
Regional CP violation in three-body decays of heavy
hadrons

Zhen-Hua Zhang
zhangzh@usc.edu.cn

School of Nuclear Science and Technology,
University of South China

TeV workshop, YanQi Lake, Beijing
Aug 9, 2015

Z.-H. Zhang (U. South China) Regional CPv in 3-body decays of Hb TeVworkshop2015, Beijing 1 / 14



Outline

1 Introduction

2 CP violations in 3-body decays of B mesons

3 CP asymmetry for Λ0
b → pπ0π− induced by the interference effect

Differential CP asymmetry for Λ0
b → pπ0π−

Regional CP asymmetry for Λ0
b → pπ0π−

4 Conclusion

Z.-H. Zhang (U. South China) Regional CPv in 3-body decays of Hb TeVworkshop2015, Beijing 2 / 14



Introduction

CPV in SM

Typical form of CP asymmetry in a decay process i → f

ACP ≡
|Mi→f |2 − |Mī→f̄ |2

|Mi→f |2 + |Mī→f̄ |2
∼ sinφsinδ

Mi→f = 〈f |Htree |i〉+ 〈f |Hpen.|i〉=̇ |〈f |Htree |i〉|+ |〈f |Hpen.|i〉| e iφe iφ

φ, weak phase in CKM matrix

δ strong phase from strong interaction

perturbative, loop diagram of QCD (large scacle), QED,..., small
nonperturbative, QCD (∼ ΛQCD), large

Mi→f = 〈f |Htree |i〉+ 〈f |Hpen.|i〉=̇ |〈f |Htree |i〉|+ |〈f |Hpen.|i〉| e iφe iφ
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Introduction

“Local” CP asymmetry in phase
space for some 3-body decays of
B-meson is available.

Large CPv which does not
clearly correspond to any
resonances

Needs theoretical explanations

]4
c/2 [GeV low−

π
+

π

2
m

0 5 10 15

]
4

c/
2

  
[G

eV
 h

ig
h

−
π

+
π2

m

0

5

10

15

20

25

30

35

40

45

­0.6

­0.4

­0.2

0

0.2

0.4

0.6

]4
c/2 [GeV

 low−
π

+
π

2
m

0 1 2

)
4

/c
2

C
an

d
id

at
es

/(
0

.1
0

 G
eV

0

20

40

60

80

100

120
­

 B

+
 B(a) LHCb

Figure: CP asymmetry for
B± → π±π+π− by LHCb. (PRL112,
011801)
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CP violations in 3-body decays of B mesons

B± → π±π+π−

simple picture: interference of
amplitudes corresponding to ρ0(770)
and f0(500) [1303.3676, ZZ, Guo,
Yang]

MB+→π+π+π−

= MB+→π+ρ(→π+π−)+MB+→π+f (→π+π−)

MB+→π+ρ0(→π+π−) =

[BW ]ρ0×(cTρ0VubV
∗
ud−cPρ0VtbVtd)×P1(g)

MB+→π+ρ0(→π+π−) =

[BW ]f0×(cTf0VubV
∗
ud−cPf0VtbVtd)×P0(g)
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CP violations in 3-body decays of B mesons

B± → K±π+π−

Figure: CP asymmetry for
B± → K±π+π− by LHCb. [1301.0283]
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Figure: CP asymmetry for
B± → K±π+π− around the vic. of
ρ(770) by the interfer. of amp.
corrsponding to ρ0(770) and f0(500).
[1308.5242, ZZ, Guo, Yang]
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CPV in Λ0
b → pπ0π−

Q: Could similar interference behaviour happen in b-baryon decay?

(No CPV is established in baryon sector except an evidence [Λ0
b → pK−,

PRL106,181802].)

interference of two intermediate baryons HA and HB [I]

MΛb→M1M2H3 = MΛb→M1HA(→M2H3) + MΛb→M1HB(→M2H3) (1)

interference of two intermediate baryons HA and HB [II]

MΛb→M1M2H3 = MΛb→M2HA(→M1H3) + MΛb→M1HB(→M2H3) (2)

interference of a baryon resonance H with a meson resonance M

MΛb→M1M2H3 = MΛb→M1H(→M2H3) + MΛb→HM(→M1M2) (3)
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CPV in Λ0
b → pπ0π− Differential CPV

Diff Decay Amplitude and Diff CPv

In the overlap region of ρ0 and N+, the decay amplitude can be expressed
as

M =
〈pπ0|Ĥ1|N+〉〈π−N+|Ĥeff |Λ0

b〉
s0 −m2

N + imNΓN
+
〈π0π−|Ĥ2|ρ−〉〈pρ−|Ĥeff |Λ0

b〉
s −m2

ρ + imρΓρ
.

Ĥeff : weak Hamiltonian

Ĥ1 strong, Yukawa type; Ĥ2 strong, scalarQED type

The differential CP asymmetry is then defined as

ACP =
|M |2 −

∣∣M̄ ∣∣2
|M |2 +

∣∣M̄ ∣∣2 . (4)
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CPV in Λ0
b → pπ0π− Differential CPV

factorization approach for matrix elements 〈π−N+(pρ)|Ĥeff |Λ0
b〉,

determine coupling constants of Ĥ1 and Ĥ2 from exp.data

the relative strong phase of H1 and H2, δ, is treated as a free
parameter

The form factors for Λb → N+ are not available – rough estimation
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CPV in Λ0
b → pπ0π− Differential CPV

Figure: Differential CP asymmetries (in unit of %) distributions in the overlap
region of the phase space for various values of δ. The six diagrams (a) to (f)
correspond to δ taking values form 0 to 5π/3 for every π/3. The invariant mass
squares s and s0 are in units of GeV2. [1507.04459, ZZ, Wang, Guo]
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CPV in Λ0
b → pπ0π− Regional CPV

The regional CP asymmetry

AΩ
CP =

ΓΩ − Γ̄Ω

ΓΩ + Γ̄Ω
, (5)

where Ω is some region of the phase space, ΓΩ and Γ̄Ω are the regional

decay width for Λ0
b → pπ0π− and Λ

0
b → pπ0π+, respectively, with the

former one taking the form

ΓΩ =
1

256π3m3
Λb

∫
Ω
dsds0|M |2. (6)
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CPV in Λ0
b → pπ0π− Regional CPV

We will focus on ΩOL:

mρ + Γρ <
√
s < mρ + 2Γρ, mN −

ΓN

2
<
√
s0 < mN +

ΓN

2
. (7)

The reason for this choice:

Exclude the pollution of other resonances.

Amplitude corresponding to resonances ρ−(770) is larger than that of
N+(1440).
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CPV in Λ0
b → pπ0π− Regional CPV
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Figure: CP asymmetries in Region ΩOL as a function of the strong phase δ. The
dashed, solid, and dotted curves are for FΛb→p/FΛb→N+

= 0.5, 1, and 2.
[1507.04459, ZZ, Wang, Guo]
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Conclusion

Conclusion

The observed large CP asymmetry in 3-body decay of B meson can
be understood as interference of amplitudes corresponding to
intermediate resonances

Interference of resonances in Λb decays can result in differential and
regional CPV in phase space.

Thanks!
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