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The shape of the threshold is distorted by initial state radiation efqccéys of the two Wis present m the Event" the tf oven" wlufcnslst Of
its Fourier transform, G.100% of the times 1nto a bottom quark and a W. Depending on the
three observables described above can be obtained directly from G or. . . In the Minimal éltuldard Mmiel (MSM) the mp decaysfssemlauy
H b . . . . . . emg the Hamiltoman, which includes the QCD potential. Theyear) the event sample is sufficient for detailed studies.

At the foreseen luminosities of 1033 — 103* cm'° s'l (or l(kl00 fb"' per _ (H " E " no) G = L
pair. The tt production cross section is about 650 fb at e/E = 500 GeV.

Schrodinger equationhilation to a virtual photon or Z, which subsequently will decay to a tf
The dominant top production channel goes through the e*e“ anni» where p is the top quark momentum and E E J.; - 2m,. G verifies the

symmetries. G(p; E; m•,o.,l"•) E (p|G|r = 0) ,
tion and provide valuable information for the understanding of flavour mon
and that they can shed Some light 0,,,,,, the mechanism Ot- mass g€ncm_ _ They are based on the computation of the non-relativistic Green s func
their properties might well be different from the ones of the lighter quarks _ _ _ _ _ _ Tnoorelncol °*n°“1°l'l°n° f°r Phu thnx qu°ntm?°as available

3 { I
even heavier than the Higgs boson, it is not unreasonable to think that

must
since they are heavier than the intermediate vector bosons, and maybe

nr S- and Mere amplitudes, provides e nnrn tense on nre ren_ TOP ¤··¤k~ *-*1 be ¤¤¤·¤¤¤*v ¤~r·¤*¤d¤¤¢d ¤* =·¤·=*¤¤¤·*¤¤¤¤¤d»
. rne forward-backward asymmetry, Aren), ene to ne interferenceterm *¤ the dmiled Stud! ¤* L*·= ¤>$¤v¤¤¢=¤ ef we ¤···=**<s·

have an wide physics programme among which one of the most important top mass and the potential.
centre-of-mass energies in the range 350—1000 GeV has been shown to • The top momentum distribution, da/dp(s), depends also on the
plementary programme to the LHC effort. A linear e+e" collider with b'nd’n$ p°t°“t'“n‘
for instance referencesl'2 ), such a facility is emerging as a realistic com to 'n*· H°W°v°?r* It ls °l°° quite Semmw t° the strength of the u
a high energy linear e*e' collider (NLC) and its actual feasibility (ace . , . . . . . • The total production cross section, ¢r,t(s), IB particularly sensitive
After several studies during the last ten years on the physics potential of

measurement of the top quark mass. Three observables are available:
An energy scan around the tt threshold can be used to do a precise1 Introduction

production threshold.

makes easier the studies and the predictions, in particular, near the tt
coupling and measurement of the top production and decay form factors ` . as an effcchve cu"-OH energy for non-perturbahve QCD eHed's` Thlg
concern three topics: threshold scan, measurement of the top Yukawa ,,,t'°p°m° bmlnd states have had time m form' Om gener y` ° mf

The *·e·¤= dmv me ef me mp qrmk **··¤“e °*;;* “·‘°°***;"**‘;" °‘;€on r§2§§»iZ2EZZn§£YLlZ£n.{K,C..Z.Ereer—rT5JSLE¥1Ii‘§I’Z“J§`$`‘“`"1’''`L`§?``”Y?"`{'JE
Abstract 2 Threshold scan studies
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luminosity of 5 fb". The probability of charge confusion, relevant for OCR Output does not cont1·ibute significantly to the final result.
top momentum distribution can be obtained with a 3 GeV error with a improvement coming from dd/dp. The forward—backward asymmetry
top momentum is about 10%. ·The position of the maximum of the comes from the total cross section measurement, with a non-negligible
small and the overall efficiency close to 15% ’. The resolution in the scale is determined with a $:0.005 uncertainty. Most of the sensitivity
measure the momentum. Backgrounds have been found to be negligibly quark mass is around 200 MeV. The strong coupling constant at the Z
is readily obtained from the lepton charge while the other top is used to contours can be seen in fig. 2. The overall precision expected in the top
W decays leptonically are used. This way, the charge of one of the tops appears in the QCD if potential. The resulting two—dimensional X2

For the measurements of da/dp and Ap; only events in which one The fit has two free parameters: the top quark mass and cr., which
and signal to background ratio in excess of five. taken below the threshold in order to measure the backgroimd.
straints, a sample of tt events can be selected with 33% overall efficiency luminosity of 5 fb" in each point. Another 5 fb" are assumed to be
and using the two W mass constraints and the two top quark mass con· fit assuming a nine-point scan around t/3 = 360 GeV with an integrated
which can consist of just a lepton. By asking that the event be spherical rather insensitive to beam effects. The three observables are used in a X2

The cross section measurement uses events with six or five jets, one of of the momentum distribution was chosen because it was found 2 to be
energy, are the observables chosen to extract the top mass. The peakbackward asymmetry are also affected, although at a smaller level.
tion and forward—backwa.rd asymmetry, allasafunction of centre-of-mass°° the mp m““· The mp ¤·¤¤·•=¤¢¤¤¤<*i¤¢r*b¤¢i¤¤ Md me f¤rw¤rd

The tote; oroee section, position of peak of the momentum djotmbmdecrease substantially the sensitivity of the cross section measurement

A F 3, has been found to be at the level of few per cent.

beam effects, computed with the parameters of the TESLA accelerator design°
Born cross section; dashed line: with initial state radiation`(ISR); dotted line: with ISR and forward-backward charge asymmetry.
Figure 1: tf production cross section as a function of the centre·of—mass energy. Solid line: Figure 2: Results of the X2 Et using the total cross section, momentum distribution and
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around 18%, for fixed values of TTI; and cr,. OCR Output background) figure 6 shows for three different \/3 the sensitivity S to
observables, the overall precision in the top quark total width will be Assuming ”ideal” detection conditions (100% acceptance and 0%
of the asymmetry exists but it is rather modest. lncluding the three GeV but reaches only O(1-10 fb) as can be gleaned from fig. 5.
with 5 fb" each) with only I`. free is shown in fig. 3. The sensitivity For the range of My < 2mr the cross section is maximal around 750
performing a fit similar to the one described above (nine energy points ,/3 due to phase space and also decreases at high `/E due to unitarity,
resonances and, therefore, larger asymmetry. The increase in X2 when The total cross section, for any given value of M H decreases at low
P~wave amplitudes, a larger width implies more overlap between the two dominates by far, both calculations are in good agreement.
sensitive to the width. Since its origin lies in the interference of the S- and also finished ‘. Since Bt the N LC €H€fgi€¤ i·h€ '1—€X<Zh&¤g€ Cvntfibutlvn
quark width. The forward-backward asymmetry is expected to be quite ??al gtsince ong time ago an ew years ago t e comp ete c ation wasThe same data and observables can also be used to determine the top The ¤1¤¤i¤¤i¤¤ f¤r its ”;iis¤-¤¢mh1¤ms” iith ¤¤iy1-exgrse existed
although this has a limited impact due to the large top width. 3·I Th¢¤¤¤¢i¢¤i GJPCCW
evaluated, or in the exact form of the long-distance part of the potential,
. . . . instance, in the scale at which the strong coupling constant has to be

b . . . . . een studied, that is the process that we want to dismiss in detail.
. . . . . . . as a way to parametrize uncertainties in the binding QCD potential. For

.strahlung , see fig. 4}. Slnce the detectabllity of tlus process had not
The extra degree of freedom represented by 0:, can actually be viewed The H'“§°°“'d be *"°d}'°°d thorough riiijmhon 0H a mp ( Higgs

the W or the Z mass they would compete with the bosonic decays.
decays would predominantly be into bl:. lf the Higgs is heavier than twice

well the total cross section information (dotted line). ggggvljght Higgsv (M < 2m ) In this cue the fcrmionic Higgs H ¢ - r
autls·asymmetry (solid line), adding the top momentum information (dashed line) and adding as
Searches and hence, have already been studied in that context by severalFigure 3: X2 increase as a function ofthe top width using only the forward-backward charge
decay into tf. These processes constitute the basic mechanism for Higgs
ough the W fusion mechanism in e+e‘—l w7H (see fig.4) and afterwards
ther thorough the "standard” Bjorken mechanism e"'e' —> ZH or thor
bosonic Higgs decays. The Higgs could predominantly be produced eirbi,. `OA °‘6 OB l L2 1'4
decays would predominantly be into tt, which would compete with the

(1) "Heavy Higgs” (My > 2m,). In this case, the fermionic Higgs
0.5 scenarios should be distinguished:

For the direct measurement of the top Yukawa coupling, two different
of a more direct measurement of this coupling.
measurements, in this section we wanted to concentrate in the feasibility

1.5 observables discussed in the previous section. Rather than these sort of
the top production threshold and hence, indirectly aflects the threshold
ables. It has some eHect, for instance, in the interquark potential near

The top Yukawa coupling might show its eHects in several observ
2.5 unique opportunity to measure the Yukawa coupling.

whereas, for instance AZ ~ 0.0004. Therefore, the top quark provides a

°' d°/dp' ~‘ for the top quark is much larger than for any other fermi0n:A¥ ~ 0.5
d<’/<7P·M A} = (mf/v)? being u = (J§Gp)l/2 2 246 GeV, the Yukawa coupling

3.5 Higgs coupling to fcrmions is proportional to the fcrmion mass squared,
particles must be measured to check the Higgs mechanism. Since the
Even if the MSM Higgs is found, the coupling to the other fundamental

3 Top Yukawa coupling



and our selection procedure had the following steps: OCR Output case, the signature of this process is irreducibly mixed with the one of the
out. We have simulated specifically the case in which MH = l0OGeV is not the case for M H = 100 GeV, our choice for the simulation. In our
lepton and 4 jet plus 2 lepton configurations has not yet been carried background if the Higgs mass is sensibly different from the Z mass, which
plus 2 Mw, 2 'mg and the Mg constraints. The analysis of the 6 jet plus 10 decrease. The Higgs invariant mass cut could reduce in addition the
which has 4 b plus 4 non-b jets which can be selected using b—tagging signal but the requirement of Z —+ bt introduces an additional factor
we have jjbjjlibb so that the basic signature consists in a 8 jet event (1) e+e" —> HZ. The cross section is similar to the one of the
e+e` —> tt`H -> Vl’+bW'BbB. By taking only hadronic W decays, then chosen to identify our signal, at least two potentially dangerous chaxmels:
(which is a good approximation for M y < l60GeV) the signal consists in Concerning backgrounds, there are, for the signature that we have

Assuming that the Higgs decays with a 100% branching ratio into bB Figure 7 shows the invariant mass distributions obtained.
"standard detector" conditions

MH < H0 G°v·
The events have been processed with PYTHIA and smeared to simulate

_ _ _ _ _ ° Fmd best H`m“° C°mbm°t1°¤ for b Jets and require 80 Gcv <· M.C. event generator to make an experimental simulation of this process.
• Find best Wmmss Combination for n°n_b jet;Using the calculation by Djouadi et ° we have written acomplete

1s still very high.$2 Experimental aspects
the actual b efficiency that we assume is not 100% but it
jet if, at least, half of its energy comes from b hadrons. ThereforeMy < 240GeV.
_very high efficiency (we take 100%) and a jet is assumed to be a bmake a measurement et the level er Mn. ~ 0.1 mm 50 m—· for in ¤*¤=·¢=¤ we hm ··=····¤·¤·* ¤*··*= '·*·¤·*¤>¤2· sm *·= ··*=¤¤**·=<* Wh

where L stands rm the iumameeaty in r¤·¤. Therefore, iden, one mid • Apply Mpssins tp ¤h¤ im ¤¤ dwifv ¤h¤¤¤ i¤¢¤ b wd ¤5>¤+b i{¢¤·
• Discard events with jets being just one leptonAxt _ S x/Z (1)

, 1 • Require > 7 jets but force the event afterwards to have 8 jets
Al as a function of the Higgs mass, defined in such a way that

different Ec",.
Figure 5: Total cross section for the "Higgs-strahlung" process as a function of MH forYukawa coupling.

Figure 4: Feynman dilgrams for the processes that can be used to directly measure the top

MH (GeV) mn (cev) MH (cev)

100 200 300 ' 200 $00 6000 100 150

0.5

1.5

on H

< - ( 8
W 2H (
g2.5
I 3

33.5` ( e / H ¥.
3 4

(M,. < 2 rn,)
84.5Higgs-strchlung ¤’
> 5

Cross ssctlon (fb)(M, > 2 m.)

H -+ H
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Yukawa couphng Ffh would be caused by a magnetic quadrapole moment, and nonzero
actual sensitivity that can be obtained in the measurement of the top z9'··zFiR = 9R»¤¤<* F?. = Fawn = Fg! ·'= 0· A ¤°¤¤€¥`° value l0|” Fgi +
of the lytagging is crucial to make a quantitative statement about the “'h"°F¤‘“`° f°"“ l“°t°"· In the MSM. F?. = Flin = Fri. = 1. FQ =
of being possible and, in any case, it is clear that a detailed simulation

m,liminary conclusion, is that the measurement seems to be at the limit -.. .. .. uJ" Oc 7“(FU“PL + FWF") + 2(F;"PL + F;RPR)’ (2)
16 uquthan 30 % and the signal to noise ratio is below 2. Therefore, our pre·

·. a 100% b-meson tagging efficiency, the total selection efficiency is smaller
The current Operator can be writtenground are shown in table l. As can be seen in that table,even assuming

stateThe preliminary results of the selection for the signal and the back—
Consequently the initial t h li `t ` t f ed ifi ` tl t h V Op e Q y ” mm an c mm y 0 tl e End
scured during hadronization because the top quark decays too quickly.We have simulated this process by using J ETSET.
polarization. In contrast to lighter quarks, this polarization is not ol>than the one for the signal, some background might still be expected.

Top quarks are produced in e*e" collisions with a high longitudinalcross section for e`l'e' -> tf is of about two orders of magnitude larger
angular and energy distributions of the tt final state.a. priori low probabihty of such a background, the fact is that, since the
of such anomalous couplings, if large enough, would be observed in thevirtnalgluon emission) the signal signature is emulated. ln spite of the
vertex which modify coupling to the weak charged current. The presenceto the actual production of additional bb pairs (for instance coming from
ify the tt coupling to the neutral electroweak current, and to the decay(2) e+e' -> tf where, due to confusion in the jet assignment or due
anomalous form factors associated to the production vertex which mod
vides opportunities to detect physics beyond the MSM. There can bethat it would contribute unavoidably to about 10% of the signal.
The production and decay of top quarks at a future linear collider prosignal and hence, we have not directly simulated it but rather considered

4 Production and Decay Form Factors

text for the precise dennmony _ _ In the top mass distnbution, the combinatorial background is also shown.
Figure 6: Ideal sensitivity function S to X} as a function of of MH for different Ec", (see Figure 7: Reconstructed invariant mass distributions for the " Higga-¤tmhlung” signal events.
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for 6 significantly greater than zero signals new physics. charged current in b decays
(see for example Ref. H); the anomalous piece is simply gain} 0. A value fermions. The L3 Collaboration has used this difference to constrain the
in Ref. °'l°.) The probability density for the MSM is assumed known neutrinos in decays of down·type fermions, and for leptons in up-type
where 6 is a single free parameter. (It is not the same symbol 6 as used butions; the difference between pure V + A and pure V — A is large for

leptons. A small adrnixture of V + A interaction modifies these distri
m4>Pot. =(1— 6) -1%... +6 - 1%....... ambiguous predictions for the energy and angular decay distributions of

The charged weak current in the MSM is pure V - A, leading to un
angle distribution to detect an anomalous sin' 0 piece:

4.2 Decay Vertexsurement, we chose to perform a maximum likelihood fit to the polar
information which was not already included in the cross section mea·
tion as well as changes the differential distribution. ln order to extract be about A6 = 0.04, for an integrated luminosity of 50 fb`

The extra piece (F2; + Fm in Eq. 3) increases the total cross sec· as each realistic effect is included. Ultimately, the statistical error would
a anomalous term which grows with energy ° The statistical sensitivity is given in Table 2, showing how it decreases
The normal spin-flip probability, proportional to 1/72, is augmented by opposite direction.

the contamination, dominated by W pairs and bb, which peaks in the
Figure 8. The clear asymmetry from the top quark is evident despited . E 2 $5 oc sm: 0- I%(F;L + Fin) + E2(Fu, + F;R)I . (3)
An illustration of the reconstructed polar angle distribution is shown in
Aleph detector. All of these effects are incorporated in the toy program.

usual 1 + cos? 0 terms, a term proportional to sin? 0: contamination. Detector performance was approximately that of the
The polar angle distribution of the tt pair contains, in addition to the ability to mis-sign the angle (the ‘flip probability'), and the non-top

on the top direction, the acceptance as a function of polar angle, prob{.1 Production Vertex
ulations with PYTHIA give the efficiency of the selection, the resolution
An energetic, isolated electron or muon is needed to sign the angle. Sim

linear collider. The results are presented in the next two sections.
The top quark direction is taken to be the thrust axis of the event.

distributions to estimate the statistical precision attainable at a future
measurement.

We have performed simple investigations of the production and decay
of their direction. lt is not necessarily the most optimal energy for this

boson. Fm is tested in the study of decay distributions of top quarks.
the top quarks is sufficient to allow a reasonably precise measurement

there might be a V + A admixture to the top charged current, or a Wn
tion for mt = 180 GeV and ,/Z = 500 GeV. At this energy the boost of

influence the production distributions for top quarks. lf F gz gk 0, then
uncertainty. The toy program was tuned to approximate a full simula

1.value for F2"'; — 1*2}} by a weak electric dipole moment. These would
Z 11*2 pression 4, and the distribution of 6 examined to determine the statistical

Samples generated with a toy Monte Carlo program were fit to ex

1.3Signal/noise I 1,2 I 1.7
28.0 L = so n.·*.Events (50 fb") I 11.0 I 28.5

realistic effects are included in a toy Monte Carlo simulation. mt = 180 GeV, \/Z = 500 GeV,175x·secti0n (fb) I 550 I 300
Table 2: Statistical sensitivity to an anomalous nin: 0 term in the production cross section, astf(backgr0und)

backgrounds (20% contamination) I 0.0418$6x-section (fb) .95 3.6Events (50 fb`1) I 13.1 I 47.5
0.038flip (15% probability)t?H(.1ignal
0.034resolution

1000Energy (GeV) I 500 I 750
acceptance (as function of 0) I 0.033

0.026selection efficiency
suming an integrated luminosity of 50 fb" 0.015ldeal

Fasc. . . . Table 1: Results ofthe expcrnmentul snmulatnon for the Yukawu couplmg measurement as· A6
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separate variable wi,. The mean w changes monotonically as a function of their computer programs for several of the studies discussed here, as well
condensed into a single "optimal” variable wr, and for the neutrino, a We are indebted to M. Jeiabek and his collaborators for providing us
the simulation The energy and angular distributions for the lepton were We thank M. Chmeissani for his help in the early stages of this work.
acceptance. Nonetheless, a resolution of about 10% was obtained from
less certain, due to unknown and variable losses to ISR, and detector Acknowledgments
have little impact on the measurement. The neutrino measurement. is

The lepton energy and angular resolution is good enough so as to
{grated luminosity of 100 lb ' at threshold

was assumed. _statistical uncertainty would be approximately Axz z 0.013 for an inte
same as those in the top rest frame. An integrated luminosity Or ion rb _ ¢¤<>¤¤nd acceptance degrade the sensitivity by about 20%. The ultimate
the energy and angle of the lepton in the lab frame are essentially the lepton and the neutrino were add°dlf°$°th°r ln qu°dmt‘“r°·) R€s°l“‘
Old, Since in this Case the wp spin points along the beam direction, and mation was not constructed exphcitly; rather, the significances for the

These Studies were performed using mp decays simulated at thmSh_ ‘I(A single optimized variable incorporating the lepton and neutrino infor
from the lepton energy and direction, and if possible, from the rigutr-iri0_ the l€Pl·0¤ and ¤€¤%1'i¤$> Mc uscd compared to the lepton energy AlO]’]Q_
pmmcnml task is to constrain K2 using as much information as possible three sigma for a twice smaller value of xl when all information from
K; _) OO is pure V + A. (Sec Ref. is for Complete expressions.) The €x_ n l· tion is taken 1nt0 accotmt is manifested as a steeper line; the shift passes
(1+ and gA = (_1+ K)/my so K; = 0 is the MSM and afunction offs 1n Figure Themcrease in sensitivity as more informa
tions. They can be written in terms of a parameter ie, such that gv : Cal S€¤§‘l·lV1l·Y (gf} mc¤8uT€m¢¤¢- This Significance (Aw/au,) is plotted as
the decay distributions me known including {-ust Order QCD cOn,€C_ 2 _ _ _ _ ic ; the significance of a shift in terms of the variance of w is the statisti

The theoretical work has been carried out by Jeiabek and others la;

and neutrino energies and angles.
\/Z : 500 GeV. angle, c) lepton energy and angle, d) lepton energy and angle, and neutrino energy, e) lepton

lepton. The contributions of tt and background are shown separately. m, = 180 GeV and mation results in a steeper line: a) lepton or neutrino energy alone, b) neutrino energy and
Figure 8: Simulated thrust axis polar angle distribution, signed by an energetic, isolated FlS¤¥`c 91 I¤<?|'¤¤·¤¢ in ¤lS¤m€¤¤€¢ Aw/¢Yw $5 K2 in inc|'¢¤¤¤d· The inclusion of more infor
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