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Existed and future experiments
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Existed Limits
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CP-violation

CP-violation in Strong Interaction Sector
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CP-violation

Quantum Chromodynamics (QCD) describes the strong interactions of hadrons in terms of the
interactions of their quark and gluon constituents. The QCD Lagrangian

LQCD = −
∑
f

q̄f

(
γµ

1

i
Dµ +mf

)
qf −

1

4
Gµνa Gaµν (1)

for f flavors of quarks has a large global symmetry in the limit when
mf → 0 : G = U(f)R × U(f)L. This symmetry corresponds to the freedom of arbitrary chiral
rotations of the f flavor of quarks into each other. Because mu,md � ΛQCD—with ΛQCD being
the dynamical scale of the theory—in practice only a chiral U(2)R ×U(2)L symmetry is actually a
very good approximate global symmetry of the strong interactions.

The richer vacuum of QCD, combined with the violation of CP in the weak interactions, allows
for the presence of an effective interaction

Lstrong CP = θ̄
αs

8π
GaµνG̃

µν
a (2)

which leads to an enormous neutron electric dipole moment
[
dn ∼ eθ̄(mq/M2

N )
]
, unless the

parameter θ̄ is tiny (θ̄ ≤ 10−9).
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CP-violation

The effective action which included a θ -term

Seff = S[A] + θ
αs

8π

∫
d4xGµνa G̃aµν . (3)

This additional term violates P and CP, since it corresponds to an ~Ea · ~Ba interaction of the color
fields.
Perturbation theory is connected to the ν = 0 sectors where the GG̃ term vanishes. The effects
of the ν 6= 0 sectors thus necessarily are nonperturbative. These contributions are naturally
selected by the connection of GG̃ to the chiral anomaly. For nf flavors, the axial current Jµ5 has
an anomaly

∂µJ
µ
5 = nf

αs

8π
GaµνG̃

µν
a . (4)

The solution to the U(1)A problem is connected to the chirality breakdown in QCD in the ν 6= 0
sectors. Where

ν =
αs

8π

∫
d4xGaµνG̃

µν
a . (5)

To restore of CP symmetry, Peccei and Quinn suggested change θ to θ(x), and decomposed it
into an axial field a(x) (axion) that preserves CP conservation, and a small constant θ̄ that
encodes the CP-violating effect.
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CP-violated decay

Figure: The η(η′) → ππ decay process. The solid square represents the CP-violating vertex.

The current direct experimental 90% C.L. upper limits for CP-violated decays of η and η′ mesons

Γ(η → ππ)

Γtot
η

<

{
1.3× 10−5 for π+π−

3.5× 10−4 for π0π0 ,

Γ(η′ → ππ)

Γtot
η′

<

{
1.8× 10−5 for π+π−

4.0× 10−4 for π0π0

Data of the LHCb Collaboration Phys.Lett.B764 (2017) and PDG data
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CP-violation decay

Figure: The η(η′) → ππ decay process. The solid square represents the CP-violating vertex.

In framework of QCD rules was founded transition amplitude for decay η or η′ mesons into pion
pair [Shifman, Vainshtein, Zaharov NPB166(1980)]

fθηππ = −
1
√

3

θm2
π R

Fπmη (1 +R)2
, (6)

fθη′ππ = −
√

2

3

θm2
π R

Fπmη′ (1 +R)2
, (7)

where R is ratio of u- and d- quark masses. Here we was showed a connection CP-violation decay
with theta term of QCD lagrangian.

A.S. Zhevlakov ( TSU) page 9 28 Febrary 2019, Novosibirsk, PHIPSI19 9 / 17



Phenomenology Lagrangian

We use phenomelogical Lagrangian Leff formulated in terms hadronic degrees of freedom
(nucleons N = (p, n), pions π = (π±, π0), H = (η, η′) mesons and photons Aµ, which is given a
sum of free L0 and interaction Lint Lagrangians

Leff = L0 + Lint . (8)

L0 = N̄(i 6∂ −MN ) +
1

2
~π (�−M2

π)~π +
1

2
H(�−M2

H)H −
1

4
FµνF

µν , (9)

Lint = LπNN + Lη(η′)NN + LCP
η(η′)ππ + Lγππ + LγNN (10)

where

LπNN = gπNN N̄iγ5~π ~τ N , LHNN = gHNNHN̄iγ5N ,

LCP
Hππ = fHππMHH~π

2 ,

LγNN = eAµN
(
γµQN +

iσµνqν

2MN
kN

)
N ,

Lγππ = eAµ
(
π−i∂µπ+ − π+i∂µπ−

)
+ e2AµA

µπ+π− ,
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CP-violated decay

Phenomenology Lagrangian which described decay H = η(η′) into two pions have a form

LCP
Hππ = fHππMH H ~π 2 (11)

The decay width is given by

Γ =
|~pπ |

16πm2
H

|MHπ0π0 |2 =
1

2

√
M2
H − 4M2

π

4π
|fHπ0π0 |2 , (12)

Γ =
|~pπ |

8πm2
H

|MHπ+π− |
2 =

√
M2
H − 4M2

π

4π
|fHπ+π− |

2 , (13)

the lower result as the global upper limit from decays data:

|fηππ | < 2.1× 10−5,

|fη′ππ | < 2.2× 10−4 . (14)
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EDM of neutron

The well-known decomposition of the electromagnetic vertex function of baryons in terms of
relativistic form factors FI(Q2), with I = E,M,D,A, reads

N̄(p2)Γ(p1, p2)N(p1) = N̄(p2)
[
γµFE(Q2) +

iσµνqν

2m
FM (Q2)

+
σµνγ5qν

2m
FD(Q2) + (γµq2 − 2mqµ)γ5FA(Q2))

]
N(p1).

Here Q2 = (p2 − p1)2, m is the baryon mass, γµ, γ5 are the Dirac matrices, σµν = i
2

[γµ, γν ],
FE(Q2), FM (Q2), FD(Q2) and FA(Q2) are the electric, magnetic, dipole and anapole form
factors of baryons. The electric dipole moment of the neutron is defined as
dEn = −FD(0)/(2mN ).
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EDM of neutron
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Figure: Diagrams describing the nEDM in the framework of PS interactions between mesons and baryons.
The interaction with the external electromagnetic field occurs through the minimal electric coupling to
charged baryon or meson fields. The solid square denotes the CP-violating η π+π− vertex.

arXiv:1812.00171v1 [hep-ph]
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EDM of neutron
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Figure: Diagrams contributing to nEDM, which are induced by the PS coupling between pseudoscalar
mesons and nucleons and nonminimal electromagnetic couplings (anomalous magnetic moments) of
nucleons. The solid square denotes the CP-violating η(η′) → ππ vertex. Empty and shaded squares
correspond to nonminimal electromagnetic couplings of neutron and proton, respectively.
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Outline

Estimated value of EDM of neutron

dEn ' (6.62fηππ + 7.64fη′ππ)× 10−16e · cm. (15)

By using the current experimental constraint |dnE | < 2.9× 10−26 e · cm, we compute the upper
limits to the rare decay constants from the theory side. When assuming no correlation between
the coupling constants, they read:

|fηππ(m2
η)| < 4.4× 10−11, |fη′ππ(m2

η′ )| < 3.8× 10−11 . (16)

Thus, the boundary values for the rare decay widths Γηππ and Γη′ππ are strongly suppressed
when compared to the existing data [LHCb]

Br(η → π+π−) < 5.54× 10−17, Br(η′ → π+π−) < 5.33× 10−19, (17)

Br(η → π0π0) < 2.27× 10−17, Br(η′ → π0π0) < 2.17× 10−19. (18)
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Summary

Upper limits for rare decay widths of Γηππ and Γη′ππ from EDM of neutron is much
suppressed then we have from existed upper limits for these decay widths.

Upper limit for the θ̄ parameter in the Peccei-Quinn mechanism:

θ̄ < 4.7 · 10−10 for PDG data of nEDM and R = 0.468 (for ChPT mass of quark)

θ̄ < 2.5× 10−10 for nEDM ∼ 1.6× 10−26 e · cm and R = 0.468 (for ChPT mass of quark)

Question about other mechanism which can play a role in rare decay of η → 2π is opened.
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Thank you for attention!

Work of studying EDM of neutron was made in collaboration with: Valery E.
Lyubovitskij, Astrid N. Hiller Blin, Thomas Gutsche, Mikhail Gorchtein
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