
Proc Indian Natn Sci Acad81No. 1 February 2015 Special Issue, pp. 169-173

c© Printed in India.

Contribution of π-η Mixing to the Difference Between p p and nn Scattering Lengths 
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We revisit the problem of charge symmetry violation (CSV) in nucleon-nucleon interactions due toπ-η

mixing driven by the neutron-proton mass difference. We construct the CSV potential and estimate the

contribution to the difference betweenpp andnn scattering lengths.
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Introduction

The study of symmetry violating phenomena of nucleon-nucleon (NN ) interaction is an interesting area

of research in nuclear physics. Such research might provide significant insight into the dynamics ofNN

interaction.

In nature,NN interaction violates both the symmetries - charge independence (CI) and charge symmetry

(CS). CI means neutron-neutron (nn), proton-proton (pp) and neutron-proton (np) interactions are equal,

while CS implies the equality betweennn and pp interactions only. CI is violated if CS violates, but

violation of CI may not lead to the violation of CS (Stevens, 1965; Henleyet al., 1972; Downset al., 1967).

In this paper we consider only CS violation (CSV) ofNN interactions which can be observed in various

experiments (Cheunget al., 1979) such as difference betweenpp andnn scattering lengths in the1S0 state

(Miller et al., 1990), difference of binding energy between mirror nuclei (Nolenet al., 1973), decay of

Ψ′(3686) → (J/Ψ)π0 etc (Miller et al., 2006).

There are various mechanisms lead to the violation of CS inNN interaction. For example, mixing of

isoscalar-isovector mesons can generate CSVNN interactions. At the fundamental level, neutral mesons

with same spin and parity of different isospins can mix because of up-down (u − d) quark mass difference
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which causes neutron-proton mass splitting at hadronic level. Such mass splitting may also leads to the

mixing like ρ-ω mixing (McNameeet al., 1975, Coonet al., 1977; Blundenet al., 1987; Machleidtet al.,

2001) andπ-η mixing (Coonet al., 1982; Maltman, 1993; Piekarewica, 1993).

Here we estimate the contribution ofπ-η mixing to the difference betweenpp andnn scattering lengths.

The mixing amplitude is driven by then− p mass difference. This mixing amplitude is the essential part of

the two body CSVNN potential. Note that the space-like mixing amplitude is relevant for the construction

of CSV potential.

The paper is organized as follows. The formalism is presented in Section II and we summarize our

results in Section III.

Formalism

To construct CSV two bodyNN potential one should calculate the Feynman amplitude of the diagram

shown in Fig. 1. In this figure, nucleons and mesons are presented by solid and dashed lines, respectively;

and the mixing is indicated by the crossed circles. The relevant Feynman amplitude is given in Eq. (1)

where,uN represents the Dirac spinors,Ππη(q2) is theπ-η mixing amplitude,τ3(1) andτ3(2) are isospin

operators at vertices ‘1’ and ‘2’. The vertex factor and meson propagator are denoted byΓj(q) (j = π, η)

and∆j(q), respectively.
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Figure1: Feynman diagram of CSVNN potential.

MNN
πη (q) = [ūN (p3)τ3(1)Γπ(q)uN (p1)]∆π(q)Ππη(q2)∆η(q)[ūN (p4)Γη(−q)uN (p2)]

+ [ūN (p3)Γη(q)uN (p1)]∆η(q)Ππη(q2)∆π(q)[ūN (p4)τ3(2)Γπ(−q)uN (p2)]. (1)

One may obtain the momentum space two bodyNN potential from Eq. (1) substitutingq0 = 0. In

this work we assume that the mixing is generated by theNN̄ loops and the difference between proton and

neutron loops contribute to the mixing amplitudeΠπη(q2)

Ππη(q2) = Π(p)
πη (q2)−Π(n)

πη (q2), (2)
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whereΠ(p)
πη (q2) andΠ(n)

πη (q2) are thep-loop andn-loop contribution to theπ-η mixing self-energy. Isovector

mesonπ and isoscalar mesonη couple to proton with the same sign but couple with opposite sign to neutron

which brings a relative sign between proton and neutron loops. The one loop contribution to the mixing

self-energy is given by

iΠ(N)
πη (q2)=

∫
d4k

(2π)4
Tr[Γπ(q)GN (k)Γη(−q)GN (k+q)] , (3)

whereN = p or n and nucleon propagator:

GN (k) =
k/ + MN

k2 −M2
N + iζ

. (4)

Thevacuum contribution ofπ-η mixing self-energy for pseudoscalar (PS) and pseudovector (PV) couplings

are respectively

Π(N)
vac (q2) = 4igπgη

∫
d4k

(2π)4

[
M2

N−k · (k+q)
(k2 −M2

N )((k + q)2 −M2
N )

]
. (5)

Π(N)
vac (q2) = 4i

(
gπ

2MN

)(
gη

2MN

)∫
d4k

(2π)4

×
[
q2(M2

N−k · (k+q))−2q · (k+q)(k · q)
(k2−M2

N )((k+q)2−M2
N )

]
. (6)

From the dimensional counting it is found that both the integralsi.e. Eq. (5) and Eq. (6) are diver-

gent. We adopt dimensional regularization to isolate the singularities of the above equations. Following the

technique described in (Biswaset al., 2010) one obtains the approximatedπ-η mixing amplitude in vacuum:

ΠPS
vac(q

2) = ΠPV
vac (q

2) = −a1q2, (7)

wherea1 = gπgη

4π2 ln
(

Mp

Mn

)
. In the limit Mp = Mn mixing amplitude vanishes. Thus CSVNN potential

does not exist ifMp = Mn. This mixing amplitude is used to construct the CSVNN potential which reads

V NN
CSV (q2) = T+

3

gπgη

4M2
N

ΠPS
πη (q2) (σ1 · q)(σ2 · q)
(q2 + m2

π)(q2 + m2
η)

[
1− q2

8M2
N

− P2

2M2
N

]
, (8)

whereT+
3 = τ3(1)+τ3(2) andP = (p1 +p3)/2 = (p2 +p4)/2. The coordinate space CSVNN potential

reduces to

V NN
vac (r) = −T+

3

gπgηa1

48πM2
N

[
m5

πU(xπ)−m5
ηU(xη)

m2
η −m2

π

]
. (9)

Here

U(xi) = Y0(xi)(σ1 · σ2) + S12(r̂)Y2(xi) (10a)

Y2(xi) =
(

1 +
3
xi

+
3
x2

i

)
Y0(xi) (10b)

S12(r̂) = 3(σ1 · r̂)(σ2 · r̂)− (σ1 · σ2) (10c)
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wherexi = mir, i = π, η andY0(xi) = e−xi/xi.

Since hadrons have internal structures one needs to incorporate vertex corrections through phenomeno-

logical form factors:

Fi(q2) =
(

Λ2
i −m2

i

Λ2
i + q2

)
, i = π, η. (11)

HereΛi is the cut-off parameter. With the inclusion of form factors Eq. (9) reduce to

V NN
vac (r) = −T+

3

gπgηa1

48πM2
N

[(
aπm5

πU(xπ)−aηm
5
ηU(xη)

m2
η −m2

π

)

− λ

(
bπm5

πU(Xπ)−bηm
5
ηU(Xη)

m2
η −m2

π

)]
, (12)

whereXi = Λir, i = π, η and

ai =

(
Λ2

j −m2
j

Λ2
j −m2

i

)
, (13a)

bi =

(
Λ2

j −m2
j

m2
j − Λ2

i

)
, i 6= j, (i or j = π, η) (13b)

λ =

(
m2

η −m2
π

Λ2
η − Λ2

π

)
. (13c)

TheseCSV NN potentials given in Eq. (9) and Eq. (12) can be now used to estimate the contribution

to the difference betweenpp andnn scattering lengths at1S0 state using the following relation

∆a = −a2M

∫ ∞

0
∆Vvac u2

0(r) dr (14)

where∆Vvac = V nn
vac − V pp

vac, ∆a = app − ann, a2 = annapp andu0(r) is the zero energy wave function

(Kermodeet al., 1990).

Summary

In this work we have estimated the contribution ofπ-η mixing to difference betweenpp andnn scattering

lengths using the CSV two bodyNN potential. We have computed∆a and it is found that∆a = 0.00082

fm without form factors and with form factors it is−0.0001 fm.
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