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|Vcb|

• |Vcb| is a fundamental parameter of the SM.

• Experimentally and theoretically, two approaches to |Vcb|: Inclusive and exclusive.

• Long standing tension between the two.
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Our Focus: Exclusive Determination 1



Differential Decay Rate of B → D∗`ν`
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Block I: Background Subtraction
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First Goal: Model independent determination of the signal yield.
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Block II: Unfolding & Acceptance Correction

1.0
0

1.0
5

1.1
0

1.1
5

1.2
0

1.2
5

1.3
0

1.3
5

1.4
0

1.4
5

2.0
0

w Reco

1.00

1.05

1.10

1.15

1.20

1.25

1.30

1.35

1.40

1.45

2.00

w
 M

C

0.875 0.092 0.014 0.006 0.003 0.001 0.000 0.000 0.000 0.000

0.117 0.802 0.091 0.020 0.006 0.002 0.001 0.001 0.001 0.000

0.005 0.102 0.786 0.116 0.021 0.009 0.004 0.001 0.001 0.000

0.003 0.005 0.102 0.744 0.114 0.020 0.009 0.002 0.001 0.001

0.000 0.000 0.007 0.111 0.746 0.118 0.024 0.011 0.004 0.001

0.000 0.000 0.000 0.003 0.105 0.725 0.119 0.022 0.007 0.002

0.000 0.000 0.000 0.000 0.006 0.117 0.718 0.121 0.015 0.006

0.000 0.000 0.000 0.000 0.000 0.009 0.120 0.718 0.130 0.021

0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.118 0.713 0.132

0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.006 0.128 0.837

Belle B0 D* + e e

0.0

0.2

0.4

0.6

0.8

1.0

-1.
00

-0.
80

-0.
60

-0.
40

-0.
20 0.0

0
0.2

0
0.4

0
0.6

0
0.8

0
1.0

0

cos  Reco

-1.00

-0.80

-0.60

-0.40

-0.20

0.00

0.20

0.40

0.60

0.80

1.00

co
s

 M
C

0.912 0.058 0.017 0.006 0.002 0.002 0.002 0.001 0.000 0.000

0.074 0.797 0.103 0.021 0.009 0.005 0.002 0.001 0.001 0.001

0.009 0.104 0.684 0.116 0.027 0.009 0.002 0.002 0.001 0.000

0.002 0.016 0.134 0.636 0.133 0.025 0.009 0.004 0.001 0.000

0.000 0.005 0.025 0.152 0.623 0.148 0.029 0.005 0.004 0.000

0.002 0.003 0.009 0.028 0.139 0.594 0.148 0.026 0.009 0.004

0.000 0.001 0.006 0.011 0.028 0.146 0.602 0.147 0.019 0.003

0.000 0.001 0.002 0.003 0.011 0.032 0.141 0.625 0.138 0.014

0.001 0.001 0.001 0.008 0.004 0.012 0.030 0.151 0.699 0.126

0.001 0.001 0.002 0.002 0.004 0.007 0.013 0.024 0.114 0.841

Belle B0 D* + e e

0.0

0.2

0.4

0.6

0.8

1.0

[1
.0

0,
 1

.0
5]

[1
.0

5,
 1

.1
0]

[1
.1

0,
 1

.1
5]

[1
.1

5,
 1

.2
0]

[1
.2

0,
 1

.2
5]

[1
.2

5,
 1

.3
0]

[1
.3

0,
 1

.3
5]

[1
.3

5,
 1

.4
0]

[1
.4

0,
 1

.4
5]

[1
.4

5,
 2

.0
0]

[-1
.0

0,
 -0

.8
0]

[-0
.8

0,
 -0

.6
0]

[-0
.6

0,
 -0

.4
0]

[-0
.4

0,
 -0

.2
0]

[-0
.2

0,
 0

.0
0]

[0
.0

0,
 0

.2
0]

[0
.2

0,
 0

.4
0]

[0
.4

0,
 0

.6
0]

[0
.6

0,
 0

.8
0]

[0
.8

0,
 1

.0
0]

[-1
.0

0,
 -0

.8
0]

[-0
.8

0,
 -0

.6
0]

[-0
.6

0,
 -0

.4
0]

[-0
.4

0,
 -0

.2
0]

[-0
.2

0,
 0

.0
0]

[0
.0

0,
 0

.2
0]

[0
.2

0,
 0

.4
0]

[0
.4

0,
 0

.6
0]

[0
.6

0,
 0

.8
0]

[0
.8

0,
 1

.0
0]

[0
.0

0,
 0

.6
3]

[0
.6

3,
 1

.2
6]

[1
.2

6,
 1

.8
8]

[1
.8

8,
 2

.5
1]

[2
.5

1,
 3

.1
4]

[3
.1

4,
 3

.7
7]

[3
.7

7,
 4

.4
0]

[4
.4

0,
 5

.0
3]

[5
.0

3,
 5

.6
5]

[5
.6

5,
 6

.2
8]

0

25

50

75

100

125

150

175

200

Ac
ce

pt
an

ce
 ×

10
6

Normal
Approximation
Intervals

w cos cos V

B0 D* + e e

B0 D* +

B + D*0e e

B + D*0

Second Goal: Determine migration matrices and acceptance function to unfold

the background subtracted distribution.
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Block III: Extraction of Form Factors and |Vcb|
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Third Goal: Extract |Vcb| and form factors from the measured distribution. 5


