, K_—Kg mass difference, anB°—B° mixing, as

well as the oblique parameters in electroweak precision mea- 192 Gev 0.5 Tev 1Tev
surements has been performie®] for the dimension four  signaf «,=1] 156 1980 2070
operators by forming a low-energy effective interaction aftersignajv,=1] 114 217 60
integrating out the heavy top quark. This procedure yieldssignaf x,=1] 130 1060 1050
the restrictions bckgrnd 5687 2252 864

gi=v,—a,=<0.05,

7z _ [25], and for the case of flavor nonconserving multi-Higgs-
9r=Vz+az=<0.29, ®  doublet models in Ref26], in supersymmetry wittR-parity
. . . violation [27], and for some models of mass matrix textures
assuming a _cutoff of 1 TeV. Bounds on they interactions [28]. The[ S?\/I one-loop induced production & e~ colli-
can be obtamed_fro.nﬁaﬂ_xsy and restr|ct[2_0]~|;<y|<0.1, sions was discussed j29] and other higher order processes,
using the normalization in Ed3) and assuming,=0. T.he such ae* e~ —{Crr,, have also been consider0]. It is
CO”'dﬁrfDefgﬁé it FedrmlabCDF)dhﬁs pelrformet% ag;;“ the intention of this work to study the model independent
éeﬁrcl. or i B op ecayészoa/n %SBD a[i?-‘ﬂz 8330/ ° case, and to, more importantly, investigate the issue of de-
L. limits of B(t—qy)<3.2% and B(t—0Z2)<33%, o qing the signal over the background and to determine to
whereq=c or u. In the_ ph_otonlc channel, t.h_'s gIves the \yhat precision the FCNC couplings in E@) can be mea-
constraint ofx,=0.3, which is not yet competitive with the sured ine"e” collisions. We note that the analysis presented

indirect bo_unds fr_onB—»XSy. TheZ_ _dgcay channe_l IS N0t Lore can also be applied to top-up-quark associated produc-
yet at an interesting level of sensitivity. These direct CONion

straints from top decays are expect{d®,2Q to improve to

the level ofx,=0.04 andyvZ+aZ=0.11 during run Il at the

Fernilab Tevatron with 10 fb* of integrated luminosity, and Ill. TOP-CHARM ASSOCIATED PRODUCTION
x,=0.0035 and\/v22+azzzo.014 at the CERN Large Had-
ron Collider (LHC) with 100 fb ! of integrated luminosity.
In addition, a\/s=400 GeV photon collider can profe?2] We now investigate top-charm associated production in
x., down to values 0f=0.01 with 10 f5* of integrated lu-  high energye®e™ collisions. This process is mediated by

minosity via the reactionyy—tq+ tq. Similar studies have S¢hannely*,Z exchange,
also been performel®3] for analogous anomalousg cou-
plings.

The production rate foe"e” —tc+tc was first com-
puted in Ref[24] with the dimension-four terms. They have via the FCNC couplings. Using the effective Lagrangian in
been later studied for the case with leptoquark exchangesg. (3) the differential cross section is calculated to be

A. The total cross section

e*e*—>y*,Z—>t?+H:, 9)

-1
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FIG. 2. Normalized jet energy and rapidity distributionsat= 500 GeV.(a) Jet energy distributions for the sign@&@) and background
(B) with the harder jet being labeled &' and the softer jet a&"". (b) Jet rapidity distribution for the signal and the background.
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FIG. 3. (a) Normalized lepton energy ar(®) rapidity distributions at/s=500 GeV for the signaisolid) and backgrounddasheks

d07377a2 1 mt2 2
dz  2s s
2
m
+ 1—? 22|+
2
m
—(l—st 22|+

m;
> PyiByl| 1+ —
ii=y.z S
s m?
2CijZ+ 72D|] 1+ —
m; S
2Eij+2Fijz], (10)

wherez=cos#f with 0 being the angle between the top quark
and the electron. The usual propagator factor is defined as

s (s—M?)(s—

Mj2)+(FiMi)(Fij)]

"I (s M2 (M

where M;, T'; refer the m

DZIL(s=MP)Z+ (M)
(1)

ass and width of theh gauge

boson, and the coupling factors are

Bij = NINF(vivj+aia))e(ViVvj+ &)
Cij= NiZNjZ(Viaj +Vvja)e(Viaj +Vva)ic,
Djj= NiZNjZ(ViVj +a;3))e( KiKj T KK} e »
Eij= Nizsz(ViVj +ai8))e(Vik; T VjKi)ic,

Fij=NPNP(via) +vjay)e(aik +ajkiic,
(12

with vi=a'’=0 and the normalizationN,=1, N;
=g/2c,e. The terms proportional t€;;, F;; are odd inz

and will produce an asymmetric angular distribution if more
than one anomalous coupling is simultaneously nonvanish-
ing. Because of ther,,q" structure of the dimension five
operator, the term proportional @; does not have the usual
1/s dependence and will dominate the cross section as the
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FIG. 4. Normalized distributions for the sign@olid) and backgrounddashey at Js=500 GeV; (a) dijet invariant mass distributions,
and (b) the reconstructed top-quark mass according to(E§).
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TABLE II. Kinematical cuts for the event selection at different collider energies.

Vs E; (high) E; (low) IMjj— My E |m&e—my|
192 GeV >60 GeV <20 GeV >10 GeV - <5 GeV
500 GeV >200 GeV >20 GeV >10 GeV <150 GeV <40 GeV
1 TeV >460 GeV >20 GeV >10 GeV <350 GeV <100 GeV
center-of-mass energy increases. Note that if only one ete"—Qqq’ly, (14)

anomalous coupling is nonzero at a tig@s we will assume
implicitly unless stated otherwigethen the integrated cross whereq,q’ are light quarks. This originates mainly frovi
section is directly proportional to its square. Figure 1 dis-pair production as well as frotW bremsstrahlung ie* e~
plays the total cross section as a function of the center-of--W+ 2-jets. The total cross sections, including the leptonic
mass energy, taking only one coupling nonvanishing at dranching fractions and with no kinematical cuts, are pre-
time with either x,=1(0.1), k;=1(0.1), orv;=1(0.1).  sented in Table I for the signal E¢L3) and the background
These values were chosen for purposes of demonstratideq. (14) for three representative center-of-mass energies at
only, and the property that the cross section is proportional t@ e~ colliders. The signal cross sections are evaluated with
the square of the coupling is explicitly demonstrated. Fronone anomalous coupling to be nonzéequal to unity at a
Eq. (10) it is clear that takings, versusa; (or x, ; versus time. The results fok,, vz, andx; are the same as those
K,,z) 1o be nonzero yields the same numerical result. for’k,, az, andkz, respectively. We see that for these large
values ofk,, ; the cross sections for the dimension five op-
erators are already competitive with the background rates,
even before any kinematical cuts are applied.

We concentrate on the semileptonic decay of the single To roughly simulate the experimental environment, we
top quark, first adopt the basic kinematical cuts on the energy and pseu-

dorapidity for the jets and leptons,

B. Signal and background

ete” —ct—cbly, (13
E;,>10 GeV, |#;,|<2, (15

to efficiently separate the signal from the SM background

takingl=e or u, and the charge-conjugate state is implied.

The irreducible SM background arises frome*e™

—W*"W~ —=¢blv and is fortunately negligible due to the

small size of the Cabbibo-Kobayashi-Maskawa mixing ma- AE/E=40%, 10%, (16)

trix elementV.,. However, without the ability to perfectly

tag heavy flavor states, light quark jets are also a source dbr jets and leptons, respectively.

background. The leading SM background then comes from Although the signal cross section is not expected to be

the final state very large for values of the anomalous couplings which are
consistent with model expectations, the signal final state can

— be quite characteristic in comparison with the background

] events. First, due to the nature of two-body kinematics for

the signal, the charm-jet energy is fixed as

; Nz

which corresponds to a 15° polar angle with respect to the
beam. We also smear the energies with a Gaussian standard
deviation of the detector responisl]

1.0

Vs=192 GeV

0.8

[ EC=7(l—mt2/s), (17
w | _
5 0er ] which leads to the values d&.=16, 220 and 485 GeV at
é’ 1 Js=192, 500, and 1000 GeV, respectively. Similarly, the
0.4 [ 4 TABLE Ill. Total cross sections in fb for the signal EG.3) and
i Ky Or K, ] background Eq(14) including the leptonic branching fractions and
with the kinematical cuts presented in Table II.
| I R RN B
0 500 1000 1500 2000 192 GeV 0.5 TeV 1TeV
Luminosity (pb'i) signal k,=1] 129 1690 1880
signhalv,=1] 95 169 49.7
FIG. 5. 95% C.L. sensitivity to the FCNC couplings at LEPII signal x,=1] 108 900 951
with \'s=192 GeV as a function of integrated luminosity, summed bckgrnd 23.6 5.1 1.7

over all four detectors.
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FIG. 6. 95% C.L. sensitivity to the FCNC couplings as a function of the integrated luminosity/g#t500 GeV for(a) K, (b)vz, and
(o) k2, with and withoutb tagging as labeled.

b-quark energy from the top-quark decay in the signal isbackground kinematical features is that the dijet invariant
typically Eb=mt/2(1fM\2N/mt)w70 GeV, modulo some mass for the background events primarily reconstructs to
smearing from the top-quark motion. In addition, the signalM,, as depicted in Fig. 4). Finally, the most important
jets are more central than those arising from the backgroundonfirmation of the signal is the reconstruction of the top-
sources in which there is a strong boost of Wesystem at quark mass. Although the missing energy from the final state
higher energies. These features are displayed in Fig. 2 foreutrino prevents a direct mass measurement of the top
Js=500GeV. From Fig. @), we see that in contrast to the quark,m, can still be accurately reconstructed from knowl-
nearly monovalue for the energy of the harder jet in the cas€dge of the center-of-mass energy and the charm jet energy
of the signal, the corresponding distribution for the back-via

ground is uniformly distributed. Figure(l® shows the dif-

ference in the rapidity distribution between the signal and the m{*°=(s—2sE,) 12 (18)
background. Secondly, the charged lepton momentum for the

SM background tends to be parallel to that of the pavéit ~ This variable is depicted in Fig.(#) for s=500GeV,
boson, while the opposite holds for the signal. This is due tovhere the discrimination power against the SM background
spin correlation effects for transversely polariaéibosons. is clearly observable. The width of the;*® distribution in-
Consequently, the charged lepton energy distribution for thereases at higher energies due to the larger charm-jet energy
background is harder due to the parallel boost byMhsgys-  smearing.

tem, while it is softer for the signal. This is shown in Fig. 3, The above kinematical results presented in Figs. 2—4 pro-
where (a) the E; spectra for the signal and the backgroundvide the motivation for the optimization of our selective cuts.
are contrasted, an¢b) the rapidity distributions are pre- These cuts are delineated in Table Il. Employing these cuts,
sented. Another apparent difference between the signal arttle cross sections are then calculated under the reconstructed

0,04....|....|....|.... 20 05

10.04

0.03 0.15

0.03}
0.10

Coupling
o
(=]
(V]

0.0z}

0.01 0.05 [~ - -

60% b—tagging .01~ g% b-tagging

-

60% b—tagging

M O Y P P IR

0,00l el P A N N PO T
50 100 150 200 50 100 150 200 50 100 150 200

Luminosity (fb™)

FIG. 7. 95% C.L. sensitivity to the FCNC couplings as a function of the integrated luminosity,&ith TeV for (a) Ky, (b) vz, and
(c) k7, with and withoutb tagging as labeled.

074015-6



TOP-CHARM ASSOCIATED PRODUCTION IN HIGH . .. PHYSICAL REVIEW B0 074015

top-quark mass peakas prescribed in the last column in 50— 1 T~ v T [ T [ "
Table Il) with the results being given in Table Ill. Here we

see that our choice of kinematical cuts are very efficient in
reducing the size of the background while retaining the sig-

nal.
100

C. Sensitivity to the anomalous couplings 50

z (fb)

Given the efficient signal identification and substantial £

background suppression achieved in the previous section, wg
now estimate the sensitivity to the anomalous couplings from+

this reaction using Gaussian statistics, which is applicable fots ;
large event samples. Here, I* 10
N C
5
o= 19 ° -1 !
\ Ns+ NB z

) . . FIG. 8. Angular distributions for the cases ok=a;=«7
with Ns andNg being the number of signal and background _ ¢ 1 (gashed cure a,=0, v,=r,=0.1 (solid), v,=0, a,= k5

events. We demand that=3 in order to observe the signal, —o.1 (dotted, and v,=a,=0.1, x,=0 (dash-dottedl with s
which approximately corresponds to the 95% C.L. =500 GeV.

At LEPII energies, the results in Table Il demonstrate
that thew* W™ background is large while the signal rate is responding to expectations from the TESLA linear collider
relatively low. Figure 5 presents the 95% C.L. sensitivity todesign[36]. The sensitivity to these couplings scales with the
the FCNC couplings as a function of the integrated luminosintegrated luminosity(L) approximately as /L when the
ity, summed over all four detectors, witfls=192 GeV for  background is small. As a result, the ability to explore the
k,(%,), vz(az), and kz(kz). We see that the combined FCNC couplings is improved by more than a factor of 2
sensitivity for 500 pb* per detector could reach the 0.3—0.4 when the integrated luminosity is increased from 50 to 500
level. This is similar to(or slightly worse thanthe current  fo~*. We also note that the sensitivity to the couplings of the
indirect constraints obtained from rare decays. Since thdimension five operators,{,,(k);, is increased by
b-flavor tagging efficiency is not very high at LEPII, being roughly 30% as the center-of-mass energy is raised from 0.5
only ~25-30 %, we find that requiring a taggkdh the final to 1 TeV. This is as expected due to the structure of these
state actually decreases the achievable sensitivity. Our resultgperators.
are somewhat more pessimistiy a factor of~3) than that
obtained in a previous studg?] for LEP Il. However, the IV. ASYMMETRIES
search reach presented in this earlier work was obtained by a ] ) )
pure statistical analysis only, without the implementation of AS mentioned above, the odd terms in éds the cross
cuts, reconstruction of the final state, or inclusion of theSection generate an asymmetric angular distribution. This is
background, and hence their more optimistic conclusions arlustrated in Fig. 8 with\'s=500 GeV for the sample cases
not surprising. We also note that DELPHI has recently re0f vz=a;=«;=0.1 (dashed curve a;=0, vz=xz=0.1
ported[33] a search for single top production using a single(solid), vz=0, a;=«;=0.1 (dotted, andv;=a;=0.1,
energetic monojet plus isolated charged lepton as their everit O (dash-dottell Note that the case wheeg =0 produces
selection criteria for 47.7 pi at \/s=183 GeV. Their pre- & symmetric distribution as expected from the form of the
liminary bounds on the top anomalous couplings are comcross section. The other coupling combinations wierés
p|ete|y Consistent W|th our resu'ts as Shown in F|g 5. nonvanishing all produce distinct asymmetric distributions

At h|gher energies' the ab|||ty to probe the existence 0'|VVh|Ch can be used to dIStII’IQUISh between the various sce-
FCNC anomalous couplings is greatly improved. Figures garios. The resulting forward-backward asymmetry and po-
and 7 display the 95% C.L. sensitivity to the couplings as darized left-right forward-backward asymmetry are displayed
function of integrated luminosity afs=0.5 and 1 TeV for N Figs. 9a) and(b) as a function of the value of the anoma-
Kk (Ky), Vz(8z), andk,(%7). Here, the solid curves corre- 10us couplings for/s=0.5 and 1 TeV. The coupling combi-
spond to the results using the kinematical cuts only, whilghations taken to be nonzero with equal values are as indi-
the dashed curves include the effectsbafagging. It is ex-  cated. The polarized asymmetry is proportional to the FCNC
pected[34] that a charge-coupled devi¢eECD)-based pixel ~ coupling factors
vertex detector combined with topological vertexing can
achieve a~60% b-quark identification efficiency with very
high purity at high energy linear colliders. This is not too far X (k8 + K8 ) - (20)
of an extrapolation from the presentt0% b-quark identifi-
cation efficiency that has recently been attained at the SLAQn Fig. 9 we have taken the degree of beam polarization to be
Large DetectofSLD) [35]. We have extended the integrated 90% and employ a 10° angular cut around the beam pipe to
luminosity for the 0.5 TeV linear collider to 500 T, cor-  remove backgrounds from the interaction region. We see that

LR
Arg~ (Vivjtaiaj)e(Viajtvjae+ (Vivitaia))e
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FIG. 9. (a) Forward-backward asymmetry arfd) left-right forward-backward asymmetry as a function of the value of the FCNC
coupling. The coupling combinations taken to be nonvanishing and equal are as indicated.\ket theandv,=a,= «, cases, the solid
(dashedl curve corresponds tgs=0.5(1) TeV; thea, =« case is dotteddash-dottepifor \/s=0.5(1) TeV.

these two asymmetries have similar shapes, and hence tfrem present data. However, a 500 GeV linear collider with
beam polarization does not add much new information50 fo ! has more sensitivity to these couplings than the
However, they clearly distinguish between the various op-Tevatron with 30 f5%, and with 500 fo it is comparable in
tions for the nonvanishing couplings. Hence, if top-charmreach to that of the LHC with 100 f3. The 1 TeV machine
associated production is observed, these asymmetries woudfives roughly a 30% improvement in sensitivity. These cases
provide a valuable tool for discerning the structure of thecorrespond to exploring FCNC top decays with branching
FCNC couplings and unraveling the underlying physics. ratios in the range 10°—~10 3. In addition, if a;#0, then
angular and polarization asymmetries can be formed which
can yield information on the structure of the couplings and
the underlying physics.

We have examined the possibility of top-charm associated
production ine*e™ collisions via FCNC couplings. This
mechanism, in contrast to the study of rare top-quark decays,
allows for the exploration of higher dimensional operators at The work of J. L. H. was supported by the Department of
large values of momenta. We used a model independent peEnergy, Contract No. DE-AC03-76SF00515. We would like
ametrization to describe these couplings and devised a set td thank G. Burdman, J. Jaros, F. Paige, M. Peskin, K. Riles,
cuts to cleanly distinguish the signal from the backgroundand T. Rizzo for discussions related to this work. T.H. was
Our results show that LEPII will be able to probe these cousupported in part by a DOE Grant No. DE-FG02-95ER40896
plings only at a level which is comparable to the constraintand in part by the Wisconsin Alumni Research Foundation.

V. CONCLUSIONS
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