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Contribution of 7-n 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 dug to
mixing driven by the neutron-proton mass difference. We construct the CSV potential and estimate the
contribution to the difference betwegp andnn scattering lengths.
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Introduction

The study of symmetry violating phenomena of nucleon-nuclééi] interaction is an interesting area
of research in nuclear physics. Such research might provide significant insight into the dynaias of
interaction.

In nature,N N interaction violates both the symmetries - charge independence (CI) and charge symmetry
(CS). Cl means neutron-neutronr{), proton-proton §p) and neutron-protonnfp) interactions are equal,
while CS implies the equality betweem and pp interactions only. ClI is violated if CS violates, but
violation of CI may not lead to the violation of CS (Stevens, 1965; Heeta)., 1972; Downst al., 1967).

In this paper we consider only CS violation (CSV)/éfV interactions which can be observed in various
experiments (Cheungt al., 1979) such as difference betwggnandnn scattering lengths in theS, state
(Miller et al., 1990), difference of binding energy between mirror nuclei (Neteal., 1973), decay of
’'(3686) — (J/ )7 etc (Miller et al., 2006).

There are various mechanisms lead to the violation of CS M interaction. For example, mixing of
isoscalar-isovector mesons can generate @8V interactions. At the fundamental level, neutral mesons
with same spin and parity of different isospins can mix because of up-dewnd) quark mass difference
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which causes neutron-proton mass splitting at hadronic level. Such mass splitting may also leads to t
mixing like p-w mixing (McNameeet al., 1975, Cooret al., 1977; Blundert al., 1987; Machleidet al.,
2001) andr-n mixing (Coonet al., 1982; Maltman, 1993; Piekarewica, 1993).

Here we estimate the contributionofy mixing to the difference betweeam andnn scattering lengths.
The mixing amplitude is driven by the — p mass difference. This mixing amplitude is the essential part of
the two body CSVIV N 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 Il and we summarize ot
results in Section Il1.

Formalism

To construct CSV two bodW N 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, respective
and the mixing is indicated by the crossed circles. The relevant Feynman amplitude is given in Eq. (]
where,uy represents the Dirac spinoii§,, (¢?) is ther-n mixing amplitude;r3(1) andr3(2) are isospin
operators at verticed*and ‘2’. The vertex factor and meson propagator are denoteld;by) (j = =, )
andAj(q), respectively.

Figurel: Feynman diagram of CSVN N potential.

MEN(q) = [un (ps)73(1) (@) un (p1)] A (@) rn(¢*) Ay (@) [t (pa) T (— @) unv (p2)]
+ [an (p3) T (@)un ()] Ay () ey (%) Ar (@) [an (p4) 73(2) T (—q) un (p2)]- 1)

One may obtain the momentum space two bady potential from Eq. (1) substitutingy = 0. In
this work we assume that the mixing is generated byNté loops and the difference between proton and
neutron loops contribute to the mixing amplitude,, (¢?)

Iy (q?) = %) (¢%) — 110 (¢2), )
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Whereﬂgﬁi) (¢%) andHSr’li) (¢?) are thep-loop andn-loop contribution to ther-n mixing self-energy. Isovector
mesonr and isoscalar mesoncouple 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

. d*k
i) (2)= / Gyt (@GN (BT ()G (b+a)), @3)
whereN = p orn and nucleon propagator:
K+ My
Gn(k) = T e M T ic (4)

Thevacuum contribution of-n mixing self-energy for pseudoscalar (PS) and pseudovector (PV) couplings
are respectively

- Ak M%—k - (k+q)
il (%) = 4Zgwgn/(2ﬂ)4 [(m - M]?VN)((k +q)? — szv)] ' ®
(g g d'k
) = 4 (55) () [k,
[qQ(M?v—k (k+q)—2q - (k+q)(k - q)] 6)
(K2—M2)((k+q)2—M2)

Fromthe dimensional counting it is found that both the integriads 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 (Biswasal., 2010) one obtains the approximateg mixing amplitude in vacuum:

HvPaSc(qz) = HvPa‘g(q2) = _aqu’ (7)

wherea; = gﬁ" In (%—:) In the limit M,, = M,, mixing amplitude vanishes. Thus CSVN potential

™

does not exist if\f,, = M,,. This mixing amplitude is used to construct the CSW potential which reads

Vésy(a®)

ot B8 077 @) (o1-a)oz-a) [ o> P2 @
PAMY (a? +m2)(a? +m3) 8M2  2M2 |’

whereT;" = 73(1) +73(2) andP = (p1 +Pp3)/2 = (p2 + p4)/2. The coordinate space CSVN potential
reduces to

5 5
NNpy et Se8par MU (zx) —mpU(ay)
Veae (r) = =T 48T M% mz —m2 ©)
Here
U(zi) = Yo(xi)(o1-02) + S12(F)Ya(w:) (10a)
3 3
Ya(zi) = (1 i3y x2> Vo) (10b)

S12(f) = 3(01-1)(02-F) — (01 - 02) (10c)
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wherex; = m;r,i = m,npandYy(x;) = e % /x;.
Since hadrons have internal structures one needs to incorporate vertex corrections through phenome
logical form factors:

A? — mf .
Fi(q®) = <A2_|_qQ>a 1=, (11)

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

_T+ gﬂ'g’l’]a’l [(aﬂm?rU(xw)_anmgU(xn>>

Vi (r) =

vace S A8t M%, mZ —m2
\ bwm;r’rU(Xw)—bnm%U(Xn) 12
- m2 — m2 ) ( )
n ™
whereX; = A;r, i = m,nand
A2 — m2>
4 = J J (13a)
1 2 2 )

(Aj —m;

A2 —m?2
(mi_A%» i#j, (torj=mmn) (13b)
A= | =—F). (13c)

AZ— A2

TheseCSV N N potentials given in Eq. (9) and Eqg. (12) can be now used to estimate the contribution
to the difference betwegrp andnn scattering lengths atS, state using the following relation

Aa = —a2M/ AV ug(r) dr (14)
0

whereAV,q. = Vi — VI, Aa = app — anp, a® = annapp andug(r) is the zero energy wave function

vac

(Kermodeet al., 1990).

Summary

In this work we have estimated the contributionref) mixing to difference betweepp andnn scattering
lengths using the CSV two body N potential. We have computetle and it is found thatAa = 0.00082
fm without form factors and with form factors it is0.0001 fm.
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