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QCD  Expansion Parameters for B decays
1) Isospin
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3)
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SU(3)
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Heavy b-quark

Energetic Hadron Λ
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mu,d

Λ ! 0.02

ms
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Heavy c-quark Λ
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Jet Scale expansion αs(
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EΛ) " 0.3
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Test the expansions

More expansions More universality

αs(mb) ! 0.2Λ
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Terms in the series expansion are unique

(less parameters)(more uncertainty)
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"Tree" "Color suppressed" "Exchange"
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B̄0 → D+π− B− → D0π− B̄0 → D+π−
B− → D0π− B̄0 → D0π0 B̄0 → D0π0

Naive Factorization - too small & disagrees with SCET/QCD(!)

A(B̄0 → D0π0) ∼ a2〈π0|(d̄b)|B̄0〉〈D0|(c̄u)|0〉
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Factorization 

B D

!

〈Dπ|(c̄b)(ūd)|B〉 = N ξ(v · v′)
∫ 1

0
dxT (x, µ) φπ(x, µ)

Calculate T  

B̄0 → D+π− , B− → D0π−

Q2 Λ2!!
+AD(∗)π

long

AD(∗)π
00 = N (∗)

0

∫
dx dz dk+

1 dk+
2 T (i)(z) J (i)(z, x, k+

1 , k+
2 ) S(i)(k+

1 , k+
2 ) φπ(x)

•

• B̄0 → D(∗)0π0 (power suppressed)
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(Cleo, Belle, Babar)Data
Decay Br(10−3) |A| (10−7 GeV) Decay Br(10−3) |A| (10−7 GeV)

B̄0 → D+π− 2.76 ± 0.25 5.99 ± 0.27 B̄0 → D∗+π− 2.76 ± 0.21 6.06 ± 0.23
B− → D0π− 4.98 ± 0.29 7.72 ± 0.22 B− → D∗0π− 4.6 ± 0.4 7.50 ± 0.33
B̄0 → D0π0 0.25 ± 0.02 1.81 ± 0.08 B̄0 → D∗0π0 0.28 ± 0.05 1.95 ± 0.18
B̄0 → D+ρ− 7.7 ± 1.3 10.2 ± 0.9 B̄0 → D∗+ρ− 6.8 ± 0.9 9.10 ± 0.61
B− → D0ρ− 13.4 ± 1.8 12.9 ± 0.9 B− → D∗0ρ− 9.8 ± 1.7 10.5 ± 0.92
B̄0 → D0ρ0 0.29 ± 0.11 1.97 ± 0.37 B̄0 → D∗0ρ0 < 0.51 < 2.78

• size of Br(D+M−) agrees with factorization

• Br(D0M0) small as expected (power suppressed)
• color allowed Br are same for D and D∗

• |A(B− → D0ρ−)|
|A(B− → D0π−)| = 1.67 ± 0.12 " fρ

fπ

|Vud||A(B− → D0K−)|
|Vus||A(B− → D0π−)| = 1.20 ± 0.10 " fK

fπ
,
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Decay Br(10−3) |A| (10−7 GeV) Decay Br(10−3) |A| (10−7 GeV)

B̄0 → D+π− 2.76 ± 0.25 5.99 ± 0.27 B̄0 → D∗+π− 2.76 ± 0.21 6.06 ± 0.23
B− → D0π− 4.98 ± 0.29 7.72 ± 0.22 B− → D∗0π− 4.6 ± 0.4 7.50 ± 0.33
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20-30% level
|A0−|
|A+−| =

{
0.77 ± 0.05 for Dπ
0.81 ± 0.05 for D∗π

• but significant power corrections for Br( D0M−)/Br(D+M−)

• significant strong phases δ ∼ 30◦



with HQET 〈D(∗)0π|(c̄ b)(d̄ u)|B̄0〉 pµ
π

mc
→ Eπ

mc
= 1.5gives

not a convergent expansion

1)

Predict
equal strong phases δD = δD∗

equal amplitudes AD
00 = AD∗

00

corrections to this are αs(mb), Λ/Q

Test  Λ/E expansion (no expansion for  jet,  J )

 complex (universal nonperturbative phases)

〈D(∗)0|O(0,8)
s |B̄0〉 → S(0,8)(k+

1 , k+
2 )

same for D and D∗

for color suppressed decays



Expt Average (Cleo, Belle, Babar):

Extension to isosinglets:
Blechman, Mantry, I.S.

Not yet tested:

• Br(D∗ρ0
‖)! Br(D∗ρ0

⊥) ,
• equal ratios D(∗)K∗, D(∗)

s K, D(∗)
s K∗ ;  phases for D(∗)ρ, D(∗)K

Br(D∗0K∗0
‖ ) ∼ Br(D∗0K∗0
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δ(Dπ) = 27.3± 3.9◦

δ(D∗π) = 33.0± 4.6◦

strong phases



Not yet tested:

• Baryons
topologies:
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Leibovich, Ligeti, I.S., Wise 

Br(Λb → Ξ∗
cK)

Br(Λb → Ξ′
cK)

= 2 ,
Br(Λb → Ξ∗

cK
∗
‖ )

Br(Λb → Ξ′
cK

∗
‖ )

= 2
Br(Λb → Σ∗

cπ)
Br(Λb → Σcπ)

= 2 ,
Br(Λb → Σ∗

cρ)
Br(Λb → Σcρ)

= 2

• Excited D’s Mantry

Belle:

Br(B → D∗
2π)

Br(B → D1π)
= 1 φD∗

2π = φD1π

Br(B− → D∗0
2 π−)

Br(B− → D0
1π

−)
= 0.77± 0.15

Γ(Λb → Λcπ−)
Γ(B̄0 → D+π−)

=
8m3

Λb
(1− r2

Λ)3 rD

m3
B(1− r2

D)3(1 + rD)2

(
ζ(wΛ

max)
ξ(wD

max)

)2

1.6
need

semileptonic

Babar:
Br(B− → D∗0

2 π−)
Br(B− → D0

1π
−)

= 0.80± 0.17



Relate π and ρ

• Recall data gives

|rDπ| =
|A(B̄0 → D+π−)|
|A(B− → D0π−)| = 0.77 ± 0.05 , |rDρ| = 0.80 ± 0.09

SCET predicts weak dependence on M through 〈x−1〉π # 〈x−1〉ρ :

rDM = 1 − 16παsmD

9(mB + mD)
〈x−1〉M
ξ(wmax)

seff

EM

no fρ = 1.6 fπ

natural parameters fit data, seff ! (430 MeV)ei 44◦

Test  expansion (expansion for J)αs(EΛ)2)

}
2.5

•
∼

SCET predicts weak dependence on M if 〈x−1〉π # 〈x−1〉ρ

Better data would pin down the 
ratio of these hadronic parameters



Relate π and ρ
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• predict that φDρ = φDπ, not yet tested

if 〈x−1〉π # 〈x−1〉ρ then this implies δDπ # δDρ

Br(B̄ → D(∗)η′)
Br(B̄ → D(∗)η)

= tan2(θ) = 0.67

FKS mixing angle

data = 0.61± 0.12(D), 0.51± 0.18(D∗)

+O(
αs

(√
EΛ

))•

Test  expansion (expansion for J)αs(EΛ)

Relate η and η′

2)



Test SU(3) ?

The SCETII operators of Eq. (12) which contribute to A(∗)M
glue can produce both the ηq

and ηs components of the isosinglet mesons. However, recall that at LO in αs(
√

EΛ) the

convolution over the momentum fractions in A(∗)M
glue vanishes allowing us to ignore this con-

tribution. The remaining contributions from A(∗)M
short and A(∗)M

long involve operators that can
only produce the ηq component of the isosinglet mesons as seen by the flavor structure of
the operators in Eqs. (6) and (18). We can now write the amplitude for the η(′) channels in
the form

A(∗)η = cos θ [A
(∗)ηq

short + A
(∗)ηq

long ] , A(∗)η′

= sin θ [A
(∗)ηq

short + A
(∗)ηq

long ]. (27)

This leads to a prediction for the relative rates with SCET

Br(B̄ → Dη′)

Br(B̄ → Dη)
=

Br(B̄ → D∗η′)

Br(B̄ → D∗η)
= tan2(θ) = 0.67 , (28)

with uncertainties from αs(
√

EΛ) that could be at the ∼ 35% level. Experimentally the
results in Table I imply

Br(B̄ → Dη′)

Br(B̄ → Dη)
= 0.61 ± 0.12 ,

Br(B̄ → D∗η′)

Br(B̄ → D∗η)
= 0.51 ± 0.18 , (29)

which agree with Eq. (28) within the 1-σ uncertainties.
For the isosinglet vector mesons we adopt maximal mixing which is a very good approx-

imation (meaning minimal mixing in the FKS basis), and is consistent with the anomaly
having a minimal effect on these states and with neglecting OZI effects. In this case only
〈0|Oq|ω〉 and 〈0|Os|φ〉 are non-zero. Thus only A(∗)ω

short and A(∗)ω
long are non-zero and we predict

that φ production is suppressed

Br(B̄0 → D(∗)0φ)

Br(B̄0 → D(∗)0ω)
= O

(
α2

s(
√

EΛ), αs(
√

EΛ)
ΛQCD

Q
,
Λ2

QCD

Q2

)
<∼ 0.2 , (30)

possibly explaining why it has not yet been observed. Interestingly a measurement of B̄ →
Dφ or B̄ → D∗φ may give us a direct handle on the size of these expansion parameters.

Just using the original form of the electroweak Hamiltonian in Eq. (1) there is an SU(3)
flavor symmetry relation among the color suppressed decays [30]

RSU(3) =
Br(B̄0 → D+

s K−)

Br(B̄ → D0π0)
+

∣∣∣∣Vud

Vus

∣∣∣∣
2Br(B̄0 → D0K̄0)

Br(B̄ → D0π0)
− 3Br(B̄0 → D0η8)

Br(B̄ → D0π0)
= 1 , (31)

R∗
SU(3) =

Br(B̄0 → D∗+
s K−)

Br(B̄ → D∗0π0)
+

∣∣∣∣Vud

Vus

∣∣∣∣
2 Br(B̄0 → D∗0K̄0)

Br(B̄ → D∗0π0)
− 3Br(B̄0 → D∗0η8)

Br(B̄ → D∗0π0)
= 1 ,

where η8 is the SU(3) octet component of the η. In the SU(3) limit the η−η′ mixing vanishes
and we can take η8 = η. Away from this limit there is SU(3) violation from the mixing as
well as from other sources, and it is the latter that we would like to study. To get an idea
about the effect of mixing we set |η8〉 = cos ϑ|η〉 + sin ϑ|η′〉, which from Eq. (25) can then
be written in terms of |ηq〉 and |ηs〉, and vary ϑ between −10◦ and −23◦. From the flavor
structure of the leading order SCET operators for B → DM decays we then find

Br(B̄0 → Dη8)

Br(B̄0 → Dη)
=

Br(B̄0 → D∗η8)

Br(B̄0 → D∗η)
=

cos2(θ − ϑ)

cos2(θ)
, (32)
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RSU(3) = 1.0± 0.6
R∗

SU(3) = −0.22± 0.97


