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Abstract. The CDF experiment at the Tevatron collider is collecting a large sample of fully hadronic decays
of Bottom and Charm mesons. First CP Violation measurements have been performed using the initial
data, achieving results which clearly state the CDF ability in extracting signi�cant CKM information from
p�p collisions. The �rst results on direct CP asymmetries on Charm and Bottom decays and future plans
from the CDF experiment are discussed in this paper.

PACS. 12.15.Hh Determination of Kobayashi-Maskawa matrix elements { 13.25.-k Hadronic decays of
mesons

1 Introduction

The CDF experiment [1] integrated during the 2002{2003
data taking of the Tevatron collider more than 200 pb�1

of data at
p
(s) = 1:96 TeV, exceeding the total inte-

grated luminosity collected during the RunI. In the fol-
lowing years, before the turn on of the LHC collider, the
data statistic is expected to increase by more than a fac-
tor twenty, allowing CDF to perform a broad range of
competitive heavy 
avor physics measurements related to
the study of the CP violation in the bottom and charm
sectors. While measurements involving Bs mesons and �b
baryons will be unique to the Tevatron experiments until
the LHC turn on, thus obviously playing a central role in
the physics program of CDF, however also CP measure-
ments in the Bd(u) and Charm sectors will be competitive
with the B factories. In particular CDF will be compet-
itive in self-tagging modes and direct CP measurements.
Just as an example of the CDF capabilities, in Table 1 the
event yields for the BÆ ! K� and D�

! DÆ� ! [K�]�
decays, as observed today, for CDF and for BaBar/Belle
experiments are compared. Assuming 300 pb�1 per year
of data collected by CDF and 150 fb�1 by BaBar/Belle,
the CDF events yields are comparable or better than the
equivalent yields observed at the B factories. In this pa-
per we review the results of the �rst measurements of CP
asymmetries in two body charmless B decays and of DÆ

decays in CP states, performed by CDF using the �rst
65 pb�1 of integrated luminosity, and discuss the future
perspectives.

a
Present address: CDF Experiment, Fermi National Accel-
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Table 1. Comparison between event yields for the BÆ

! K�

and D�

! DÆ� ! [K�]� decays observed today by CDF and
the B factories. Last column assumes 300 pb�1 per year of data
collected by CDF and 150 fb�1 collected by the B factories

Mode CDF B factories CDF/B factories
Yield Yield Ratio

BÆ

! K� 3:4 pb 7:7 fb 0:9
D�

! DÆ� 2300 pb 3000 fb 1:5

Fig. 1. Invariant mass spectrum for B ! h+h� candidates
assuming the pion mass hypothesis for both tracks

2 Relative Branching Fractions and direct CP

Asymmetries in B ! h
+
h
� decays

Using the new trigger on displaced tracks (SVT) [2], CDF
has collected several hundred events of charmless Bd and
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Fig. 2. Correlation between the two kinematic variables (see text) used to disentangle the four modes contributing to the
B ! h+h� signal

Bs decays in two tracks. The invariant mass distribution
of the B ! hh candidates from 65 pb�1 of integrated lu-
minosity, with the pion mass hypothesis for both tracks is
shown in Figure 1. One of the key physics goals of RunII
is to measure time dependent CP decay asymmetries in
the BÆ

d
! �+�� and BÆs ! K+K� modes, and direct

CP asymmetries on the self tagging BÆ ! ��K� and
BÆs ! K��� modes. In particular the Bs modes will be
unique to the Tevatron until the LHC startup.
First step in measuring the CP asymmetries is disentan-
gling the di�erent components that contribute to the the
B ! hh signal. This can be achieved in CDF exploiting
the � 0:1 � PT% resolution in measuring charged parti-
cle momenta, and using di�erences in �=K kinematics to
separateK�=�K from ��=KK exploiting the relationship
between the invariant mass and the momentum imbalance
between the two tracks. The distribution from a Monte
Carlo simulation of the �� invariant mass (M(��)) ver-
sus the quantity � = (1 � p1=p2) � q1, where p1=p2 is the
ratio of the minimum to the maximum momentum of the
two decay hadrons and q1 is the charge of the lowest mo-
mentum hadron, for the di�ernt decay modes, is shown in
Figure 2. In addition, �=K separation using the speci�c
ionization (dE=dx) measured in the central drift chamber
is used, improving separation of the �� from KK decays.
Using the large statistic sample of D�

! DÆ� decays, we
measured a separation power of about 1:2 standard devi-
ations between K and � in the typical momentum range
of the decay hadrons in B ! hh.
The di�erent B ! hh components are separated using
an unbinned log-likelihood �t to the kinematic variables
�;M(��) and �=K dE=dx probabilities. The fractions of
BÆ ! ��K�, BÆ ! �+��, Bs ! K+K� and Bs !

��K� have been measured to be 53�6%, 14�5%, 32�6%
and 1� 4% respectively. From these results the �rst mea-
surement of the branching fraction of Bs ! KK is ob-

tained:

Br(BÆs ! K+K�)

Br(BÆ ! K���)
=

= 2:71� 0:73(stat)� 0:35(fs=fd) �0:81(syst)

using the world averagemeasurement of the fragmentation
fraction fs=fd = 0:27�0:04. From the same �t simultane-
sously is extracted the direct CP asymmetry in the mode
BÆ ! K�, obtaining:

ACP =
�BÆ ! K��+ �BÆ ! K+��

�BÆ ! K��+ +BÆ ! K+��
=

= 0:02� 0:15(stat)� 0:02(syst)

Systematic uncertainties in these measurements are cur-
rently dominated by observed variations on the measured
dE=dx with the data taking period, due to the prelimi-
nary calibrations used in this analysis, and from the model
for the background shape assumed in the �tting func-
tion. With 2 fb�1 of integrated luminosity CDF expect
to collect of the order of 13000 B ! hh decays, reaching
a precision of 1% on the direct CP asymmetries in the
BÆ ! ��K� mode, and measuring the time dependent
CP asymmetries in the �� and KK mode at 30% level or
better.

3 Partial Widths and Direct CP-Violation in
D
Æ Meson decays to K+

K
� and �+��

The Standard Model expectations for the rate of CP vio-
lation in charm decays are generally small, especially for
Cabibbo favored modes, with predictions ranging from
0:01 % to 1% for several Cabibbo suppressed decays [3].
The study of direct CP asymmetry in the Charm sec-
tor becomes then an interesting window to search for non
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CKM sources of CP violation and for studying the e�ect
of non SM couplings in the up{quark sector.

The new trigger on displaced tracks proves to be highly
e�ective in collecting large samples of charm decays, al-
lowing CDF to write on tape so far about 106 DÆ

! K�
decays. The initial 65 pb�1 of data collected during the
2002 data-taking, has been used to measure the relative
branching ratios � (DÆ

! K+K�) =� (DÆ
! K�) and

� (DÆ
! �+��) =� (DÆ

! K�), and to perform the best
measurement of the direct CP violating decay rate asym-
metries of DÆ

! KK and �� available so far.

Invariant mass spectra for the DÆ
! K+K�, DÆ

!

K�, DÆ
! �+�� candidates reconstructed by CDF are

shown in Figures 3,4 and 5 respectively. Signal purities
range from 98% for the K� mode, and 95% for the ��
mode to 85% for the KK mode which su�er of larger
background contamination from partially reconstructed
DÆ

! K��Æ decays. Fitting the invariant mass distri-
bution about 100000 DÆ

! K�, 8000 DÆ
! K+K� and

4000 DÆ
! �+�� candidates have been found. Since the

D�� decay is a strong interactions process, the charge
of the pion from the D� decay unambiguously tags the
D0 
avor, and allow to measure direct CP asymmetries.
Moreover since the production of charm mesons in p�p colli-
sions is CP invariant, the only correction we need to apply
to the raw asymmetry is due to the tiny intrinsic charge
asymmetry of the detectors and of the tracking algorithms
(O(1%) for transverse momenta< 1:5 GeV/c). This track-
ing asymmetry is relevant only for very low momentum
tracks and has been measured using several independent
samples where CP asymmetry e�ects are not expected.

With this technique CDF measured the relative branch-
ing ratios:

� (DÆ
! K+K�)

� (DÆ ! K�)
= 9:38� 0:18(stat)� 0:10(syst)%;

� (DÆ
! �+��)

� (DÆ ! K�)
= 3:662� 0:075(stat)� 0:034(syst)%;

No signi�cant direct CP violation in Cabibbo sup-
pressed DÆ decays is observed and we measure:

ACP (KK) = 2:0� 1:7(stat)� 0:6(syst)%;

ACP (��) = 3:0� 1:9(stat)� 0:6(syst)%

The largest source of systematic uncertainty for the
relative branching ratios comes from the backgroundmodel
used in the �tting function, while systematic in the direct
CP asymmetry measurements are currently dominated by
the available statistic on the control samples used to mea-
sure residual e�ects on the charge asymmetry corrections.
Given the systematic uncertainties currently achieved by
these measurements, the addition of more data from CDF
RunII should signi�cantly improve the current measure-
ment precision, allowing CDF to test direct CP violation
in DÆ decays at 0:1% level in the following years.

]
2

KK Mass [GeV/c
1.75 1.8 1.85 1.9 1.95

2
E

nt
rie

s/
2.

5M
eV

/c

0

500

1000

1500

2000

2500

3000 π[KK]→π0D→*D

-14 pb±CDF RunII Preliminary             65

 140± = 83200D
N

Fig. 3. KK invariant mass spectrum for D�

! DÆ� ! [KK]�
candidates, after �nal selection
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Fig. 4. K� invariant mass spectrum for D�

! DÆ� ! [K�]�
candidates, after �nal selection
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Fig. 5. �� invariant mass spectrum for D�

! DÆ� ! [��]�
candidates, after �nal selection
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