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Outline

◮ motivation
◮ partial decay rates in B̄ → Xu l ν̄ with SCET
◮ numerical results at NNLO in αs

◮ conclusions
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|Vub| and b → ul ν̄ decays (PDG ’08)

Method Complication |Vub| × 103

Exclusive (B̄ → πl ν̄) form factors 3.5 ± 0.6

Inclusive (B̄ → Xu l ν̄) exp. cuts ↔ shape functions 4.1 ± 0.4

agree within errors, but inclusive tends to be higher
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Kinematic cuts and the shape-function region

|Vcb|
2 ≈ 100|Vub|

2

◮ experiments need cuts MX < MD to eliminate charm background

◮ measurements typically in shape-function region

ΛQCD ≪ (MX ∼
√

mbΛQCD) ≪ (mb, 2EX )

heavy quarkmv + k q2
) 
luster of 
ollinearquarks and gluonsn+p � 1, p2 � �2| {z }ultra-soft gluonsk� � �2, k2 � �4
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The shape function
Neubert; Bigi, Shifman, Uraltsev, Vainshtein ’93

S(ω, µ) =

∫

dt
2π

eiωt〈B̄|(h̄v Ys)(tn)(Y †
s hv )(0)|B̄〉

◮ think of S as a parton distribution function (PDF) for B meson

◮ experimental information from Eγ spectrum in B̄ → Xsγ
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Factorization in the shape-function region

dΓ ∼ H · J ⊗ S +
1

mb

∑

h · j ⊗ SΛ +
1

mb

∑

h · JΛ ⊗ S + . . .

◮ hard-jet-soft factorization
Korchemsky, Sterman ’94; Akhoury, Rothstein ’95; SCET papers

◮ (H · J) at NLO in αs (one loop)
Bauer, Manohar ’03; Bosch, Lange, Neubert, Paz ’04

◮ subleading shape-functions (SΛ) at tree level
Lee, Stewart; Bosch, Neubert, Paz; Beneke, Campanario, Mannel, BP ’05

◮ subleading jet functions (JΛ) at one loop
Paz ’09

Today: H · J ⊗ S at NNLO in αs

7/17



H and J at NNLO

◮ H from matching b → u current
Bonciani, Ferroglia; Asatrian, Greub, BP; Beneke, Huber, Li; Bell ’08

q

2

pb

p

H(n̄ · p, µ) ∝

◮ J from cut quark propagator in light-cone gauge
Becher, Neubert ’06

+ +

+ . . .
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Large logs and resummation

dΓ ∼ H(mb, µf )J(MX , µf ) ⊗ Ŝ(µf )

◮ in limit mb ≫ MX there are “large” logs ln mb/MX

◮ have model for Ŝ at low µ0, but needed at arbitrary µf

Standard solution in SCET: derive and solve RG-equations

H(mb, µf ) = UH(µf , µh)H(mb, µh ∼ mb)

J(MX , µf ) = UJ(µf , µi) ⊗ J(MX , µi ∼ MX )

Ŝ(µf ) = US(µf , µ0) ⊗ Ŝ(µ0)

◮ large logs are “resummed” into the evolution factors UH,J

◮ solution for J relies on Laplace transform technique
Becher, Neubert ’06
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Master formula for partial decay rates

Γu
˛̨

cut
∼ |Vub|

2
Z

cut
dP+ dy U(µh, µi , µ0)H(y , mb, µh)y

−2aΓ(µh,µi )

ej
„

ln
mby
µi

+ ∂η, µi

«
e−γE η

Γ(η)

Z P+

0
d ω̂

»
1

P+ − ω̂

„
P+ − ω̂

µi

«η–

∗

Ŝ(ω̂, µ0)

◮ partial rates formally independent of µh, µi

◮ µh = µi = µ is fixed-order perturbation theory [H · J ](µ) = C(µ)

◮ need model for Ŝ(ω̂, µ0) at some low scale µ0
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Numerical evaluation of partial rates

Arbitrary partial rates at NNLO in αs can be obtained:
Greub, Neubert, BP, in preparation

◮ cut on maximum P+ = EX − |~PX |

◮ cut on maximum hadronic invariant mass

◮ cut on minimum lepton energy

◮ combinations of these

Will study

◮ P+ < 0.66 GeV

◮ El > 2.0 GeV
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Input for partial rates

HQET parameters

◮ mb ≡ mSF
b = 4.71 GeV, µ2

π
≡ µ2,SF

π
= 0.2 GeV2

Shape-function model

Ŝ(ω̂, µ0) = N (b, Λ)ω̂b−1exp

(

−
bω̂

Λ

)

◮ (b, Λ)(µ0) can be tuned to B → Xsγ data

◮ also constrained by shape function moment relations

◮ first moment ↔ mb
◮ second moment ↔ µ2

π

◮ moment constraints implemented at NNLO in αs at µ0 = 1.5 GeV
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Partial rate for P+ < 0.66 GeV
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◮ reduced dependence on µh, µi at NNLO

◮ large negative shift between NLO and NNLO

◮ largest uncertainty associated with µi (usually fixed at
µi = 1.5 GeV)
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Comparison with fixed-order perturbation theory

resummed fixed order
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◮ fixed-order well behaved

◮ not clear that resummation is necessary
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Partial rate with cut El > 2.0 GeV

2 3 4 5 6 7 8 9

16

18

20

22

24

26

28

30

µh (GeV)

Γ
(0

)
u

(E
l
>

E
0
)

µi =1.5 GeV

1.5 2.0 2.5 3.0 3.5 4.0 4.5

16

18

20

22

24

26

28

30

µi (GeV)

µh=m∗

b /
√

2

2 3 4 5 6 7 8 9

16

18

20

22

24

26

28

30

µ (GeV)

µh=µi =µ

15/17



BLNP and |Vub|

Most complete numerical implementation in SCET is “BLNP”
Bosch, Lange, Neubert, Paz ’04; Lange, Neubert, Paz ’05

Γu
∣

∣

cut = |Vub|
2

[

Γ
(0)
u +

1
mb

Γ
(1)
u +

1
m2

b

Γ
(2)
u

]

BLNP

Have included NNLO corrections to Γ
(0)
u in BLNP “generator”

Net effect is that |Vub| goes up by ∼ 10% compared to NLO
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Summary

NNLO calculation for partial rates in B̄ → Xu l ν̄ now complete
(to leading order in 1/mb in the shape-function region)

Numerical analysis shows that the NNLO corrections

◮ reduce perturbative uncertainty compared to NLO

◮ raise |Vub| by roughly 10% compared to NLO compared to
current BLNP results
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