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CDF Run II relative branching ratio measurements for 65 pb�1 of data in the channels

Bs ! D
�
s �

�, �0
b ! �

�
c �

� and B ! h
+
h
� are presented. Further, an observation of

Bs ! K
�
K
� and a measurement of ACP are presented.

1 Introduction

CDF Run II, and D0 are a unique opportunity to pursue a rich program of B-Physics. Until
LHCB or BTEV become operational, CDF and D0 are the only experiments currently taking
data that can access the B-baryons and the heavier (than Bd) B-mesons. A precision study of
the Bs is currently underway. Branching ratios, mass and lifetime are all being measured. A
measurement that would either observe or rule out SM Bs mixing is planned. Measurements of
��Bs

and 
 are also envisaged. CDF also has the world's largest �0
b sample. Branching ratio,

mass and lifetime measurements are already underway, or planned in the near future. In the
present paper, relative branching ratio results for 65 pb�1 of data are presented for the channels
Bs ! D�

s �
�, �0

b ! ��c �
� and B ! h+h�.

2 Hadronic Level 2 Trigger

The hardware that enables CDF to observe the fully hadronic B signals presented here is the
SVT[1] (Second level Vertex Trigger)1. The interaction rate at CDF is approximately 2:5MHz.
This has to be reduced to a rate of the order 300 Hz to be written to tape. The critical
component of the hadronic trigger path are the impact parameter cuts made by the SVT at level
2. The SVT uses the Silicon detector data with the level-1 tracking information from the central
tracking chamber. The heart of the algorithm is a parallel look-up operation of previously
computed acceptable hit patterns. The legitimate hit patterns are then fed into a Track Fitter
stage which gives track parameters curvature, �0 and most importantly impact-parameter. The
two hadronic trigger streams which are implemented at CDF are B ! h+h� and B-multibody
respectively[3]. The impact parameter requirement for the B ! h+h� stream is two tracks
with d0 > 100�m, while the B-multibody stream requires two tracks with d0 > 120�m. A plot
of the SVT impact-parameter distribution is given in �gure 1.

1The CDF detector is described elsewhere[2]
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Figure 1: Level 2 SVT impact parameter distribution (�m)

3 Branching Ratios at CDF

At CDF, a branching ratio measurement is quoted as a ratio of branching ratios. For example,
in the case of Bs ! D�

s �
�, the quantity quoted is:

�b � fs �BR (Bs ! D�
s �

�)

�b � fd �BR (Bd ! D���)
=
�Bd

�NBs
� BR (D� ! K��+�+)

�Bs
�NBd

�BR (D�
s ! ���)

(1)

where fs, fd are B-meson production fractions, and �Bs
, �Bd

are total observation eÆciencies
(trigger and reconstruction). The primary advantage of this is that the systematic uncertainties
due to the trigger and reconstruction eÆciencies cancel. Furthermore, the b production cross-
section cancels. At present, the B-meson production fractions used are the LEP/CDF combined
results[4]. However, it is intended that these be measured at CDF Run II. Currently existing
measurements are used for the daughter branching ratios. However, it is planned to normlaise
to the same channel semileptonic modes so that the daughter branching ratios would then
cancel.

4 Bd ! D
�
�
�

The channel Bd ! D��� is the normalisation mode for both Bs ! D�
s �

� and �0
b ! ��c �

�.
The reconstruction cuts for the normalisation mode are chosen to be as similar as possible to
the signal mode cuts (to ensure the best cancellation of systematic errors). For the Bs ! D�

s �
�

analysis, the selection requirements for the normalisationmode are as follows. First the trigger is
con�rmed by requiring that 2 of the 4 o�ine tracks be associated to SVT trigger tracks. Further
the pt, charge, transverse angle, and impact parameter of these o�ine tracks are required to
pass the trigger cuts. The reconstruction cuts are then: [The D� and Bd are reconstructed
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using a kinematic �tter]; [The D� mass is constrained to the PDG value]; [�R (D��B) < 1:5
(where �B is the pion from the B)]; [�Bd

xy < 15, �D
�

xy < 10]; [PD�

t > 4GeV , and PBd

t > 6GeV ];

[LD�

xy > 600 �m, LBd

xy > 100 �m 2]; [The impact parameter for the fully reconstructed Bd meson
is required to satisfy jdBd

j < 100 �m] The invariant mass distribution obtained can be seen in
�gure 2. The smaller structure on the left is due to the mode Bd ! D���+.
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Figure 2: Invariant mass distribution of Bd ! D���, with the D�� visible on the left.

5 Bs ! D
�
s �

�

The selection requirements for the Bs ! D�
s �

� signal are identical to the Bd ! D��� normal-
isation mode, except for the Lxy cuts

3 on the Bs and Ds, and an invariant mass cut on the �
from the Ds (Ds ! ��)4. The invariant mass distribution obtained can be seen in �gure 3. As
with the Bd ! D��� mass plot, the excited charm-meson state can be seen on the left hand
side of the plot. The systematic uncertainties of the analysis are summarized in table 1. The
branching ratio result is then:

fs � BR (Bs ! D�
s �

�)

fd � BR (Bd ! D���)
= 0:42� 0:11(stat) � 0:11(BR) � 0:07(syst) (2)

where the systematic uncertainty from the external Bd ! D��� daughter branching ratio and
the analysis are quoted separately. Using the PDG[4] measurement:

fs
fd

= 0:273� 0:034 (3)

2where each LXxy =
�!
P
xy

t �

�
�!
Xxy �

�!
XPV

�
is calculated with respect to the primary vertex

�
�!
XPV

�
.

3LDs
xy > 400 �m, LBs

xy > 100 �m
4m (K+K�) 2 [1:013; 1:028] GeV
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the result becomes:

BR (Bs ! D�
s �

�)

BR (Bd ! D���)
= 1:61� 0:40(stat) � 0:40(BR) � 0:26(syst) � 0:20

 
PDG

fs
fd

!
(4)
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Figure 3: Invariant mass distribution of Bs ! D�
s �

�, with the D��
s visible on the left.

Particle �
�
NBs

NBd

�
Bs � 0:008
Bd � 0:008

Fit systematics

Source �
�
�Bs
�Bd

�
XFT 1-miss[3] �0:00 +0:001
Min b quark pt �0:08 +0:00
B lifetimes �0:02 +0:04
D lifetimes �0:00 +0:04

Total �0:08 +0:06

Monte Carlo Systematics

Table 1: Bs ! D�
s �

� systematic uncertainties. The left table gives the contributions due to
the �t for the number of events. The right table gives the contributions due to the Monte-Carlo
calculation of the reconstruction eÆciencies.

6 �
0
b ! �

�
c �

�

As with the Bs ! D�
s �

� analysis, there is a trigger con�rmation required on the o�ine tracks.
The analysis cuts are then: [pt(P) > 2 GeV ]; [pt (� from �0

b) > 2 GeV ]; [pt (�
0
b) > 7:5 GeV ];

[pt (�
�
c ) > 4:5 GeV ]; [ct (�0

b) > 225 �m]; [ct (��c from �0
b) > �65 �m]; [Impact-Par (�0

b) <
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100
�
m
];
[(2:265

<
m
(�
�c
)
<
2:303)].

T
h
e
sign

al
in
varian

t
m
ass

d
istrib

u
tion

ob
tain

ed
can

b
e

seen
in

�
gu
re

4.
T
h
ere

are
several

d
i�
eren

t
com

p
on
en
ts

to
th
e
u
n
b
in
n
ed

lik
lih
o
o
d
�
t
sh
ow

n
.

T
h
e
red

cu
rve

is
th
e
con

trib
u
tion

from
fu
lly

recon
stru

cted
B
-d
ecay

s
w
ith

4
d
au
gh
ters

(like
th
e

sign
al). 5

T
h
e
sou

rces
of

sy
stem

atic
error

are
given

in
tab

le
2.

T
h
e
resu

lt
is
th
en
:

f
�
0b
�
B
R
(�

0b
!

�
�c
�
�
)

f
d
�
B
R
(B

d
!

D
�
�
�
)
=
0:66

�
0:11(sta

t)
�
0:09(sy

st)
�
0:18(B

R
)

(5)

w
h
ere

th
e
sy
stem

atic
u
n
certain

ty
d
u
e
to

th
e
ex
tern

al
�
�c
b
ran

ch
in
g
ratio

m
easu

rem
en
t
an
d
th
e

an
aly

sis
sy
stem

atics
are

q
u
oted

sep
arately.

U
sin

g
th
e
P
D
G
[4]

m
easu

rem
en
t:

f
ba
r
y
o
n

f
d

=
0:304

�
0:053

(6)

th
e
resu

lt
b
ecom

es:

B
R
(�

0b
!

�
�c
�
�
)

B
R
(B

d
!

D
�
�
�
)
=
2:2

�
0:4(sta

t)
�
0:3(sy

st)
�
0:7(B

R
+
F
R
)

(7)

w
h
ere

th
e
last

sou
rce

of
u
n
certain

ty
is
th
e
com

b
in
ed

e�
ect

of
th
e
ex
tern

al
m
easu

rem
en
ts
of
th
e

�
�c
b
ran

ch
in
g
ratio

an
d
th
e
p
ro
d
u
ction

fraction
ratio.

) 2
) (G

eV
/c

πc
Λ

m
ass (

5
5.5

6
6.5

7

 )
2

Events / ( 0.02 GeV/c

0 20 40 60 80

100

120

 candidates
π 

c
Λ 

→ 
b

Λ
 13   

±
96 

F
our-prong B

 reflections

O
ther B

 m
eson decays

 decays
b

Λ
O

ther 

Kc
Λ 

→ 
b

ΛC
om

binatorial background

F
our-prong B

 reflections

O
ther B

 m
eson decays

 decays
b

Λ
O

ther 

Kc
Λ 

→ 
b

ΛC
om

binatorial background

C
D

F
 II P

relim
inary

w
w

)
-1

C
D

F
 R

un II P
relim

inary (Lum
inosity 65 pb

F
igu

re
4:

�
0b
!

�
�c
�
�
in
varian

t
m
ass

d
is-

trib
u
tion

F
igu

re
5:
B
!

h
+
h
�
in
varian

t
m
ass

d
istri-

b
u
tion

7
B
!
h
+
h
�

T
h
e
h
+
h
�
are

req
u
ired

to
b
e
th
e
trigger

track
s.
T
h
e
an
aly

sis
cu
ts
are

th
en
:
[p
t1 +

p
t2
>
5:5G

eV
];

[(j
I
P
1
j;j

I
P
2
j)
>
150

�
m
];
[2D

-F
ligh

t-D
ist(B

)
>
300�

m
];
[j
I
P
B
j<

80�
m
];
[Isolation

6
>
0:5].

5T
h
is
sh
a
p
e
is
ca
lcu

la
ted

fro
m

m
o
n
te-ca

rlo
,
a
n
d
th
e
size

o
f
th
e
co
n
trib

u
tio

n
in

th
e
�
t
a
g
rees

w
ith

th
e
a
m
o
u
n
t

o
f
B
d
!
D
�
�
�

o
b
serv

ed
in

th
e
�
0b
sig

n
a
l
reg

io
n
.

6D
e�

n
ed

in
a
co
n
e
a
b
o
u
t
th
e
B

a
x
is

:
I
= P

B
�
d
a
u
g
h
t
e
r
s
(p
t )

P
A
l
l�

T
r
a
c
k
s
(p
t )

(ca
lib

ra
ted

o
n
d
a
ta
).

5



central value variation range (%) change

B0 lifetime (�m) 462 457� 467 �0
�0
b lifetime (�m) 369 345� 393 +4 � 5

��c Dalitz structure nonresonant +1
pt spectrum +1
�0
b polarization 0 �1 �7

XFT[3] 2 miss 1 miss +3
� eÆciency +3
subtotal �9

Fit model( B0) �6
Fit model( �0

b) �8
BR(�c!pk�)
BR(D+!K��)

0 �27% �27%

Table 2: Systematic uncertainties for the �0
b ! ��c �

� BR measurement.

The invariant mass distribution obtained can be seen in �gure 5, and a monte-carlo distribution
of the various signal components is shown in �gure 6. This plot underlines how essential particle-
ID is to the analysis since the di�erent signal contributions lie almost on top of each other7

The two forms of particle-ID employed are dE=dx and kinematic separation. While kinematic
separation is less e�ective than dE=dx, it is still useful. The two event variables used are the

invariant mass with the pion hypothesis, and the variable � =
�
1� p1

p2

�
q1, where p1;2 are the

particle momenta, p1 < p2, and q1 is the charge of the lower momentum particle. The more
powerful dE=dx information is calibrated on a D� sample where the bachelor � charge identi�es
which of the D0 daughters is the K, and which is the �. A separation plot can be seen in �gure
7. The systematic uncertainties of the B ! h+h� analysis are summarised in table 3.

Figure 6: B ! h+h� MC distribution
showing di�ernent signal components

Figure 7: dE=dx separation for the D� cal-
ibration sample.

7The B ! �� and Bs ! KK do in fact lie completely on top of each other.
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The results are then:

BR (Bd ! ����)

BR (Bd ! K���)
= 0:26� 0:11(stat) � 0:055(syst) (8)

ACP =

�
B0
d ! K��+

�
� (B0

d ! K+��)�
B0
d ! K��+

�
+ (B0

d ! K+��)
= 0:02� 0:15(stat) � 0:017(syst) (9)

and a yield: Bs ! K�K� = 90 � 17(stat) � 17(syst) events, showing an observation in this
channel.

E�ect BR(Bd!��)
BR(Bd!K�)

ACP (Bd ! K�)

Bck. shape +0:019 � 0:015 +0:002 � 0:009
M (Bd) +0:004 � 0:004 +0:0003 � 0:0003
M (Bs) +0:006 � 0:005 +0:002 � 0:003

Mass width +0:004 � 0:009 +0:006 � 0:005
MC stat. +0:002 � 0:002 +0:007 � 0:007
dE=dx cal. +0:05 � 0:05 +0:01 � 0:01

Total 0:055 0:017

Table 3: Systematic uncertainties for the B ! h+h� BR, and ACP measurements. The dE=dx
calibration dominates.

8 Conclusion

In conclusion, CDF has robust signals in the three channels: �0
b ! ��c �

�, Bs ! D�
s �

�, and
Bs ! K�K�. The �rst measurements of the Bs ! D�

s �
�, and �0

b ! ��c �
� relative branching

ratios have been made, and the the Bs ! K�K� signal is a �rst observation8. These constitute
exciting �rst steps in the CDF programme for B0

s and �
0
b physics.
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