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Muonium to Antimuonium Conversion Experiment(MACE)
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March 23, 2022 arXiv: 2203.11406

Muonium to antimuonium conversion:
Contributed paper for Snowmass 21

Ai-Yu Bai,! Yu Chen,! Yukai Chen,? Rui-Rui Fan,? Zhilong Hou,? Han-Tao Jing,? Hai-Bo Li,?
Yang Li,? Han Miao,?? Huaxing Peng,%? Alexey A. Petrov (Coordindator),® Ying-Peng Song,?
Jian Tang (Coordinator),! Jing-Yu Tang,? Nikolaos Vassilopoulos,?2 Sampsa Vihonen,! Chen Wu,?
Tian-Yu Xing.? Yu Xu.! Ye Yuan.? Yao Zhang.? Guang Zhao.? Shi-Han Zhao,! and Luping Zhou?
YSchool of Physics, Sun Yat-sen University, Guangzhou 510275, China
Institute of High Enerqy Physics, Beijing 100049, China
% University of Chinese Academy of Sciences, Beijing 100049, People’s Republic of China
* Department of Physics and Astronomy Wayne State University, Detroit, Michigan 48201, USA
® Research Center of Nuclear Physics (RCNP), Osaka University, Japan

The spontaneous muonium to antimuonium conversion is one of the interesting charged lepton
favor violation processes. It serves as a clear indication of new physics and plays an important role
in constraining the parameter space beyond Standard Model. MACE is a proposed experiment to
probe such a phenomenon and expected to enhance the sensitivity to the conversion probability by
more than two orders of magnitude from the current best upper constraint obtained by the PSI
experiment two decades ago. Recent developments in the theoretical and experimental aspects to
search for such a rare process are summarized.
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A NeW Charged LeptOI‘l Flavor Vi0|ati0n This effort is part of a global muon program under study within Snowmass
Prog ram at Fermilab * Muon decays (MEG and Mu3e)

* Muon conversion (Mu2e / COMET and Muz2e Il)

* AL=2 processes L' N— e*N
Bertrand Echenard — Caltech + Muonium — antimuonium (MACE)
with Robert Bernstein (FNAL) and Jaroslav Pasternak (ICL/RAL SCTF)

* General Low Energy Muon Facility (FNAL)

* Light new physics in muon decays (MEG-Fwd)

Potential Fermilab Muon Campus & Storage Ring Experiments Workshop
May 2021

A large community committed to muon physics at FNAL and around the world

e Theoretical Letter of Intent

Physics of muonium and muonium oscillations

Alexey A. Petrov!

! Department of Physics and Astronomy
Wayne State University, Detroit, MI 48201, USA

Precision studies of a muonium, the bound state of & muon and an electron, provide access to physics
beyond the Standard Model. We propose that extensive theoretical and experimental studies of
atomic physics of a muonium, its deeays and muonium-antimuonium oscillations could provide an
impact on indirect searches for new physics.

Search for Muonium to Antimuonium Conversion

Snowmass process and contributed papers A Tt Gt ettt s

5 Ay ~ tei - L] (RF1) Weak decays of b and ks
Frontier for Rare Processes and Precision Measurements R etk et ot e ot o g

O (RF3) Fundamental Physics in Small Experiments
[ (RF4) Baryon and Lepton Number Violaling Processes
W (RF5) Charged Lepton Flavor Violation (electrons, muons and taus)

Alexey A. Petrov l e Experimental Letter of Intent 5w s

Wayne State University U1 (Other) [Please specfy fromtierftopical grouplsii

Contact Information:(authors listed after the text)
Name and Institution: Jian Tang/Sun Yat-sen University
Collaboration: MACE working group

Contact Ermail: tangjian5 @mail.sysu.edu.cn

Abstract: It is puzzling whether there is any charged lepton flavor violation phenomenon beyond stan-
dard model, The upcoming Muonium (hound state of 4~ e”) to Antimuonium (s~ e*) Conversion Ex-
periment (MACE) will serve as a complementary experiment 1o search for charged lepion flavor violation
processes, compared with other on-going experiments like Mude (4 — ¢*e~e), MEGH (u* - ¢*7)
and Mu2e/COMET (i N - ¢~ N). MACE aims at a sensitivity of Pl "¢~ — g et} ~ O(10°1%], about
three arders of magnitude better than the best limit published two decades ago. It is desirable to optimize
the slow and ulira-pure j1* beam, select high-cficiency muonium formation maicrials, develop Monte-Carlo
simulation tools and design a new magnetic spectrometer to increase S/B.

YA TR T T T T T I [ S e R T T S D
Alexey A Petrov (WSU) 2 Muon Campus Experiments, 24-27 May 2021
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Detectors and concepts
for future CLFV experiments

MACE at EMuS

Bertrand Echenard
Caltech

NuFact 2021
Cagliari - September 2021

Jian Tang

EMusS — new muon facility in China (Snowmass 2021 RPP meeting)

MACE concept
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RIEMCIRI: 2F=5HFN
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