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whereY € {L, R} and O € {V, A, S, T} and the operators
are explicitly given by (Pr, r = 1/2(1 Fs5))
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ARTICLE INFO ABSTRACT

Article history: The experimental sensitivity to u — e conversion on nuclei is expected to improve by four orders
Received 16 March 2017 of magnitude in coming years. We consider the impact of u — e flavour-changing tensor and axial-
Received in revised form 6 May 2017 vector four-fermion operators which couple to the spin of nucleons. Such operators, which have not
ﬁ\c,f,ielﬂfﬁg éilil\rf:yzgol\};y 2017 previously been considered, contribute to ;& — e conversion in three ways: in nuclei with spin they
Editor: J. Hisano mediate a spin-dependent transition; in all nuclei they contribute to the coherent (A2-enhanced) spin-
independent conversion via finite recoil effects and via loop mixing with dipole, scalar, and vector
operators. We estimate the spin-dependent rate in Aluminium (the target of the upcoming COMET and
Mu2e experiments), show that the loop effects give the greatest sensitivity to tensor and axial-vector
operators involving first-generation quarks, and discuss the complementarity of the spin-dependent and

independent contributions to @ — e conversion.
© 2017 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
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Abstract

The experimental sensitivity to @ — e conversion will improve by four or more orders of magnitude in coming years,
making it interesting to consider the “spin-dependent” (SD) contribution to the rate. This process does not benefit from
the atomic-number-squared enhancement of the spin-independent (SI) contribution, but probes different operators.
We give details of our recent estimate of the spin dependent rate, expressed as a function of operator coefficients at the
experimental scale, and explore the prospects for distinguishing coefficients by using different targets. For this purpose,
a geometric representation of different targets as vectors in coefficient space is introduced. It is found that comparing
the rate on isotopes with and without spin could allow to detect spin dependent coefficients that are at least a factor
of few larger than the spin independent ones. Distinguishing among the axial, tensor and pseudoscalar operators that
induce the SD rate would require calculating the nuclear matrix elements for the second two. Comparing the SD
rate on nuclei with an odd proton vs odd neutron could allow to distinguish operators involving u quarks from those
involving d quarks; this is interesting because the distinction is difficult to make for SI operators.
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Lepton number violation (LNV) and
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events / channel (0.5 MeV)

backgrounds

positrons from photon conversion
after radiative muon/pion nuclear u” +Ti—et+ Ca(gs)

capture uw~ +Ti—e™ + Ca(ex)




u-+ N(Z) —2et + N*(Z-2)

Lepton number violation (LNV)
and CLFV => CLNLFV

signal signature

backgrounds

positrons from photon conversion
after radiative muon/pion nuclear
capture

w” +Ti—e™+Ca(gs)

w~ +Ti—e™ + Ca(ex)

showing that aluminium
IS not a good target

PRI
-

mass relation for target selection
M(A,Z—1)> M(A,Z — 2)
for M (A, Z)



L- to e+ conversion
- PRD paper Magse”” | it

PHYSICAL REVIEW D 96, 075027 (2017)

Future experimental improvement for the search
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The conservation of lepton flavor and total lepton number are no longer guaranteed in the Standard
Model after the discovery of neutrino oscillations. The y~ + N(A,Z) - e* + N(A,Z — 2) conversion in a
muonic atom is one of the most promising channels to investigate the lepton number violation processes,
and measurement of the y~ — et conversion is planned in future y~ — e~ conversion experiments with a
muonic atom in a muon-stopping target. This article discusses experimental strategies to maximize the
sensitivity of the = — e™ conversion experiment by introducing the new requirement of the mass relation
of M(A,Z—-2) < M(A,Z—1), where M(A,Z) is the mass of the muon-stopping target nucleus, to
eliminate the backgrounds from radiative muon capture. The sensitivity of the y~ — e™ conversion is
expected to be improved by 4 orders of magnitude in forthcoming experiments using a proper target
nucleus that satisfies the mass relation. The most promising isotopes found are “°Ca and 3°S.

DOI: 10.1103/PhysRevD.96.075027
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