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2. The CDF upgrade

2.1. The Tevatron upgrade
The accelerator complex of Fermilab has been

upgraded, mainly with the inclusion of a new
"Main Injector" which will increase in a fac-
tor three over the RUN I the production rate
of antiprotons. Moreover the number of proton
bunches will increase to 36 in a �rst stage and
108 in a second stage. The beams will cross eve-
ry 396 nanoseconds in the �rst stage and every
132 nanoseconds in the second one. The number
of overlapping interactions expected by crossing
goes from 2 to 6 on average.

2.2. Detector upgrade
The CDF tracking system has been completely

changed and includes[1], [2]:

� A new 5 silicon layer system (SVX-II) ex-
tending from a radius of 2.4 cm. to 10.7 cm.
The layers will have double side readout al-
lowing 3-dimensional reconstruction of the
tracks The pitch will be 60 microns and the
resolution by point 12 microns. The accep-
tance in rapidity will be j�j < 2

� A new 2 silicon layer system (ISL) with
the same acceptance as the SVX-II system,
with a radius of 20 cm. to 28 cm., with dou-
ble side readout, 110-146 microns pitch and
16 microns resolution per point.

� a new open cell drift chamber (COT) with
a radius of 44 cm. to 132 cm. and accep-
tance of j�j < 1. The cell drift times will
be less than 132 nsec. The COT will con-
sist in 96 layers grouped in 8 superlayers, 4
of them with r � � readout and the other
4 with z readout. The resolution per point
will be 180 microns and will provide dE/dx
measurement.

� "beyond the baseline", a new silicon layer
(L00) at a radius of 1.6 cm. with single-
side readout and 50 microns pitch, with a
very hard radiation multi guard ring design

The impact parameter resolution expected is

�(d) = 5:5 + 17�m/pT ( pT in GeV)

The time resolution for B decays is 60 fsec with-
out the L00 and 45 fsec. with L00.
The momentum resolution expected is

�2(pT ) = (0:0009pT )
2 + 0:00662

The muon system will be doubled in coverage
up to j�j < 2 and the drift chambers will operate
in proportional mode to cope with the high rates
of Run II.
A new scintillating tile plug calorimeter will be

included in the range 1 < j�j < 2. The expected
energy resolution is:

�(ET ) = (10%ET ) + 1:0GeV

A new Time of Flight system (TOF) has been
installed between the COT and the superconduc-
ting solenoid. The readout will be made by 19
stage �ne-mesh Hamamatsu PMT's operating in
a strong magnetic �eld of 1.4 Tesla. The system
has been designed to give a timing resolution of
100 picoseconds, which will allow a 2� separation
of Kaons and pions for p < 1:6 GeV/c being com-
plementary to the identi�cation based on dE/dx
from the COT.

2.3. The new trigger system
A new pipelined trigger system with a 3-level

architecture will be installed. The Level-1 system
will work at 50 KHz and, besides the usual lepton
trigger, will include an extremely fast track trig-
ger (XFT) for tracks with jPT j > 1:5 GeV, with
a performance:

�(pT )=p
2
T = 0:012(GeV=c)�1

�(�) < 0:0015 rad. (at R= 106 cm.)

The track information from XFT will be dis-
tributed (XTRP) to the Level-1 muon, calorime-
ters and track to conform the Global Level 1 trig-
ger.
The Level-2 will work at a rate of 300 Hz. It

will include a displaced track trigger (SVT) which
uses the information of XTRP and the SVX. Its
performance will be:

�(pT )=p
2
T = 0:003(GeV=c)�1

�(�) = 0:001 rad. (at R = 106 cm.)



3

�(d) = 35�m (impact parameter)

Many asynchronous subsystems will work, in-
cluding the most interesting ones for B physics as
two-tracks (e.g. B ! ��;K�;KK), all hadronic
B decays and soft lepton plus XFT tracks.
The Level-3, with a rate of 30 Hz. will be made

by software. The limit dead time will be less than
10% at full luminosity.

3. Flavor tagging

The tag of the B avor at production and de-
cay time is essential to analyze B mixing and CP-
violation. CDF will use several methods extend-
ing the old ones used in Run I, indicated in the
Introduction. The "�gure of merit" of the tagging
methods is the factor �D2, where � is the real tag-
ging eÆciency and D is the dilution factor de�ned
as 2P-1, where P is the probability of a correct
avor tag. The statistical error on the determina-
tion of a CP asymmetry is inversely proportional
to the square root of the e�ective tag �D2.
The inclusion of the TOF enhance considerably

the e�ective tag both in the opposite-side and the
same-side, by using the Kaon identi�cation tag
(which is possible in about the 57% of the cases
for the opposite side)[2]. As it is shown in Table 1,
the inclusion of the TOF will be crucial for some
channels. Also the expected reconstructed signal
is shown, calculated from data of Run I scaled to
the new trigger eÆciency and luminosity

4. Prospective for B mixing in Run II

In addition to improving the measurement of
�(md), CDF-II will be able to measure B0

sB
0
s

mixing by using the hadronic decay channels:
Bs ! D+

s �
� and Bs ! D+

s �
����+.

With an expected reconstructed signal (N) be-
fore avor tagging of more than 23000 events and
an e�ective tagging �D2 of 11.3% the sensitivity
to xs = �(ms)�(B

0
s ) goes from 42 to 63 depen-

ding on the signal/background relation, which is
expected to be between 1/2 and 2[2], [5].
Figure 1 shows the signi�cance calculated from

Sig(xs) =

r
N�D2

2
e�(xs�t=�s)

2=2

r
S

S +B

Figure 1. Signi�cance distribution for xs

in the case of a rate Signal(S) over Back-
ground(B) equal to 2. The timing resolution �t
will be 60 fsec. without the L00 and 45 fsec with
L00.
Another possibility will be to continue study

oscillations in the semileptonic decay channels
Bs ! Ds(D

�
s )l� , with Ds ! ��;K�K, using

the lepton + SVT track trigger. In fact the sensi-
tivity is much lower than in the case of hadronic
decays. However, the big signal will be very useful
for other studies as the measurement of �(�)[6].

5. Prospective for CP violation in Run II

5.1. Measurement of sin(2�)
The golden channel to measure the beta an-

gle of the unitarity triangle will continue to be
B0
d ; B

0
d ! J=	Ks, where the CP asymmetry is

given by:

ACP (t) =
N(B0

d)�N(B0
d)

N(B0
d) +N(B0

d)
= �sin(2�)sin(�(md)t)
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Table 1
E�ective tag �D2 (%)

tag B0 ! J= K0
S B0 ! J= � B0 ! D�

s �
+

Soft Lepton Tagging(�) 1.0 1.0 1.0
Soft Lepton Tagging(e) 0.7 0.7 0.7
Jet Charge Tagging 3.0 3.0 3.0
Opposite Side Tagging (Kaon) 2.4 2.4 2.4
Same Side Tagging(pion) 1.9
Same Side Tagging(kaon) 2.6 4.2
Total 9.0% 9.7% 11.3%
Total(without TOF) 6.1% 4.9% 5.7%
Signal size expected before tagging in 2 fb�1 30000 > 4000 10600

From it the resolution on the sin(2�) measure-
ment will be:

�(sen(2�)) ' e�(x
2

d�
2

t =�
2

d )

s
1 + 4x2d
2xd

1p
�D2N

r
S +B

B

With a signal of 30000 reconstructed events,
the expected value will be �(sin(2�)) = 0:043[7]

5.2. Measure of 
There exist at least three alternative methods

of measuring the unitarity angle .

� The �rst one[8] uses the decay B0
s ; B

0
s !

D�
s K

� using the fact that the weak ampli-
tude of mixing is almost real, as it is the de-
cay amplitude of B0

s ! D�
s K

+, while the
decay B0

s ! D�
s K

+ has a phase which is
approximately ..

In fact using the total number of events de-
caying to the two �nal states, the CP asym-
metry is:

ACP (t) =
N(B0

s )�N(B0
s )

N(B0
s ) +N(B0

s )

= �sin()sin(xst)cos(Æ)
p
1�R2

where Æ is a strong phase di�erence between

the two decay and R=�2�1
�2+1 , � being the ra-

tio of the decay amplitudes of B0
s and B0

s

In Figure 2 is shown the expected error of
sin(+Æ) as a function of the reconstructed

number of events for S/B = 1/6 ( upper
part) and S/B = 1 ( lower one). The points
correspond to 2,5,10 and 20 fb�1 of inte-
grated luminosity

Figure 2. sin error ( see text)

� Other method will use a �t on the CP
violating observables B0

d; B
0
d ! �+��,

B0
s ; B

0
s ! K+K� and B0

d; B
0
d ! J= K0

s .

Due to penguin pollution e�ects, the fore-
seen channel to measure the � angle of the
unitarity triangle, B0

d ; B
0
d ! �+��, is no
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longer considered as the best one, but, as-
suming U spin symmetry, it is possible to re-
late the two channels B0

d; B
0
d ! �+�� and

B0
s ; B

0
s ! K+K�. The Penguin vs Tree

amplitudes di�erences between those two
channels are entirely dominated by CKM
matrix elements.

De�ning the amplitudes of decay to a �nal
state f:

Af =< f jT jB0 >;Af =< f jT jB0 >

and the ratio �f =
Af

Af
, the CP asymmetry

is given, in the case of �(�) ' 0 and no CP
violation in the mixing, by:

ACP (t) =
1� j�f j2
1 + j�f j2 cos(�mt)

+
2Im�f
1 + j�f j2 sin(�mt)

which is written as Adircos(�mt) +
Amixsin(Æmt)

R. Fleischer[9], using U spin symmetry,
has recently written a system of four
equations of Amix(K

+K�), Amix(�
+��),

Adir(K
+K�), Adir(�

+��), depending on
the ratio of Penguin-tree matrix elements,
the phase of the ratio of hadronic matrix
elements and the weak phases of the uni-
tarity triangle  and �.

CDF will collect more than 5000 recons-
tructed events on the channel B0

d; B
0
d !

�+�� and about 10000 events on the chan-
nel B0

s ; B
0
s ! K+K�.

Using the value of � measured as a cons-
traint, some analyses[10] have shown that
it is possible to �t the above equations to
measure  better than 100 with 2 fb�1

� The third method to measure  is based
on measuring the decay rates B� !
D0(D0)K� using �nal states common to
D0; D0 which are not CP eigenstates[12].

These measurements don't present pro-
blems related to penguin decays, time de-
pendence nor avor tagging.

The method[11] consists in measuring the
branching ratios:

d(f; f 0) = BR(B+ ! K+(f; f 0)) and
d(f; f 0) = BR(B� ! K�(f; f 0))

using as �nal states f = K��+, f 0 =
K��+�+��

The expected number of reconstructed
events for each channel is about 100 for an
integrated luminosity of 2 fb�1. Some pre-
liminary studies indicate a resolution on 
of about 200[12]

5.3. Other studies
The channel B0

s ! J=	� ! �+��K+K� can
be used to measure the (�(�)=�))B0

s
, where �(�)

is the di�erence between the heavy and light weak
eigenstates, which are, in a close approximation,
the CP even and odd states.
The angular distribution of the decay products

allows for a separation of the CP eigenstates. In
fact the CP even state angular distribution goes
as 3=8(1 + cos2�T ), while the CP-odd goes as
3=4(sin2�T ), where �T is the transversity angle
[13].
The number of reconstructed events in 2 fb�1

is expected to be more than 4000[14]. A prelimi-
nary analysis[15] has shown that it is possible to
measure (�(�)=�))B0

s
with a precision of 0.051

( assuming, from current estimations, a value of
(�(�)=�))B0

s
= 0.15 and a fraction of CP-even

state of 0.771 ( as was �tted in Run I) )

6. Conclusions

CDF has a rich program to exploit the new data
of Run II at Fermilab. Among the B physics goals
are: the measurements of B0

d and B
0
s oscillations,

with a sensitivity up to xs = 63, and the measure-
ments of the �, � and  angles of the unitarity
matrix. The expected resolution on sin(2�) can
reach the value of 0.043, and the  angle can be
measured up to 100, with an integrated luminos-
ity of 2 fb�1. The upgraded CDF detector will
establish a competitive program with the B facto-
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ries, with the advantage of being able to analyse,
at the same time, the B0

d and B0
s physics.
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