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Measuring the top quark Yukawa coupling at a linear e*e™ collider
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The cross section for the reactiefie” —ttH depends sensitively on the top quark Yukawa couphipg

We calculate the rate faitH production, followed by the decay—bb, for a standard model Higgs boson
with 100 Ge\=my=<130 GeV. We interface withsaJET to generate QCD radiation, hadronization and

particle decays. We also calculate the domirtabb backgrounds from electroweak and QCD processes. We

consider both semileptonic and fully hadronic decays of tthesystem. In our analysis, we attempt a full
reconstruction of the top quark andf boson masses in the generated events. The invariant mass of the
remainingb jets should show evidence of Higgs boson production. We estimate the accuracy withawhich
can be measured at a linegire ™~ collider. Our results, including statistical but not systematic errors, show that
the top quark Yukawa coupling can be measured to 6—8 % accuracy with 10b@tE. ,=1 TeV, assum-

ing 100% efficiency forb-jet tagging. The accuracy of the measurement drops to 17-22 % if only a 60%
efficiency forb tagging is achieved.

PACS numbgs): 14.80.Bn, 12.38.Bx, 13.85.Lg, 14.65.Ha

"_ INTRODUCTION . The procese™” e —ttH provides a direct mechanism for
One of the most important challenges facing the next 9€Nmeasuring the top-quark—Higgs-boson Yukawa coupling

elratlto n of a;celeratotrs |Ethekt_1ntar;gl|{lhg of t?_e !“t‘?Cha”'S'””. 1,2]. This process proceeds mainly viaand Z exchange,
clectroweax Symmetry breaing. In the opimistic SCenariQ, i, e Higgs boson radiated from the top quark. This con-
where a Higgs boson is discovered at the CERN~ col- Lo T . 2 .

tribution is directly proportional ta{ . There is also a con-

lider LEP2, the Fermilab Tevatron, or the CERN Large Had ibution f he Hi b I h h d
ron Collider (LHC), a major goal of a high energy’ e~ tribution from the Higgs boson coupling to the exchange

collider becomes the measurement of the Higgs boson COLP-Ut this contribution is subdomEant and so does not upset
plings to the fermions and gauge bosons. These coupling$e interpretation of the”e™ —ttH process as a measure-
are uniquely predicted in the standard mo¢&M), but can  ment of the top-quark—Higgs-boson Yukawa coupling.

be significantly different in extentions such as supersymmet- At a high energye” e~ collider withE. ,,=500 GeV, the

ric models. A measurement of the Higgs boson (_:OUp"ng?)roces&*e*—nt_H is sensitive to Higgs bosons in the mass
can therefore discriminate between various alternatives to thleegion 100 GeVemu~130 GeV. The current limit om
H . H

standard model. . S
The couplings of the Higgs boson to the gauge bosons cafﬁom LE.P2 Is myy=>95.2 GeV[S]. This ng_gs boso_n_ mass
gime is favored by calculations comparing precision elec-

be measured in a straightforward manner through the assodit . -
) g . — 2 troweak data to standard model predicti¢d$ In addition,

ated production processes, e —ZH, qq'—=W"H, and  he jightest Higgs boson of supersymmetric modetsich

ag—ZH, and through vector boson fusio,"W~—H and  for many models behaves indistinguishably from the SM

ZZ—H. The couplings of the Higgs boson to fermions areHiggs bosoh ought to have mass less than typically 130

more difficult to measure, however. In the standard modelGeV [5]. In the interesting 100-130 GeV mass region, the

th_e fer_mlon—nggs-boson .COUlegS are completely OleterHiggs boson will decay predominantly hfpairs and so the
mined in terms of the fermion masses. For a generic quark, —

Py P final state of interest will betbb. Since the top quark decays
, the H coupling is given b ) : .
Q QQ Upiing 1s giv y to aW boson and & quark, the final state will contain at
least fourb quarks plus twdN bosons. Although the rate is
Mg small (on the order of a few femtobarnsthe signature is

A==~ (1.9) quite spectacular.

There are two major sources of background to titeb

where v=(y2G.)~ 2 and so the top-quark—Higgs-boson final state[6]. There is a large QCD background, coming

Yukawa coupling is much larger than any other YukawaPrimarily from the process”e” —ttg*, with the gluon de-
coupling. caying to abb pair. Thebb pairs resulting from the gluon
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splitting tend to peak at low values of thé invariant mass. Il. CALCULATIONAL DETAILS

There is also an electroweakW) background, of which the  The starting point for our signal and background calcula-
dominant contribution ise*e” —Ztt. Although the EW tions is the calculation of the corresponding squared matrix
background is formally smaller than the QCD background, itelements for the relevant subprocesses. For these, we use the

is more problematic since th2—bb decay resonates in COMPULEr programMADGRAPH [13] and theHELAS subrou-

close proximity to the expected Higgs signal. We computdines[14]. We computé
these backgrounds and estimate the resulting precision which
can be obtained oR;. ete —ttH

The O(«,) cross section foe"e™ —ttH has been calcu-
lated in Refs[7,8]. In this paper, we work entirely with tree _
level cross sections, for consistency with the background e"e —ttbb (EW: 35 diagramyg
predictions. The dominant effect of QCD corrections will be
to increase the precision of signal and background total cross
section calculations, so that results from this paper can be
appropriately rescaled once the QCD corrected background
rates are available. . ete” —ttbb (QCD: 8 diagrams
Recently, Moretti has presented parton-level calculations
of both signal and background processes for the semileptonic
final state[6]. We have confirmed both his signal and back- In the QCD contribution, we have taken(M;) =.118.
ground results at the parton level. In this paper, we extendVe notice that, with respect to Reff9], our background
our programs to include parton showering, hadronization an@ﬁ'CU'&tiOﬂ includes th&-boson spin correlation effects for

particle decays. We consider both the semileptonic final statée electroweak background. Moreover the dominant QCD
background is fully simulatedl.

(5 diagrams,

e*e*—>(blv)+(bqa’)+(H—>bE) The squared matrix elements are integrated via Monte
Carlo simulations over phase space, and the total cross sec-
and the fully hadronic final state tions and distributions agree with the results of Morggi

Next, we interface our parton-level programs with the event
generatonsAJET [15] to allow for parton showers, hadroni-
zation and particle decays. We neglect initial state brems-
In our approach, we rely on a full reconstruction of the Vari_strahlung and bea_mstrahlung effects. For our analysis, these
ous top quarkW-boson and Higgs boson invariant masses incffects should mainly lead to a small rescaling of both the
gnal and background production cross sections. We also

the events, which should lend confidence that the approprial | h . lati fth Kb d
signal and background processes are in fact being seen. neg ect the spin correlation o .t € top quark between produc-
tion and decay, but expect this to be a small effect as well.

Similar analyses of top quark Yukawa coupling measure . . .
ntIn our analysis, we use theAJET toy detector simulation

ments have recently been presented at conferences. A rece . ;
programisAPLT. We assume calorimetry in the range4

analysis of the signal a_nd baquround faH _production < p<4, with cell sizeA 7Xx A $=0.1X0.262. We take the
and decay for both semileptonic and hadronic channels haéectromagnetic energy resolution to be 0,85#0.01 and
been presented by Juste and Merino using a neural net ag. . onic calorimeter resolution to be QB4 0.02 E in
proach[9]. An independent analysis is also being carried Ou‘Ge\/). Calorimeter cells are coalesced in towers bR
by the authors of Ret10}. _ =A™ (AH)?=05 using the jet finding algorithm
The associated™e” —QQH, process(for Q=t,b) is gty Hadronic clusters wittE((j)>15 GeV are called

also of interest in supersymmetric modgls11,134. In such jets. Leptons €'s or u's) with py of 5 GeV or more are
models, there are five Higgs bosoif,, which can be pro-

duced and the couplings of the Higgs bosons may differ———

significantly from those of the standard model. In particular, | _ _ _

the coupling of at least one of the Higgs bosons to lthe Graphs involving the_nggs boson h_ave been removed from the
quark may be enhanced. In addition, because of the tri-linedrW Packground to avoid double counting. _
coupling of the Higgs bosons to a scalar and a pseudosca|ar,2Additional backgrounds can occur, for instance, from dirtgct

in such models thebH production receives large resonance production where two or more ight quarl.< or_gluon jets are radiated.
contributions not present in the standard model. These mod-e tree level cross section for production is 561 ft(173 fb) at
els offer a rich phenomenology, but will not be consideredEem=>500(1000) GeV. A rough estimate including a factor of 0.1
here. for each extra QCD jet plus a probability of 0.01—-0.001 for a light
In this paper, Sec. Il contains a description of some of ouftark or gluon jet to fake a taggédet shows that this rate is well
calculational details. Section IIl presents results for a lineaP®loW the backgrounds we have calculated. In addition, the back-
ete™ collider operating aE. ,,=500 GeV, while Sec. IV groungfﬁnmttcc production should be well below the background
shows corresponding results f&, ,=1 TeV. In Sec. V, fromttbb production since the charm jets will have a much lower
we present a discussion and some conclusions. probability to be tagged aslajet.

e"e —(bqyq)) +(bgqy) +(H—bb).
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FIG. 3. Distribution inbb invariant mass for
the two remainingb jets after top quark mass
reconstruction, for the semileptonic events at
E.m=500 GeV. The signal is solid, while the
sum of EW and QCD backgrounds is dashed.
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Ill. OBSERVABILITY AT E.,, =500 GeV

A. Semileptonic channel

after these cuts in the first two rows of Table I. For the time
being, we takee,=1. Already at this stage we see a huge
reduction in the QCD background. The major QCD back-

To examine events in the semileptonic channel, we reground reduction comes from the requirement of exactly 4

quire

one and only one isolateglor u with E>15 GeV,

E;>15 GeV,

exactly four tagged jets,

=2 nond jets,

60<m(non+b jet)<90 GeV (consistent withM,).

The number of events expected for 1000 ¥bof inte-
grated luminosity aE;,,=500 GeV is shown before and E_.,=500 GeV.

jets in the final state: for this background, this from g*

—bb are usually relatively soft and not well separated in
angle, so only rarely do we get four distirzfets from this
process. The signal is already well in excess of background
for my=100 and 110 GeV, and ranges from 3 to 33 events
for the my values we have chosen. An integrated luminosity
of order 1000 fb* will be essential for this measurement at

TABLE I. The | +4b+jets+ E+ final state atE. ,,=500 GeV: number of events for different selection
cuts, assuming 0fb~? of integrated luminosity and,= 1. All energies and masses are in GeNrec) is

the invariant mass of théb system remaining after reconstructing the top quark maseésx) is the
invariant mass of theb system coming from the Higgs boson decay artificially selected using Monte Carlo

information.E,, is the energ

y of the slowestjet.

Channel H(100) H(110) H(120) H(130) t?bE(EW) tTt)E(QCD)
Total 960 540 250 80 170 840

| +4b+jets+ Ey 33.6 19.3 9.8 3.2 6.7 4.6
E,>25, m(rec)>50 — 13.7 — — 4.2 0.9
E,>40, m(rec)>90 — — 2.2 — 0.35 0.05
E,>45, m(rec)>90 — — — 0.7 0.15 0.034
E,>25, m(ex)>85 — 11.2 — — 1.6 0.13
Ep>40, m(ex)>90 — — 35 — 0.3 0.017
Ep>45, m(ex)>95 — — — 1.0 0.034 0.017
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TABLE II. The | +4b+ jets+ E; channel atE; ,,=500 GeV: estimated error in the top quark Yukawa
coupling (6\,/\,), assuming 19 fo~* of integrated luminosity and,=1 (e,=0.6).

Channel H(100) H(110) H(120) H(130)

| +4b+jets+ Er 0.11(0.3) 0.17(0.46 0.29(0.80 0.79(2.2
E,> 25, m(rec)>50 — 0.18(0.49 — —
E,>40, m(rec)>90 — — 0.39(1.09 —
E,>45, m(rec)>90 — — — 0.74(2.05
Ep>25, m(ex)>85 — 0.17(0.47 — —
E,>40, m(ex)>90 — — 0.29(0.80 —
Ey>45, m(ex)>95 — — — 0.52(1.46

At this stage, we can attempt to reconstruct some of the E,(slow)>25, 40 and 45 GeV

invariant masses that occur in these events. As an example,
for my=110, 120 and 130 GeV.

We.show various mass distributions in Fig. 1. These distri- After the above cuts and mass reconstructions, we plot in
t;ufo_rllzv.wtir: regsir:tesr?(t)?g fc;rgga 1622\/(:?: nglcijtziEtii}rgly Fig. 3 the invariant mass of the remaining twgets. The

L o cm. = . signal histograms are solid, while the background is dashed.
§|m|Iar. First, in Fig. 1"’})' the !nvarlant mass adll nonbje.ts For the my=100 GeV case, the mass distribution peaks
in the _events(before Imposing the 69_90 GeV cut listed somewhat below 100 GeV with a rather broad smear. In this
above is shown. The invariant mass rises to a peak near 0,556 the distribution in energy forjets from Higgs boson
but slightly below,m(nonb jets)=M,y. The peak occurs gecay is similar to the energy distribution bjets from top
below M,y mainly due to jet activity leaking out of our fixed gyark decay, so our reconstruction algorithm often fails to
cone algorithm, so better jet reconstruction algorithms maye|ect the correds jets from Higgs boson decay. In addition,
improve upon this. Some energy loss also occurs due to Raytrinos fromB andD meson decay serve to further soften
restricted  detector acceptance. We impose the 6the distribution. As we increase the Higgs boson mass in

<m(nonb jets)<90 GeV cut to ensure events consistentframes (b)—(d), the signal distribution becomes harder and
with a hadronicW-boson decay. sharper.

In Fig. 1(b), we combine the nob- jets with theb jet
which most nearly reconstructs the top quark mass. The dis- 200 prrrrprrrr T T T
tribution peaks sharply just belom, , due in part to missing
neutrinos fromB-meson cascade decays, along with leakage - 150
from the jet cones. In Fig.(&), we attempt to reconstruct the
otherW—|v decay. Beam and bremsstrahlung effects do not
allow us to use the beam-beam center-of-mass energy to con
strain thez component of missing energy, so we work in-
stead with transverse mass. The transverse mass distributiol
is shown, and peaks as expected just below(l,E)
=My, with considerable smearing due in partBaand D
meson semileptonic decay contamination. Finally, in Fig. o il
1(d), we reconstruct thel+ E; cluster transverse mass. We !
pick one of the remainingdp jets which most nearly recon-
structs to=<m;. The peak from the top quark decay is again
visible. If our mass reconstruction algorithm has been suc-
cessful, then the remaining twmjets should reconstruct to
my for our signal events, but to other values for background
events.

At this point, we note that the energy distributionlofets
should vary considerably between signal and background.
This should especially hold true for the slowéstast ener-
getio of the b jets. We plot in Fig. 2 the energy distribution
of the slowest ob jets, E,(slow), atE. ,=500 GeV, after
the above cuts. The dashed histogram for the sum of all g 5 For ttH—4b+=4 jetstE; events, with my
background processes peaks at I&y(slow), while the  —120 Gev andE,,,=1 TeV, we plot distributions in(a) dijet
Ep(slow) distribution for the signal becomes increasinglyinvariant mass closest #dy, (b) invariant mass of dijet plub-jet
harder for heavier Higgs boson masses. To gain some intombination closest ten,, (c) invariant mass of remaining ndm-
provement in signal-to-background ratig/B), we will im-  jets, and(d) invariant mass of remaining ndmjets plus remaining
pose b jet which gives a mass closest itq .
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TABLE Ill. The 4b+=4 jets final state aE.,,=500 GeV: number of events for different selection
cuts, assuming £0fo~* of integrated luminosity and,=1.

Channel H(100)  H(110)  H(120) H(130)  (bb(EW)  ttbb(QCD)
Total 960 540 250 80 170 840

4db+=4 jets 32.8 19.7 8.8 3.2 5.8 4.7

E,>25, m(rec)>0 — 15.9 — — 4.4 2.3

E,>40, m(rec)>80 — — 2.0 — 0.89 0.12

E,>45, m(rec)>90 — — — 0.62 0.3 0.017
E,>25, m(ex)>75 — 13.2 — — 3.3 0.29

E,>40, m(ex)>90 — — 2.6 — 0.42 0.017
E,>45, m(ex)>90 — — — 0.86 0.31 <0.017

For comparison, we show in Fig. 4 the(bb) distribution The first row of Table | gives the total number afob

using generator information to select the cortequark jets.  oyents before the top quark decays. In the second row we

These distributions may be approached, for instance, by U§aport the number of events reconstructed for the specific

ing additional information such as the previously measureq:hannel By placing cuts on the(bb) mass distribution
Higgs boson mass in the reconstruction algorithm. For thesgome further improvement i8/B can be gained. We list i;1

cases, the Higgs boson mass peak is more clearly defined, as .
is the peak in the background from tEeresonance. ﬁ1e following rows of Table | the events expected after se-

Our results for this channel &_,,=500 GeV are col- !ected cuts orEx(slow) _andm(bb). After cuts, the remalln-
lected in Tables | and II. The columns labeled with the Higgsind NUMber of events is between 1 and 34 for 1000"fb

b H(100 he sianal foe" e H Even with this optimistically high luminosity, there is less
oson_mas$ (100), etc] are the signal foe”e” —ttH, than one remaining signal event foy, =130 GeV.

H—bb followed by decays yielding fouo-quark jets plus a In Table Il, we show the resulting statistical precision for
lepton plus missing energy. The columns labdldab(EW)  the measurement @i\ /N, for e,=1 and 0.6. The error is

andttbb(QCD) give the electroweak and QCD backgroundsca|CU|ated assuming a Poisson distribution for both signal

respectively. and background, and is given by
00008 IIII|IIII|IIII|IIII|IIII|IIII_IIII|IIII|IIII|IIII|IIII|III|_
- a) mg=100GeV 1 b) my=110GeV ]
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FIG. 7. Distribution inbb invariant mass for
the two correctly identified non-top-qualtkjets,
using generator information for hadronic events,

atEg =

500 GeV. The signal is solid, while the

sum of EW and QCD backgrounds is dashed.
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(3.2

background events. We have assumed ﬂ‘(&ﬂ—)bﬁ) will

e

- L. 28
_@w/ =

) 1000 fb?!
—~39%\/————, my=120 GeV. (3.2
A Let

b

It appears thaE., =500 GeV is a poor energy for the mea-
where S and B are respectively the number of signal and surement of theétH Yukawa coupling unless the Higgs bo-

son is~100 GeV. At this energy, theeH system is close to

be known precisely from previous measurements at the LH@he phase space limit and the parent particles have little ki-
and Next Linear CollideXNLC), and so the signal rate for netic energy, making the kinematic cuts and event recon-

e'e —>ttH, H—bb depends only oi,. If high efficiency
can be achieved ofp-jet tagging, then already @&k,
=500 GeV the top quark Yukawa coupling can be mea

sured to 11% fomy =100 GeV. This decreases to 31% if
only €,= 0.6 is achieved. The precisiai\/\; becomes rap-

idly worse asmy increases beyond 100 GeV. Fony

=120 GeV and an integrated luminosity we find

TABLE IV. The 4b+=4 jets channel aE;,,=

struction less effective than at higher energies. In addition,
the number of events is too small to obtain a statistically
precise measurement for the heavier Higgs boson masses.

B. Hadronic channel

The totally hadronic channel f@" e —ttH has the ad-

vantage of initially higher rates than the semileptonic chan-

500 GeV: estimated error in the top quark Yukawa

coupling (\/\,), assuming 19 fb~* of integrated luminosity ane,=1 (e,=0.6).

Channel H(100) H(110) H(120) H(130)
4db+=4 jets 0.11(0.31) 0.16(0.45 0.31(0.89 0.77(2.13
E,>25, m(rec)>50 — 0.17(0.47 — —
E,>40, m(rec)>90 — — 0.50(1.39 —
E,>45, m(rec)>90 — — — 0.90(2.50
E,>25, m(ex)>85 — 0.17(0.47) — —
E,>40, m(ex)>90 — — 0.36(0.99 —
E,> 45, m(ex)>95 — — — 0.71(1.96
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TABLE V. The | +4b+jetst+ E; final state atE. ,=1 TeV: number of events for different selection
cuts, assuming £0fo~* of integrated luminosity and,=1.

Channel H(100) H(110) H(120) H(130) tﬁ)g( EW) t?bE(QCD)
Total 2420 2080 1690 1210 510 1900
| +4b+jets+ Bt 111 97 81 60 29 32
m(rec)>60 104 — — — 28 24
m(rec)>90 — 77 68 — 17 19
m(rec)>100 — — — 47 15 18
m(ex)>70 97 — — — 25 14
m(ex)>90 — 68 67 — 7 10
m(ex)>95 — — — 49 4 9

nel due to the larg&V boson hadronic branching fraction. jets from Fig. %a) with the b jet which most nearly recon-
However, in attempting mass reconstructions, a greater constructsm; ; the distribution has the expected peak just below
binatoric problem is presented since there will now be typi-m;(bjj)=m;. In Fig. 5c), we plot the invariant mass afl
cally four or more norb jets in each event, in addition to the the remaining norp jets. In this case, we again have a peak

four b jets.

For the hadronic channel, we make the following cuts:
exactly zero isolated leptons wighy>5 GeV,

exactly four identified jets,
=4 nonb jets .

We then attempt mass reconstruction. In Fi@)5we show
the invariant mass of the two ndnjets m;(jj) that most
nearly reconstructdvl,y. Again, for illustration, we show
these results fomy=120 GeV andE.,,=1 TeV; results

for E.,=500 GeV are qualitatively similar. The resonance

near m,(jets)=M,y, but with significant smearing below
and above the peak. Likewise, in Fig(db we show the
invariant mass of the jets from Fig(& with the remainindd

jet which most nearly reconstructsy. The distribution
peaks aim,, but again with significant smearing, especially
abovem,(b,jets)=m;. To be consistent with reconstructing
a second hadronigV and a second hadronic top quark, we
require only events with

60<m,(jets)<90 GeV

from theW boson is evident. In Fig.(6), we cluster the two and 125<m,(b,jets) <200 GeV.
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FIG. 8. Distribution inbb invariant mass for
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. EW and QCD backgrounds is dashed.
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The resulting event rates are listed in Table Ill, following theso will offer an independent confirmation of any sort of top
same pattern explained in Sec. Il A. After these additionalquark Yukawa measurement. Of course, the semileptonic
cuts, the surviving number of events in 1000 ftis surpris-  and hadronic channel measurements can be combined to im-
ingly close to the number of events expected in the semilepprove the overall precision of the measurement.
tonic channel.

At this point, we may apply the saniejet energy cuts as
in the semileptonic case, and plot the mass of the remaining
b jets in the events. These results are shown in Figs. 6 and 7 A. Semileptonic channel

for the remaining jets and the exact reconstruction, respec- At E.,.=1 TeV, the total event rates are significantly
tively. As before, some improvement 8iB can be made by |arger than aE,,,=500 GeV. Since this energy scale is far
adopting am(bb) mass cut. These are listed in Table Ill, above the kinematic limit, there is only a modest sensitivity
along with the surviving number of events. In a similar fash-of the total signal rate to the Higgs boson mass.EAt,

ion to the semileptonic case, we can then extract the erree1 TeV, the energy distribution of the slowdsjet is not
measurements on the top quark Yukawa coupling, and thesgs distinctive as it was in thé. ,,=500 GeV, due mainly to
are listed in Table IV fore,=1 and 0.6. In the hadronic the high momentum of the parent particles that are produced.
channel, the results are very similar to the leptonic case, andence, we drop th&g(slow) cut for this energy regime. We

IV. OBSERVABILITY AT E =1 TeV

TABLE VI. The | +4b+jets+ E; channel atE. ,=1 TeV: estimated error in the top quark Yukawa
coupling (\/\,), assuming 1® fb~* of integrated luminosity ane,=1 (e,=0.6).

Channel H(100) H(110) H(120) H(130)
| +4b+jets+ Er 0.07(0.19 0.08(0.21) 0.09(0.29 0.11(0.3)
m(rec)>60 0.07(0.19 — — —
m(rec)>90 — 0.08(0.22 0.09(0.29 —
m(rec)>100 — — — 0.11(0.31)
m(ex)>70 0.07(0.19 — — —
m(ex)>90 — 0.07(0.2) 0.07(0.2) —
m(ex)>95 — — — 0.09(0.29
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TABLE VII. The 4b+=4 jets final state dE;,,=1 TeV: number of events for different selection cuts,
assuming 19 fb™? of integrated luminosity and,=1.

Channel H(100) H(110) H(120) H(130) t?bg( EW) thE(QCD)
Total 2420 2080 1690 1210 510 1900
4db+=4 jets 51 48 38 27 12 19
m(rec)>65 43 — — — 11 12
m(rec)>75 — 39 — — 9 11
m(rec)>90 — — 27 — 6 9
m(rec)>95 — — — 19 5 9
m(ex)>65 46 — — — 11 8
m(ex)>75 — 41 — — 9 6
m(ex)>90 — — 28 — 2 5
m(ex)>95 — — — 21 2 4

do adopt the remaining semileptonic cuts from Sec. Ill andcorresponding precision on the top quark Yukawa coupling
show the resulting signal and background rates in Table Vmeasurement is listed in Table VI. Although the contribution
After selection cuts, about 60 background events should resf the ZZH-vertex diagram increases Bt ,=1 TeV with
main while 60—-110 signal events would be present, dependrespect toE. ,,=500 GeV, it is still of the order of a few
ing on the value ofmy,. We apply the same mass reconstruc-percent and completely negligible in the determination of the
tion algorithm as in Sec. Ill, and plot the invariant mass oferror on\, .
the remainingbb pair in Fig. 8 and the mass of the correctly  From Table VI, we see that there will be roughly a 7-9 %
!dentmedbb pair in Fig. 9. The mass reconstruction in Fig. 8_measurement ofd\(/\, in the leptonic channels with
is far sharper than thg corresponding plot at 5_00 GeV. In th'S_LOOO fi-1 for e,= 1. These results are degraded to 19—24 %
case, the large k|r_1et|c energy of the parents is transf_erred 1'i?only €,= 0.6 can be achieved. For the measurement of the
the daughter particles, and wrong mass reconstructions b?- . B :

op quark Yukawa couplingg.,=1 TeV is clearly far su-

come much more difficult. We may again applyngbb) . -~
mass cut, as listed in Table V, to improve 1868 ratio. The perior t0E,m =500 GeV formy>100 GeV.
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B 10 ] FIG. 10. Distribution inbb invariant mass for
0.0008 HH 0.0008 the two remainingb jets after top quark mass
L il reconstruction in hadronic events aE,
B ] =1 TeV. The signal is solid, while the sum of
~  0.0006— —1 0.0008 EW and QCD backgrounds is dashed.
> K i
R L i
\ — -
£ - 4
~  0.0004 — —  0.0004
g C ]
o
I L i
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< 0.0002 — —{ 0.0002
OOOOO_H III|IIII|IIII|IIII|IIII_I-||:':'. IIIIIII|IIII|IIII|IIII 00000
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~ i T ] sum of EW and QCD backgrounds is dashed.
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B. Hadronic channel be quoted by combining the best measurement in the semi-
q y g
Finally, we present results for the hadronic channel afeptonic channel with the best measurement in the hadronic

E..=1 TeV. For this case, we apply again the same cuts aShannel, as tW(_) independent measurerlnents. We then find for
in Sec. 111, but without the cut of,(slow). The results are OM/At @tEem=500 GeV and 1000 fb,
given in Table VII. The reconstructeth(bb) and exact

m(bb) are shown in Figs. 10 and 11. The corresponding my (GeV) e=1 €=0.6

results after applying a cut om(bb) are again listed in 100 0.08 0.22
Table VII and range from 20 to 50 events for 1000 frof ' '
data. The precision on the top quark Yukawa coupling is 110 0.12 0.32

given in Table VIII. The precision ranges from 10% to 14%
for e,=1 and from 28% to 39% if onlyg,= 0.6 is achieved. 120 0.21 059

V. CONCLUSIONS 130 0.44 1.22

At} ; 1
The processe™e” —ttH directly measures thetH TABLE VIIl. The 4b+=4 jets channel aE.,=1 TeV: es-

_Yukawa coupling. We have Compgted th? signal and th_e M3imated error in the top quark Yukawa coupling\; /\;), assuming
jor backgrounds for both the semileptonic and hadronic dejg -1 of integrated Iuminosity ané,=1 (e, =0.6).

cay channels usingAJET to simulate gluon radiation, had-
ronization and decays. In our analysis, we rely on a direCthannel H(100) H(110) H(120) H(130)
reconstruction of th&V, t and H masses in the events. At
E.m=500 GeV, even with 1000 fb' of integrated lumi- 4b+=4 jets 0.10(0.29 0.11(0.30 0.13(0.3§ 0.17(0.49
nosity, only my=110 GeV will give enough of an event m(rec)>65  0.11(0.30 — — —
rate for a reasonable measurement of the top quark Yukawa(rec)>75 — 0.11(0.32 — —
coupling. At higher energies, the entire range 1wy m(rec)>90 — — 0.14(0.39 —
=100-130 GeV should be accessible. m(rec)>95 — — — 0.18(0.50
Our final results indicate the statistical error that can bem(ex)>65 0.10(0.28 — — —
achieved on the measurement of the top quark Yukawa coun(ex)>75 — 0.10(0.28 — —
pling. Systematic errors will also be present, but these willn(ex)>90 — — 0.11(0.32 —
depend in detail on properties of the machine and detectof(ex)>95 — — — 0.14(0.38
so we do not attempt to estimate these. Our final results can
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while S\(/\; atE.,=1 TeV and 1000 fo' is of order 1000 fb* of integrated luminosity, will be critical
my (GeV) ey—1 €,—0.6 for the top quark Yukawa coupling measurement.
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