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B Physics in Run IT with upgraded CDF II

Donatella Lucchesi (Representing the CDF Collaboration) #

8INFN Sezione di Pisa, via Livornese 1291,
I-56010 San Piero a Grado Pisa, Italy

At the beginning of next millennium B-factories at KEK or PEP collider will be operating and will provide
precise measurements of C'P violation parameters in the B° systems. In order to test the Standard Model
predictions, measurements of parameters which involve B,, B, and A decays will be necessary. We present here
how the upgraded CDF detector will be suited for these studies.

1. Detector upgrades

CDF Run II is expected to begin in year 2000.
This Run will use an upgraded detector in order
to take advantage of the higher luminosity of the
upgraded collider.

The Tevatron with the Main Injector will reach
an instantaneous luminosity of 2 x 10%? cm=2s~!
with an energy in the center of mass of 2 TeV.
The goal is to integrate 2 fb~! of data in 2 years.
At the beginning of operations the crossing time
will be 396 ns with 36 bunches and at regime 132
ns with 108 bunches.

The detector issues are driven by luminosity,
number of bunches and interaction time. The
number of bunches and the luminosity determine
the average number of overlapping interactions in
one beam crossing. The short time between cross-
ings requires the use of fast front-end electronics,
pipelined readout and trigger.

The tracking system is the most relevant up-
grade for B physics. The new drift chamber,
(Central Outer Tracker) has been designed with
small drift cells and faster gas in order to cope
with the the short interbunch time. The silicon
vertex detector (SVXII) will cover ~ 2.5¢ of the
luminous region and will increase b-tagging effi-
ciency. The insertion of additional silicon lay-
ers between the COT and the SVXII will extend
track finding capabilities to the region 1 < |n| <
2. This new tracker will allow:

1. three dimensional tracking;

2. excellent pattern recognition;

3. good momentum resolution.

The muon detector coverage will be extended
up to the forward region (n = 2) which will
be equipped also with a new electromagnetic
calorimeter. The increased coverage of lepton de-
tectors and the improved tracking system will al-
low the design of new lepton triggers. The infor-
mation from tracking in the COT will be available
for the trigger at level 1. This provides a much
better lepton definition than in the previous run
and allows us to lower the lepton P; thresholds. A
completely new impact parameter trigger at level
2 will allow for the first time access to a large
number of hadronic B decays.

2. Prospects for b hadrons lifetimes mea-
surements

In the Spectator Model all B lifetimes are due
to b — ¢cWW~ and are expected to be equal. Non
Spectator effects, like quark interference, W ex-
change and weak annihilation, produce lifetime
differences among B hadrons. Theories based
on 1/my expansions predict the hierarchy 74, <
Tgo ~ Ty < Tg-. The ratios 7a, /7o and
Tg-/Tpo have been analyzed to third order in my
expansion [1]. These predictions depend on some
unknown “bag parameters”; figure 1 shows the
ranges of the lifetime ratios covered using sensible
values for these parameters. Although the theo-
retical predictions for 75- /7o match well with
the average of the experimental results, these pre-
dictions have such large spread that no constraint
can be put on theory. For the ratio 7a, /7o the



theoretical expectations are centered at 0.95 and
their spread is very narrow. But in this case only
a small tail of theoretical prediction extends into
the experimental region. The partial agreement
between data and prediction prevent to further
constrain the theory and new experimental re-
sults are needed.
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Figure 1. Distribution of lifetimes ratios (theory
predictions: small dots) with the 1o and 20 con-
tours around the experimental values.

2.1. B B¥* and A, lifetimes

Measurement of decay length (I) and trans-
verse momentum (P;) are the basic ingredients
for the B lifetimes measurements. This requires
a detector with good resolution on vertex po-
sition and on transverse momentum. CDF has
done several measurements during Run I achiev-
ing AP,/P; ~ few % and Al ~ 50 uym on fully
reconstructed B decays (figure 2). The accuracy
obtained by CDF on lifetime measurements is
comparable with world average results (see ta-
ble 1). In Run II CDF will improve lifetime ra-
tios measurements by a factor of ~ 4 thanks to
20 times increased statistics (in 2 years of data
taking). This assumes that the detector will have
the same performance as in Run I and that the
systematic errors scale somewhat with statistics.

2.2. B, lifetime
The theory predicts that |75, /750 — 1| < 1%
and the world average is 75, /750 = 0.98 & 0.05.
In future it will be very difficult to push the ex-
perimental accuracy to a level of sub-1% [1].
CDF has performed this measurement exploit-
ing two different decay channels. The first chan-
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Figure 2. Decay length distribution for exclusive
B decays.Top: signal bottom: Background. The
width of the background distribution gives the
resolution reached in Run I.

nel is B — J/1¢, which is dominated by the CP
even state. The second channel is B} — DglX,
which is an equal mixture of C'P even and odd
states. The J/¢¢ sample consists of 58 events
and the result is dominated by the statistical er-
ror (7 = 1.347025 +0.05 [2]). The second one has
higher statistics, the error is smaller but not as ex-
pected since the decay is not fully reconstructed.
(r =1.36 + 0.09F5-%¢ [3]).

For high value of Bg mixing frequency the
width difference, AT, between the light and heavy
quark, is sizeable. This suggests a new method
to measure the mixing frequency (see mixing sec-
tion). From lifetime measurement in the partially
reconstructed sample, CDF has been able to set
the limit 4 < 0.83 @ 95% C.L. [3].

3. BY — B mixing and CP violation expec-
tations

BB mixing theory is well established within the
Standard Model. The oscillation frequency of the
B, system has been precisely measured by sev-
eral experiments, including CDF[4]. For Bg the
expected mixing frequency is very high and no
measurements have ever been done. The ratio



Table 1

Comparison of b-hadrons lifetime measurements.

b-hadron CDF 7 (ps) World av. 7 (ps)
B 1.51 £ 0.05 1.57+0.04
Bt 1.66 + 0.05 1.67+0.04
ratio B"'/B0 1.09 £ 0.05 1.07+£0.04
Ay 1.32+0.17 1.23 £0.08

Xa/Xs = [Via]* ] |Vis|? (Xa,s = Amgs7a,s and
Via and Vi4 are elements of the CKM matrix).
CDF goal for Run II is to measure X4 and Xg
oscillations frequency and to evaluate these two
matrix elements.

Within the Standard Model C'P violation in
the B system is closely related to mixing. Al-
though the statistical significance is poor, CDF
has recently published a measurement of one pa-
rameter, sin23, which describes this phenom-
enon [5].

Mixing and C'P measurements require to re-
construct the decay time and to identify the B at
production and decay time. In mixing measure-
ments this is done tagging the B flavour. For CP
analysis the final C'P eigenstate has to be recon-
structed and the B flavour at production tagged.

Some tagging algorithms have been developed
and optimized in Run I. The figure of merit to
compare different methods is the effective tagging
efficiency €D? (e = (NR';,NW), D= Exglng and
Npg(w) is the number of events with right(wrong)
tag). Run I results and projections for Run IT are
summarized in table 2.

3.1. B, reach

The theoretical expectation for Xg is 12.2 <
Xs < 24.2 [6] and the present experimental limit
is Amg > 12.4 (ps—!) @ 95% C.L. This corre-
sponds Xg > 18.4 for 75, = 1.48 (ps)

CDF has only one experimental result for Xg
from Run I data [7]. In Run II new powerful
tools like the silicon vertex tracker will be avail-
able and a tracking of the silicon vertex will be
possible at trigger level. New trigger solution to
select secondary vertices will be implemented. A
possible trigger will require two tracks with an
impact parameter. The idea is that the two high-
est P; tracks in the decay chain Bs — D&n~ or

Bgs — Din~ntn~ (with Dg - KK) have im-
pact parameter and pass the trigger. Monte Carlo
studies show that about 1600 fully reconstructed
and tagged Bs will be collected in 2 fb~! of data.
With this sample CDF can measure Xg up to
20. Dilepton or the single lepton triggers could
be also exploited, but with lower expectation to
reach Xg ~ 15.

CDF will be able to measure Xg via lifetime
difference if )£§ > 20. In the Standard Model

Bg

AT 2 q
& ~ T4 %~ [8], and a measurement of AT

Ampg m2 Amp
d
g

is a measurement of Am. There is a Model depen-
dence expected around 20%. The present limit for
CDF on AT quoted before corresponds to Amg <
96 ps~1x5.6-1073 /(AT /Am)x (1.55 ps/75). The
expected sensitivity on (AT") ~ 3%.

3.2. Study for C'P violation measurements

C'P violation in the B system can be described
by the three measurable parameters, (sin20,
sin2a and sin2y). sin28 can be determined
from the measurements of the asymmetry in the
B — J/YKY decay. sin2a is correlated to the
asymmetry in the B — 7tzw~ decay, but in
this case there are theoretical uncertainties in the
evaluation of the contribution of strong and weak
penguin diagram to the decay amplitude. This
does not allow a straightforward determination of
sin 2¢ from the asymmetry. sin 2y can be probed
via the decay Bs — DgK.

Up to now only two preliminary evaluations
of sin2f are available[9,10] and more data are
needed to have a precise measurement. CDF in
Run IT have good prospects to measure sin 283
with good accuracy and will try to evaluate the
asymmetry in the B — 717 ~. On the other hand
it will be very difficult say something on sin 27y
because of Bg mixing involvement.



Table 2

eD? for all tagging methods measured in Run I and extrapolated to Run II. The relevant upgrade
responsible for the improvement is also quoted. In the eD? combination a correlation of 80% among

tagging methods is taken into account.

Tagger €D? (Run I) €D? (Run II) Relevant Upgrade
Soft leptons (SLT) 09+0.1 1.7 Extended coverage
Same side 7(SST) 1.7+£0.2 2.0 New tracking
Jet Charge (JetQ) 1.0+04 3.0 New tracking
All combined 2.9 5.4

3.2.1. sin23 in J/¢ K2 decay mode

The accuracy expected in Run II is evaluated
using preliminary results from Run I[7,9]. The
number of J/1KY events reconstructed in Run I
was 198. The number expected in Run II in 2
years of data taking is ~ 10,000. This takes into
account the increased luminosity the extended
silicon vertex detector and the upgraded muon
detector. This expectation is conservative be-
cause it does not take into account the possibility
to have J/1 reconstructed in ete™ channel. A
certain amount of these events has been recon-
structed as exercise (see fig. 3) from Run I data.
The sample is small since CDF did not have a
J/1 — eTe trigger but it will be possible in Run
IT and the expectation is to have 5,000 events in
2 fb~!. Adding also these events CDF expects
to have around 15,000 events of B — J/$K% in
Run II.

CDF Run 1B: J/y —>e'e”
. — ———

50 : Ce

T :
[ Approximately 1 pb™

[ Skew Gaussian Fit
[ N=260£20

L o0,=40+5Mev

[ o.=150£15 MeV

Events per 20 MeV

Figure 3. J/1 — ete™ invariant mass.

The asymmetry is defined as A = Dsin 283 and

its error is:

. a(A) . (D)

o(sin2p) = D @ (sin 20) D
where sin 23 replaces .A/D and @ means addition
in quadrature. The first term in this formula is
the statistical error and the second one is sys-
tematic error. The statistical contribution can
be written as st (sin28) = Kgiar. /VN - €D2.
The factor K¢, depends on on Run I measure-
ments and is constant with respect to Run II pro-
jections. Its value is 2.034. The systematic er-
ror is due to the dilution and to the efficiency.
o(D)/D = (1/VNeD?) \/T+ B[S, (S/B is the
signal-to-noise ratio). As in the previous for-
mula, o(D)/D can be rewritten Ky, /v NeD2.
Kys. depends on which tagger is used. In Run I
K,ys. has been evaluated for all taggers: 1.24 for
SST, 0.68 for SLT and 0.68 for JetQ. The as-
sumption Kgys. = 1.24 for all tagger is believed
conservative. The final formula is o(sin28) =
1/VNeD? X [Kypar. ® sin28 x Kgys.] where eD?
is the sum on all taggers (see table 2) and sin 23
is assumed 1. The final error quoted by CDF
is o(sin28) = 0.087 @ 0.053 = 0.10. If the
number of events becomes 15,000 o(sin23) =
0.071 ¢ 0.044 = 0.08

3.2.2. Study of B — ntn—

The identification and the reconstruction of
B — «t 7w~ decays is very challenging at hadronic
collider because of the low decay branching ra-
tio (~ 107°) and of the enormous combinator-
ial background due to the many low P; charged
tracks produced in pp collisions. The main prob-
lems are: the trigger, the background contribu-
tion and the theoretical uncertainties. CDF is



making a lot of effort to study the trigger and
the background rejection. A trigger fully dedi-
cated to B — w7~ is under study. This trigger
will be based on 3 levels. At Level 1 two oppo-
sitely charged tracks with a minimum transverse
momentum of 2 GeV/c and some azimuthal sep-
aration are required. Level 2 is based on impact
parameters cuts. The idea is to selects tracks with
impact parameter > 100 um. Level 3 will use the
full event information to apply a mass cuts.

Signal to background separation is one of the
main issues. The major contribution arises from
Bys —» Ktn~ and By - KTK~ decays (fig-
ure 4).
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Figure 4. Invariant mass of B decays in nt7—,
K*r~ and KtK~.

CDF is not planning to do an event by event
m/K separation. The plan is find a mass peak
over combinatoric background and use the partial
K /7 separation given by dE/dz. The idea is to
measure the fraction of decays in nt7—, Kt7n~
and KTK~ before tagging. From the fraction
ntr~ /all, and exploiting the fact that there is
no CP violating asymmetry in the other decays,
the observed time-dependent asymmetry will be
corrected and divide it by the 77~ fraction.

For the moment CDF quotes an error on the
asymmetry using the time-integrated formula:

. Ll4ay 1 1. B
AT T2 VeD N S

The ratio zq/ (1 + 22) is evaluated ~ 0.82 due

to the impact parameter cut. Assuming 10,000
events in 20 fb=!, S/B = 1/4 [11], €D? = 5.4%,
oa = 0.12.

4. Conclusions

Based on results obtained from the analysis of
Run I data, CDF has shown a good capability
of doing B physics. CDF goal for Run II is to
measure the C'P violating parameter sin 23 and
to observe the CP asymmetry in B — «tn—.
These measurements put CDF in strong compe-
tition with B factories. In the next few years
the precise measurements of lifetime ratios and
Bgs mixing will be possible only at hadronic col-
liders. The upgraded CDF detector appears an
extremely favorable environment for the physics
of the 2000.
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