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Motivation

Weak decays of hadrons
⇒ Test SM: Unitarity of CKM matrix and CP violation

Inclusive semileptonic decays: B̄ →
∑

i Xi`ν̄

Experimentally challenging but lots of data collected

Increase precision on the theoretical side

Inclusive VS Exclusive Vcb �
|Vcb|incl. = [42.01 · (1± 0.014exp ± 0.019th)]× 10−3

[Bevan et al. ’14]

|Vcb|excl. = [39.04 · (1± 0.011exp ± 0.014th)]× 10−3 (B̄ → D∗`ν̄) LQCD

Status: Moderate 2σ tension
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Inclusive Setup: B̄ → Xc`ν̄

∑
i

|〈ν̄`X i
c |Lint|B̄〉|2

↘
Lint = −

GF√
2
Vcb[c̄γµPLb][ν̄`γ

µPL`]

2 Im〈B̄|T |B̄〉
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Inclusive Setup: B̄ → Xc`ν̄

Total decay rate:

Γ (B̄ → Xc`ν) =
1

MB
Im〈B̄|T |B〉 =

∫
dx〈B̄|TLint(x)Lint(0)|B〉

Heavy Quark Expansion

Transition operator:

ImT = C̃0b̄vbv +
1

mb
C̃v b̄v (ivD)bv +

1

m2
b

C̃K b̄v
(
D2
⊥
)
bv +

1

m2
b

C̃G b̄v
1

2
[i /D⊥, i /D⊥]bv

Total decay rate:

Γ (B̄ → Xc l ν̄) = Γ0

[
C0 −

1

2m2
b

CKµ2
K +

1

m2
b

CGµ2
G

] (
Γ0 =

G2
Fm

5
b

192π3
+ . . .

)
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Techniques

Setup

Analytical calculation:

b-quark on-shell (p = mb · v)
mc � mb

DimReg (D = 4− 2ε), αs : MS scheme

Computational tools:

REDUCE
FeynCalc
LiteRed (IBP reduction)
HypExp (Expansion of PolyLogs)
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1○ Partonic rate C0 All diagrams: C(v , 1)

On-shell projector: P+ ∼ (/v + 1)

Integration by parts

Reduces to 2 massive masters

and one massless master

Recursive Integration, Cutkosky

rules or direct comp. + HypExp

C0 = ZOS
2 × Tr

{
P+ ×

(
+ + . . .

)}

= 1 + CF
αs

π

(25

8
− π2

2

)
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1○ Partonic rate C0 All diagrams: C(v , 1)

On-shell projector: P+ ∼ (/v + 1)

Integration by parts

Reduces to 2 massive masters

and one massless master

Recursive Integration, Cutkosky

rules or direct comp. + HypExp

Goal: Build up technology for perturbative calculations of
power suppressed contributions

⇒ Routine to simplify gamma structure and reduce to masters

⇒ Automatized calculation of massless and massive on-shell
loops

Achievements:
NLO computation + mc corrections + moments of dΓ

dqv , dΓ
dq2
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Moments of dΓ
dqv ,

dΓ
dq2

Kinematics: b(p)→ c(p′) + `(pl ) + ν̄(pν) ⇒ p′ = p − q, q = pl + pν

Γ (n) = 〈 dΓ
dq2 · (q2)n〉 ρ =

m2
c

m2
b

Γ (0) = 1− 8ρ+
αs

π

[
− 1.8− ρ

(
34 + 12 ln ρ

)]
Γ (1) =

(
1− 15ρ+

αs

π

[
− 1.7− ρ

(
91.5 + 22.5 ln ρ

)])
·

3

10
m2

b

Γ (2) =
(

1− 24ρ+
αs

π

[
− 1.6− ρ

(
175.3 + 36 ln ρ

)])
·

2

15
m4

b

Γ̃ (n) = 〈 dΓ
dqv
· (qv)n〉

Γ̃ (1) =
(

1− 10.4ρ+
αs

π

[
− 1.9− ρ

(
48.2 + 15.6 ln ρ

)])
·

13

20
mb

Γ̃ (2) =
(

1− 13.2ρ+
αs

π

[
− 2.0− ρ

(
66.8 + 19.7 ln ρ

)])
·

13

30
m2

b
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2○ Coefficient of 4d and 5d operators: Cv & CG
Use background field method: gluon momentum k

Cv contributes to CG due to EQM

k = 0 ⇒ ivD → v · A
All diagrams: fv (v , ε)

On-shell projector:

P+ ∼ (/v + 1)

External gluon attached

ε(k = 0)

Select terms ∼ ε · v

Renormalization: ZOS
2 + Zprop

Additional poles on external legs
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2○ Coefficient of 4d and 5d operators: Cv & CG
Use background field method: gluon momentum k

Cv contributes to CG due to EQM

k = 0 ⇒ ivD → v · A

Cv = ZOS
2 × Tr

{
P+ ×

(
+ + . . .

)}
+ 2(C0 × Zprop)

= 5 + CF
αs

π

(
− 25

24
− π2

2

)
Achievements:
NLO analytical computation (mc = 0) + moments of dΓ

d(qv) , dΓ
d(q2)

Pending: mc corrections → 1
mc−/p = 1

−/p + mc
−p2 + m2

c
−[p2]2 /p + . . .
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3○ Coefficient of 4d and 5d operators: Cv & CG
Use background field method: gluon momentum k

CG : k 6= 0 ⇒ 1
2 [i /D⊥, i /D⊥] → [/A⊥, /∂⊥]

All diagrams: fG (v , ε, k)

On-shell projector:

P+ ∼ (/v + 1)

External gluon attached ε(k)

Select terms ∼ [/ε⊥, /k⊥]

fG = ū(v)× Γ(v , ε, k)× u(mbv + k)

= ū(v)×
(

Γ0(v , ε) + k · Γ1(v , ε)
)
×
(

1 +
/k

2mb

)
u(v)

Renormalization: ZOS
2 + Z ′prop
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3○ Coefficient of 4d and 5d operators: Cv & CG
Use background field method: gluon momentum k

CG : k 6= 0 ⇒ 1
2 [i /D⊥, i /D⊥] → [/A⊥, /∂⊥]

Cv , fG → CG = −3 +
αs

π

{
CA

(31

18
− π2

9

)
+ CF

( 43

144
− 19π2

36

)}

Achievements:
NLO analytical computation (mc = 0) + moments of dΓ

d(qv) , dΓ
d(q2)

Pending: mc corrections
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Results and Prospects

Model-independent study of inclusive semileptonic B decays:
B̄ → Xc`ν̄

Technology is developed
Calculation of analytic expression at O

(
αs

m2
b
µ2
G

)
for total width

(mc = 0) finished

What’s next?

Complete mc corrections
Determine moments of differential distributions dΓ

d(qv) ,
dΓ
dq2

Compute CK to confirm reparametrization invariance ,

Goal: Rich knowledge of total width including dim 3,4 and 5
operators up to NLO αs

Denis Rosenthal Siegen, 08.12.2014 Universität Siegen

QFET the 4th 10 / 10



Motivation Inclusive Setup Techniques Results and Prospects

Results and Prospects

Model-independent study of inclusive semileptonic B decays:
B̄ → Xc`ν̄

Technology is developed
Calculation of analytic expression at O

(
αs

m2
b
µ2
G

)
for total width
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Complete mc corrections
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dΓ
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Goal: Rich knowledge of total width including dim 3,4 and 5
operators up to NLO αs

Thank you for your attention!
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