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Problem

History

1 Experiments → neutrinos have helicity -1 (lefthanded) and a small or no
rest mass

2 standard model assumption : neutrinos are massless
⇒ helicity is a Lorentz invariant

3 Neutrinos are only generated from the weak interaction
4 Absence of righthanded neutrinos
⇒ weak interaction couples only with lefthanded leptonic currents

Quark-lepton universality

The coupling to only lefthanded currents is assumed to be a fundamental,
universal property of the weak interaction and transferred to weak quark
decays.
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Testing the standard model

B factories BaBar and Belle

High precision at the B factories BaBar and Belle allows also a test of
charged currents
This test is known from the lepton sector as the ”Michel parameter
analysis“.

Approach

Extension of the standard model
Calculation of the moments of the lepton energy spectrum and of the
spectrum of the hadronic invariant mass of the inclusive decay
B̄ → Xc e− ν̄e

Comparision with data from the B factories
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Extension of the standard model

Assumption

There exists an unknown, parent theory at the scale Λ.
The standard model is an effective theory of this superior theory.

Required properties of the enhanced theory

Reproduction of the standard model at low scales:
SU(3)C ⊗ SU(2)L ⊗ U(1)Y symmetry
V-A interaction
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Extension of the standard model

Expansion of the parent theory

L = L4D +
1

Λ
L5D +

1

Λ2
L6D + . . . (1)

L4D = LSM : lagrangian of the standard model
L5D, L6D: lagrangian with dimension 5 and 6
Λ: scale parameter of new physics

Contruction

Expansion of the parent theory in standard model fields
⇒ minimal expansion (no SUSY etc.)
Construction of higher dimensional operators by hand.
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Constituents and transition behavior

Quark fields

QL =

(
uL

dL

)
,

(
cL

sL

)
,

(
tL
bL

)
(2)

qR =

(
uR

dR

)
,

(
cR

sR

)
,

(
tR
bR

)
(3)

Higgs field

H =
1√
2

(
φ0 − iχ0

√
2φ+

−
√

2φ− φ0 + iχ0

)
(4)

SU(2)L ⊗ SU(2)R symmetry
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Construction of the new operators

Limitations

SU(3)C ⊗ SU(2)L ⊗ U(1)Y symmetry
⇒ no dimension 5 operators possible
Neglect of all operators O(1/Λ3)

Structure of the lagrangian

L = LSM +
1

Λ2

∑
i

(O
(i)
LL + O

(i)
LR + O

(i)
RR) (5)

Interaction of left and right handed particles
New operators are of dimension 6
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List of independent operators

LL operators

O
(1)
LL = Q̄A /LG

(1)
AB QB

O
(2)
LL = Q̄A /L3G

(2)
AB QB

Lµ = H (iDµH)† + (iDµH) H†

Lµ
3 = Hτ3 (iDµH)† + (iDµH) τ3H

†

RR operators

O
(1)
RR = q̄A /RF

(1)
AB qB

O
(2)
RR = q̄A

˘
τ3, /R

¯
F

(2)
AB qB

O
(3)
RR = iq̄A

ˆ
τ3, /R

˜
F

(3)
AB qB

O
(4)
RR = q̄A τ3 /Rτ3F

(4)
AB qB

Rµ = H† (iDµH) + (iDµH)† H

LR operators

O
(1)
LR = Q̄A HH†H bK(1)

AB qB + h.c.

O
(2)
LR = Q̄A (σµνBµν) H bK(2)

AB qB + h.c.

O
(3)
LR = Q̄A (σµνW µν) H bK(3)

AB qB + h.c.

O
(4)
LR = Q̄A (iDµH) iDµ bK(4)

AB qB + h.c.

bK(i)
AB = K

(i)
AB + τ3K

(i)′
AB

The terms with τ3 take care about the
explicit breaking of the

SU(2)L ⊗ SU(2)R symmetry down to
the observed SU(2)L ⊗ U(1)Y

symmetry.

Robert Feger Testing the left-handedness of the b→c transition 9 / 20



Introduction
The lepton-energy spectrum at Tree-level

Radiative corrections

Testing the standard model
Enhancement via higher dimensional operators
New Ansatz

Further proceeding

Further proceeding

Perform the spontaneous symmetry breaking
Application to the decay B̄ → Xc e− ν̄e

⇒ many of the operators drop out
Integrating out the W boson ⇒ Fermi coupling
Using the unaltered lefthanded leptonic current assuming massless
leptons

Effective hamiltonian

Heff =
4GFVcb√

2
Jq,µJµ

l Jµ
l = ē γµP− νe (6)
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Ansatz for the quark current structure

Ansatz

The most general form of the current contains all possible dirac structures:
Jh,µ = cLc̄ γµPLb + cR c̄ γµPRb

+ gLc̄
iDµ

mb
PLb + gR c̄

iDµ

mb
PRb

+ dL
i∂ν

mb
(c̄ iσµνPLb) + dR

i∂ν

mb
(c̄ iσµνPRb),

(7)

with PL=
(1−γ5

2

)
and PR =

(1+γ5

2

)
.

standard model

In the standard model:

Jq,µ = c̄ γµ

(1−γ5

2

)
b, = c̄ γµPL b

so cL = 1 and cR = gL = gR = dL = dR = 0.
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(7)

with PL=
(1−γ5

2

)
and PR =

(1+γ5

2

)
.

order of magnitude of the parameters

cL ∝ 1; cR ∝
v2

Λ2
;

dR/L ∝
v mb

Λ2
; gR/L ∝

v mb

Λ2
;

(8)
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Calculation of the lepton-energy spectrum

Meson decay and parton-level

�
B̄ Xc

W−

ν̄e

e−

�
W−

b

ν̄e

e−

c
Vcb

Coefficient decomposition of the lepton-energy spectrum

The electron’s energy spectrum as a sum of single contributions:

dΓ

dy
=

∑
i

i
dΓ(i)

dy
mit y =

2El

mb
und

i = cLcL, cLcR, cLdL, cLdR, cLgL, cLgR

(9)

Robert Feger Testing the left-handedness of the b→c transition 13 / 20



Introduction
The lepton-energy spectrum at Tree-level

Radiative corrections

Results at tree-level

cLcL contribution

This contribution contains the standard model lepton-energy spectrum:

dΓcLcL

dy
=

G2
F|Vcb|2m5

b

192π3

[
2y2(3−2y)− 6y2ρ− 6y2ρ2

(1−y)2
+

2y2(3−y)ρ3

(1−y)3

]

New contributions

dΓcLcR

dy
=−G2

F|Vcb|2m5
b

192 π3

√
ρ

[
12y2 − 24y2ρ

1−y
+

12y2ρ2

(1−y)2

]
.

dΓcLdR

dy
=−G2

F|Vcb|2m5
b

192π3

[
4y3− 12y3ρ2

(1−y)2
+

8y3ρ3

(1−y)3

]
dΓcLdL

dy
=−G2

F|Vcb|2m5
b

192π3

√
ρ

[
4y2(3−y)(y−1+ρ)3

(1−y)3

]
dΓcLgL

dy
=

G2
F|Vcb|2m5

b

192π3

√
ρ

[
6y2(y−1+ρ)2

1−y

]
=
√

ρ
dΓcLgR

dy
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lepton-energy spectrum

-1.6-1.4-1.2-1-0.8-0.6-0.4-0.200.20.40.60.811.21.4

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
dΓdy

y

cLcL

cLcR

cLdL

cLdR
cLgL

cLgR
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Real corrections

Feynman diagrams

�W−

b

g

c

e

ν̄e

�W−

b g

c

e

ν̄e

�W−

b

c

e

ν̄e

g

Quark-quark-gluon-boson vertex in the scalar contribution

The covariant derivative Dµ=∂µ+ig3A
a
µλa/2 in the scalar contribution to the

current
gLc̄

iDµ

mb
P−b + gR c̄

iDµ

mb
P+b,

generates a Quark-quark-gluon-boson vertex (diagram on the right-hand side)
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Calculation of the moments

leptonic moments

Ln =
1

Γ0

∫
Ecut

dE` En
`

dΓ

dE`
with Γ0=

G2
F|Vcb|2m5

b

192π3

[
1−8ρ−12ρ2 ln ρ+8ρ3−ρ4

]
hadronic moments

Hij =
1

Γ0

∫
Ecut

dE`

∫
dEhad dM2

had(M2
had −m2

c)
i Ej

had

d3Γ

dE` dEhaddM2
had

αs/π coefficients of the hadronic moments

i j c2
l clcr cldl cldr clgl clgr

1 0 0.09009 −0.03629 0.01697 −0.05009 0.01286 0.06051
1 1 0.04700 −0.01782 0.00789 −0.02426 0.00679 0.03264
1 2 0.02509 −0.00903 0.00377 −0.01205 0.00364 0.01794
2 0 0.00911 −0.00330 0.00117 −0.00418 0.00121 0.00660
2 1 0.00534 −0.00188 0.00062 −0.00229 0.00071 0.00396
3 0 0.00181 −0.00063 0.00018 −0.00070 0.00023 0.00138
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Virtual corrections

Feynman diagrams

�g

W−

b

c

e

ν̄e

�g

W−

b

c

e

ν̄e

�W−

g

b

c

e

ν̄e

Special properties

Quark-quark-gluon-boson vertex in the scalar part of the current
generates two new diagrams (right).
The results with virtual corrections are only calculated for cLcL and
cLcR, because the others have an anomalous dimension
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Virtual corrections

αs/π coefficients of the leptonic moments (left) and hadronic
moments for i = 0 (right)

n c2
l clcr

0 −1.778 2.198
1 −0.551 0.666
2 −0.188 0.222
3 −0.068 0.079

i j c2
l clcr

0 0 −1.778 2.198
0 1 −0.719 0.867
0 2 −0.292 0.349
0 3 −0.118 0.143

Special properties

Quark-quark-gluon-boson vertex in the scalar part of the current
generates two new diagrams (right).
The results with virtual corrections are only calculated for cLcL and
cLcR, because the others have an anomalous dimension
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Summary and outlook

Conclusion

The effects of the new couplings on the moments can be sizable.
Example for a parent theory: Multi-Higgs model with charged Higgs
The calculation of the non-perturbative corrections is straight forward,
but the perturbative QCD-effects give the main contributions.

Outlook

Calculation of the anomalous dimensions is almost finished and to be
published soon
Combined fit of all parameters, including quark masses and
HQE-parameters
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