
 I. Bediaga   and T. Frederico

Patricia C. Magalhães#

*

✢ CBPF - RJ - Brazil
* ITA  - SP - Brazil

✢

patricia.magalhaes@tum.de 

Technical University of Munich - TUM#

Charm rescattering in B decays:
 possible CP violation mechanism?                        

 Future challenged  in hadronic B decay 
14 - 18 January 2019 - Mainz

mailto:patricia@if.usp.br


patricia.magalhaes@tum.decharm  rescattering Future challenges in hadronic B decay - 2019

D and B  three-body  HADRONIC decays are dominated by resonances 

 spectroscopy

�2Context

study of CP-Violation  can lead to new physics 

information of MM interactions no  KK  data available

new high data sample from LHCb more to come from LHCb and Belle II

≠  scales!!! similar FSI

B phase-space   + FSI possibilities 

B and D 3-body decay…..

requires better models 
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dynamics

�3heavy meson decay
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dro

ns.
O diag

ram
a c,

rep
rese

nta
a tr

oca
deW

, qu
e só
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to extract  information from data we need an amplitude MODEL

full unitarity:  Faddeev, Khury-Trieman, triangles  2-body  is crucial 

(2+1) 3-body

QCD factorization approach  
    

not precise for 3-body 
not allow all kinds of FSI and 3-body NR
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�4CPV on data

massive localized Acp
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Figure 30: AN

CP
in Dalitz plot bins with equal number of events (sWeighted background

subtracted and acceptance corrected) for B
± ! K

±
⇡
+
⇡
� (top left), B± ! K

±
K

+
K

�

(top right), B± ! ⇡
±
⇡
+
⇡
� (bottom left) and B

± ! ⇡
±
K

+
K

� (bottom right).

is located mainly in the low mass region of m⇡⇡ < 1.5GeV/c2, where a clear interference1017

structure appears in the B
+-B� distribution.1018

10.1.2 B
± ! K

±
K

+
K

�
1019

The projections of the B± ! K
±
K

+
K

� Dalitz plot are shown in Figure 34. We can identify1020

in mK+K� low the narrow vector resonances: �(1020) as the first bump around 1GeV/c21021

and �c0(1P ) in the region around 3.4GeV/c2. The resonances in the mK+K� high projection1022

are covered by the � distribution along this axis. There is also a broad concentration at low1023

mass above 2.0GeV2
/c

4, which could correspond to the f2(1525) resonance. Also visible1024

only in the B
± ! K

±
K

+
K

� Dalitz plot (Figure 28) is the contribution of B± ! J/ K
±

1025

with J/ ! K
+
K

�, around 9.6GeV2
/c

4 in m
2
K+K� low. Table 31 shows the Particle Data1026

Group list of measured branching fractions for B± ! K
±
K

+
K

�.1027

The mass projections reveal a clear signature of CP asymmetry, with a large excess of1028

B
+ events for mK+K� low < 1.6GeV/c2 and m

2
K+K� high between 2.4GeV/c2 and 4.0GeV/c2.1029

Figure 35 is a zoom in the mK+K� low region of high asymmetry, that includes the �(1020).1030
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CERN-EP-2016-176
LHCb-PAPER-2016-022

July 20, 2016

Study of B+
c decays to the K+K�⇡+

final state and evidence for the decay

B+
c ! �c0⇡

+

The LHCb collaboration†

Abstract

A study of B+
c ! K+K�⇡+ decays is performed for the first time using data

corresponding to an integrated luminosity of 3.0 fb�1 collected by the LHCb ex-
periment in pp collisions at centre-of-mass energies of 7 and 8TeV. Evidence for
the decay B+

c ! �c0(! K+K�)⇡+ is reported with a significance of 4.0 stan-

dard deviations, resulting in the measurement of �(B+
c )

�(B+) ⇥ B(B+
c ! �c0⇡+) to be

(9.8+3.4
�3.0(stat)± 0.8(syst))⇥ 10�6. Here B denotes a branching fraction while �(B+

c )
and �(B+) are the production cross-sections for B+

c and B+ mesons. An indication
of bc weak annihilation is found for the region m(K�⇡+) < 1.834GeV/c2, with a
significance of 2.4 standard deviations.

Submitted to Phys. Rev. Lett.

c� CERN on behalf of the LHCb collaboration, license CC-BY-4.0.

†Authors are listed at the end of this article.
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 Charge Parity Violation : 
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6= 0

6=

hadronic interactions   

BSS model

1 Introduction111

In the last decades, B meson decays have attracted attention due to CP violation phenom-112

ena as well as the sensitivity to new physics in rare B decays. A matter of great interest is113

the study of charmless three-body B
± decays, whose leading diagram contributions proceed114

through a b ! s(d) penguin transition and a b ! u tree transition (see Figures 1 and 2 for115

the diagrams of the four B± ! h
±
h
+
h
� decays analysed in this document). These decays116

o↵er the additional possibility to study the weak phase in interference patterns between117

two-body resonances in the Dalitz plot, and a novel scenario to spot rescattering e↵ects118

that connect di↵erent final states. Most of these channels have branching ratios of the119

order of 10�5 to 10�6, and therefore, large data samples are needed to provide precision120

measurements.121

From the data collected by LHCb in 2010, the branching fractions of B± ! K
±
K

+
K

�
122

and B
± ! pp̄K

± relative to B± ! K
±
⇡
+
⇡
� were measured [1], and are in good agreement123

with the current PDG values. With the 1 fb�1 of data collected in 2011, the LHCb revealed124

evidence of CP violation in the decays B± ! K
±
⇡
+
⇡
� and B

± ! K
±
K

+
K

� [2–5] and125

in the decays B
± ! ⇡

±
K

+
K

� and B
± ! ⇡

±
⇡
+
⇡
� [6–9]. The reported phase space126

Figure 1: Tree and penguin diagrams for B
± ! K

±
⇡
+
⇡
� (top) and B

± ! K
±
K

+
K

�

(bottom) with their dependences on the Wolfenstein � parameter. The fx holds for any
resonance decaying into two kaons in the final state.

4

strong phase
weak phase: CKM

not enough!+

Bander Silverman & Soni PRL 43 (1979) 242

LHCb PRD90 (2014) 112004

strong phase
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CPT Invariance
CPT invariance  ⇒ Same lifetime and same mass to particle and anti-particle. 
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�5CPV on data
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Figure 30: AN

CP
in Dalitz plot bins with equal number of events (sWeighted background

subtracted and acceptance corrected) for B
± ! K

±
⇡
+
⇡
� (top left), B± ! K

±
K

+
K

�

(top right), B± ! ⇡
±
⇡
+
⇡
� (bottom left) and B

± ! ⇡
±
K

+
K

� (bottom right).

is located mainly in the low mass region of m⇡⇡ < 1.5GeV/c2, where a clear interference1017

structure appears in the B
+-B� distribution.1018

10.1.2 B
± ! K

±
K

+
K

�
1019

The projections of the B± ! K
±
K

+
K

� Dalitz plot are shown in Figure 34. We can identify1020

in mK+K� low the narrow vector resonances: �(1020) as the first bump around 1GeV/c21021

and �c0(1P ) in the region around 3.4GeV/c2. The resonances in the mK+K� high projection1022

are covered by the � distribution along this axis. There is also a broad concentration at low1023

mass above 2.0GeV2
/c

4, which could correspond to the f2(1525) resonance. Also visible1024

only in the B
± ! K

±
K

+
K

� Dalitz plot (Figure 28) is the contribution of B± ! J/ K
±

1025

with J/ ! K
+
K

�, around 9.6GeV2
/c

4 in m
2
K+K� low. Table 31 shows the Particle Data1026

Group list of measured branching fractions for B± ! K
±
K

+
K

�.1027

The mass projections reveal a clear signature of CP asymmetry, with a large excess of1028

B
+ events for mK+K� low < 1.6GeV/c2 and m

2
K+K� high between 2.4GeV/c2 and 4.0GeV/c2.1029

Figure 35 is a zoom in the mK+K� low region of high asymmetry, that includes the �(1020).1030
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Kππ KKK

KKππππ

FSI strong phase

low-energy CPV

⇡⇡ ! KK

Frederico, Bediaga & Lourenço 
PRD89(2014)094013 

Wolfenstein  PRD43 (1991) 151

high mass CPV?

LHCb PRD90 (2014) 112004
CPT: 

CPV in one channel should be compensated 
by another one with opposite sign
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presence of charm resonances: 

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH (CERN)

CERN-EP-2016-176
LHCb-PAPER-2016-022

July 20, 2016

Study of B+
c decays to the K+K�⇡+

final state and evidence for the decay

B+
c ! �c0⇡

+

The LHCb collaboration†

Abstract

A study of B+
c ! K+K�⇡+ decays is performed for the first time using data

corresponding to an integrated luminosity of 3.0 fb�1 collected by the LHCb ex-
periment in pp collisions at centre-of-mass energies of 7 and 8TeV. Evidence for
the decay B+

c ! �c0(! K+K�)⇡+ is reported with a significance of 4.0 stan-

dard deviations, resulting in the measurement of �(B+
c )

�(B+) ⇥ B(B+
c ! �c0⇡+) to be

(9.8+3.4
�3.0(stat)± 0.8(syst))⇥ 10�6. Here B denotes a branching fraction while �(B+

c )
and �(B+) are the production cross-sections for B+

c and B+ mesons. An indication
of bc weak annihilation is found for the region m(K�⇡+) < 1.834GeV/c2, with a
significance of 2.4 standard deviations.

Submitted to Phys. Rev. Lett.

c� CERN on behalf of the LHCb collaboration, license CC-BY-4.0.

†Authors are listed at the end of this article.

ar
X

iv
:1

60
7.

06
13

4v
2 

 [h
ep

-e
x]

  2
6 

Ju
l 2

01
6

1

10

210

]4c/2[GeV-π+π
2m

0 10 20

]4 c/2
[G

eV
- π+

K2
m

0

5

10

15

20

25

30
LHCb

 

1

10

210

]4c/2[GeV low-K+K
2m

0 5 10 15

]4 c/2
[G

eV
 h

ig
h

-
K+

K2
m

0

5

10

15

20

25 LHCb
 

Figure 28: Dalitz plot of B± ! K
±
⇡
+
⇡
� (top) and B

± ! K
±
K

+
K

� (bottom).
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rich cc̄ environment.
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Fig. 2. Left diagram: Penguin for B+ ! K�K+K+. Right diagram: double charm
partonic loop contribution to B+ ! K�K+K+.

We considered the charm penguins contributions as represented in the dia-
gram of Fig. 2. However, is very hard to precise which are the charm mass
propagating inside the loop and how does hadronization a↵ect this picture. To
guide our calculation one follows the structure (recipe) proposed by Mannel
at al. ?? to describe the center region of the Dalitz plot for B+ ! ⇡�⇡+⇡+.
The authors propose a functional form of this form factor to be:

Ap(s) = T (s)(M2
B
� s)f+(s) (1)

where f+(q2) is the B ! K vector form factor, which can assume the single
pole parametrization:

f+(s) =
1

1� s/M⇤2
Bs

(2)

for M⇤
Bs

the mass of a vector meson B⇤
s
. One identify the kernel T as the charm

bubble loop contribution. This amplitude was also calculated by Gerard and
Hu (1991)[?] and gave a simple amplitude, with a real and imaginary part
given by:
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where x = q2/m2. This is exactly the bubble loop function we know very
well, but considering a double charm propagation. The real and imaginary
distribution are shown in the Figure below for the case of m = 1.864 which is
the D0 mass:
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Fig. 2. Left diagram: Penguin for B+ ! K�K+K+. Right diagram: double charm
partonic loop contribution to B+ ! K�K+K+.

We considered the charm penguins contributions as represented in the dia-
gram of Fig. 2. However, is very hard to precise which are the charm mass
propagating inside the loop and how does hadronization a↵ect this picture. To
guide our calculation one follows the structure (recipe) proposed by Mannel
at al. ?? to describe the center region of the Dalitz plot for B+ ! ⇡�⇡+⇡+.
The authors propose a functional form of this form factor to be:

Ap(s) = T (s)(M2
B
� s)f+(s) (1)

where f+(q2) is the B ! K vector form factor, which can assume the single
pole parametrization:

f+(s) =
1

1� s/M⇤2
Bs

(2)

for M⇤
Bs

the mass of a vector meson B⇤
s
. One identify the kernel T as the charm

bubble loop contribution. This amplitude was also calculated by Gerard and
Hu (1991)[?] and gave a simple amplitude, with a real and imaginary part
given by:
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where x = q2/m2. This is exactly the bubble loop function we know very
well, but considering a double charm propagation. The real and imaginary
distribution are shown in the Figure below for the case of m = 1.864 which is
the D0 mass:

5

charm      contribution to B± ! K+K�K+
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hadronic loop
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hadronic loop three-body FSI - introduce new complex structures 

arXiv:1512.09284

PCM & I Bediaga

_
K0

π+

π+

π 0

Ds*
(2)

(1)  

(3)

K−

W

T

FIG. 3: Leading vector current contribution, dressed by form factors and ππ interactions (in the

small green blob).

by A0 the amplitude for the process D+ → K0π0π+ without FSIs and by TKπ that for

π0K̄0 → π+K−, the amplitude A1 of Fig.3 can be schematically written as

A1 = −i

∫

d4ℓ

(2π)4
T S
Kπ ∆π ∆K A0 , (1)

where ℓ is the loop variable, ∆π and ∆K are pion and kaon propagators and A0 is the tree

level amplitude, given by

A0 = −
1√
2
[GF cos2 θC ] ⟨ π+ π0|Vµ|0 ⟩ ⟨ K̄0|V µ|D+ ⟩ , (2)

derived in App.B, eq(B17). The matrix element ⟨ K̄0|V µ|D+ ⟩ describes the D → WK̄

vertex, eq.(B13), including D∗

s intermediate states [25], and corresponds to form factors

parametrized in terms of vector and scalar nearest poles, eq.(B14). The factor ⟨ π+ π0|Vµ|0 ⟩

is associated with the process W → ππ, shown in Fig.4, and includes the ρ with a dynamical

width, eq(B10). The bare resonance is treated by employing the formalism developed in

Ref.[21] and its width is constructed using the P -wave elastic ππ amplitude.

The W → ππ form factor is time-like and its inclusion into the vector series of Fig.2 can,

in principle, give rise to final state interactions depending on both ππ and Kπ amplitudes.

With the purpose of keeping complications to a minimum, we consider just ππ interactions

that occur before the first Kπ scattering.

The evaluation of Fig.3 requires the Kπ amplitude in the interval 0.401GeV2 ≤ s ≤

2.993GeV2. As LASS data[1] begins only at s = 0.681GeV2, one covers the low-energy

region by means of theoretical amplitudes, based on unitarized chiral symmetry[21]. Our

intermediate S-wave Kπ amplitude, denoted by T S
Kπ, is thoroughly discussed in App.C.

5

B+ ! ⇡+⇡�⇡+ D+ ! ⇡+K�⇡+

 PRD 92  094005 (2015) [arXiv:1504.06346]
PCM et al

 PRD 84 094001 (2011 ) [arXiv:1105.5120]

PCM & M Robilotta

~1%          1000 x Br [B ! DD⇤
s ] Br [B ! KKK]

scattering amplitudeD0D̄0 ! K+K�

phenomenological:

weak transition   B+ ! W+D̄0 form factor to regulateC0 ⇥

form factor for W+ ! D0K+

S- matrix unitarity + Regge theory

+
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hadronic loop
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D0D̄0 ! K+K�

weak transition   B+ ! W+D̄0

form factor for W+ ! D0K+

+

A = iC m2
a

Z
d4`

(2⇡)4
TD̄0D0!KK(s23) [�2 p03 · (p02 � p1)]

�D+⇤�D0 �D̄0 �a
,

�D+⇤ = s�m2
D⇤+

Loop ! 1

m2
B⇤ �⇥D⇤

IB⇤D⇤D0 D̄0
(M2

B+2M2
D0

+M2
K+m2

B⇤�2s)�IB⇤D⇤D0+

IB⇤D⇤ D̄0
+ IB⇤D⇤ D̄0

(1.0 +
M2

B �M2
D0

m2
B⇤

)

simplify to diff integrals
solved by Feynman

PCM: PRD 92  094005 (2015) [arXiv:1504.06346]

A = iC m2
a TD̄0D0!KK(s23)

Z
d4`

(2⇡)4
�D0 + 2�D̄0 � 2 s23 + 3M2

K +M2
B � l2

�D0 �D̄0 �D⇤ [l2 �mB⇤ ]
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not well understand on literature

 important  as FSI in B two-body decays 

Donoghue et al., PRL 77(1996)2178;  
Suzuki,Wolfenstein, PRD 60 (1999)074019; 
 Falk et al. PRD 57,4290(1998); 
Blok, Gronau, Rosner, PRL 78, 3999 (1997).  

�10scattering amplitudeD0D̄0 ! K+K�

phenomenological amplitude

unitarity of the S-matrix

inspired in the damping factor of the S matrix i.e. ⇡⇡ ! KK

S-matrix LL-HH

1 The amplitude

We can parametrize the S-matrix writing the modulus as

M =

(

cos θ sin θ
− sin θ cos θ

)

(1)

what guarantees unitarity and the phase as

P =

(

eiα 0
0 eiβ

)

(2)

The S-matrix is obtained by

S = P ·M · P =

(

cos θ e2iα sin θ ei(α+β)

− sin θ ei(α+β) cos θ e2iβ

)

(3)

Writing cos θ = η we have that cos θ = η =
√
1− sin2 θ, so sin θ =

√
1− η2, and we can

write a more familiar form of the parametrization

S =

(

η e2iα
√
1− η2 ei(α+β)

−
√
1− η2 ei(α+β) η e2iβ

)

(4)

where η is interpreted as an inelasticity parameter.
Now let us define the following for the S-matrix modulus

η = sin θ = Si = N
√

s/sth − 1/(s/sth)
α (5)

and for the phases

e2iα = Sp = 1− 2ik1
c

1−k1/k0
+ ik1

(6)

and

e2iβ = Sd = 1− 2ik
1
a + ik

(7)

where k =
√

s−sth
4 , k1 =

√

s−sth1
4 and k0 =

√

s0−sth
4 .

Now the matrix for the modulus becomes

1

M =

⎛

⎝

√

1− S2
i Si

−Si

√

1− S2
i

⎞

⎠ (8)

and

P =

(
√

Sp 0

0
√
Sd

)

(9)

and we get for the S-matrix

S = P ·M · P =

⎛

⎝

√

1− S2
i Sp Si

√

Sp Sd

−Si

√

Sp Sd

√

1− S2
i Sd

⎞

⎠ (10)

This allows us to write the t-matrix using Sβ,α = δβ,α+ itβ,α, where tβ,α =
√
1− η2ei(α+β),

or for the case of (10)

td,i = −iSi

√

Sp Sd (11)

2

M =

⎛

⎝

√

1− S2
i Si

−Si

√

1− S2
i

⎞

⎠ (8)

and

P =

(
√

Sp 0

0
√
Sd

)

(9)

and we get for the S-matrix

S = P ·M · P =

⎛

⎝

√

1− S2
i Sp Si

√

Sp Sd

−Si

√

Sp Sd

√

1− S2
i Sd

⎞

⎠ (10)

This allows us to write the t-matrix using Sβ,α = δβ,α+ itβ,α, where tβ,α =
√
1− η2ei(α+β),

or for the case of (10)

td,i = −iSi

√

Sp Sd (11)

2

⌘ = N
p

s/sth � 1/(s/sth)
2.5

e2i↵ = 1� 2ik1
c

1�k1/k0
+ ik1

e2i� = 1� 2ik
1
a + ik

S-matrix LL-HH

1 The amplitude

We can parametrize the S-matrix writing the modulus as

M =

(

cos θ sin θ
− sin θ cos θ

)

(1)

what guarantees unitarity and the phase as

P =

(

eiα 0
0 eiβ

)

(2)

The S-matrix is obtained by

S = P ·M · P =

(

cos θ e2iα sin θ ei(α+β)

− sin θ ei(α+β) cos θ e2iβ

)

(3)

Writing cos θ = η we have that cos θ = η =
√
1− sin2 θ, so sin θ =

√
1− η2, and we can

write a more familiar form of the parametrization

S =

(

η e2iα
√
1− η2 ei(α+β)

−
√
1− η2 ei(α+β) η e2iβ

)

(4)

where η is interpreted as an inelasticity parameter.
Now let us define the following for the S-matrix modulus

η = sin θ = Si = N
√

s/sth − 1/(s/sth)
α (5)

and for the phases

e2iα = Sp = 1− 2ik1
c

1−k1/k0
+ ik1

(6)

and

e2iβ = Sd = 1− 2ik
1
a + ik

(7)

where k =
√

s−sth
4 , k1 =

√

s−sth1
4 and k0 =

√

s0−sth
4 .

Now the matrix for the modulus becomes

1

,   DD:KK:
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 remarks on �14
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change in sign!

 FSI mechanism to produce CP asymmetry at high mass 

should be tested in data ANA!

 interference between: ≠ triangles & NR sources & resonances

can shift the position of the CP asymmetry sign change  

Triangle hadronic loop with FSI

B+ ! K�K+K+ charm rescattering

+

mailto:no_reply@apple.com


patricia.magalhaes@tum.decharm  rescattering Future challenges in hadronic B decay - 2019

�15

rich cc̄ environment.
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Fig. 2. Left diagram: Penguin for B+ ! K�K+K+. Right diagram: double charm
partonic loop contribution to B+ ! K�K+K+.

We considered the charm penguins contributions as represented in the dia-
gram of Fig. 2. However, is very hard to precise which are the charm mass
propagating inside the loop and how does hadronization a↵ect this picture. To
guide our calculation one follows the structure (recipe) proposed by Mannel
at al. ?? to describe the center region of the Dalitz plot for B+ ! ⇡�⇡+⇡+.
The authors propose a functional form of this form factor to be:

Ap(s) = T (s)(M2
B
� s)f+(s) (1)

where f+(q2) is the B ! K vector form factor, which can assume the single
pole parametrization:

f+(s) =
1

1� s/M⇤2
Bs

(2)

for M⇤
Bs

the mass of a vector meson B⇤
s
. One identify the kernel T as the charm

bubble loop contribution. This amplitude was also calculated by Gerard and
Hu (1991)[?] and gave a simple amplitude, with a real and imaginary part
given by:
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where x = q2/m2. This is exactly the bubble loop function we know very
well, but considering a double charm propagation. The real and imaginary
distribution are shown in the Figure below for the case of m = 1.864 which is
the D0 mass:

5

charm      contribution to B± ! K+K�K+
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PLB 780 (2018) 357

Charm rescattering

(p  ) 3

B
+

(p  ) 1

K
+ (p  ) 2

0
D

D 0

D
*0

Κ
 +

Κ
 −

s

0
D

D 0

D

(p  ) 1

(p  ) 2

(p  ) 3

B
+
c

K

K

π

*+

+

 +

 −

B+
c ! K�K+⇡+charm rescattering to I. Bediaga, PCM, T Frederico

PLB 785 (2018) 581

(p  ) 3K
 −

(p  ) 1
+

π

(p  ) 2K
 +

B
+
c

*
D

0

D
−

+
D

s+

+

interesting application

mailto:no_reply@apple.com


patricia.magalhaes@tum.decharm  rescattering Future challenges in hadronic B decay - 2019

�16

_
b

_
d

_ _
u + s cB

K

K−

+

+
π

Bc

D*+

0D

+
_
c

_
d

u

b
_

cc

cc

_
cb

_

Bc
+

D*0

D +

u

c
u + s

a)

b)

+

c)
u

d
_

B+
c ! K�K+⇡+

very suppressed  direct production (annihilation)

(p  ) 3K
 −

(p  ) 1
+

π

(p  ) 2K
 +

B
+
c

*
D

0

D
−

+
D

s

0
D

D 0

D

(p  ) 1

(p  ) 2

(p  ) 3

B
+
c

K

K

π

*+

+

 +

 −

charm rescattering can be the dominant mechanism

Charm rescattering  

Phys.Rev. D94 (2016) no.9, 091102 

]4c/2) [GeV-K+K(2m
0 10 20 30

]4 c/2
) [

G
eV

+ π-
K(2

m 0
5

10
15
20
25
30 LHCb

]4c/2) [GeV-K+K(2m
0 10 20 30

]4 c/2
) [

G
eV

+ π-
K(2

m 0
5

10
15
20
25
30 LHCb

Figure 3: Distribution of events for the signal region 6.2 < m(K+K�⇡+) < 6.35GeV/c2 in the
m2(K�⇡+) vs. m2(K+K�) plane for (left) OBDT > 0.12 and (right) OBDT > 0.18. The vertical
red dashed lines represent a band of width ±60MeV/c2 around the �c0 mass. The horizontal blue
dot-dashed line indicates the upper bound of the annihilation region at m(K�⇡+) = 1.834GeV/c2,
representing 17% of the available phase space area.

since no peak is seen in m(K+K�⇡+) at the B+
c mass [9].

To determine the B+
c ! �c0(! K+K�)⇡+ signal yield, the two-dimensional

m(K+K�⇡+) vs. m(K+K�) distributions are fitted simultaneously for the three BDT
bins. The m(K+K�⇡+) distribution is modelled in the same way as described above. The
m(K+K�) distribution, defined in the range 3.20 < m(K+K�) < 3.55GeV/c2, is modelled
with a Breit–Wigner function, with mean and width fixed to their known values [23],
convolved with a Gaussian resolution function, representing the �c0 ! K+K� shape, and
a first-order polynomial representing K+K� background. Figure 4 shows the projections
of the fit result. The yield obtained is N�c0 = 20.8+7.2

�6.4, with a statistical significance of
4.1 �. The fits for the D0 and B0

s regions, where no signal is observed, can be found at
Ref. [9].

The e�ciencies for the signals, ✏c, and normalization channel, ✏u, are inferred from
simulated samples and are corrected using data-driven methods as described in Ref. [20].
They include the e↵ects of reconstruction, selection and detector acceptance. An e�ciency
map defined in the m2(K�⇡+) vs. m2(K+K�) plane is computed. The e�ciency for the
annihilation region is estimated in two ways: first, by taking the simple average e�ciency
from the map for m(K�⇡+) < 1.834GeV/c2 and alternatively, by taking the e�ciency
weighted according to the sparse distribution of candidates in data in the m2(K�⇡+)
vs. m2(K+K�) plane. The average of the two values is taken as the e�ciency and the
di↵erence is treated as a systematic uncertainty (labelled as “event distribution” in Table
1) reflecting the limited knowledge of the distribution of the signal events due to low
statistics. A correction accounting for the vetoed m(K+K�) regions described above is
included. In the calculation of the observable Rf the e�ciency ratio ✏u/✏c is required.
The values obtained are 1.698± 0.015 for the annihilation region and 1.241± 0.012 for
the B+

c ! �c0(K+K�)⇡+ mode. The uncertainties are due to the limited sizes of the
simulated samples. The di↵erences between the B+ and B+

c e�ciencies are caused by the

4
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LHCb run 2 to confirm

 real data: interference between ≠ triangles & NR sources & resonances

canNOT change the signature of a minima between the bumps and phases! 

If direct  production (annihilation)      expect resonances in KK and Kπ channels
not observed

main mechanism to produce this final state0
D

D 0
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B
+
c

K
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π

*+

+

 +

 −

B+
c ! K�K+⇡+

Triangle hadronic loop with charm  FSI play an important role!

B± ! K+K�K+

(p  ) 3

B
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(p  ) 1

K
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0
D

D 0

D
*0

Κ
 +

Κ
 −

s mechanism to produce 
CP asymmetry at high mass 

mailto:no_reply@apple.com


patricia.magalhaes@tum.decharm  rescattering Future challenges in hadronic B decay - 2019

final remarks �20

superposition of resonant and non-resonant at low and high energy

FSI are important and play a major role in hadronic 3-body decays! 

how to add them?  different weak vertices topologies for same FS
need to merge the short and long distance descriptions! 

extend to other B+ ! h+h�h+

Thank you very much!

To do list
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Backup slides
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Figure 28: Dalitz plot of B± ! K
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Figure 29: Dalitz plot of B± ! ⇡
±
⇡
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� (top) and B

± ! ⇡
±
K
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� (bottom).
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Figure 29: Dalitz plot of B± ! ⇡
±
⇡
+
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� (top) and B

± ! ⇡
±
K
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K

� (bottom).
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