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Abstract

Dokholyan N.V., Jikia G.V. Single Top Quark Production and Vi CKM Matrix Element Mca-
surement in High Energy e*e™ Coliisions: IHEP Preprint 93-111. - Protvino, 1993. - p. 9,
figs. 6, tables 1, refs.: 16.

The new method of determination of CKM mixing matrix element Vi has been proposed.
1t has been shown, that at the future colliders cne will measure the tb-mixing element with the
accuracy 12 —28 %.

AgHOTaANHA

Toxonsa H.B., llxekea ['.B. Ommeodsoe poxnense TOm-KBapKa B H3MCPEHHE JJIEMEHTa Ma-
rpuust KKM Vi 3 EHCOKOIHEPIETRIHLIX e*+e~-cTonknopenrsx: IIpenp4uT H®BO 93-111. -
Tipornueo, 1993. -9 ¢, 6 puc., 1 Tabn., 6abinorp.: 16.

BhJl DpEIONen HOBHA METOIN ONpPCHENICHHA dneMeuta MaTpunsl cmemmsanni KaGnb6o-
Kabasmu-Macakasa Vi;. [JokasaBo, 9To Ha Gynymiux YCKOPHTENIAX CTAHET BO3MOXHEIM H3ME-
penze |Vis|® ¢ TOINOCTSIO 12--28%.
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INTRODUCTION

The experimental measurements of the CKM matrix element Vi and/or
top quark width T'; are known unot to be an easy problem for heavy top quark
m; > 108 GeV [1] due to the very short life time of the tep quark which. is
decaying with almost unit probability to b-jet and a W-boson. It seems that
the best possibilities are provided by next generation linear ete™ colliders [2].

Several methods have been proposed to measure Vi and I'y:

. (1) Energy scan in the threshold region of #f production can give the ac-
curacy of the top quark width measurement of AT = (*3)% [2,8,9,11]. The
experimental difficulties are due to initial state radiation, beam energy spread
and beamstrahlung effects:

e Beam effects strongly influence the threshoid shape [9]. The beam en-
ergy spread plays the main role in the smearing of the peak and the
beamstrahlung causes some teduction of the luminosity. So that, the
switching on of both these phenomena leads to the strong suppression
of the peak and the height of the peak on the threshold of the reaction
ete- — f falls down from approximately 1.32 pb to 0.40 pb, i.e. 70 %
( my = 150 GeV, |Vy|* = 1., o, = 0.12) and the peak, factually, dis-
appears [9]. The fact that beamstrahlung influences usable lumincsity
is clearly seen if we switch off only beamstrahlung. The cross-section of
this reaction at the peak decreases by approximately 0.57 pb, i.e. 43 %.
This means that we have to know the beam energy spectrum with high
resolution.

e The QCD corrections also influence the curve near the threshold [9]. {10].
Thus, when A(;’,—)g changes from 0.22 GeV to 0.12 GeV the height of the
peak falls from 680 fb to 560 fb and the peak position shifts to the right
by approximately 1 GeV ( by /s-axis ).



So, this method of detcrmining !thj? depends on many different parameters,
and each of them we are supposed to know with high precision. That why this
way is characterized by a low precision of |Vip|* measuring.

{2) The measurement of the soft giuon or photon radiation pattern in the
reaction: of {f production above the threshold can give a rough estimate of the
Ty up to a fuctor of two [3.4.5].

(3) The sensitivity to the value of V;y of the top quark rnomentum distribu-
tion and forward-backward asymmetry, which measures the degree of overlap
of 5- aud P-waves due to a finite I'y, has been analyzed recently [6] including
full O{ag) corrections. Both methods require high luminosity. The first one
can give a statistical error of A|Vip? = £0.05 for the integrated luminosity of
100 fb~!, while the second one can give a statistical error of A[Vjl? = £6.07
for 40 k events of 17 production.

Here we propose to measure the Vi matrix element in the reaction of single
t-quark production well above the threshoid. It seems this process does not
suffer from theoretical uncertainties due to higher order QCD corrections and
can be experimentally studied at moderate luminosity.

This process was discussed receatly by S. Ambrosanio and B. Mele, who
considered single top quark production at ete~ collisicns with /5 below the
t#-pair threshold. We found coraplete agreement with [15]. We studied this ’
region either, however, for our purposes the number of events of single top
quark gruduction below the tF threshold is too small for accurate measurment
of IWbi .

1. PROCESS DISCUSSION

Let’s consider the process:
e~{pl) €*(p2) — t(p3) b(pd) W7 (p5).

Ohnr caleulations for this reaction are described by seven diagrams in unitary
gatge shown in fig.1. We have also calculated this process in 't Hooft-Feynman
gauge. Although the latter gauge appends two additional diagrams, the prop-
agator of the W™ - boson contains only one term which is proportionate to
Gpw-
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Figure 1. Feynman diagrams in unitary gauge.

e Matrix element 3ncludes the vertex of the decay ¥ — bW -, proportional
to Vi (the element of CKM mixing inatrix) and Breit-Wigner propagator
of the virtual top-quark (see fig.1(a)):

1
pf—mf+imT’
where I is top width decay, directly proportionate to |Vt5|2.
Therefore, diagram (a) gives the main contribution nearby the peak

(where the intermediate top-quark lies on the mass shell (Vow =~ my)),
and its matrix element squared is proportional to

D' (1)

2 2
|M(“) 2 |Vlb| — Ith| 2
M| < T el G —m A el O
where ¢ = |—";} does not depend on |V|”, ssw == (ps + ps)*.
Total Cross-Section
My
O'tog—./——j—'déa (3)

" where J means flux and d® is phase space.

After the 1ntegrat10n over full two-particles phase space, any information
zbout [Vi|® is lost ( see diagram (a) as the example). Hence, we need
to step aside from the peak ( /Ssw = m; ). But a new problem arises:
cross - section lessens strongly. It is cleaily seen for different /s from fig.2
and fig.3. Consequently, we have to find the ’golden mean’, i.e. optimal
composition of the cross-section and information about V.

3We used the program FORM in order to calculate squared matrix element |A; ,]2 in a symbolic
level [16).
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Figure 3. The same as in fig.2, but for /3=500 GeV.

4



e It is worth mentioning that there is po broad selection as t how
one cuts the peak, owing to experimertal restriction on the resolution of
hadronic calorimeter [8],[9]:

0.1 ‘\“)
\7
i (GEV)/

+(0.02)2 | (4)

As it is cbviously seer from formula (4), A should not be less than % = 5
GeV near the peak. After cutting we will investigate the value:

meA I3
. —dE °l_dE 5)
da= | ETo / w3 AdEw , (5
Emir E ras+ A 9F w

where EJE" = my -+ ™ and Efjp" = /s ~ m,;. This dependence of o
on A for different [thl = .15, 1 G(‘ 0.85 is represented in fig.4 and fig.5.
All the curves gather at the point A = 0 because of lack of information
about H/}b[ at the peak { where \/' s 22 my ). Further, for /s = 500
GeV and for integrated 1umin(>sity L = 10f6™! we have obtained about
400 events when we back out for A = § GeV, what is in general sufficient
for statistics.
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Figure 4. Cross-section o depending on cutting parameter A for \/5=300 GeV. iVipl? is the

same zs ip fig.2.
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Figure 5. See caption to fig.4, but for /5=500 GeV.
¢+ Event Selection. Minimizing [14]

Niin ﬁ'k - N 2
X2=Utat'L'€eff'Z ( ] )
k=1 ng

(6)

we find such a value of l‘/”’l?nin that x? from (6) becomes minimal - Xin-
Here 04, is the total cross-section, L is the luminosity, €.y is the efficiency
of ti-pair registration 4 Nyin-number of bins of Epw = V/Bew-axis broken
according to (4). It is worse taking into account, that while we can mea-
sure the energy of the beam with accuracy (4), the minimal bins length is
about 5 GeV. The frequencies n; = Ni/N and 7y = Nk/N do not depend
on the total number of events 3V, and correspond to the’ |Vu,|2 # 1 and
]thl2 = 1, respectively. Further, basing on the following system:
4e,5¢ = 0.30 [2)

5ALl the cross-sections were calculated with the help of integrating package VEGAS[12]. The
events were generated with the aid of program BASES/ SPRING[13}
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{ XZQ § Xmm + AXZ
Val* = [Valoi £ AVl

and according to the value of Ax we can already judge with what preci-
sion A |Vis)® we measure [Vis|%.

(7

min

2. RESULTS AND DISCUSSION

We computed quantity A |‘~;,,52 for A = 0 and 5 GeVi 3 = 500 GeV
(my = 120, 150, 180 GeV) and /s = 300 GeV {my = 120, 130 and 140 G V).
Al the results are collected in Table 1. Evidently, the higher cross-section is,
the better we measure |Vt‘,] The cross-section falls down while the top-quurk
mass is rising, because of the fact, that when m, increases we approach the
reaction threshold. However the picture changes for /s = 500 GeVand A = 5
GeV: 04 is growing, when m, is increasing. It follows from the fact, thay the
main contribution gains from the peak ( where VSow = my) and the peak width
for m; = 120 GeV is less than the width for m, = 150 Ge V, etc. There such
phenomenon is not observed for /s = 500 GeV, because the decrease of the
cross-section due to m, dominante the phenomenon discussed above.

It is easy to see, that the results for A =0 GeVand A =5 GeV are almost
not different. One should have expected it because of |V|® information ahsence
at the peak ( see fig.4-6 ) discussed above. The small difference of results is
due to lack of accuracy of cutting peak (5), and it is dictated by stipualation (4).

Table 1.
/5 = 506GV, A =0GeV | s = 500GV, A = 5GeV
my, AV P Tty fO )} Ty, AV, [? oa, fb
GeV {99%CL [95%CL GeV [ 99%CL 1 95%CL

120 | 0.197 | 0.175 || 7073 || 120 | 0.159 | 0.179 ' 45.
150 | 0.231 | 6.205 || 6518 || 150 | 0.190 | 0.i68 | 548
180 | 0.283 | 0.252 || 571.4 || 180 | 0.182 | 0.156 || 69.0
/5 = 300GV, A = 0GeV V5 = 300GeV, & = 5GeV |
120 | 0.152 | 0.132 | 1410.1 ] 120 | 0.145 | 0.194 | 35. |
130 | 0203 | 0176 || 1181.1 || 130 | 0.193 | 0.168 | 378
140 | 0.286 | 0241 | 43 | 140 | 0065 | 0.219 || 29,0
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Figure 6. The histogram for process e'e” — W~ is generated for \/$=500 GeV,
m=120 GeV. Black color corresponds to |Vis)* = 1.00. Black and white colors
correspond to ‘V,blz = 1.15.

3. CONCLUSIONS

Summing it up one might say, that 1% is possible to measure qu,l2 at the
reaction ete~ — tbW~ with the accuracy 12 = 28 % . Even though did not
we investigate siraulation of decay of top quark, we can say that the efficiency
of ti-pair registration was counted with the help of the parameter €.ff. Fuil
Monte Carlo generation including t-quark decay was done by K. Fuijii [9] for
the reactions of tf-pair production. For this reaction, e"e™ — tt — 6jet he
obtained accuracy of qu,l2 order to A |V}b'|2 =~ 35 =+ 40%. ’
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