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top search. The detection efficiency for tt events is improved by the inclusion of trig- 
gers based on &. 

A schematic view of the CDF detector is shown in Fig. l(a). 

(a) 

CDF Detector 
BBCkWBTd 

Figure 1: Isometric views of (a) CDF and (b) D9 detectors. 

The D9 detector and data collection system are also described elsewhere.” The 
D9 detector has a hermetic, compensating sampling calorimeter with fine longitudinal 
and transverse segmentation in pseudorapidity and azimuthal angle. The energy resolu- 
tions are slightly better than those measured at CDF (g(E,,)/E,, N  15%/G) and 

(g(Ehad)/Ehad N  50%/G). Since there is no central field, charged particle tracks 
are reconstructed with a sign degeneracy using drift chambers located between the in- 
teraction region and the calorimeter. Electrons are identified by a transition radiation 
detector. Muons are detected by reconstructing tracks in proportional drift tubes before 
and behind a set of magnetized iron toroids located outside the calorimeter which pro- 
vide some momentum measurement with a resolution of ,(P,)/P, = 0.3%& @  17.% 
for pseudorapidities in the range In/ < 3.0. The good calorimeter hermeticity provides 
a good missing transverse energy resolution. The CDF transverse energy resolution is 
approximately 20% worse than D9. A schematic view of the D9 detector is shown in 
Fig. l(b). 

3 Top Quark at the Tevatron Collider 

As mentioned previously, the top quark has been searched since the discovery of its 
partner, the b quark, in 1977. The first indication that the top quark was a heavy object 
came from the measurement of a large mixing parameter zd in the B”-9 mixing, first 
observed by the UA113 and ARGUS14 Collaborations. 

Precise electroweak fits from LEP have constrained the top quark mass with ever 
increasing precision since the turn-on of LEP in 1990, as shown in Fig. 2. 

01 
1988 1990 1992 1994 1996 1998 

Year 

Figure 2: Historical evolution r5 of the indirect fits to the top quark mass from precise 
electroweak measurements at LEP (circles). The solid and dashed lines indicate the 
95% C.L. on the lower Mtop bound from direct e+e- and pij searches. The last points 
are the direct measurements from CDF (triangles) and D9 (inverted triangles). 

The first evidence for the top quark’s existence was published by CDF” in 1994, 
with a 2.8~ excess of events over the background expectations. Under the assumption of 
top production, CDF measured a top mass of M  top = 174116 GeV/c’ and a production 
cross section ctt = 13.9’2:: pb. Both CDF17 and D9" announced the definitive top 
discovery in 1995, reporting mass values of: 

Mop = 176 f 8 i 10 G&/c’ (CDF), 

Mtop = 199i$ * 22 GeV/c’ (DQ), 
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. Dilepton channel (ee, p/1, or ep), corresponding to a branching ratio of N  5% of 
the total decay. 

l Lepton + jets channel (e or p), corresponding to a branching ratio of N  30%. 

l Hadronic channel, corresponding to the remaining N 45% of the total decay. 

In addition, there are N 21% of the tf decays containing a r lepton in the final state. 

3.1 Top Quark Production at the Tevatron Collider 

3.1.1 Dilepton Channel 

Given the process t? + W+W-bb + l+Z-vob& the final state for this channel is 
determined by two oppositely charged leptons with high transverse momenta, large 
&, and two b-jets. The dominant backgrounds are WW, Z -+ r+r-, and the Drell-Yan 
production. The dilepton channel is expected to have a very good signal-to-background 
ratio. However, this decay mode is still limited by statistics, and therefore, not ideal 
(yet) for a precise measurement of the top mass. 

The CDF dilepton search starts with the identification of a lepton (e or p) with 
PT > 20 GeV/c and satisfying a set of isolation requirements in the cental region 
(1~1 < 1.0). The second lepton is required to have PT > 20 GeV/c and to satisfy a 
looser set of isolation requirements. The two leptons must be oppositely charged, and 
events with ee or 1-1~ candidates where the invariant mass is between 75 and 105GeV/cZ 
are rejected as being consistent with Z” candidates. 

In order to reject the Drell-Yan events, CDF requires & > 25GeV. For events with 
& < 50 GeV, the azimuthal angle between the &r and the closest lepton or jet must be 
greater than 20” to reduce the background coming from Z --t T’T and Drell-Yan events, 
where a mismeasured jet produces an artificial &“r. Finally, all the events are required 
to have at least two jets with Ep > 10 GeV and InI < 2.0. Background contributions 
are estimated from a combinations of data and Monte Carlo simulations. 

Figure 5(a) shows the distribution of the nine dilepton candidates (one ee, one ppL, 
and seven ep events) surviving these cuts in the total integrated luminosity of 110 pb-’ 

at CDF. 
The DQ analysis proceeds in a parallel way, the major differences being the cuts 

on the lepton PT (PT > 15 (20) GeV/c for the ep, /1/1 (ee) channels) and a minimum 
requirement on HT (HT > 120 GeV for the “electron” channels, or HT > 100 GeV for 
the “muon” channel). HT is defined as the scalar sum of the transverse energies Egt of 

(4 
Rtm I di lqm data ! LO9 pb’), CUFpn4imin.q 

NJ2 

(b) 

0 50 IW 150 2W 250 3W 35j ,4X 
i 

lw 

Figure 5: The azimuthal angle Ad between the J??r vector and the nearest lepton orjet vs 
J?r in CDF dilepton events. (a) The small points show the distribution expected for the 
tT signal, while the larger symbols represent the data. (b) HT distributions of dilepton 
events in the D @  analysis. The observed events are shown by the darker histograms. 
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Figure 6: Aplanarity vs HT for the ev analysis in D @  for data, tt Monte Carlo events, 
multijet background, and W-t 4 jets Monte Carlo background. The dashed lines indi- 
cate the cuts. 

bb jets (- 30 events), 2 + II (- 26 events), and diboson production (- 15 events). 
Clearly, additional background rejection is required. D$9 and CDF solve the problem 
of the rejection of W+jets QCD backgrounds with three different approaches: 

l Event Shape analysis24 (D@ ). This approach relies on the fact that, for heavy top, 
the overall event is different (more spherical, and with more energy) than nor- 
mal QCD W-t multijet events. The variables used by D(Z) to discriminate against 
background include the event aplanarity A and the already-mentioned HT. No 

attempt is made at the identification of the original flavor of the jets in the event. 

. b-quark tagging through the semileptonic decay (CDFz5 and Doz4). This ap- 
proach identifies the b-nature of the jets present in the event through the presence 
of a soft lepton embedded in the jets and originated by a semileptonic decay of 
the parent b quark (SLT, or Soft Lepton Tagging). 

. b-quark tagging by mean of displaced vertices or displaced tracks (CDF25). This 
approach relies on the finite b-quark lifetime and the superb precision of the Sil- 
icon Vertex (SVX) detector to identify displaced vertices (SECVTX tagging) or 
displaced tracks (JPB tagging). 

Table 2: Cuts used by CDF and D @  for the lepton + jets search. 

CDF W 
All e(b) e + jets/b 

pi- 20 GeV 20 GeV 20 GeV 
GT 20 GeV 25(20) GeV 20 GeV 

Number of Jets L 3, I I< 2 T 2 4,Iq I< 2.5 2 4,I I< 2.5 7 

@et 

J 2 

15 GeV 15 GeV 
2 > 0.065 

20 GeV 
> > 0.040 

HT > 180 GeV > 110 GeV 
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Table 3: Summary of the lepton + jets counting experiments. 

Sample 1 DO / CDF i 
Event Shape Observed 19 

Background 9.7 f 1.7 
Expected (M,, N  170 GeV) 14.1 f 3.1 

b + 1X Observed 11 
Background 2.4 310.5 
Expected (&fin N 170 GeV) 5.8 f 1.0 

Displaced Vertex Observed - 

Background - 

Expected (M,, N 170 GeV) - 

22 
7.2 f 2.1 

- 

40 
24.3 f 3.5 

9.6 
34 Events (42 Tags) 

8.4 f 1.4 
19.8 f 4.0 

Table 4: Predicted signal and backgrounds in the CDF Hadronic Top search. 
-2% 
S+B 2 5 jets 2 6 jets 

No tag lL5OO l/200 
1 b - tag l/ lOO l/30 
2 b - tag l/20 l/10 

] 

which includes requiring the CET 2 300 GeV and C > 0.75, where the centrality C is 
defined as C = HT/& and B is the invariant mass of the multijet system. After these 
kinematical cuts a requirement of one b-tagged jet produces the multiplicity distribution 
shown in Fig. 9(a) which shows a clear excess of events over the expected background 
from QCD contributions. 

A similar analysis from D$?Jz7 uses a selection based on the discriminating power 
of a neural network fed with 14 variables which include kinematical quantities (like 
aplanarity and total scalar energy) as well as soft lepton tagging of b-quark jets. The 
output of the neural network is shown in Fig. 9(b). 

The cross section values obtained by the two collaborations for the all-hadronic 
decay modes are: 

0, = lO.l?;:; pb (CDF) 

a,, = 7.1 + 3.2pb (DQ). 

Figure 9: (a) CDF multiplicity distribution for all hadronic analysis with the tagged 
events and the background expectation. (b) Distribution of the final neural network out- 
put in the D$II all hadronic analysis, showing the results of a fit of the observed tagged 
distribution to the predictions for signal and background, with Mtop = 180 GeV/c2. 

3.1.5 Summary of the utz Cross-Section Measurements 

The summary of the a,, cross-section measurements performed at the Tevatron is shown 
in Fig. 10. The D @  and CDF measurements are in good agreement with the averageZ8 
of a, = 6.7 f 1.3pb, which is slightly larger than, but still in good agreement with, the 
theoretical SM predictions of Fig. 4. 

3.2 Top Mass Determination 

A precise measurement of the top quark mass plays a central role in our understanding 
of the mechanism for the symmetry breaking in the SM. A precise direct measurement 
can provide a consistency check of the experimental data from different sources, and a 
combination of the top and W  mass measurements provides information on the mass of 
the Higgs boson. 

As for the cross-section measurement, the top mass determination can be performed 
in any one of the three different decay topologies of the tt event (dilepton, lepton + 

jets, and all hadronic). At the time of the top discovery, the lepton + jets chan- 
nels were studied more extensively given the relative large signal-to-background ratio, 
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Figure 11: CDF top quark mass distributions for the Zepton + jets sample. The points 
are the data, the dark area is the top signal+background resulting from the fit, while the 
lightly shaded area is the background alone. The plots on (a) show the four independent 
samples, while (b) shows the combination of the four samples. 

The CDF systematic uncertainties for the various tZ decay modes considered here are 
listed in Table 5. The final measurement is 

Mop = 175.9 * 4.8(stat.) f 4.9(syst.) GeV/c’ (CDF - lepton + jets). 

D @  performs a two-dimensional likelihood fit to extract the top mass value. One 
variable in the two-dimensional distribution is the best fit mass obtained by the 2C 
analysis of the data. The other variable is a top discriminant, which provides a dis- 
tinct separation between the top signal and the background, without biasing the mass 
analysis. DQ uses two discriminants 3o based on the following four variable: 

l @T 

a.4 

. HTz/Clpzl, where HT2 is defined as the HT minus the ET of the leading jet. This 
variable measures the centrality of the event. 

. (AR~)E~n/(E&+@T), where (AR?) is the minimum AR between all pairs 
of jets and ET mzn is the smaller jet ET from the minimum AR pair. This variable 
measures the extent to which the jets are clustered together. 

These variables are combined in a Neural Network (NN) and a Low Bias (LB) 
discriminant to provide the kind of separation illustrated in Fig. 12(a). D(D then fits the 
two-dimensional distributions to templates determined from simulated ti events and 
background estimated using a combination of Monte Carlo and data. The experiment 
obtains a mass measurement of MtOP = 173.3&5.6(stat.) GeV/c* shown in Fig. 12(b). 
The systematic effects, coming mostly from the jet energy scale and the Monte Carlo 
modeling, sum to f5.5 GeV/c2. The final mass obtained by DQ in the Zepton + jets 

channel is: 

Mtop = 173.3 f 5.6(stat.) f 5.5(syst.) GeV/c* (Do - Zepton + jets). 

6) 
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Figure 12: (a) Events per bin in the D NN, mfzt plane for the D@J neural network dis- 
criminant analysis, showing the expectation for top, background, and data. (b) Results 
from the D @  lepton + jets mass analysis with the ‘D)LB discriminant for events poor in 
top signal, rich in top signal, and the final log-likelihood distribution. 

3.2.2 Dilepton Top Mass Measurement 

Due to the presence of two neutrinos, dilepton events do not contain enough information 
for a constrained fit. Therefore, to determine the top mass, one must use some other 
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reduce this background, events with at least one identified SVX b-jet are required to 
pass strict kinematic criteria that favor tf production and decay. To determine the top 
quark mass, full kinematic reconstruction is applied to the sample of events with six 
or more jets. All combinations are tried, with the constraint that an SVX-tagged jet 
must be assigned to a b-parton. The data sample consists of 136 events, of which 
108 f 9 events are expected to come from background. The reconstructed three-jet 
mass distribution is shown in Fig. 15. The inset shows the shape of the difference log- 
likelihood as a function of top mass. With the systematic uncertainty shown in Table 5, 
the CDF measurementzg is: 

Mop = 186.0 f lO.O(stat.) * 5.7(syst.) GeV/c’ (CDF - all hadronic) 

Figure 15: Reconstructed mass distribution for all hadronic events with at least one 
b-tag. Also shown are the background distribution (shaded) and the tf Monte Carlo 
events added to background (hollow). The inset shows the log-likelihood and the fit 
used to determine the top mass. 

3.2.4 Top Mass Summary 

Figure 16(a) shows the summary of the direct measurements of the top quark mass at 
the Tevatron collider. When the appropriate correlations are taken into account between 
the mass systematic errors in CDF and D@, the world average is determined to be 

Mt, = 174.3 f 5.1 GeV/c* (Tevatron average) 

Figure 16(b) shows the relative weight of the various mass determinations on the 
final Tevatron average. When the top and W  boson masses are interpreted in the frame- 
work of the SM, Fig. 17 shows the correlation between the top and the W  masses as 
a function of the Higgs mass. With the latest values of the W  and top masses and the 
LEP measurements3’ the data seems to favor a light Higgs, with mH < 260 GeV/c2 at 
95% C.L. 

(b) 
Relative weight in top mass average 

-175.93~7.2 GeV/c2 Lep+kt 
-167.4f11.4 G&c Dil 

-186.Qt11.5 GcV/c Had 

-172.1f7.1 GcV/c* Comb. 

_ 173.3f7.8 GeVk L.ep+Jet 

168.4f12.8 G&/c Dil 

BCDFltjets KDFallhad ElCDSdilepton 
too tzo 140 M O  180 *c?o 220 

Top Mass (GIN& 
EJW dilepton I W  Itjets 

Figure 16: Summary of all the top quark mass measurements from (a) CDF and DQ, 
and (b) relative weight of the various single measurements in the overall average. 

3.3 Other Top Quark Measurements 

3.3.1 Measurement of /b&l 

In the previous discussions, II&\ has been assumed to be approximately equal to 1. 
From the knowledge of the tagging efficiencies, the number of dilepton, and lepton + 

jets events with one, two, or no jets tagged as b quark, the following ratio can be 
derived: 

-379- 





events (Fig. 18) CDF35 finds 

F. = 0.55 f 0.32(stat.) f O.l2(syst.) 

4 b Quark at the Tevatron 

The principal motivation for studying b-quark physics in the context of the SM arises 
from the possibility of gathering valuable information on the CKM matrix elements. In 
fact, a study of b decays allows access to five of the nine CKM elements (V&, I$, Vtdr V,,, 

and I&), some of which (I&, V,,) would be very hard to study in decays of the top quark 
system. 

Traditionally, b-quark physics has been the domain of e+e- machines. However, 
UAl already demonstrated the possibility of studying b physics at a hadron collider. 
CDF, with a superb mass resolution and vertex detection capabilities, has really ex- 
panded the b-physics program achievable at a hadron collider. The D @  experiment has 
also published several b-physics results, 36 but due to the lack of precision momentum 
measurement of charged particles and the absence of a precision microvertex detector, 
D @  is not ideally suited to study the b sector with the same broad coverage. 

A hadron machine has several advantages (and some disadvantages) compared to an 
e+e- machine at the ‘I (45’). All species of B hadrons can be produced at the Tevatron 
Collider (B+, B”, Bf, B,, and A*), with a large production cross section (gb N 50 pb, 

while c~(~s) N 1 nb and uZo+bb N 7 nb at LEP). This very large cross section results 
in about 5 x 10’ bb pairs produced during Run I at the Tevatron detectors. Unfortu- 
nately, the inelastic cross section is three orders of magnitude larger, which puts very 
specific requirements on the trigger system designed to recognize b-hadrons for further 
processing. Moreover, the b-quark production cross section drops almost exponentially 
with the transverse momentum of the produced b quark. This puts the trigger threshold 
for b-physics events on a collision course with the experiment’s data acquisition (DAQ) 
bandwidth. 

All b physics triggers at CDF and D(i? are based on leptons, with the possibility 
of requiring both single leptons and dileptons events. As an example, CDF dilepton 
trigger consists of a dimuon trigger with PT > 2 GeV/c for both muon legs, and an el 
trigger with PF > 3 GeV/c and Ef > 5 GeV. The dimuon trigger is the source of the 
J/i sample, and both dilepton triggers are used for b mixing analysis. The thresholds 
for single-lepton triggers are higher with PT > 7.5 GeV/c for muons and ET > 8 GeV 

Longitudinal W  Fraction 

35 
(CDF Preliminary) 

Lepton + Jet Channel 

Combined 
F, = 0.55 

Lepton Pt (GeVlc) 

Figure 18: The CDF lepton PT spectra for the 
sum of longitudinal W  boson decays, transverse 
background. 
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defined as 

ct* = L,,xM(J/$d) 
WJ/N ’ 

where L,, is the distance between the reconstructed decay vertex and the average beam 
position in the transverse plane. 

From Monte Carlo studies (where Mn, is set to 6.27 GeV/c’) most signal events 
are expected to have 4 5 M(J/$d) 5 6 GeV/c*. To select possible decays of long 
lived particles, CDF requires ct* > 60pm. This cut is removed later for the lifetime 
measurement. 

Starting with a sample of 196,000 J/g reconstructed in the SVX and then rejecting 
candidates compatible with being B+ + J/$K+ decays, and events where the electron 
was identified as coming from a photon conversion, CDF finds a sample of 31 J/t/d 

candidates (19 J/tie, and 12 J/$p). The main sources of background are expected 
to be due to real J/$ which form a good displaced vertex when paired with a hadron 
misidentified as a third lepton, and to bb events with one B hadron decaying to a J/$ 

and the other B hadron decaying semileptonically, with a topology compatible with 
having the J/+ and the lepton in a common vertex. Hadrons misidentified as the third 
lepton are found to be the main source of background. For muons, this is due to light 
hadrons (pions or kaons) which punch through the calorimeter and are then detected 
in the muon chambers, or decays in flight producing a muon with a kink small enough 
to be well-linked to the track of the hadron. For electrons, this happens when the 
shower of a hadron in the electromagnetic calorimeter is indistinguishable from that of 
an electron. The contribution of these sources is estimated from a J/$J + track sample 
obtained by releasing the lepton identification criteria on the third track. This sample is 
then weighted with the probability, estimated from real data as a function of PT, that a 
hadron is misidentified as a lepton. With this method, CDF also obtains the mass shape 
of the background. Real J/+l background from bb events is estimated from a Monte 
Carlo simulation. 

A summary of all the background sources and the estimated signals in both channels 
is given in Table 6. 

The number of B, mesons and the statistical significance of the excess is also esti- 
mated from a likelihood fit of the J/$ mass distribution, as shown in Fig. 21(a). The 
mass shapes for the signal and background are constrained to the results of signal sim- 
ulation and background measurement, respectively. The only free parameter returned 
by the fit is the number of B, mesons, N(B,) = 20.4$~. The null hypothesis (i.e., the 

CDF Preliminary 14 ,,m,, ,I,,,, 

(4 (b) 
CDF Preliminary 
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Figure 21: (a) Mass distribution of B, candidates. The result of the fit for the B, signal 
and the measured background are superimposed. (b) Pseudolifetime distribution for 
data (crosses) with the result of the fit for signal (shaded histogram) and background 
(dashed line). 
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Figure 22: Indirect constraints44 on the unitary triangle. 
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p can be measured by comparing the relative decay rates of B” and @to the com- 
mon CP eigenstate mode J/1/K:. By exploiting the interference between the direct 
decay path (B” + J/$Ki) and the mixed decay path (B” + B” --t J/1/K:), /3 can 
be measured through the time-dependent asymmetry 

S'(t)-Be(t) ACP = - Byt)+BO(t) = sin(2/3) sin(Am,&), 

where B’(t) and p(t) are the number of decays to J/$K,‘& at the time t, assuming that 
the meson produced at t = 0 was a B” or a B”, respectively. The effect of the mixing 
between B” and BO appears through the mass difference Am,, while the CP-phase 
difference between the two decay amplitudes appears via the factor sin(2P). Indirect 
evidence shown in Fig. 22 implies 0.30 < sin(2p) < 0.88 at 95% C.L., while OPAL 
recently reported45 sin(2P) = 3.2’;:: f 0.5 using the same decay channel. 

During Run I, CDF collected approximately 200 B”, p + J/iKg decays. Al- 
though this sample is not sufficient to allow a precise measurement of sin(2/3), it is 
the largest reconstructed sample of Do, p + J/$Ki decays in the world, and it can 
be studied4’j to determine the feasibility of this measurement in a hadron collider. As 
for the B, discovery, the selection of B”, B” + J/$Ki candidates starts from the 
J/ii, + /1+/1- reconstruction. The muon tracks are required to be measured in the 
SVX detector, thereby obtaining a precise determination of the J/+ vertex. The other 
pairs of oppositely charged tracks in the event are then searched for those consistent 
with the Kg + 7r+r- decay hypothesis, where the Kg decay point is significantly 
displaced from the J/$ vertex. Each Ki candidate is then combined with the J/4 can- 

didate in a four-particle fit which requires the Ki to point back to the J/$ vertex, and 
the combined J/$Ki system to point back at the primary vertex. The mass calculated 
by the fit has a typical resolution of 0‘~ N 9 MeV/c2. The proper decay length has a 
typical resolution of N 50 pm. Figure 23(a) shows the distribution of positive-lifetime 
candidate events as a function of the normalized mass 1M,v = (Af~rr - Mo)/o~lr, 
where MO is the central value of the B” mass peak (5.277 GeVlc’). A maximum likeli- 
hood fit yields 198 & 17 mesons. Since the CP asymmetry varies in time as sin(AmJ), 
it reaches its maximum close to a proper decay length of N 1000 pm, which is a region 
in which the background is strongly suppressed, as shown in Fig. 23(b). 

4.2.1 Same-Side Flavor Tagging 

Once the sample of B’s is obtained, the next step is to determine (“tag”) whether they 
were Be’s or Brj when they were produced. 

50 
45 (b) ct ) 200,m 1 
40 i 1 
35 
30 
25 
20 i 

Figure 23: Normalized mass distribution for (a) B” t J/$Ki candidates with ct 2 0, 
and (b) ct 2 200 pm. The curve is the Gaussian signal plus background from the full 
likelihood fit. 

(b) 

~\ 
’ Candidate track ?TR 

Figure 24: (a) A simple picture of b quarks hadronizing into B mesons, and (b) defini- 
tion of tagging candidate based on p?‘. 
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shown in Fig. 25(a) would be a cosine curve of amplitude one. An amplitude smaller 
than one is an indication of a “dilution” of the measurement. The dilution, Do, is related 
to the mistag probability and to the observed asymmetry by: 

Aobs. 
CP = VO sin(28) sin(AmJ), 

v 
0 

_ NRS - Nws 

NRS + Nws 
= 1 - 2~nListag, 

where NRS are events with the correct-sign correlation, and NWS events with the 
wrong-sign correlation. For this same-side tagging method, Do N 20%. This dilu- 
tion determination, measured on the data, is necessary for the extraction of sin(28). 

4.2.2 Tagging Asymmetry 

The SST technique tags approximately 65% of the B”, B” + J/$Kg decays. Figure 
26 shows the sideband-subtracted asymmetry in bins of the proper decay-time, where 
the asymmetry is calculated by counting the sideband-subtracted number of positive 
tags, N+ , and negative tags, N-, in each proper decay-time bin: 

A(ct) = N-(ct) - N+(d) 
N-(d) + N+(d)’ 

The signal and background samples were defined according to the dashed region 
shown in Fig. 23. The events in the signal region generally prefer negative tags (i.e., a 
positive asymmetry), whereas events in the sideband regions favor positive tags (nega- 
tive asymmetry). As noted before, however, the signal purity is high at large ct, and the 
sideband subtraction is, correspondingly, a small effect. 

Two fits are shown in Fig. 26. The dashed curve gives the results of a simple x2 fit 
of the function A0 sin(Amdt) to the binned asymmetries, where Amd has been fixed 
to its 1996 world-averaged4Q value of 0.474 ps-‘. The solid curve is the result of 
an unbinned maximum likelihood fit which incorporates both signal and background 
distributions in mass and proper decay-time. Sideband and negative-lifetime events 
are included to help constrain the background distributions. The likelihood function 
also incorporates resolution effects and corrections for systematic biases, such as the 
small inherent charge asymmetry favoring positive tracks resulting from the wire plane 
orientation in the main CDF drift chamber. Clearly, the result is dominated by the 
sample size and not by the particular fitting procedure applied to the data. Also shown 

CDF: B:/B: 

Figure 26: The sideband-subtracted tagging 
structed J/$Ki proper decay length (points). 
discussed in the text, while the inset shows the 

Figure 27: 95% confidence belts for the sin(2p) 
the actual measurement; (a) intersection with 
interval, and (b) the world summary of sin(2/3) 
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5.1 Potentials for Top Physics in Run II 

The reach of top physics at the Tevatron during Run II has been studied.52 Each detector 
will record N 160 dilepton and N 1200 lepton+jets events, with N 500 of them double- 
tagged. For the cross-section measurement, the limiting factor will probably be the 
error on the luminosity, which can be measured to N 5% using the W + Iv rate. 
Therefore, the error on the production cross section is expected to be around S-10%. 

The error on the mass measurement is presently dominated by statistics, but the 
uncertainty on the jet energy scale is a close second. As it is usual in the study of sys- 
tematic errors, the understanding of the energy scale will likely improve with improving 
statistics (by studying, for instance, the 2 + multijet events). The total uncertainty on 
A4rop in Run II should be at the level of 2 GeV/c’ (i.e., at the 1% level). 

The precision on the R measurement should improve to 2%, corresponding to a 
95% C.L. of IV,,1 2 0.20, while limits of B(t + 4~) < 3 x 10m3 and B(t + q.Z’) < 
0.02 should be achievable. 

From single top production, which is directly proportional to lV,#, the Tevatron 
experiments will be able to determine I&l* to N 10%. Other fields of study may arise 
from the large top quark mass and the expected (or, rather, hopedfor) connection with 
the symmetry breaking mechanism of the Standard Model. 

5.2 Potentials for B Physics in Run II 

The goal of the B physics community in the next decade is the measurement of the 
unitary triangle parameters. Therefore, we will concentrate on the expectations for this 
kind of physics, even though it is expected that the Tevatron experiments will continue 
exploring the “standard” b physics avenues, like lifetimes, B” and B, mixing, and heavy 
states searches. 

Studies of CP violation will concentrate on the measurement of sin(2p) and sin(2a) 
in B” + J/$K: and B” + rr+7~- decays. CDF has demonstrated that the Tevatron 
Collider environment allows these kind of measurements. Moreover, CDF plans to also 
look for CP violation in B, + D,K and B + DK, probing sin(2y). 

As shown in the discussion of the sin(2/3) measurements, the important ingredients 
for the CP measurements are the efficiency E to tag the original b flavor and the dilu- 
tion D in the tagging. These ingredients are combined in a figure of merit (ED’) that 
compares different tagging methods, since the error on the determination of a given 
CP asymmetry is proportional to l/m, where N is the number of reconstructed 

decays. The e2)* for the three tagging methods discussed in the CP asymmetry mea- 
surements at CDF are shown in Table 7. 

Table 7: Summary of the dilepton counting experiments. 

Based on the experience gathered in Run I, CDF expects to reconstruct -10,000 
B” + J/$Ki decays in Run II. This takes into account the increased luminosity, the 
extended silicon vertex detector, and the upgraded muon detector. This expectation 
is conservative because it does not include the possibility of using the J/lc, + e+e- 

decay channel, which will be possible in Run II with a contribution of N 5000 more 
reconstructed B” decays. The asymmetry and its error are defined as: 

A = ZDsin2/3, 

a(sin2/3) = 44 Q) F 63 (sin 2p)-, 

where @ means addition in quadrature. Using the values determined in the Run I aual- 
ysis and extrapolating according to Table 7, CDF expects to measure sin(2/3) with an 
error of c7(sin 2p) = 0.071 @ 0.044 = 0.08. 

The identification and reconstruction of B + K+K, for the determination of 
sin(2cY), is very challenging at hadronic colliders because of the very low branching 
ratio (- 10e5) and the huge combinatorial background from the low PT charged tracks 
produced in pp collisions. CDF made an effort to study the trigger and the background 
rejection. A fully dedicated trigger, based on the idea of selecting tracks with large 
impact parameter (do > 100pm) is thought to be sufficient to limit the event rate. As- 
suming 10,000 events in 2 fb’, tV2 = 5.4% and a signal-to-background ratio of one 
to four, CDF expects to measure the asymmetry with an error of 0~ = 0.12. 
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