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Parity violation in particle physics

I The parity is intrinsically broken in nature: For instance

n→ p+ + e− + ν̄R

Only left-handed neutrinos (right-haned anti-neutrinos) are
observed in the beta decay.

I According to the standard model of particle physics the
weak-interaction depends on the handedness (chirality) of
particles, breaking intrinsically the parity.

I The weak interaction is of very short-range and thus very
weak at a large distance d � M−1

W ' 10−17 m

V (r) =
αw

r
e−MW r .
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Parity violation in particle physics
Atomic parity violation

Atomic parity violation

I The APV has been measured (Wood et al, Science 1997),
agreeing with SM by 1.5σ: For 6s1/2(F )→ 7s1/2(F ′)

Im (EPNC) = Qw
kPNC

N
∼ |e|a0×10−11; Qexp

w = −73.16(28)(20)
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Atomic parity violation

I The measurement of APV places strong constraints on new
physics, complementing the collider searches, to give
ΛNP & 10 TeV. (Kumar et al 1302.6263)
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Weak interactions in superconductors

Parity violation in superconductors

I The low energy EFT of electrons in metal is described by

Leff = Ψ†
[
iDt +

1

2m∗

(
~σ · ~D

)2
+ µ

]
Ψ +

g

Λ2

(
Ψ†σ2Ψ

)2
+ · · ·
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⇤2

I The phonon int. opens a gap at the Fermi surface (BCS):

〈ψL(~pF )ψL(−~pF )〉 = 〈ψR(~pF )ψR(−~pF )〉 ∼ ∆
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Weak interactions in superconductors

Parity violation in superconductors

I In addition to the phonon exchange the electrons interact with
each other via the weak Z gauge-boson exchange:

−

−−

e− e

e e

Z

I At low energy the Z -boson exchange is approximately

LNCeff = −GF√
2
JZµ J

Zµ

where JZµ = −ψ̄Lγ
µψL + 2 sin2 θW ψ̄γµψ.
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Parity violation in superconductors

I The parity-violating Cooper-pair gap is found to be

δ∆=∆R−∆L =
(
1−4 sin2 θW

)
·GF√

2
·2p

2
F

π2

∆

vF
·ln

(
EF

∆

)
≈1.2×10−15 ∆ ,

where we have taken the weak mixing angle sin2 θW = 0.23,

EF =
p2
F

2m∗
= 10 eV and ∆ = 10−2 eV.

I The weak interaction induces the helicity-dependence on the
Cooper-pair gap ∼ 10−15∆, which might be measurable for
the processes that depend directly on the gap such as the
Andreev reflection.
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Weak interactions in superconductors

Andreev reflection

I The Andreev-reflection vertex is found to be

Lar = iκ ∂µθ(x) ∂µφ ψ̄
Cσ2ψ ,

with the coupling κ = g
2π2 · ∆

F ·
p2
F

Λ2 ln
(
EF
∆

)
.
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Andreev reflection

I Upon the Andreev reflection electrons gets polarized: the
bigger the gap, the more reflected. At each scattering the
electrons will be polarized by

δ∆

∆
∼ 10−15

I This polarization might be measured by the Spin-selective
Andreev reflection (SSAR) used to detect Majorana fermions
-Sun et al PRL (2016)
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Majorana neutrino in superconductors

I If the neutrinos are Majorana fermions, its mass violates the
electron number by two and contributes to the gap of
left-handed electron:

N
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δ∆ = ∆L −∆R = 10−36 ∆
( mν

0.1 eV

)2
(

EF

10 eV

)2

,
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Majorana neutrino in superconductors
Doubly charged Higgs

Doubly charged Higgs

I Certain BSM model such as type II seesaw predicts a heavy,
doubly charged Higgs, which will induce at low energy

L4F =
y2

M2
H

(
ψ̄c
LψL

)2
+ h.c.

I The doubly charge Higgs will contribute to the gap of
left-handed electrons:

L

H

e
L L

e e
L

c

e
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Conclusion

I We estimate the effect of parity-violating weak interactions on
the superconducting gap.

I The effect is tiny but comparable to APV that has been
measured.

δ∆= ∆R −∆L ≈ 1.2× 10−15 ∆ ,

I We propose to measure the parity-violating gap by using SSAR

I This new effect could test SM at low energy and put
constraints on possible new BSM physics.
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