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Why bother about photonic FSR?

2

‣QED effects yield corrections to the strength of the semileptonic 
weak interaction vertex. 
‣All charged final- and initial states couple to photons, change of 

kinematic. 

‣Hard work @ B-Factories yielded very precise data-sets.          
Measurements gained sensitivity to radiation loss due to FSR.  
‣Currently used method not entirely satisfactory: PHOTOS was 

never designed to provide high-precision results in the B-meson 
sector. Not clear how to address theoretical uncertainties without 
explicitly calculating           corrections.  
‣          extraction through KL3 decays profited from                

improved understanding of FSR effects.  

Phys. Rev. D 79, 012002 (2009)
BaBar Collaboration

Annals of Physics, V 322, 11 
(2005), Troy Andre

O(α)
|Vus|
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Universal soft corrections: 
PHOTOS. 

3

‣In the soft limit (              ) QED corrections are universal and large. 
‣PHOTOS:           and              algorithm based on factorizing out photonic 

corrections.

k → 0
O(α) O(α2)

Mi
j matrix element of             and with j real photons in the final state.O(αi)
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The 20-30% rule:
Theoretical uncertainties are 

assessed by comparing Born and 
PHOTOS corrected Monte Carlo. 
20-30% of the difference in the 

extracted central values are 
assigned as uncertainty.  

Comput. Phys. Commun. 66 (1991),
Comput. Phys. Commun. 79 (1994).
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Universal soft corrections: 
Yennie-Frautschi-Suura Kernel

4

Annals Phys.13 379-452 (1961),YFS
JHEP12 018 (2008), Marek Schönherr
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‣Based on resummation of soft limit (             ).
‣Separation of real and virtual amplitudes into YFS form factor: 
‣Reorganization of original perturbative series into infrared subtracted
  expansion of squared amplitudes:

k → 0

β̃0
0 =M0

0M
0 †
0 β̃j

i infrared subtracted matrix elements.

eY (Ω)

β̃j
i

Next step to increase precision: going beyond the soft limit 
and treat semileptonic processes explicit at                    . O(GF α)



Slide #Marek Schoenherr, Heiko Lacker, FB - Towards a more accurate treatment of QED radiative corrections in exclusive semileptonic B-meson decays.

Chapter 1

Introduction

In the Standard Model (SM) the Cabibbo-Kobayashi-Maskawa (CKM) matrix [?] governs the coupling between the up-
and down-type quark generations. Semileptonic analyses at BABARtarget the precision determination of the b → c and
b → u transition elements, Vcb and Vub respectively, to test the unitarity of the CKM matrix imposed by the SM. A
violation of unitarity is considered a strong argument for new physics. To reach the desired precision needed for reliable
measurements one has to account for final state radiation (FSR) in the occurring decay chains. For that purpose most
current analyses at BaBar and Belle use the PHOTOS’ leading log algorithm to account for Quantum Electrodynamic
(QED) induced corrections of their background and signal modes. As the method itself is not as such under debate, the
accuracy of the applied factorization is a constant issue and there are several recipes how to estimate the systematic
uncertainty of this correction. The current accepted method implies to create a set of decay modes involved in the
analysis without any QED corrections and take 20-30% of the discrepancy to PHOTOS’ prediction [?]. This approach
cannot be motivated and often leads to large systematic uncertainties. The understanding of such effects can be of grave
importance: at the Kaon threshold only a more accurate treatment of QED radiative effects beyond leading log calcu-
lations by [?] allowed KTeV the precision determination of Vus compatible with the SM, ruling out prior measurements
that predicted a violation of unitarity by 2σ [?, ?, ?]. Though PHOTOS is a powerful tool, precision measurements of
observables in semileptonic B-meson decays require a more accurate understanding of radiative effects.

This document covers our studies of an O(α) coverage of the QED radiative correction for various semileptonic B/D →
pseudoscalar and B/D → vector modes. Radiative corrections in these decays have two sources: intrinsic short-distance
effects arising from Quantum Chromodynamic (QCD) and QED corrections at parton level and long-distance effects
arising purely from QED corrections to the leptonic and mesonic systems. We present a phenomenological model to cal-
culate the long-distance effects inspired by prior procedures used in Kaon physics [?]. The set of assumptions on which
our model relays, are formulated in Sec. 1.3.1. An event generator BLOR is used to numerically evaluate our findings.

This document is organized as follows: Chapter 1 will continue by reviewing the modelling of semileptonic B decays
and discuss further impact of radiative effects on the extracted observables. Chapter 2 covers the derivation of the
real photonic emission corrections. Chapter 3 discusses the calculation of the corrections through virtual emission and
absorption.

1.1 Modelling of semileptonic Y -meson decays

W+

ū, d̄

c, c̄, b, b̄

ū, d̄

x
νl

l+

B/D

νl

X

l

Figure 1.1: The left hand side shows the semileptonic B- or D-meson decay at quark level. Correspondingly on the right
hand side the phenomenological picture is shown. In the later the interaction of the W± boson is modeled using an
effective vertex.
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Short-distance and phenomenological
long-distance model connected. 

5

Chapter 1

Introduction

In the Standard Model (SM) the Cabibbo-Kobayashi-Maskawa (CKM) matrix [?] governs the coupling between the up-
and down-type quark generations. Semileptonic analyses at BABARtarget the precision determination of the b → c and
b → u transition elements, Vcb and Vub respectively, to test the unitarity of the CKM matrix imposed by the SM. A
violation of unitarity is considered a strong argument for new physics. To reach the desired precision needed for reliable
measurements one has to account for final state radiation (FSR) in the occurring decay chains. For that purpose most
current analyses at BaBar and Belle use the PHOTOS’ leading log algorithm to account for Quantum Electrodynamic
(QED) induced corrections of their background and signal modes. As the method itself is not as such under debate, the
accuracy of the applied factorization is a constant issue and there are several recipes how to estimate the systematic
uncertainty of this correction. The current accepted method implies to create a set of decay modes involved in the
analysis without any QED corrections and take 20-30% of the discrepancy to PHOTOS’ prediction [?]. This approach
cannot be motivated and often leads to large systematic uncertainties. The understanding of such effects can be of grave
importance: at the Kaon threshold only a more accurate treatment of QED radiative effects beyond leading log calcu-
lations by [?] allowed KTeV the precision determination of Vus compatible with the SM, ruling out prior measurements
that predicted a violation of unitarity by 2σ [?, ?, ?]. Though PHOTOS is a powerful tool, precision measurements of
observables in semileptonic B-meson decays require a more accurate understanding of radiative effects.

This document covers our studies of an O(α) coverage of the QED radiative correction for various semileptonic B/D →
pseudoscalar and B/D → vector modes. Radiative corrections in these decays have two sources: intrinsic short-distance
effects arising from Quantum Chromodynamic (QCD) and QED corrections at parton level and long-distance effects
arising purely from QED corrections to the leptonic and mesonic systems. We present a phenomenological model to cal-
culate the long-distance effects inspired by prior procedures used in Kaon physics [?]. The set of assumptions on which
our model relays, are formulated in Sec. 1.3.1. An event generator BLOR is used to numerically evaluate our findings.

This document is organized as follows: Chapter 1 will continue by reviewing the modelling of semileptonic B decays
and discuss further impact of radiative effects on the extracted observables. Chapter 2 covers the derivation of the
real photonic emission corrections. Chapter 3 discusses the calculation of the corrections through virtual emission and
absorption.

1.1 Modelling of semileptonic Y -meson decays

W+
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Fermi Theory

Phenomenological 
picture

determine the accuracy of the correction, and second,

the overall rate and shape changes are neglected.

Experience from exclusive semileptonic kaon decays

illustrate the importance of a good understanding of

QED radiative effects: Measurements of semileptonic

kaon decay rates up to 2004 showed a 2σ deviation

from CKM unitarity for the extracted value of |Vus| [7];

Proceeding measurements from KTeV [8, 9, 10, 11, 12]

proofed dissonant with these findings. Although QED

corrections to total rates are known up to next-to-

leading order (NLO) in chiral perturbation theory

[4, 5, 6], the used kinematic corrections generated with

[20], yielded an unsatisfying agreement between ob-

served an measured kinematic and angular distribu-

tions. This lead to the development of [34], whose

author used a phenomenological approach to calculate

the QED first order corrections to decay kinematics

and total rates, reproducing satisfactorily the observed

angular distributions, crucial to determine accurate

simulations of acceptance efficiencies.

This paper addresses the demand of a similar treat-

ment for exclusive semileptonic B-meson decays [25].

The QED radiative corrections of semileptonic B-

meson decays to (pseudo)scalar and vector final states

are calculated at O(GF α) using a phenomenological

model between the involved meson, lepton and pho-

ton.

The total radiative correction δ to decay rates can

be divided into contributions from a short-distance

(δSD) and long-distance (δLD) picture, using the usual

Fermi effective field theory approach. The leading

logarithm (LL) of the short-distance QED correction

for semileptonic decays is known [26]. The corre-

sponding long-distance corrections can be modeled by

adopting a phenomenological approach developed by

[27, 28, 29, 30, 31, 32, 33, 34], that is matched there-

after to the cut-off boundaries of both pictures. The

cut-off is choosen in such a way, that

As we are only interrested in O(GF α) corrections to

the decay dynamics, one can neglect corrections from

short-distance fields coupling to long-distance fields,

who only would contribute to corrections at higher

order in perturbation theory. Eventually in order to

obtain the total radiative correction to the tree-level

decay rate one has to multiply the short-distance QED

LL with the decay mode dependent strong corrections.

A Monte Carlo generator BLOR, derived from the

code base of KLOR [34], is used to numerically evaluate

the calculated long-distance matrix elements and dice

events. The generated Monte Carlo events can be used

e.g. by experimentalists to estimate their sensitivity

to radiative corrections, and compare extracted central

values of their analyses with results from [20].

This paper is organized as follows: In Sec. 2 the

phenomenological model of tree level decays without

any QED radiative corrections is reviewed. In Sec. 3 it

is extended to include O(GF α) radiative corrections.

2 Phenomenological Modelling of
semileptonic decays

W
±

d̄, d
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b, b̄

d̄, d
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l
±

B

νl

X

l

Figure 1: The l.h.s. depicts the semileptonic B-meson

decay at quark level. Correspondingly on the r.h.s. the

phenomenological picture is shown, where the weak

decay process involving the W
±-boson emission is ex-

pressed using a Fermi effective vertex and the partonic

degrees of freedom can be thought as integrated out

and matched to the corresponding meson picture.

Exclusive semileptonic B-meson decays are de-

scribed by decay equations

B
+
(pB) → X

0
(pX) l

+
(pl) νl(pν) , (1)

B
0
(pB) → X

−
(pX) l

+
(pl) νl(pν) , (2)

with l
+ ( = e

+ or µ
+) the charged lepton, νl the neu-

trino, and X a meson final state of either spin 0 or

1 and positive or negative parity 1. The parenthe-

ses in Eqns. (1) and (2) contain the notation for the

four-momenta which we will use henceforth. The cor-

responding Feynman diagram at tree level as depicted

on the left-hand-side (l.h.s.) of Fig. (1) yields a matrix

element

M =
g
2

8
Vxb Lν

−i g
µν

�
pl + pν

�2
−m

2
W

Hµ , (3)

that divides into a leptonic current involving the lep-

ton spinors ū, v

Lν = ū(pν) γν PL v(pl) , (4)

and a hadronic current involving the quark spinors x̄, b

Hµ = �X|x̄ γµ PL b|B� . (5)

The remaining introduced quantities are g the weak

coupling constant, mW the mass of the W -boson, Vxb

1Through this paper charge conjugated modes are implied.

2

B → X l νl

b→ x l νl
E

mW

Λ mMS
b

LSM(W, Z, γ, g)

�X l νl(γ)|Leff|B�

= GF

�

n

cn �X l νl(γ)|On|B�

Virtual loop momenta exceed expansion scale 
                            yields corrections from short distance 
picture in Wilson coefficients of local expansion.
q2 =

�
pl + pν

�
→

k2 < Λ2 & Λ2 < m2
BPhotonic corrections within                                  can be 

modeled calculating QED corrections to a 
phenomenological weak Lagrangian.



Slide #Marek Schoenherr, Heiko Lacker, FB - Towards a more accurate treatment of QED radiative corrections in exclusive semileptonic B-meson decays.

Short-distance and long-distance
correction to weak decay coupling.

6

heavy to heavy heavy to light

B → Dlν

B → D∗lν

B → πlν

B → ρlν

B → ωlν

Total rate change due to radiative corrections:

δLD

Decays of interests: 

O(α)

Nucl. Phys. B196, 83 (1982)
A. Sirlin

LL of SD correction known from calculation of Sirlin. 

            decay mode dependent QCD correction.          and corrections for 
initial- and final states from simulation at            of phenomenological model.

δSD =
2α

π
log

�mZ

Λ
�

Γ =
�
1 + δSD + δLD

�
ΓBorn × ηQCD

ηQCD

B → D∗∗ l ν

�
1 + δSD = 1.007

Change extracted CKM 
matrix elements from 
exclusive channels by 

 1 /
�

1 + δSD + δLD
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Involved loops.
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�
DA e

R
d4 xL

=

�
DAk2<Λ2 e

R
d4 xLeff(Λ)) ,(22)

where

e
R

d4 xLeff(Λ)
=

�
DAk2>Λ2 e

R
d4 xL , (23)

with integration measure DA, and the effective La-

grange density Leff(Λ) whose field normalizations de-

pend on the cut-off Λ. This splits the photonic in-

teractions into two regimes: an UV finite & IR di-

vergent effective theory involving photonic emissions

and exchanges below the energy scale Λ, describing

the low-energy or long-distance picture; and an UV

divergent theory at the energy scale above Λ, describ-

ing the high-energy or short-distance picture. In ad-

dition at leading order in perturbation theory the in-

volved short- and long-distance fields effectively decou-

ple. The QED short-distance theory was renormalized

in [26], and the short-distance radiative correction to

the total rate is given by

1 + δSD
=

�
1 +

2α

π
ln

�mZ

Λ

�
+ . . .

�
× δQCD .(24)

with δQCD the decay mode dependent QCD short-

distance corrections, α the fine structure constant, mZ

the mass of the Z0
boson, and the ellipses indicates

sub-leading terms. The total radiative correction in

Eqn. (20) is then given by

1 + δ = 1 + δSD + δLD , (25)

with δLD the purely QED long-distance corrections.

The value of Λ is somewhat arbitrary, as it levels ef-

fectively the boundary between the short- and long-

distance loop corrections. By choosing Λ sufficiently

small, e.g. at magnitude of several times the mass

scale of the involved mesons, one ensures that all cor-

rections to partonic degrees of freedom are integrated

out accordingly, and furthermore excludes hard long-

distance corrections. Such interactions would resolve

the partonic structure of the involved mesons, what

renders the phenomenological approach meaningless.

The long-distance QED corrections δLD
can thereafter

be obtained from a phenomenological model between

the involved mesons, the photon and the charged lep-

ton.

References

[1] N. Cabibbo, Phys. Rev. Lett. 10, 531 (1963).

Y 0

a)

νl

X−

γ

l+ b)

c)

d) e)

f)

g) h)

i)

Figure 2: The Feynman diagrams for the O(α) QED

radiative corrections for Y 0 → X−l+ν decays are

shown: a) - c) correspond to the inner-bremsstrahlung

corrections resulting in the emission of a real photon,

d) shows the inter-particle-photon exchange diagram,

e) and f) the self-energy corrections of the lepton and

X meson, and g)− i) virtual vertex diagrams.

[2] J. Charles et al. [CKMfitter Group collaboration],

Eur. Phys. J. C 41, 1 (2005) [hep-ph/0406184].

[3] M. Bona et al. [UTfit collaboration], JHEP,

5

q2

‣ In order to retain decay mode independent in our 
treatement of the loop integration, we neglect 
the photonic contribution to       in the form 
factors and pull them in front of the arising 
integrals. 
‣The contribution of the photon 4-momenta to the 

Lorentz structure of hadronic current however is 
fully included. 
‣Vertex couplings are obtained from minimal 

coupling of the photon field to the weak 
Lagrangian.
‣Arising IR divergencies regulated through small 

photon mass or dimensional regulator. 
‣UV divergencies show up. Several approaches 

(dimensional regularization, Pauli-Villars, 
Euclidian cut-off) could be applied.
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A word on renormalization and 
regularization.
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Nucl. Phys. B196, 83 (1982)
A. Sirlin

‣Short-distance result of Sirlin took care of renormalization of the weak coupling         
   and matching it to the muon decay constant.
‣No further renormalization is needed to calculate corrections of                  . 

GF

O(GF α)

‣ IR divergencies cancel away when real emissions are included.
‣UV divergencies in loop integrals in the short-distance picture are regularized using a 

Pauli-Villar-like approach. 
‣Long-distance result is matched to short-distance picture by Pauli-Villar approaches. 

Matching causes negligible impact on partial rates, but influence total integration results.
 

‣Proposed recipe for uncertainty: Matching uncertainty by varying cut-off +/- 1 GeV. NNLO 
correction of magnitude of NLO x    . α

1
(k − p)2 + i�

→ 1
(k − p)2 + i�

− 1
(k − p)2 − Λ2 + i�
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Involved emissions.
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�
DA e

R
d4 xL

=

�
DAk2<Λ2 e

R
d4 xLeff(Λ)) ,(22)

where

e
R

d4 xLeff(Λ)
=

�
DAk2>Λ2 e

R
d4 xL , (23)

with integration measure DA, and the effective La-

grange density Leff(Λ) whose field normalizations de-

pend on the cut-off Λ. This splits the photonic in-

teractions into two regimes: an UV finite & IR di-

vergent effective theory involving photonic emissions

and exchanges below the energy scale Λ, describing

the low-energy or long-distance picture; and an UV

divergent theory at the energy scale above Λ, describ-

ing the high-energy or short-distance picture. In ad-

dition at leading order in perturbation theory the in-

volved short- and long-distance fields effectively decou-

ple. The QED short-distance theory was renormalized

in [26], and the short-distance radiative correction to

the total rate is given by

1 + δSD
=

�
1 +

2α

π
ln

�mZ

Λ

�
+ . . .

�
× δQCD .(24)

with δQCD the decay mode dependent QCD short-

distance corrections, α the fine structure constant, mZ

the mass of the Z0
boson, and the ellipses indicates

sub-leading terms. The total radiative correction in

Eqn. (20) is then given by

1 + δ = 1 + δSD + δLD , (25)

with δLD the purely QED long-distance corrections.

The value of Λ is somewhat arbitrary, as it levels ef-

fectively the boundary between the short- and long-

distance loop corrections. By choosing Λ sufficiently

small, e.g. at magnitude of several times the mass

scale of the involved mesons, one ensures that all cor-

rections to partonic degrees of freedom are integrated

out accordingly, and furthermore excludes hard long-

distance corrections. Such interactions would resolve

the partonic structure of the involved mesons, what

renders the phenomenological approach meaningless.

The long-distance QED corrections δLD
can thereafter

be obtained from a phenomenological model between

the involved mesons, the photon and the charged lep-

ton.
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e) and f) the self-energy corrections of the lepton and

X meson, and g)− i) virtual vertex diagrams.
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5

Follow two Ansätze:
‣1. Model emissions direct from weak Lagrangian. 

Yields form factor model independent 
expressions and neglects      dependencies 
of      .

‣2. The emission diagrams including the full   
dependency yields form factor model dependent 
expressions. These can be obtained (up to 
structure dependent contributions) by exploiting 
gauge invariance and the Ward identity of QED.

The IR divergency can either be addressed via
a photon mass or via dimensional regularization.

q2
k

k
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BLOR and Sherpa: two tools to study
radiative effects. 

10

BLOR is derived from KLOR, a NLO QED MC generator 
that simulates radiative corrections to KL3 decays originally 
written by Troy Andre.

In this talk:                 partial and total rate predictions
                    and               total rate predictions. 
Work is in progress for remaining channels. 

Sherpa is an all purpose MC generator, that incorporates
the YFS kernel approach and allows easy inclusion of virtual 
and real matrix elements.

Work in progress to obtain corrections.

Annals of Physics, V 322, 11 
(2005), Troy Andre

JHEP 0902:007,2009

B → D
B → π
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BLOR
Results for partial rates: B → D
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Born
O(α)

B± → D0 e± νe (γ)B0 → D∓ e± νe (γ)

prelim
inary

a 1.00748      	 +/- 0.0010785
b -0.00575957  	+/- 0.000774363

χ2/NDF = 49.5/50 a 1.00366      	 +/- 0.00107758
b -0.00285895  	+/- 0.000773078

χ2/NDF = 41.7/50

pl [GeV]

dΓ
dpl

dΓO(α)
BLOR

dΓBorn
BLOR

/
dΓPHOTOS

EvtGen

dΓBorn
EvtGen

pl [GeV]

dΓO(α)

dΓLL

∗

* = compared with PHOTOS’ v. 2.13 (interference enabled).

 Tuples are available at SLAC: 
/a/sulky53/AWG74/florian/awg
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B0 → D∓ e± νe γ B± → D0 e± νe γ

BLOR
Results for partial rates: B → D

prelim
inary

* = compared with PHOTOS’ v. 2.13 (interference enabled).

dΓ
dk

k
�
GeV

�
k

�
GeV

�

PHOTOS*

BLOR

PHOTOS seems to produce not enough hard photons.
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Results for corrections to 
total rates:

13

B± → D0 e± ν (γ)

B± → D0 µ± ν (γ)

B0 → D∓ µ± ν (γ)

B0 → D∓ e± ν (γ)

B → D e ν (γ)

B → D µ ν (γ)

Mode

1.01417 0.00104282
+/-0.000213

1.00706 0.000517756
+/-0.000106

1.02774 0.00062951
+/-0.000241

1.01377 0.00031048
+/-0.000120

1.02096 0.000609048
+/-0.000161

1.01042 0.000301856
+/-0.000080

1.01424 0.00105136
+/-0.000121

1.00709 0.000521975
+/-0.000061

1.02795 0.000629207
+/-0.000164

1.01388 0.000310298
+/-0.000081

1.02109 0.000612629
+/-0.000102

1.01049 0.000303621
+/-0.000050

1 + δSD + δLD
�

1 + δSD + δLD
σmatching+α2 + σstat. σmatching+α2 + σstat.

prelim
inary

*

*

B → D * = averaged.
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Results for corrections to 
total rates:
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Mode

1.0141 0.000696777
+/- 0.00027

1.00703 0.000345958
+/- 0.000133

1.06696 0.000482716
+/-0.00048

1.03294 0.000233662
+/- 0.000236

1.04053 0.000423826
+/- 0.00028

1.02006 0.000208737
+/- 0.000135

1.01446 0.000700383
+/-0.00022

1.00721 0.000347686
+/-0.000171

1.06717 0.000481688
+/-0.00047

1.03304 0.000233142
+/- 0.000223

1.04082 0.000425018
+/- 0.00026

1.0202 0.000209309
+/- 0.000141

1 + δSD + δLD
�

1 + δSD + δLD

B → π µ ν (γ)

B → π e ν (γ)

B0 → π∓ e± ν (γ)

B0 → π∓ µ± ν (γ)

B± → π0 µ± ν (γ)

B± → π0 e± ν (γ)

σmatching+α2 + σstat. σmatching+α2 + σstat.

B → π

*

*

* = averaged.

prelim
inary
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Summary and Conclusions. 
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‣Total rate enhancement of charmed and pion decays agree 
good for charged B-mesons. Small corrections to extracted 
values of CKM matrix elements. 
‣Partial rate results between PHOTOS and BLOR agree on a 

percent level. 
‣However: Hard to draw an error bar in partial rates, the ‘truth’ 

might be in between. 
‣Therefore marrying both approaches within SHERPA is 

appealing: universal soft corrections to all orders and the hard 
limit will give a more precise insight.  
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Backup slides.
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Points of improvements. 
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Real emissions in the short distance energy regime: For Endpoint analyses
not really problematic, hence contributions are negligible, unless effect 
enhanced through cuts. 8
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cos !e!E! (GeV)

IB2

IB1 FACT
FACT

IB1
IB2

FIG. 3: Left panel: Di!erential rate d"̄/dE" , as a function of the photon energy in the B-meson rest frame. The normalization
is given by "̄ = 106 "!1

B0 ! "(B̄ " "e#̄$). Right panel: Di!erential radiative rate d"̄/d(cos !e"), as a function of the cosine
of electron-photon angle in the B-meson rest frame. The shaded bands and the superimposed continuous lines represent the
uncertainty in the factorization result (FACT) induced by the parameter %B, assumed to range between 200 (upper line)
and 500 (lower line) MeV, with all other parameters equal to the central values of Table I. The dark(light)-grey dashed line
corresponds to the IB1 (IB2) results (see text for their definition).

In both cases the only input needed to perform the com-
putation is f+(E") (see Eq. (57)).

The results for the photon energy spectrum and the
distribution in cos !e! are shown in Figs. 3 (IB1: dark-
grey dashed lines, IB2: light-grey dashed lines). The
integrated branching fractions are listed in Table II (to-
gether with the factorization prediction) for central val-
ues of the input parameters given in Table I. The IB1
and IB2 branching fractions scale very simply with the
input parameters, being proportional to (|Vub| g fB)2.

As can be seen from the comparison of di"erential dis-
tributions and BRs, the two cases IB1 and IB2 lead to al-
most identical predictions, not surprisingly (and in agree-
ment with previous claims that PHOTOS-type distribu-
tions are in agreements with Ginsberg’s ones [1, 34]).
Both IB1 and IB2 amplitudes, however, produce results
quite di"erent from the factorization ones, as can be seen
from Fig. 3 and Table II. For central values of the input
parameters reported in Table I the IB1 and IB2 predict
a radiative BR roughly a factor of two larger than the
factorization result. Moreover, the shape of the distribu-
tions in E! and cos !e! are quite di"erent, as can be seen
from Fig. 3.

There is only one corner of parameter space where the
integrated rate from factorization gets close to the IB1-
IB2 result, namely for "B ! 200 MeV. Even in this case,
however, the distributions in photon energy and electron-
photon angle clearly distinguish the two scenarios. This
is explicitly shown in Fig. 3, where the uncertainty in the
factorization result induced by "B is explicitly displayed
through the shaded region.

We conclude that, in the kinematical region of soft pi-
ons and hard photons, the QCD-based factorization pre-
dictions for the radiative decay are quite di"erent from
the ones based on the simplified amplitudes IB1 and IB2

(PHOTOS-type and Ginsberg-type). We hope that our
results can help construct more reliable MCs for the sim-
ulation of B̄ " #e$̄% decays, or at least address the sys-
tematic uncertainty to be assigned to the present MC re-
sults. The codes used to generate the distributions given
in this section are available from the authors upon re-
quest.

VI. CONCLUSIONS

We derived in this paper a new factorization relation
for the exclusive semileptonic radiative B " %#&$ de-
cays, valid in the kinematical region with a soft pion and
an energetic photon. In this region, the form factors sat-
isfy the factorization relation written in schematic form
in Eq. (2). The factorization relation is easily general-
ized to any process B " %M&$, with M = ', (, · · · a
light soft meson.

In all cases, this relation contains as input parameters
the nonperturbative matrix elements of two soft opera-
tors for the B " M transition. These matrix elements
are the B physics analog of the generalized parton distri-
bution functions encountered in the factorization relation
for the o"-diagonal %!N " N "% transition, or ’deeply
virtual Compton scattering’ (DVCS) [28].

For su#ciently slow pions, the B " # soft function
can be computed using chiral perturbation theory meth-
ods. Previous applications of chiral symmetry to con-
strain GPDs for light quark systems have been given in
[36]. At leading order in $/mb and in the chiral expan-
sion, the only nonperturbative quantity required is the B
meson light-cone wave function.

We have presented phenomenological applications of
our factorization formula, with two main goals in mind.

Phys. Rev. D 72, 094021 (2005)

Complete virtual corrections from short distance picture: Further terms 
depend on strong current, but so far are considered small.  Nucl. Phys. B196, 83 (1982)

A. Sirlin

Matching procedure. 
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Sherpa, BLOR and PHOTOS 
at a glance.
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Sherpa BLOR PHOTOS

virtual 
correction

    dependency in FF approximatively covered approximatively covered not covered
virtual 

correction
virtual corrections on kinematics covered covered not covered

real 
emission

    dependency in FF approximatively covered covered not covered

real 
emission full emission coupling covered covered not covered

real 
emission

SD emission not covered not covered not covered

soft resummation covered not covered covered

calc.  total LD rate change covered covered not covered

k

k


