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We perform a detailed theoretical study including decays and jet fragmentation of all the important modes
of single top quark production and all the basic background processes at the upgraded Fermilab Tevatron and
CERN LHC colliders. Special attention is paid to the complete tree level calculation of the QCD fake back-
ground which was not considered in previous studies. An analysis of the various kinematical distributions for
the signal and backgrounds allow us to work out a set of cuts for an efficient background suppression and
extraction of the signal. It is shown that the signal to background ratio after optimized cuts could reach about
0.4 at the Tevatron and 1 at the LHC. The remaining after cuts signal rate at the LHC for theHggtéon
signature is expected to be about 6.1 pb and will be enough to study single top quark physics even during LHC
operation at a low luminosityf.S0556-282(199)00605-0

PACS numbegs): 12.60.Cn

[. INTRODUCTION this signal has much less background and should be easier to
find experimentally than channels with hadronic decay of the
The existence of the top quark was established in 1995 byV boson.
the Collider Detector at FermilatCDF) and D@ Collabora-
tions at the Tevatron colliddrl]. The top quark has been [l. MC SIMULATION

discovered in the strong} pair production mode. , In order to study the possibility of signal extraction from
The cross section of the electroweak process of the singlg,e background we have created a Monte C4ME) gen-
top quark was found to be comparable with QCD top quarksrator for a complete set of single top quark production and
pair productior{2]. The single top quark production mecha- packground processes. The generator was designed as a new
nism is an independent way of confirming the existence okxternal user process for theTHIA 5.70ETSET7.4 package
the top quark and a straightforward key to measuringMtte  [4]. This generator is related ®yTHIA 5.7 by a special in-
Cabibbo-Kobayashi-MaskawéCKM) matrix element and terface and usesORTRAN codes of squared matrix elements
studying theWtb vertex. Since the mass of the top quark is produced by the packageompPHEP[5]. For integration over
very large compared to all other quarks, one might expecphase space and the consequent event simulation the Monte
some deviations from standard mod&M) predictions of Carlo generator uses kinematics with a proper smoothing of
top quark interaction§3]. The single top quark production singular variable§6] from compHEPand the integrator pack-
rate is directly proportional to th&/tb coupling and there- ageBASES/SPRING[7].
fore it is a promising place to look for deviations from the = The effects of final state radiation, hadronization, and
SM. string jet fragmentatioriby means ofiIETSET7.4) have also
However, one should stress that the task of backgrountieen taken into account. The following resolutions have been
reduction is a much more serious and important problem iused for the jet and electron energy smeariagg"2yE
the case of the single top quark comparedttpair produc- = 0.5VE andAE®'E=0.2//E. In our analysis we used the
tion. It happens because the jet multiplicity of single topcone algorithm for jet reconstruction with cone SiaR
quark events is typically less than ftr-pair production and = VA®“+A#%°=0.5. The minimumEy threshold for a cell
so QCDWjj and multijet backgrounds are much higher, andt© pe considered as a jet initiator has been. chosen as 5 GeV
the problem of the single top quark signal extraction is moreVhile the one of the summei; for a collection of cells to
involved. That is why a detailed background study is espeP® accepted as a jet has been chosen as 10 GeV.

cially needed in order to find an optimal strategy to search For all calculations the CTEQ3M parton distribution has
for the single top quark. been used. For top quark production we chose the @D

The top quark decays into\W boson and @ quark with ~ Scale equal to the t20p quark mass squared, while fonti
an almost 100% branching ratio in the framework of thebackgroundQ?=My, has been taken. For calculations of
standard model. We consider here the subsequent leptonjbb andjjbb processes we chose the invariatt mass for
decays of th&V boson to an electrofmuon and neutrino, as the Q? scale.
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Under the assumptions mentioned above the kinematishows the only one among eight different topologies contrib-
features of both signatures for signal and background haveted to this subprocesgesith bg—tW (diagram 3.1 in Fig.
been studied. 1¢). Similar to theW-gluon fusion process the subtraction of

the gluon splitting term has been made in order to avoid a
A. Signal double counting:

We concentrated on the following set of processes at the g (gb+gg—tW+ X),ea= o(gb—tW) + o(gg—tWh)
Tevatronpp and LHC pp colliders Ieadirg to single top

quark production:(1) pp—tgb+X, (2) pp—tb+X, (3) —o(g—bbogb—tW). (1)
pp—tgq+X, (4) pp—tW+ X, whereqis a light quark anK

represents the remnants of the proton and antiproton. Basjc In pr(;wobus studies tf;]e twobabove subdprocdggs—nWb |
Feynman diagrams for the processes mentioned above at;%_?] and gb—tW [11] have been considered separately,

shown in Fig. 1. We refer to Ref8], which considers the Which being simply added leads to an overestimation and
whole set of Feynman diagrams for signal subprocesses stronger scale dependence of the cross section. In addition
. — . " we calculated the complete set of Feynman diagrams for

It is necessary to stress that thp—tW+ X contributes

only 5% to the total cross section at the 2 TeV upgradedJudedHth subprocesses. .
Tevatron. It could be easily omitted at Tevatron energies but, HOWEVer, one should also take into account that the com-
should be taken into account for CERN Large Hadron ColPlete set of Feynman diagrams fd/tb processes includes
lider (LHC) energies since as we shall demonstrate below it§he tt-pair production subprocess. The pair production is
contribution at the LHC will be about 30% of the the total one of the background processes included separately in the
cross section of single top quark production. analysis. Therefore its contribution has been removed from
For event analysis we have rescaled the total cross sethetW+X rate. It can be done in a gauge invariant way by
tions of single top quark production using the results of theexcluding the kinematical region of th&/b invariant mass
next-to-leading(NLO) calculations from the papers in Ref. around the top quark mass within three top quark decay

[9] (m=175 GeV): for Js5=2 TeV (r(tE)=O.88 widths as was used in case ®fe™ collisions[12]:

+0.05 pb, o(Wg=tqbb+tq)=2.43+0.4 pb, and for

Js=14 TeV, o(th)=10.2+0.6 pb, o(Wg=tgbb+tq)

=245%9 pb. B For our calculations we usedM;=175 GeV, Iy,
We found the LO cross section pfp—tW+X equal to =1.59 GeV.

98 pb at the LHC with about 8% uncertainty due to the As a result, we have 91 pb for the(gb+gg—twW
choice of different structure functions. The cross section fory-X), .., process, whiler(uu+dd—tWb-+ X) process gives

pp—tW™ + X was calculated in the following way. The pro- additional 7 pb to the totapp—tW~™+X cross section
cessgg—tWhb has been combine@liagram 3.2 in Fig. 1c which is therefore expected to be about 98 pb at the LHC.

M+ 3T 1p>Myyp> M+ 3T 4 -
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Thus the total single top quark rate is expected to be abouiackground is the efficienb-quark identification. We as-
3.5 pb at the upgraded Tevatron and 350 pb at the LHC to bsume 50% of a doublb-tagging efficiency hereafter.
compared to thét production rate§13] 7.6 pb and 760 pb, ~ However, the cross section of thé+2 jet process is so
respectively. The relative contributions of different subpro-large that even with the requirement of a doubléagging
cesses to the total single top quark production cross sectidout due to ab-quark jet misidentification it represents an
at Tevatron are the followingpp—tgb (39%), pp—tb  important part of the total background. In our study we chose
(30%), p5—>tq (26%), pH—>tW+X (5%). 0.5% misidentification probability which is based on the pre-

— vious MC analysig15].

The b-quark content of thaV+2 jet processes is fairly

small — less then 1%. For the cuts mentioned above the total

gross section for th&/“bb process(gluon splitting is 8.7
. b for the Tevatron and 30 pb for the LHC. However, the
modes ofW bosons from the top quark and therefore the fmaIW+2b—jet process is the ireducible part of the total back-

state signature to search for the signal willdse(u ™)+ E+ X ) X ) -
+2(3) iets wh f the iets is t K iet f th ground which has different kinematical properties from the
(3) jets where one of the jets is thequark jet from the main QCDW+2 jet part, and as will be shown below it

top quark decay.
g y depends differently on the cuts.

Therefore theW*bb background has been considered
separately and we have calculated it completely.

The main backgrounds leading to the same(u™) The complete set of Feynman background diagrams for
+Er+2(3) jets final state signature as the single top quarkye \wpp final state is shown in Fig. 2 far andd quarks in

signal are the followingpp—W+2(3) jets (gluonic, aas  the initial state. The main contribution comes from subpro-

order, and electroweak’ ordej, pp—tt pair top quark cess(a) with the gluon splitting into théob quark pair. Dia-
production, and (j)bb QCD fake background when one jet grams with virtual photoné) contribute only 1% to the total
imitates the electron. cross section. The contribution froYZ process(c) can be

All numbers forwjj(Wbb) andj(j)bb backgrounds are, suppressed by applying a cut on the invariabtmass. The
for the initial general cuts on jetaR;jj>0.5, p; jet> 10  LO cross section foWWZ is 2.5 pb at the Tevatron and about
GeV for Tevatron and\R;jj;>0.5, p; jet> 20 GeV for 30 pb at the LHC. For our analysis we applyfactor=1.33
LHC. (1.55 for the TevatronLHC) to rescale this number for the

The total cross section of W2 jets “gluonic” back-  NLO total cross sectiofl6]. The cross section of the pro-
ground is more than two orders of magnitude higher than theess(d) of Higgs boson productiofwe take as an example
signal one. This process includes 32 subprocesses,ftbr my= 110 GeV} is even smaller: 0.161.8) pb (LO) at the
quarks and gluons in the initial stdté4], and the total cross Tevatron(LHC), and it means the Higgs boson is really not
section equals 1240 pb for Tevatron and 7500 pb for LIIC ( an important background for the single top quark. We apply
andc sea quarks give additional 3% contribution to the totalK factor=1.25 (1.1) for the Tevatron(LHC) to rescale the

The relative cont_ributi(ms opp—>tb_and pBHtWﬁLﬁ
turn over at Ii—|C:pp—>tqb (44.29%, pp—tb (2.8%), pp

B. Main backgrounds

cross section results for the NLO ongl7]. Diagrams(b) give a very small
The specific feature of single top quark production is thecontribution due to small value of CKM elements.
high energetid jet in the final state and one additioriajet An important background is top quark pair production:

for W-gluon andW* processes. It is clear that the only when one of the top quarks decays hadronically and another
chance to extract the signal from such an overwhelmingne leptonically. One of the cut which helps to reduce the
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background is the cut on the number of jets which was re- TABLE I. Total cross section fojbb process for the Tevatron
quired to be less than 4. At the parton level this cut reduceand LHC. The following cuts have been applied at the parton level
the top quark pair rate very strongly. However, at the simu-<alculations:AR;;>0.5, p; jet> 10 GeV for the Tevatron and

lation level with a hadronization and jet reconstruction being?Rije>0.5, p: jet>20 GeV for the LHC.

taken into account the reduction of this background is not sG

strong anymore. And as a result the top quark pair represenfd°c€ss Tevatro(ph) LHC (pb)
an important part of the background. This fact will be showng ;5 1.64x 10° 3.91¢10°
below. The NLO total cross section fat-pair production gu(Uug)—ubb  1.80x10(2.50<10%)  5.61x 10°(5.61x 10°)
;vszﬁl:}zr[l_lHS]Cat the Tevatron to be equal to 7.56 pb and 76Ogu(ug)—>ub6 250< 10(1.80< 10) 241X 10°(2.41x 10)
Another kind of important reducible background comesgd(dg)—dbb  9.00x 10°(3.21x10°)  6.61x 10%(6.61x 10)
from multiiet QCD processes. This happens due to a possiblgs(sg) ~sbb ~ 1.97X10%(1.97x10°)  4.49x<10°(4.49x 10°)
misidentification of the jet as an electron in the detectorgd(dg)—dbb  3.21X10%(9.00x10°)  1.38x10%(1.38x 10f)
Though the probability of that is very smalbf order of  ggsg)~sbb  1.97X10°(1.97<10°)  4.49x 10%(4.49x 10°)

0.01-0.039% [18], the cross section for such processes iSdE(Ed)Hng
huge and gives a significant contribution to the backgrounqﬂ(iu)H b
for single top quark production. For the analysis we tookrotal g

€fake™ 0.02%.

5.67x 107(1.25x 107)
1.31x10%(8.61x 10Y)
2.40<10° pb

2..82} 107(2.82< 1(7)
416X 107(4.16xX 107)
5.11x 10° pb

We have calculated the total cross section and made MC

simulations forjbb andjjbb processes which are relevant \yq performed two ways of calculating tljnjebb_process:

for our signature if one of the light jets imitates an electron.ihe complete tree level calculation and the splitting approxi-
In such a way we could simulate the basic distributions of —

mation when one uses the complete result fijdrh with an
the expected fake backgrpund a_nd understand hov‘_’ strong MHditional jet radiation from initial and final states. In such a
could be suppressed by kinematical cuts. The MC simulatio

. ) lQvay we have checked the validity of the splitting approxi-
of the fake background for the single top quark study iy ation.

presented for the first time. As was expected the splitting approximation works rea-
The background from the light jets appears to be lesgonably well for the total rate if rather soft cuts on the addi-
important despite the fact that the light jet cross sectiongional jet are used and the difference increases if the stronger
even with cuts are very large. The light jet background iscuts are applied. Table Il illustrates such a difference in
suppressed by three small factors, by the double mistag proBesults for the approximation and exact calculations for vari-
ability of identifying a light jet as & jet and by the small ous cuts on th@r of the second jetthat is, the light jet with
fake probability of identifying a light jet as an electron. For the smallesfpr which is more likely an additional radiated
instance, thegg—ggg subprocess could contribute to the light jet).
background when two gluon jets fakequark jets and a third Indeed one can see that for tipe,r>10 GeV cut the
gluon jet fakes the lepton. The cross sectionggf—~ggg  difference between the exact calculation and the splitting ap-
itself is huge but as was mentioned its contribution to theproximation is only about 10%: 70 nb and 64 nb, respec-
single top quark background is suppressed by the fake profiively. But after thep;,r>40 GeV cut those results differ
ability of a gluon multiplied by the double mistag probability @lmost by a factor of 5: one has 1.2 and 0.25 nb for the exact
of two gluons. For example, the cross section of triple gluoncalculation of jjbb and splitting approximation, respec-
production at the Tevatron is 210" pb, the double mistag tively.
gluon probability is equal to 1C, and the fake probability The expected difference in the distribution on the mo-
of a gluon is of order 10*. Therefore the contribution from Menta transverse of the second jet is illustrated in Fig. 3. The
the gg—ggg process is estimated to be equaktd0 2 pb d!;tribution in the case of the splitting approximation is sig-
(we use combinatoric factor 3 herand one can neglect it. Nificantly softer.

In Table | and Table Il all subprocesses givifigh and Since we do not apply a highy cut on the jet(one of
: e;hem fakes electrons, for which we apply a 15 GaVcut),

rlihe difference between the exact calculation and the approxi-
mation is of the order of 25% for the fake background simu-
lation.

corresponding cross sections for the Tevatron and LHC. |
our calculations we neglected the double sea quarkcash
quark small contributions. The total cross sectionjtob at
the TevatronLHC) is 240 and 70511 and 362nb for jbb
andjjbb.

The cross section of thghb process in Table | is only The rate of the signal and backgrounds presented above
about 2 times higher at the LHC than at the Tevatron becausgearly shows that even aftbrtagging the signal is still more
higher jetp cuts for the LHC have been us¢®0 GeV at than one order less than the background. This fact requires a
the LHC and 10 GeV at the Tevatrprf equal jetpy cuts  special kinematical analysis in order to find out a strategy of
are used, the cross section at the LHC is about 50 timeBow to suppress the background and extract the signal in an
higher than that at the Tevatron. optimal way.

C. Signal and background kinematical properties
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TABLE Il. Total cross section fojjbb_process for the Tevatron and LHC. The following cuts have been
applied at the parton level calculation&R;;>0.5, p; jet>10 GeV for the Tevatron and\Rjj;
>0.5, p; jet>20 GeV for the LHC.

Process Tevatrofpb) LHC (pb)
uu—uubb 1.23x 107 1.17x10°
uu(uu)—bbbb 2.55x 1¢° - 1.06x 10°(1.06% 10°)
uu(uu)—ssbb 6.61x 10° — 2.53x 10°(2.53%x 10°)
uu(uu)—ccbb 6.52< 10° - 2.53x 10°(2.53x 10°)
uu(uu)—ddbb 6.66x 100 ———— 2.52x 10°(2.53x 10°)
uu(uu)—uubb 8.70x 107 ———— 3.38< 107(3.38x 1(7)
uu(uu)—ggbb 215107 ———— 8.92x 10%(8.92x 10Y)
ud(du)—udbb 1.44X 10P(4.20x 10%) 7.40x 107(7.40X 107)
us(su)—usbb 9.63x 10" - 1.71X 107(1.71X 107)
ud(du)—udbb 3.73x 10%(1.20x 10%) 3.74x 10%(3.74x 10%)
us(su)—usbb 9.63x 10" - 1.71X 10%(1.71x 10%)
du(ud)—dubb 3.73x 10%(1.20x 10%) 1.78X 10P(1.78xX 107
su(us)—usbb 9.63x 10" - -
uu—uubb 9.10x 10" ——— -
ud(du)—udbb 4.20< 104(1.44x 107) -
us(su)—usbb — (9.63x10Y - -
dd—ddbb 6.40x 10 1.17x10°
dd(dd)—bbbb 9.38x 10 1(9.38x107 %) 7.00x 107 1(7.00x 107 %)
dd(dd)—ssbb 2.40x 10°(2.40x 10°) 1.70x 10°(1.70x 10°)
dd(dd)—ccbb 2.35x 10°(2.35x 10°) 1.70x 10°(1.70x 10°)
dd(dd)—ddbb 2.24x 107(2.24X 1) 2.05x 107(2.05x 107)
dd(dd)—uubb 2.40x 10°(2.40x 10°) 1.70x 10°(1.70x 10°)
dd(dd)—ggbb 7.30x 10%(7.30x 10%) 5.86x 10%(5.86x 10%)
dd—ddbb 5.10x 10t _
ds(sd)—dsbb 4.23x 10 - 9.16x 101(9.16x 10Y)
ds(sd)—dsbb 4.23x 10t ——— 9.16x 10%(9.16x 10Y)
ds(sd)—dsbb —— 42310 9.16x 10%(9.16x 10Y)
ds(sd)—dsbb — 42310 9.16x 101(9.16x 10
gu(ug)—gubb 7.28x 107(7.82x 10°) 2.37x 104(2.37x 10%)
gu(ug)—gubb 7.82x10%(7.28x 10%) 453 103(4.53x 10°)
gd(dg)—gdbb 1.01x 103(3.52x 10°) 1.29x 10%(1.29x 10%)
gs(sg)—gsbb 7.61X 107(7.61x 107) 2.43x10%(2.43x 10°)
gd(dg)—gdbb 3.52x 103(1.01x 10°) 5.47% 103(5.47x 10P)
gs(sg)—gsbb 7.61x 10%(7.61x 109) 2.43<10%(2.43x 10°)
gg—bbbb 9.90x 10 6.58x 107
gg—ssb 4.80x 107 2.21x10°
gg—ccbb 4.60x 107 2.24x10°
gg—ddbb 3.85x 107 2.11x10°
gg—uubb 3.85x 107 2.11x10°
gg—ggbb 3.62x10* 2.43x10°
Total 7.01X 10* pb 3.62<10° pb

The distributions for several sensitive kinematical vari- The above-mentioned effects of the jet fragmentation, detec-
ables for a separation of the signal and the background ater resolution, and energy smearing are included in the fig-
shown in Fig. 4 for the Tevatron and in Fig. 5 for the LHC. ures. Among the kinematical variables for the separation of
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TABLE Ill. Comparison the cross sections fg'lbb_process for

2 @ 25 F
exact calculations and the splitting approximation for varipys g 5
cuts at Tevatron. The following cuts have been applied at the MC 5 3
level: AR;;>0.5, p; of the first jet>10 GeV . g 2
[§
2 Z
ofey [pb] 70 32 14 1.2
oy [pb] 64 22 8 0.25

the signal and background the most attractive were found to
be the following.

(i) py of leading jet:pt of the leading jet distribution for
the signal has a peak aroung, /3, while it is much softer
for the QCD background at the Tevatr@rig. 4). The main

Number of events
Number of events

\ﬂ
difference between kinematical distributions for signal and 20 |- \\
background at the Tevatron is that jets from+jj and 50 | §\
j(j)bb processes are softer and less central than those fol o F \\\
signals with one very hard jet coming from the top quark and 5 - \
another softer jet, accompanying the top quark. For the LHC 0 \\\\\i\\\\\\\\\\\“

50 100 150 200 250 300 350 400

there is no such striking difference y of the leading jet Hr [GeV] dijet mass [GeV]
distribution between signal and background. It happens be-

cause of a higher c.m. energy and the dominating contribu- FIG. 4. Distributions for signal and background for the some
. — . . most spectacular variables at the Tevatron. The sketched histogram
tion to the background frorit production(Fig. 5).

- stands for signal.
(i) \/g—invariant mass of the systeffrigs. 4,5: it is al- ) )
ways bigger for signal than those f&jj andj(j)bb back-  variable has a peak around 150 GeV for the signal, around

grounds. It is important to notice that the background 300 GeV for thett background, and peaks at small values

peaks at higher values of the invariant mass of the systerfe’ the QCD background. .
which is clearly seen in the case of the LHC, where this (V) dijet mass(Figs. 4,5: It is harder for the signal than

background dominates. for the QCD background, for which theb pair coming
(iii ) pyW: the W boson tends to be harder from top quark mainly from glu_on splitting, in the same time dijet mass
decay than from QCD processes. distribution of tt background, has a similar shape as the

(iv) Scalar transverse energil; (Fig. 4c,5¢, Hy  signal. The dijet mass cut is also used for a reduction of the
=|Er(jetl)| +|Er(jet2)| + |Er(lepton): this kinematical Wz background.

x102 X103
X104 9 10 @ 10
® r = 7000 |- = 1200
S 4500 - & o000 [ & 1200
3 : 5 s
° 4000 pp — jjbb +X 3 s00 ¢ 2 1000
g F E 4000 [ 5 800
c 3 3
§ 3500 3000 600
= E 2000 - 400 Ry
3000 — ] [R
— 1000 E . 200
r 80 100 150 200 500 1000 1500 2000
E Pr et [GeV] Vs [GeV]
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- % 1200 | 5 eoo0 |
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" 8 1000 r 8 6000 £
C [ [
1000 | 'g 800 - g 5000 |-
F Z ol Z 4000 |
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0 _|1|1|||.'_||||||||»|||1|i_1.x|_|-|1 oy 200 2000:_ \
F 1000 F N
0 5 10 15 20 25 30 35 40 45 50 ok S o \\\\\\\\\\\\\\\\\\\\\\\
Py of the second jet [GeV] 200 H.:o[% o ve]oo 800 1000 di Jjoeot ma szsoo[Ge vs]oo 400
FIG. 3. Distribution forpy of the second jet for thjajbgproceis FIG. 5. Distributions for signal and background for the some
for the exact calculatiofsolid line) and for splitting from thgbb most spectacular variables at the LHC. The sketched histogram
processdashed lingat the Tevatron. stands for signal.
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TABLE IV. Number of events for the single top quark signal and background at the Tevatron. The cuts
numbering corresponds tdour) sets of cuts with their consequent application. The windo®w0 GeV
around the 175 GeV bin was imposed for a reconstructed “effective” top quark mass.

Cuts Signal Wbb Wijj wz i(j)bb tt WH

Cutl 1.98610° 3.680x10° 2.644<10? 2.059<10' 6.292<107 5.849<10% 8.428<1(°
Cut2 151&10° 1.711x10° 1.034x10? 1.136x10" 1.114<107 4.898<10° 6.491x1C°
Cut3 1.49X10° 1.453x10° 9.211x10' 1.053<10' 1.030<10? 4.898<10* 6.278<1(
Cut4 1.29%10% 1.173x10° 7.687x10' 8.564x10° 8.910<10" 4.191x10¢* 5.145<1(°
Cut5 1.28&10° 1.107x10° 7.488<10' 8.515<10° 8.353x10" 4.186x10% 5.124x10°
Cut6 1.24%X10° 1.038x10° 6.649<10' 8.087x10° 6.961x10" 4.185x1C¢° 5.013x1(Q°
Cut7 124%10° 1.031x10° 6.649<10' 7.419<10° 4.455<10" 1.055<10% 4.562x1C°
Cut8 1.21&10° 8.867x10' 6.141x10' 7.266x10° 3.619<10" 1.039x10% 4.490x 1¢°

Signal 122, background 297; SH.41

In our analysis we used an “effective” invariant top Er>20 GeV, p,>20 GeV
guark mass variable which is constructed using the following
algorithm. Itis clear that mass of the top quark decaying to dor the LHC which are “initial” cuts for jet separation and
lepton, neutrino, and quark cannot be unambiguously re- W-boson identification.
constructed the since ttlecomponent of the neutrino cannot
be measured. One can construct the top quark mass Cut2: p; jetna,c>45 GeV.

2__ 2
—(P.4+P,+P 2 =
mZ=(P+P,+Pp) 2 Cut3: \/5>180 GeV.

using one of two solutions fop,, of the simple quadratic

equation Cut4: ptW>30 GeV.
m\ZN: (Po+P,)2=80.12. ®) Cut 5: dijet mass25 GeV.
Our Monte Carlo analysis shows that if one choopgsto Cut 6: Hy>100 GeV for Tevatron and 260 GeVtH¢

be the|p,,|min from two solutions, then it will be in about
70% truep,,. In fact the reason for that is obvious and
related to the fact that smaller values mf, correspond in

>100 GeV for LHC.

most cases to smaller values of the total invariant mass Cut7: 3=n jet=2.
And for smaller values of/s the effective parton-parton lu- -
minosity is larger and therefore the cross section is higher. Cut8: dijet mass40 GeV. (4)

However, anyway, if the one solution fqr,, is used, the . .
invariant “effective” mass distribution is broader than the | The effect of the consequent application of this set of cuts

real invariant top quark mass and one should apply a rathdp Presented in Tables 1V anil V. We should stress that the
wide window for this kinematical variable in order not to €ffective” mass window cut+50 GeV was an initial cut

lose too many signal events. We chose: 50 GeV window and has been applied along with all other cuts shown in the

in our analysis. tables.

Based on such different behaviors of the signal and back-. € number of events presented in the tables as well as in
ground kinematical distributions the following set of cuts for [19S- 4 and 5 corresponds to the total integrated luminosity

the background suppression has been worked out. 2 fb71(100 b *),? for the Tevatron(LHC), under the
above-mentioned assumptions of a doubkagging effi-

Cutl: ARjje)>0.5, pr jet>10 GeV, ciency of 50% and &-quark mistagging probability of 0.5%.
From the tables one can see that in fact two cuts, cut 2
E.>15 GeV, p>15 GeV redu&ing the QCB-Wjj background and cut 7 eliminating
thett background, play the leading role. At the same time all
for the Tevatron and cuts are strongly correlated and one can effectively replace
cut 2 by cut 3r4 or a more complicated combination with
ARjjj>0.5, p; jet>20 GeV, the same success.

Such a method of single top quark mass reconstruction is known 2The numbers for the LHC could be easily rescaled to the
and has been used in the ppste Ref[19]]. 30 fb™! of the low luminosity LHC operation.
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TABLE V. Number of events for the single top quark signal and background at the LHC. The cuts
numbering corresponds tfour) set of cuts with their consequent application. The windo®0 GeV around
the 175 GeV bin was imposed for a reconstructed “effective” top quark mass.

Cuts Signal Wbb Wijj wz i(j)bb tt WH

Cutl 1.21X10° 8.236x10° 1.724x10° 1.912x10* 1.155x10° 4.449<10° 6.124x10°
Cut2 8.79X10° 5.143x10* 1.058<10° 1.177x10* 6.112x10° 3.762<x10° 4.923x10°
Cut3 8.76&10° .871x10* 1.015x10° 1.138<10* 6.053x10° 3.762<x10° 4.854x1C°
Cut4 7.42%10° 3.826x10" 7.758<10" 9.048<10° 4.974x10° 3.262x10¢° 3.976x10°
Cut5 7.40K10° 3.771x10* 7.735x10° 9.013x10° 4.957x10° 3.262x10¢° 3.972x10°
Cut6 5.64X%10° 3.649<10" 7.524x10" 7.545<10° 4.729<10° 6.214<10° 3.334x10°
Cut7 537x10° 3.610x10* 7.408<10* 6.122x10° 2.411x10° 1.886x10° 2.740<1C°
Cut8 5.29610° 3.177x10* 7.019x10* 6.030<10° 2.301x10° 1.886x10° 2.694x 1C°

Signal 5.3<10°, background 5.8 10°; S/B=1.0

The strong background reduction is clearly illustrated insurement at the LHC depends mostly on the uncertainty of
Figs. 6a,b and 7a,b for the invariant top quark mass distributheoretical calculations for the single top quark production
tion before(a) and after(b) application of kinematical cuts. cross section and for the backgrounds. That is why calcula-
After the cuts are applied the background became about 1flons of the next order corrections to single top quark pro-
times smaller at the Tevatron and 18 times at the LHC whileduction including corrections to the kinematical distributions
approximately 60%40%) of the signal survived at the Teva- but not only to the total event rate and a simulation of the
tron (LHC). The signal/background ratio becomes equal apmain backgrounds at the NLO level are important for the
proximately to 0.4 at the Tevatron and 1 at the LHC. Such d.HC.
background suppression will allow one to measure the signal Another important source of uncertainties in ¥Wb ver-
cross section with high accuracy. tex measurement comes from the parton distribution uncer-

The cross section for single top quarks includes\Wih  tainty as well as from the accuracy of top quark measure-
coupling directly, in contrast tot pair production. There- ments. In the case of the Tevatron these uncertainties have

fore, single top quark production provides a unique opportubeen taken into consideratig8]. However, in the case of the
nity to study theWtb structure and to measukg,. Experi-  LHC this point is not very clear since one does not know
mental studies of this type are among the main goals ofow large those uncertainties would remain when the experi-
single top quark physics. Using the single top quark searchent will start, and the parton distribution functions and the
one can examine the effects of a deviation in Wieb cou-  top quark mass will be measured in separate experiments.
pling from the SM structure and directly measure the CKMThat is why at the present stage we did not include the
matrix elementV,,. Since the signal to background ratio is Pointed uncertainties for the case of the LHC.

high after kinematical cuts are applied, the erroigf mea-

surement as was shown [il] is expected to be of the order I1l. CONCLUSIONS

of 10% at the Tevatron run 2. In the same time much higher . .
statistics and good signal/background ratio at the LHC con. '€ study of single top quark production versus complete
siderably improve the measurement of g value and test background processes has been done. For calculations a spe-

the Wtb vertex. Since the statistical error for *L8vents is gﬁlTa?Ane;ﬁgojEPSST pﬁi(;?ar%fa}ii Egri%%tgt?oﬁbgh%ﬁg the
less than 1%, then the uncertainty of &b vertex mea- . ' : .
0 y importance of the QCD fake background which was not

@» » 50 3
z € E (b) x10 7 x102
% % “© ‘g 20 1 (a) ‘% 1400
5 s OF S 3
g g Lo 5 100 - 1200
£ E wf g g oo
z Z »E € §
Z 600 | =
20 |
600
15 - N 400 [
N3 j§ 400 |
N 200 -
5 F e 200
0 E !&\%\\\\\\\\\\\\\\\‘k\\\\\“ o L 0 el AN S—.
50 100 150 200 250 300 350 400 100 200 300 400 100 200 300 400
top mass [GeV] top mass [GeV] top mass [GeV] top mass [GeV]
FIG. 6. Distributions for invariant top quark mass bef¢agand FIG. 7. Distributions for invariant top quark mass bef¢aeand
after (b) cut application at the Tevatron. The sketched histogramafter (b) cut application at the LHC. The sketched histogram stands
stands for signal. for signal.
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