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Parity violation in particle physics

P The parity is intrinsically broken in nature: For instance
+ p— -
n—p-4+e +g
Only left-handed neutrinos (right-haned anti-neutrinos) are

observed in the beta decay.

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

> The weak interaction is of very short-range and thus very
weak at a large distance d > l\/l\jv1 ~1071 m

V(r)= aTwe_MW'.
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Atomic parity violation

» The APV has been measured (Wood et al, Science 1997),
agreeing with SM by 1.50: For 6s;/5(F) — 7sy/2(F")

kpnec

Im (Epnc) = Quw ~ |elapx 1071 QP = —73.16(28)(20)

Cs Atomic Parity Violation

Stark induced forbidden transition
(C. Wieman et al. 1985-1996)
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Atomic parity violation

» The measurement of APV places strong constraints on new
physics, complementing the collider searches, to give
Axp 2 10 TeV. (Kumar et al 1302.6263)
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2. Parity violation in superconductors q q q
y P Weak interactions in superconductors

Parity violation in superconductors

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

N\ 2 2
Lo = W [/Dt+ (5-0) +u}w+g<\|ﬁa2w> T

2m, N2

V1 (PF) <::::jji:::>
A g
YL (—pr X§

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

(WL(PE)YL(=PF)) = (Yr(PF)YR(—PF)) ~ A
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Parity violation in superconductors

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

e Z e

> At low energy the Z-boson exchange is approximately

Gr 7,z
v

where J,f = —appytapy + 2sin? Oy Yyt

NC
‘Ceﬂ
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Parity violation in superconductors

» The parity-violating Cooper-pair gap is found to be
Gr 2p%2 A E
5A:AR—AL:(1—4sin20W)-—F-ﬁ—- n ( A’”) 1.2x107% A,

where we have taken the weak mixing angle sin? 6y, = 0.23,
EF_LleoeVandA_w eV.

» The weak interaction induces the helicity-dependence on the
Cooper-pair gap ~ 1071°A, which might be measurable for

the processes that depend directly on the gap such as the
Andreev reflection.
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Andreev reflection

» The Andreev-reflection vertex is found to be
N S

Lo = ik d"0(x) 0, by,
Er

. . g A P%
with the coupling k = 525 - 7 - 75 In (K) .
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Andreev reflection

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

5£ ~ 10715

» 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
3. New physics in superconductors Doubly charged Higgs

Majorana neutrino in superconductors

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

i B

GA—A, —Ap—10%n (™ ) (_EF i
CELTERT (O.leV> (10ev>’
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Doubly charged Higgs

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

LaF = —5

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

e g (o) (805
e —e. Ap 3keV My
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Conclusion

> We estimate the effect of parity-violating weak interactions on
the superconducting gap.
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4. Conclusion

Conclusion

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

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

SA=NAgr— N ~12x1075A,

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

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