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Outline 

Ø   Introduction  

Ø   Semi-Leptonic B decays into a vector 

    B àρlν; B->K*l+l-  

Ø   S-wave contributions 

Ø   Results based on χPT   

Ø   Summary and Outlook 
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SM	  is	  complete	  but… 

Ø Matter-AntiMatter Asymmetry 

Ø CP violation 

Ø Dark Matter 

Ø New Physics  

Ø … 
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CP Violation 
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q Flavor Changing Neutral Currents (FCNC) is forbiddend at tree
 level in SM, but can proceed via the loop diagrams.

q New particles may change the amplitudes

q Rare decays FCNC can probe  NP virtual particles 
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Indirect Search for NP 

F. Dettori (CERN)

Rare decays

• FCNC are strongly suppressed in the SM: only loops + GIM mechanism

• Any new particle generating new diagrams can change the amplitudes

b s(d)

µ+

µ�

W

t

Z0, �

SM diagram

b s(d)

µ+

µ�

H±

t

Z0, �

NP diagram

• Generic description though e↵ective hamiltonian

He↵ = �4G
Fp
2
VtbV

⇤
tq

X

i

(C
i

O
i

+ C0
i

O0
i

)

• Wilson coe�cients C(0) encode the left- (right)-handed short distance physics of
the corresponding operator O(0)

• NP can enter with new operators or modifying the coe�cients

Rare beauty decays at LHCb Moriond QCD 22/03/2015 3/21See Prof. W.S. Hou’s talk 

Ø  NP phases 

Ø  Masses, Couplings 

Ø  Helicity structure 
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BèK*l+l-‐ B→K(*)ℓℓ: b→s FCNC processes 
!   Within the SM, these processes proceed via loop diagrams like 

 
!   New physics entering the virtual parts, could largely alter observables 

 
!   Effective Hamiltonian: 

   

8 Eli Ben-Haim                          Moriond QCD and High Energy Interactions, March12th 2013 

Wilson coeffs. 
(short-dist. interactions)  

Operators 
(long-dist. interactions)  



8 

Forward-‐backward	  asymmetry 

]4c/2 [GeV2q
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FBA
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preliminary
LHCb

SM from ABSZ

LHCb-CONF-2015-002 3fb-1 

ABSZ: 1503.05534 

B ! K ⇤``: angular analysis

 ï
q

le eKB0

/

K

+

 ï

µ+

µ

✓l : angle of emission between K ?0

and µ� in di-lepton rest frame
✓K⇤ : angle of emission between K ?0

and K� in di-meson rest frame.
�: angle between the two planes
q2: dilepton invariant mass square

d4�

dq2 d cos ✓l d cos ✓K⇤ d�
=

X

i

fi(✓K⇤ , �, ✓l)⇥ Ii

with 12 angular coeffs Ii , interferences between 8 transversity ampl.
?, ||, 0, t polarisation of (real) K ⇤ and (virtual) V ⇤ = �⇤, Z ⇤

L, R chirality of µ+µ� pair
A?,L/R, A||,L/R, A0,L/R, At + scalar As depend on

q2 (lepton pair invariant mass)
Wilson coefficients C7, C9, C10, CS, CP (and flipped chiralities)
B ! K ⇤ form factors A0,1,2, V , T1,2,3 from hK ⇤|Qi |Bi

S. Descotes-Genon (LPT-Orsay) B ! K⇤µµ theory 23/03/15 4

imaginary components of the S-wave amplitude (and F
S

).4

For a small S-wave amplitude, the pure S-wave contribution, F
S

, to Eq. 9 has only a
small e↵ect on the angular distribution. The magnitude of A

S

arising from the interference
between the S- and P-wave can however still be sizable and this information is exploited
by this phase-shift method. The method, described above, is statistically more precise
than fitting Eq. 9 directly for A

S

and F
S

as uncorrelated variables. For the B0! K⇤0J/ 
control mode, the gain in statistical precision is approximately a factor of three.

Due to the limited number of signal candidates that are available in each of the
q2 bins, the bins are merged in order to estimate the S-wave fraction. In the range
0.1 < q2 < 19GeV2/c4, F

S

= 0.03± 0.03, which corresponds to an upper limit of F
S

< 0.04
at 68% confidence level (CL). The procedure has also been performed in the region
1 < q2 < 6GeV2/c4, where both F

L

and F
S

are expected to be enhanced. This gives
F
S

= 0.04± 0.04 and an upper limit of F
S

< 0.07 at 68% CL. In order to be conservative,
F
S

= 0.07 is used to estimate a systematic uncertainty on the di↵erential branching fraction
and angular analyses. The B0! K⇤0J/ data has been used to validate the method.

For the di↵erential branching fraction analysis, F
S

scales the observed branching
fraction by up to 7%. For the angular analysis, F

S

dilutes A
FB

, S
3

and A
9

. The impact
on F

L

however, is less easy to disentangle. To assess the possible size of a systematic bias,
pseudo-experiments have been carried out generating with, and fitting without, the S-wave
contribution in the likelihood fit. The typical bias on the angular observables due to the
S-wave is 0.01� 0.03.

8 Forward-backward asymmetry zero-crossing point

In the SM, A
FB

changes sign at a well defined value of q2, q2
0

, whose prediction is largely
free from form-factor uncertainties [3]. It is non-trivial to estimate q2

0

from the angular fits
to the data in the di↵erent q2 bins, due to the large size of the bins involved. Instead, A

FB

can be estimated by counting the number of forward-going (cos ✓
`

> 0) and backward-going
(cos ✓

`

< 0) candidates and q2
0

determined from the resulting distribution of A
FB

(q2).
The q2 distribution of the forward- and backward-going candidates, in the range

1.0 < q2 < 7.8GeV2/c4, is shown in Fig. 6. To make a precise measurement of the zero-
crossing point a polynomial fit, P (q2), is made to the q2 distributions of these candidates.
The K+⇡�µ+µ� invariant mass is included in the fit to separate signal from background.
If P

F

(q2) describes the q2 dependence of the forward-going, and P
B

(q2) the backward-going
signal decays, then

A
FB

(q2) =
P
F

(q2)� P
B

(q2)

P
F

(q2) + P
B

(q2)
. (10)

4In the decay B0! K⇤0µ+µ� there are actually two pairs of amplitudes involved, left- and right-handed
longitudinal amplitudes and left- and right-handed S-wave amplitudes (where the handedness refers to
the chirality of the dimuon system). In order to exploit the interference and determine FS it is assumed
that the phase di↵erence between the two left-handed amplitudes is the same as the di↵erence between
the two right-handed amplitudes, as expected from the expression for the amplitudes in Refs. [40, 41].

19

A.Ali, et. al, hep-ph/9910221 
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Angular	  distribu?ons 

F. Dettori (CERN)

Angular analysis of B0
d ! K⇤`+`� decays

• b ! s transition with vector in the final state

• Final state described by q2 = m2
µµ

and three angles ⌦ = (✓
`

, ✓
K

,�)

• F
L

, A
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, S
i

sensitive to C
(0)
7 C
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9 C

(0)
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⇤

Rare beauty decays at LHCb Moriond QCD 22/03/2015 9/21
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3.7σ deviations 

LHCb:1308.1707 
SM: 1303.5794 

F. Dettori (CERN)

Results
Angular analysis of the B0

d

! K⇤µ+µ�
decay

• Form-factor independent observables P 0
5 = S5p

F
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preliminary
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SM from DHMV

• Tension in P 0
5 [PRL 111, 191802 (2013)] confirmed with 3fb�1

• Local deviations of 2.9� and 3.0� for q2 2 [4.0, 6.0] and 6.0, 8.0 GeV 2

• Naive combination of the two gives local significance of 3.7�
• Agreement with 1 fb�1 result

[SM from Descotes-Genon et al. JHEP12(2014)125]

Rare beauty decays at LHCb Moriond QCD 22/03/2015 19/21
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b
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0
2
]

We present a measurement of form-factor independent angular observables in the decay
B0 ! K⇤(892)0µ+µ�. The analysis is based on a data sample corresponding to an integrated
luminosity of 1.0 fb�1, collected by the LHCb experiment in pp collisions at a center-of-mass
energy of 7TeV. Four observables are measured in six bins of the dimuon invariant mass squared,
q2, in the range 0.1 < q2 < 19.0GeV2/c4. Agreement with Standard Model predictions is found
for 23 of the 24 measurements. A local discrepancy, corresponding to 3.7 Gaussian standard
deviations, is observed in one q2 bin for one of the observables. Considering the 24 measurements
as independent, the probability to observe such a discrepancy, or larger, in one is 0.5%.
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' 5
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3.7σ deviations 
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F. Dettori (CERN)

Results
Angular analysis of the B0

d
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decay

• Form-factor independent observables P 0
5 = S5p

F

L

(1�F

L

)

]4c/2 [GeV2q
0 5 10 15

5'
P

-1

-0.5

0

0.5

1

preliminary
LHCb

SM from DHMV
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5 [PRL 111, 191802 (2013)] confirmed with 3fb�1

• Local deviations of 2.9� and 3.0� for q2 2 [4.0, 6.0] and 6.0, 8.0 GeV 2

• Naive combination of the two gives local significance of 3.7�
• Agreement with 1 fb�1 result

[SM from Descotes-Genon et al. JHEP12(2014)125]

Rare beauty decays at LHCb Moriond QCD 22/03/2015 19/21

[
L
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C
b
-
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N
F
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2
0
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5
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0
0
2
]

taking into account the contamination from K ⇡� in an S-wave configuration.
Neglecting the correlations between the observables, the measurements are largely

in agreement with the Standard Model predictions. However, the observable P 0
5

exhibits a local tension with respect to the Standard Model prediction at a level
of 3.7�.

See Rahul Sinha’s talk  
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S-wave contributions 

Experimental cuts by LHCb: 
mK* −δm <mKπ <mK* +δm

L denotes the distribution function of Kπ system from K* 
Narrow width limit (theoretical results): 

Due to limited life-time, vector mesons are reconstructed 
from two-pseudo-scalar mesons: K* (50 MeV): Kπ 

BàK*l+l- is a  four-body process. 

LHCb-CONF-2015-002 
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S-wave contributions 

Experimental cuts by LHCb: 

mK* −δm <mKπ <mK* +δm

It is mandatory to include the S-wave. 

We expect the S-wave:  Doring, Meissner, WW, 1307.0947 
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Phase-‐space	  for	  B	  àM1M2ll(ν) 

m2 h
ml

sl ! s2 h "mB

sl

s2 h

sl:	  lepton	  pair	  
invariant	  mass	  

square	  	  
	  
	  

s2h:	  2-‐hadron	  pair	  
invariant	  mass	  

square	  	  
	  



m2 h
ml

sl ! s2 h "mB

sl

s2 h

ΧPT
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Phase-‐space	  for	  B	  àM1M2ll(ν) 

sl:	  lepton	  pair	  
invariant	  mass	  

square	  	  
	  
	  

s2h:	  2-‐hadron	  pair	  
invariant	  mass	  

square	  	  
	  

ππ	  strong	  interac?on	  



m2 h
ml

sl ! s2 h "mB

sl

s2 h

ΧPT

pQCD
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Phase-‐space	  for	  B	  àM1M2ll(ν) 

sl:	  lepton	  pair	  
invariant	  mass	  

square	  	  
	  
	  

s2h:	  2-‐hadron	  pair	  
invariant	  mass	  

square	  	  
	  

ππ	  strong	  interac?on	  

hard	  transi?on	  
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Phase-‐space	  for	  B	  àM1M2ll(ν) 

m2 h
ml

sl ! s2 h "mB

sl

s2 h

ΧPT

pQCD
Ah 
 

χPT+pQCD	  

Ah 
 Heavy	  Meson	  χPT	  

Ah 
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S-‐wave	  contribu?ons 

•  To	  be	  more	  specific,	  consider	  the	  generalized
	  transi?on	  form	  factors:	  
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Generalized	  Form	  factors	  in	  LCSR 

Consider a generic correlation function 

Hadron level: 

 

 

 

Quark level: Light cone OPE 

 

 

 

U.G. Meiβner, WW, arXiv:1312.3087 

Quark  
Hadron  
Duality 
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Chiral	  perturba?on	  theory 

ChiPT limited to low energies  



21 

Unitarized Approach 

Summing all order contributions: 

1-GV＝0 
s=s0  

PPP11 

Above Threshold： pole corresponds to  resonance  

           à  Hadron Molecule 

B Curernts 22

C The rest will be deleted!!!: Conventions 25

D some details to derive ⌧ ! K⇡⌫ partial widths 26

E currents 27

L = q̄iD/q �mq q̄q (0.1)

q̄q = � @L
@mq

(0.2)

V + V GV + V GV GV + ... =
V

1�GV
(0.3)

xxx A very important question: how do we present scalar/vector form factors??? A:
pay particular attention to tensor, and updating scalar/vector form factorxxx

xxx We solve the coupled-channel Omnes problem, using the scattering phase from Roy
equation or unitarized approach. xxx

1 Introduction

2 Framework

2.1 Chiral Perturbation theory

Chiral perturbation theory provides a systematic framework to investigate strong interac-
tion at low energies. The basis of the �PT is the global SU(3)L ⇥ SU(3)R symmetry of
the QCD Lagrangian in the vanishing mass limit for the u, d, s quarks. This symmetry is
believed to spontaneously break down to the SU(3)V which gives rise to eight Goldstone
bosons. These degrees of freedom are the main focus at low energy.

The leading-order (LO) effective Lagrangian is constructed as

L =

f2

4

Tr[DµUDµU †
] +

f2

4

Tr[�U †
+ �†U ] (2.1)

where f is the tree-level pion decay constant

h0|ū�µ�5d|⇡�
(p)i = i

p
2fpµ, (2.2)

and

� = 2B0(
ˆM + s), (2.3)

DµU ⌘ @µU + iUlµ � irµU. (2.4)

– 1 –
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Unitarized χPT	  and	  phase	  shiX 

PPP11 

M.Döring,U.-G.Meißner,WW,arXiv:1307.0947 
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Scalar	  form	  factors	  in	  χPT 

PPP11 

Scalar form factor： 

B Curernts 22

C The rest will be deleted!!!: Conventions 25

D some details to derive ⌧ ! K⇡⌫ partial widths 26

E currents 27

L = q̄iD/q �mq q̄q (0.1)

xxx A very important question: how do we present scalar/vector form factors??? A:
pay particular attention to tensor, and updating scalar/vector form factorxxx

xxx We solve the coupled-channel Omnes problem, using the scattering phase from Roy
equation or unitarized approach. xxx

1 Introduction

2 Framework

2.1 Chiral Perturbation theory

Chiral perturbation theory provides a systematic framework to investigate strong interac-
tion at low energies. The basis of the �PT is the global SU(3)L ⇥ SU(3)R symmetry of
the QCD Lagrangian in the vanishing mass limit for the u, d, s quarks. This symmetry is
believed to spontaneously break down to the SU(3)V which gives rise to eight Goldstone
bosons. These degrees of freedom are the main focus at low energy.

The leading-order (LO) effective Lagrangian is constructed as

L =

f2

4

Tr[DµUDµU †
] +

f2

4

Tr[�U †
+ �†U ] (2.1)

where f is the tree-level pion decay constant

h0|ū�µ�5d|⇡�
(p)i = i

p
2fpµ, (2.2)

and

� = 2B0(
ˆM + s), (2.3)

DµU ⌘ @µU + iUlµ � irµU. (2.4)

The s is the scalar external source, while the lµ and rµ are the left-handed and right-handed
sources. The exponential field U is given as

U = exp

"

i
p
2�

f

#

, (2.5)

– 1 –

QCD:  

B Curernts 22

C The rest will be deleted!!!: Conventions 25

D some details to derive ⌧ ! K⇡⌫ partial widths 26

E currents 27

L = q̄iD/q �mq q̄q (0.1)

q̄q = � @L
@mq

(0.2)

xxx A very important question: how do we present scalar/vector form factors??? A:
pay particular attention to tensor, and updating scalar/vector form factorxxx

xxx We solve the coupled-channel Omnes problem, using the scattering phase from Roy
equation or unitarized approach. xxx

1 Introduction

2 Framework

2.1 Chiral Perturbation theory

Chiral perturbation theory provides a systematic framework to investigate strong interac-
tion at low energies. The basis of the �PT is the global SU(3)L ⇥ SU(3)R symmetry of
the QCD Lagrangian in the vanishing mass limit for the u, d, s quarks. This symmetry is
believed to spontaneously break down to the SU(3)V which gives rise to eight Goldstone
bosons. These degrees of freedom are the main focus at low energy.

The leading-order (LO) effective Lagrangian is constructed as

L =

f2

4

Tr[DµUDµU †
] +

f2

4

Tr[�U †
+ �†U ] (2.1)

where f is the tree-level pion decay constant

h0|ū�µ�5d|⇡�
(p)i = i

p
2fpµ, (2.2)

and

� = 2B0(
ˆM + s), (2.3)

DµU ⌘ @µU + iUlµ � irµU. (2.4)

– 1 –
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Scalar	  form	  factors	  in	  χPT 

PPP11 

Scalar form factor： 

Chiral Lagrangian: 

Tree Level current:  
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Scalar	  form	  factors	  in	  χPT 

PPP11 

twice-subtracted Omnes 
solution matched onto χPT 
   
 
Imaginary part 
Real part 
Magnitude  0.4 0.6 0.8 1.0 1.2

0.0

0.5

1.0

1.5

2.0

mKΠ2 !GeV2"
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S-‐wave	  contribu?ons	  in	  BèKπl+l-‐ 

PPP11 
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FIG. 8: The S-wave contribution and its interference with P-wave to the di↵erential decay width in B̄0 ! K�⇡+l+l�. In panel

(a), the dashed, dotted and solid curves denote the S-wave, P-wave and total contributions d�/dq2 in units of 10�8GeV�2.

Panel (b) shows the S-wave fraction d�S/dq
2. We also show the forward-back asymmetry dAK

FB/dq
2 for the charged kaon in

panel (c). The three sets of results correspond to the central value and the ones with uncertainties from the heavy-to-light form

factors calculated using the PQCD approach as given in the Appendix A.
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FIG. 9: Same as Fig. 8 but for B̄0
s ! K+K�l+l�.

contributions respectively. Here and in the following two figures, the three sets of results correspond to the central

value and the ones with uncertainties from the heavy-to-light form factors calculated using the PQCD approach as

described in the Appendix A. The panel (b) and (c) correspond to the S-wave fraction and and the forward-backward

asymmetry. In the case of Bs ! �l+l� the bin size is chosen as �m = 20 MeV and the corresponding results are

shown in Fig. 9. From these figures, we find that the S-wave contribution can reach 10% in B̄0 ! K�⇡+l+l�, while

it is about 5% in Bs ! K+K�l+l�. It is necessary to stress that there is a sign ambiguity in the forward-backward

asymmetry dAK
FB/dq

2 from the use of Watson theorem. However, the magnitude shown in panel (c) is sizable and

thus measurable in future. Since this quantity dAK
FB/dq

2 arises from the S-wave and P-wave interference, it can be

used to constrain the S-wave meson-meson scattering when precise data is available in future.

S-‐wave	  frac?on 
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factors calculated using the PQCD approach as given in the Appendix A.
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FIG. 9: Same as Fig. 8 but for B̄0
s ! K+K�l+l�.

contributions respectively. Here and in the following two figures, the three sets of results correspond to the central

value and the ones with uncertainties from the heavy-to-light form factors calculated using the PQCD approach as

described in the Appendix A. The panel (b) and (c) correspond to the S-wave fraction and and the forward-backward

asymmetry. In the case of Bs ! �l+l� the bin size is chosen as �m = 20 MeV and the corresponding results are

shown in Fig. 9. From these figures, we find that the S-wave contribution can reach 10% in B̄0 ! K�⇡+l+l�, while

it is about 5% in Bs ! K+K�l+l�. It is necessary to stress that there is a sign ambiguity in the forward-backward

asymmetry dAK
FB/dq

2 from the use of Watson theorem. However, the magnitude shown in panel (c) is sizable and

thus measurable in future. Since this quantity dAK
FB/dq

2 arises from the S-wave and P-wave interference, it can be

used to constrain the S-wave meson-meson scattering when precise data is available in future.

Decay	  widths:	  	  
Red:	  total	  

Black:	  P-‐wave	  
Blue:S-‐wave	   LHCb:FS=0.04±0.04 

1304.6325 
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LHCb:1412.6433 

LCSR+χPT： WW,R.Zhu,1502.15104  
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D some details to derive ⌧ ! K⇡⌫ partial widths 26

E currents 27

L = q̄iD/q �mq q̄q (0.1)

q̄q = � @L
@mq

(0.2)

V + V GV + V GV GV + ... =
V

1�GV
(0.3)

p
2B0 F

s
⇡⇡(s) = h0|s̄s|⇡⇡iI=0 (0.4)

(0.5)

xxx A very important question: how do we present scalar/vector form factors??? A:
pay particular attention to tensor, and updating scalar/vector form factorxxx

xxx We solve the coupled-channel Omnes problem, using the scattering phase from Roy
equation or unitarized approach. xxx

1 Introduction

2 Framework

2.1 Chiral Perturbation theory

Chiral perturbation theory provides a systematic framework to investigate strong interac-
tion at low energies. The basis of the �PT is the global SU(3)L ⇥ SU(3)R symmetry of
the QCD Lagrangian in the vanishing mass limit for the u, d, s quarks. This symmetry is
believed to spontaneously break down to the SU(3)V which gives rise to eight Goldstone
bosons. These degrees of freedom are the main focus at low energy.

The leading-order (LO) effective Lagrangian is constructed as

L =

f2

4

Tr[DµUDµU †
] +

f2

4

Tr[�U †
+ �†U ] (2.1)

where f is the tree-level pion decay constant

h0|ū�µ�5d|⇡�
(p)i = i

p
2fpµ, (2.2)

– 1 –
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b s

s̄

Bs π+π−

(b)

b s

s̄

Bs π+π−

(a)

F ~ ∫d4k1 d4k2 Tr [ C(t) ΦB(k1) Φ1(k2) 
      H(k1,k2,t) ] exp{–S(t)}   

ΦBs
H Φπ+π−e−S e−S

PQCD: Y.Y.Keum, H.N.Li, A.I.Sanda 
hep-ph/0004004 
hep-ph/0004173 
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Ø S-‐wave	  contribu?ons	  
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Final state interactions in hadronic B decays

Hai-Yang Cheng,1 Chun-Khiang Chua,1 and Amarjit Soni2
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There exist many experimental indications that final-state interactions (FSIs) may play a prominent role
not only in charmful B decays but also in charmless B ones. We examine the final-state rescattering effects
on the hadronic B decay rates and their impact on direct CP violation. The color-suppressed neutral modes
such as B0 ! D0!0;!0!0;"0!0; K0!0 can be substantially enhanced by long-distance rescattering
effects. The direct CP-violating partial rate asymmetries in charmless B decays to !!=!K and "! are
significantly affected by final-state rescattering, and their signs are generally different from that predicted
by the short-distance (SD) approach. For example, direct CP asymmetry in B0 ! "0!0 is increased to
around 60% due to final-state rescattering effects whereas the short-distance picture gives about 1%.
Evidence of direct CP violation in the decay B0 ! K!!" is now established, while the combined BABAR
and Belle measurements of B0 ! "#!$ imply a 3:6# direct CP asymmetry in the ""!! mode. Our
predictions for CP violation agree with experiment in both magnitude and sign, whereas the QCD
factorization predictions (especially for ""!!) seem to have some difficulty with the data. Direct CP
violation in the decay B! ! !!!0 is very small ( & 1%) in the standard model even after the inclusion of
FSIs. Its measurement will provide a nice way to search for new physics as in the standard model QCD
penguins cannot contribute (except by isospin violation). Current data on !K modes seem to violate the
isospin sum-rule relation, suggesting the presence of electroweak penguin contributions. We have also
investigated whether a large transverse polarization in B! $K% can arise from the final-state rescattering
of D&%' !D&%'

s into $K%. While the longitudinal polarization fraction can be reduced significantly from short-
distance predictions due to such FSI effects, no sizable perpendicular polarization is found owing mainly
to the large cancellations occurring in the processes B! D%

s
!D! $K% and B! Ds

!D% ! $K%, and this
can be understood as a consequence of CP and SU(3) [CPS] symmetry. To fully account for the
polarization anomaly (especially the perpendicular polarization) observed in B! $K%, FSI from other
states or other mechanism, e.g., the penguin-induced annihilation, may have to be invoked. Our
conclusion is that the small value of the longitudinal polarization in VV modes cannot be regarded as
a clean signal for new physics.

DOI: 10.1103/PhysRevD.71.014030 PACS numbers: 13.25.Hw, 11.30.Er, 12.40.–y

I. INTRODUCTION

The importance of final-state interactions (FSIs) has
long been recognized in hadronic charm decays since
some resonances are known to exist at energies close to
the mass of the charmed meson. As for hadronic B decays,
the general folklore is that FSIs are expected to play only a
minor role there as the energy release in the energetic B
decay is so large that the final-state particles are moving
fast, and hence they do not have adequate time for getting
involved in final-state rescattering. However, from the data
accumulated at B factories and at CLEO, there are growing
indications that soft final-state rescattering effects do play
an essential role in B physics.

Some possible hints at FSIs in the B sector are
(1) There exist some decays that do not receive

any factorizable contributions, for example B!
K%0c, owing to the vanishing matrix element of
the &V ! A' current, h%0cj !c&'&1! &5'cj0i ( 0.
Experimentally, it was reported by both Belle [1]
and BABAR [2] that this decay mode has a sizable
branching ratio, of order &2) 6' * 10!4. This im-
plies that the nonfactorizable correction is important

and/or the rescattering effect is sizable. Studies
based on the light-cone sum rule approach indicate
that nonfactorizable contributions to B! %c0K due
to soft gluon exchanges is too small to accommodate
the data [3,4]. In contrast, it has been shown that the
rescattering effect from the intermediate charmed
mesons is able to reproduce the observed large
branching ratio [5].

(2) The color-suppressed modes B0 ! D&%'0!0 have
been measured by Belle [6], CLEO [7], and
BABAR [8]. Their branching ratios are all signifi-
cantly larger than theoretical expectations based on
naive factorization. When combined with the color-
allowed B! D&%'! decays, it indicates nonvanish-
ing relative strong phases among various B! D&%'!
decay amplitudes. Denoting T and C as the color-
allowed tree amplitude and color-suppressed
W-emission amplitude, respectively, it is found
that C=T ) 0:45exp&#i60+' (see, e.g., [9]), show-
ing a nontrivial relative strong phase between C and
T amplitudes. The large magnitude and phase of
C=T compared to naive expectation implies the
importance of long-distance (LD) FSI contributions

PHYSICAL REVIEW D 71, 014030 (2005)
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Final state interaction in B! KK decays
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We study the final state interaction effects in B! KK decays. We find that the t channel one-particle-
exchange diagrams cannot enhance the branching ratios of B0 ! K0K0 and B! ! K0K! very sizably.
For the pure annihilation process B0 ! K"K!, the obtained branching ratio by the final state interaction
is at O#10!8$.

DOI: 10.1103/PhysRevD.73.034005 PACS numbers: 13.25.Hw

I. INTRODUCTION

B meson nonleptonic decays are important to study CP
violation and to extract Cabibbo-Kobayashi-Maskawa
(CKM) parameters. When the B meson decays into two
light mesons, the final state particles are energetic, so it is
argued that they do not have enough time to get involved in
soft final state interaction (FSI). In spite of the FSI, several
factorization approaches, such as the naive factorization
approach (FA) [1–3], the QCD factorization (QCDF) ap-
proach [4], the perturbative QCD (PQCD) approach [5,6],
and soft-collinear-effective theory [7] have been estab-
lished to analyze B meson decays. These approaches suc-
cessfully explain many phenomena, but there are still some
problems that are hard to explain within these frameworks,
which have been summarized in [8]. These may be hints of
the need of FSI in B decays. It has been argued that the FSI
is power suppressed for the cancellation of the various
intermediate states in the heavy quark limit [4], but for
the finite bottom quark mass, this effect may not be very
effective [9]. So FSI may be important to the channels that
are suppressed by other factors (such as the color factor or
the CKM matrix elements). For example, B! KK decays
are usually considered to be in the category [10].

FSI effects are nonperturbative in nature, so it is difficult
to study in a systematic way and some different mechanism
of the rescattering effects have been considered. In the
study of D meson decays, the form factors are introduced
to parametrize the offshellness of the exchanged particles
[11,12], and this method still works in the B meson case.
This mechanism has been used to explain some puzzles
[8,13], such as the B! !!, !K puzzle, and it is argued
that these puzzles can be resolved by FSI if we adopt
appropriate parameters. If this is the right method to re-
solve these puzzles, it should be consistent with other

channels, such as the small branching ratio of B! KK
and B! "0"0 decays. The B! KK decays have been
measured by Belle [14] and Babar [15], which are shown
in Table I (where the world average values are taken from
[16]). The FA predictions can be consistent with the ex-
periment for B0 ! K0K0 and B" ! K0K" if we employ
the current nonperturbative inputs [2,4], thus the FSI ef-
fects may not be too large. The B0 ! K"K! is a pure
annihilation decay channel, so it is expected to be very
small in FA, and the FSI can give sizable corrections. In
this paper we will follow the method in [8], focusing on the
two body intermediate states and considering only
t-channel one-particle-exchange processes at the hadron
level. We will give the detailed calculation of the FSI
effects for B! KK decays in the next section and then a
brief summary in the third section.

II. FINAL STATE INTERACTION EFFECTS IN
B! KK DECAYS

Before analyzing the FSI in B! KK decays, we first
explore what we can get in the usual short distance analy-
sis. The short distance contribution of the heavy meson
decays can be expressed in terms of some types of quark
diagrams: P , the penguin emission diagram; E, the
W-exchange diagram; A, the W-annihilation diagram;
P A, the penguin annihilation diagram (spacelike); P EW,
the electroweak penguin diagram; and V , the vertical W
loop diagram (timelike penguin). The penguin dominated
B! KK decays can be expressed as

TABLE I. Measured branching fractions (% 10!6) of B!
KK decays.

Channel Babar Belle World average

B0 ! K0K0 1:19"0:40
!0:35 & 0:13 0:8& 0:3& 0:1 0:96"0:25

!0:24
B0 ! K"K! <0:6 <0:37
B" ! K0K" 1:5& 0:5& 0:1 1:0& 0:4& 0:1 1:2& 0:3

*Mailing address.
†Email address: shenyl@mail.ihep.ac.cn
‡Email address: wwang@mail.ihep.ac.cn
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	  γγ*àππ	  	  	  

34 

S-wave can be projected out! 



Watson’s theorem (1954) 

In elastic region (below additional threshold): 

 

Im[F]=  F σ  T* 

Form factor and scattering amplitude carry the 
same phase!  
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