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Motivation

Precision measurement of Standardmodel parameters:
Reduction of theoretical errors

Test of the Standardmodell: Precise determination of Vcb

Nowadays high experimental precision reached:
Buchmüller and Flächer, Phys. Rev. D 73 (2006) 073008

New: B. Aubert et al. [BABAR Collaboration], arXiv:0707.2670 [hep-ex]

In �t Heavy Quark Expansion (HQE) is used up to O(1/m3
b)

and radiative corrections up to αs on parton level
Fit |Vcb| mb / GeV mc / GeV
RESULT 41.96 4.590 1.142
∆ exp 0.23 0.025 0.037
∆ HQE 0.35 0.030 0.045

⇒ High theoretical precision demanded
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The E�ective Hamilton-Operator

�b
c

e−

ν̄e

GF

Propagator expanded into local terms

HW =
4GF√

2
Vcbc̄γ

µPLbēγµPLνe

With left-handed projector

PL = 1/2
(
1− γ5

)
Di�erential Rate

dΓ =
G 2
F |Vcb|2

4MB

LµνW
µνdφPS

Leptonic tensor Lµν
Hadronic tensor W µν
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µPLbēγµPLνe

With left-handed projector

PL = 1/2
(
1− γ5

)
Di�erential Rate

dΓ =
G 2
F |Vcb|2

4MB

LµνW
µνdφPS

Leptonic tensor Lµν
Hadronic tensor W µν

Sascha Turczyk Semi-Leptonic B → Xce
−ν̄e Decays 3/ 15



Introduction
Results

Summary

Motivation
E�ective Interaction
Heavy Quark Expansion

The E�ective Hamilton-Operator

�b
c

e−

ν̄e

GF

Propagator expanded into local terms

HW =
4GF√

2
Vcbc̄γ
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Optical Theorem

Starting point: correlator of two hadronic currents

iTµν =
1

2MB

∫
d4x e−ix(mbv−q)〈B|b̄v (x)Γµc(x)c̄(0)Γ†νbv (0)|B〉

�mbv

q

���

@@I

O.T. relates Wµν to a discontinuity of Tµν across a cut

Relation for Optical Theorem

− 1

π
ImTµν = Wµν
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Operator Product Expansion I

Operator Product Expansion∫
d4x e iQ·xT [Oα(x)Oβ(0)] ≈

7∑
i=0

Ci (Q)Oi (0)

OPE allows transition to �free� quark �elds

Remove large momentum

pb = mbv + k

bv (x) = e imbv ·xb(x)

k ↔ iD

Background �eld propagator:

SBGF =
1

mb/v − /q + i /D −mc

Expand SBGF in small quantitiy i /D
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Operator Product Expansion II

Expansion of the Propagator (Geometric Series)

SBGF =
1

/Q + i /D −mc

=
1

/Q −mc

− 1

/Q −mc

(i /D)
1

/Q −mc

+
1

/Q −mc

(i /D)
1

/Q −mc

(i /D)
1

/Q −mc

+ · · ·

Q = mbv − q

Keeps track on the ordering of the covariant derivatives:
i /D does not commute (color generators and Dirac matrices)

Time-Ordered Product

2MB iTµν = 〈B(p)|b̄vγµPLiSBGFγνPLbv |B(p)〉
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Operator Product Expansion III

Separate Contributions

Separate Dirac-matrices from matrix-element with derivatives

⇒ Tµν ∝ Γρ1...ρnαβ 〈B(p)|b̄v ,α(iDρ1) . . . (iDρn)bv ,β|B(p)〉

Remaining Task

Evaluate forward matrix-element with general parametrisation
(� trace-formula�)

〈B(p)|b̄v ,α(iDµ1) . . . (iDµn)bv ,β|B(p)〉
Start from highest dimension, evaluation recursively

Calculate Time-Ordered Product

Contract Dirac-matrix coe�cients with trace-formula

Calculate the trace

Parametrisation
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b
E�ects on Precision Measurements

Identi�cation of Matrix-Elements

Spin-Independent Basic Parameters of Dimension 7

2MB s1 = 〈B(p)|b̄v iDρ(iv · D)2iDρbv |B(p)〉
2MB s2 = 〈B(p)|b̄v iDρ(iD)2iDρbv |B(p)〉
2MB s3 = 〈B(p)|b̄v ((iD)2)2bv |B(p)〉

Spin-Dependent Basic Parameters of Dimension 7

2MB s4 = 〈B(p)|b̄v iDµ(iD)2iDν(−iσµν)bv |B(p)〉
2MB s5 = 〈B(p)|b̄v iDρiDµiDν iDρ(−iσµν)bv |B(p)〉
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b
E�ects on Precision Measurements

Physical Interpretation of the si

Spin-Independent

2MBs1 = −g2〈E 2〉

2MBs2 = g2(〈E 2〉 − 〈B2〉) + 〈
(
(p)2

)2〉
2MBs3 = 〈

(
(p)2

)2〉
Spin-Dependent

2MBs4 = −3g〈(S · B)(p)2〉+ 2g〈(p · B)(S · p)〉
2MBs5 = −g〈(S · B)(p)2〉
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b
E�ects on Precision Measurements

Already Known Parameters

Up to Order 1/m2
b

2MB µ̂
2
π = −〈B(p)|b̄v (iD)2bv |B(p)〉

2MB µ̂
2
G = 〈B(p)|b̄v (iDµ)(iDν)(−iσµν)bv |B(p)〉

Up to Order 1/m3
b

2MB ρ̂
3
D = 〈B(p)|b̄v (iDµ)(iv · D)(iDµ)bv |B(p)〉

2MB ρ̂
3
LS = 〈B(p)|b̄v (iDµ)(iv · D)(iDν)(−iσµν)bv |B(p)〉

Relation to Normally De�ned Parameters

Parameters µ2π, µ
2
G , ρ

3
D , ρ

3
LS de�ned with spatial component

⇒ Relation between �our� and normal de�nition

Relation
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E�ects on Precision Measurements

Estimation of the Size of the New Parameters

Physical Interpretation of the Old Parameters

2MBµ
2
π = 〈p2〉 2MBµ

2
G = g〈S · B〉

2MBρ
3
D = g〈p · E 〉 2MBρ

3
LS = g〈S · (p × E )〉

�Guestimates� of the New Parameters

2MBs1 = −g2〈E 2〉 ∼ −(g〈p · E 〉)2

〈p2〉
∼ −

ρ6D
µ2π

, etc.

s2 ∼
ρ6D
µ2π
− µ4G + µ4π , s3 ∼ µ4π , s4 ∼ s5 ∼ −µ2Gµ2π

Our Guess for Basic Parameters si (µ2π , µ
2
G , ρ

3
D , ρ3

LS
from Buchmüller and Flächer)

s1 / GeV4 s2 / GeV4 s3 / GeV4 s4 / GeV4 s5 / GeV4

−0.08± 0.03 0.15± 0.06 0.16± 0.06 −0.12± 0.04 −0.12± 0.04
Good agreement with I. I. Bigi, N. Uraltsev and R. Zwicky, Eur. Phys. J. C 50 (2007) 539
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The New Parameter in 1/m4

b
E�ects on Precision Measurements

Moments of Lepton Energy Spectrum

De�nition of the Moment

δ(4)〈En
` 〉 =

1

Γ0

∫
dMX

∫
Ecut

dE` E
n
`

d2Γ(4)

dMx dE`

Γ0 =
G 2
Fm

5
b|Vcb|2

192π3
(1− 8ρ− 12 log(ρ)ρ2 + 8ρ3 − ρ4)

ρ =
m2
c

m2
b

De�ne Dimensionless Function

δ(4)〈En
` 〉 =

5∑
i=1

mn
b g

(n)
i (Ecut)

si

m4
b
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De�ne Dimensionless Function

δ(4)〈En
` 〉 =

5∑
i=1

mn
b g

(n)
i (Ecut)

si

m4
b

Values for the Coe�cients g
(n)
i , quoted for Ecut = 0.8 GeV

i\
n 1 2 3 4

1 - 11.570 - 6.314 - 3.418 - 1.845
2 2.073 1.076 0.556 0.288
3 - 5.969 - 2.801 - 1.320 - 0.620
4 - 0.102 - 0.126 - 0.105 - 0.074
5 - 3.377 - 1.042 - 0.174 0.089
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Values for the Coe�cients f
(n)
i , Quoted for Ecut = 0.8 GeV

i\
n 1 2 3 4

1 see below 6.214 - 6.633 - 1.322
2 see below - 1.343 1.026 0.203
3 see below 2.472 1.358 - 0.033
4 see below - 0.059 0.315 0.133
5 see below - 0.377 - 0.129 0.019

Coe�cient f
(1)
i

Only coe�cient with signi�cant dependence on Ecut

Dependence shown on plot
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Contribution from 1/m4
b Terms to the Moments

Used central value for si and quoted for Ecut = 0.8 GeV

n 1 /GeV 2 / GeV2 3 / GeV3 4 / GeV4

δ(4)〈Mn
X 〉 -0.1835 -0.0104 0.1850 0.1064

δ(4)〈En
e 〉 0.0066 0.0154 0.0351 0.0803

Contribution to the Total Rate

We use the guestimate for the si parameters

Other values taken from Buchmüller and Flächer

δ(4)Γ

Γ
≈ 0.25%

Total Rate
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Summary

In principle calculation for arbitrary O(1/mn
b) possible

Complete result for O(1/m4
b) contributions at tree-level known

Size of 1/m4
b terms is �normal� in tree-level calculation

Small experimentel errors: Analysis is already sensitive to the
new O(1/m4

b) contributions

Theoretical uncertainty (HQE) of Vcb determination reduced
to < 1%

Outlook

Investigation of phasespace logarithms

Radiative corrections to 1/m2
b contributions
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Connection between the two de�nitions

Parameters in 1/m2
b

µ̂2π = µ2π +
1

8m2
b

[s2 + s3 + 4s5]

µ̂2G = µ2G −
1

mb

[ρ3D + ρ3LS]− 1

4m2
b

[s2 + s3 + 4s5]

Parameters in 1/m3
b

ρ̂3D = ρ3D

ρ̂3LS = ρ3LS −
s1

mb

Back

Sascha Turczyk Semi-Leptonic B → Xce
−ν̄e Decays 16/ 15



Backup Slides

Parametrisation of Matrix-Elements

Static Case

〈B(p)|bv ,α(iDµ1)....(iDµn)bv ,β|B(p)〉
= 〈Bv |hv ,α(iDµ1)....(iDµn)hv ,β|Bv 〉+O(1/mb)

= 1βαAµ1µ2···µn + sλB
λ
µ1µ2···µn

With the generalization of the Pauli matrices sλ = P+γλγ5P+

Nonstatic Case

〈B(p)|bv ,α(iDµ1)....(iDµn−1)bv ,β|B(p)〉

=
∑
i

Γ̂
(i)
βαA

(i)
µ1µ2···µn−1

Where Γ̂(i) are the complete set of the 16 Dirac matrices

Back
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Example for Trace-Formula

〈B(p)|b̄v (iDρ)bv |B(p)〉 =− MB

2mb

P+

{
vρ(µ̂2G − µ̂2π)

}
+

MB

6mb

{
(γρ − vρ/v)(µ̂2G − µ̂2π)

}
+

MB

12m2
b

{
(γρ − 4 vρ/v)(ρ̂3LS + ρ̂3D)

}
+O(1/m4

b)

Back
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Backup Slides

Total Rate

Γ =
G 2
Fm

5
b

192π3
|Vcb|2

{
− ρ4 + 8ρ3 − 12 log(ρ)ρ2 − 8ρ+ 1

− 1

2m2
b

µ̂2π

(
− ρ4 + 8ρ3 − 12 log(ρ)ρ2 − 8ρ+ 1

)
+

1

2m2
b

µ̂2G

(
− 5ρ4 + 24ρ3 − 12(log(ρ) + 2)ρ2 + 8ρ− 3

)
+

2

3m3
b

ρ̂3D

(
− 5ρ4 + 16ρ3 − 12ρ2 − 16ρ+ 12 log(ρ) + 17

)
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Total Rate

+
8

9m4
b

s1

(
9ρ4 − 20ρ3 + 9ρ2 + 6 log(ρ) + 2

)
+

1

9m4
b

s2

(
− 27ρ4 + 76ρ3 − 72ρ2 + 36ρ− 12 log(ρ)− 13

)
+

4

9m4
b

s3

(
3ρ4 − 7ρ3 + 9ρ2 − 21ρ+ 4(3 log(ρ) + 4)

)
+

1

3m4
b

s5

(
− 5ρ4 + 16ρ3 − 12ρ2 − 16ρ+ 12 log(ρ) + 17

)}
Back
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