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Snowmass 2021 whitepaper
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
5 Research Center of Nuclear Physics (RCNP), Osaka University, Japan

The spontaneous muonium to antimuonium conversion is one of the interesting charged lepton
flavor 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.

v~ MACE
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Workshop on a Future Muon Program at Fermilab

2023-03-28 Muonium-to-
. Anti [
Shihan Zhao Cg,:\':‘et::,':,':m
zhaoshh7@mail2.sysu.edu.cn Experiment

MACE working group: Ai-Yu Bai,! Yu Chen,! Yukai Chen,2 Rui-Rui Fan,2 Zhilong Hou,2
Han-Tao Jing,2 Hai-Bo Li, Yang Li,2 Han Miao,? Huaxing Peng,? Ying-Peng Song,?2
Jian Tang,! Jing-Yu Tang,? Nikolaos Vassilopoulos,2 Chen Wu,3 Tian-Yu Xing,? Yu Xu,’
Ye Yuan,2 Yao Zhang,2 Guang Zhao,2 Shihan Zhao,! and Luping Zhou?
1School of physics, Sun Yat-sen University, China
2[nstitude of High Energy Physics, Chinese Academy of Science, China
3Research Center of Nuclear Physics, Osaka University, Japan

Reference: Snowmass2021 Whitepaper: Muonium to antimuonium conversion, arXiv:2203.11406

https://arxiv.org/abs/2309.05933 C CLRV2023
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July 13, 2024

Conceptual Design of Muonium-to- Antimuonium Conversion

Experiment (MACE)

Ai-Yu Bai,' Hanjie Cai,> Xurong Chen,? Siynan Chen," Weibin Cheng,® Yu Chen,’
Yukai Chen," Rui-Bui Fan,' Li Gong,® Yinyuan Huang,® Zhilong Hon,' Huan
Jia,> Han-Tao Jing,' Xiaoshen Kang,® Hai-Bo Li,** Yang Li," Gnihao Lu,’
Han Miao,*" Yunsong Ning,! Huaxing Peng,*® Alexey A. Petrov.® Ying-Peng
Song,* Mingchen Sun,! Jian Tang.! Jing-Yu Tang,! Nikolaos Vassilopoulos,?
Sampsa Vihonen,! Chen Wu,” Rong Wang,”? Weizhi Xiong,® Tian-Yu Xing,**
Yu Xu,' Ye Youan,*® Yao Zhang,* Guang Zhao,? Shihan Zhao,' and Luping Zhou*
' Sehool of Physics, Sun Yat-sen University, Guangzhou 510275, China
2Institute of Modern Physics, Chinese Academy of Science, Lanzhou 730000, China
38chool of Physics, Liconing University, China
4 nstitute of High Energy Physics, Chinese Academy of Secience Beijing 100049, China
" University of Chinese Academy of Sciences,

Beijing 100049, People’s Republic of China
5 Department of Physics and Astronomy Wayne
State University, Detroit, Michigan 48201, USA
" Research Center of Nuclear Physics (RCNP), Osaka University, Japan

8 Institute of Frontier and Interdisciplinary Science, Shandong University
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Electromagnetic

Tiled timing Target : _ _ e T
counter (TTC) . x y Transport Magnet Calorimeter (EMC) Shihan Zhao and Jian Tang, Optimization of muonium yield in
Cylindrical drift solerieid perforated silica aerogel, Phys. Rev. D 109, 072012
Iron yoke chamber (CDC) /\
Iron yoke Csl (Tl Perforated silica
Electrostatic PMT crys(t al) sercgel
accelerator ,
Collimator

Preliminary Design of a Csl(TI) Calorimeter for
Muonium-to-Antin i ersion Experiment [z
Siyuan Chen '  Shihan Zhan *

Beryllium
chamber

d Interdisciplinary Science, Shandong University, Qingdao 266237, China

Beam pipe

Positron transport system in MACE experiment

Guihao Lu, Shihan Zhao, Jian Tang

Beam degrader

School of Physics, Sun Yat-sen University

V. MCP detects e™ position

<
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1m VI. e* annihilates on MCP
l. Surface muon — target — muonium VIl. EMC detects 2 back-to-back annih. y A
.  Decayinavacuum: M —e*e” Triple coincidence: A
lll.  CDC detects Michel e~ track > CDC/TTC + MCP + EMC
IV. Transport atomic e* to MCP (conserving | M d A MACE CDR X
transverse position) Michel e~ Atomic e*
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SMOOTH Portable Cosmic-ray Muon detector (SMOOTH-PClL)
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SMOOTH Portable cosmic-ray muon detector

® Implementing data backhaul using base stations.

® Successfully completed field test.

L \
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Local Server

® Contains location information, signal magnitude and flux.
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Polarization

alr
u* (~1MeV) scattering MC simulation for muonium transport
has been developed under the wt

Electron capire (~TkeV) MAGE offline software framewark. M
Musnium (~1008V) (@ Geant4 low-energy EM process.

Epithermal scattering @ Geanld AtRest process, modeled
3

+ phenomenologically.
Random walk (room temp.) © Random walk approac o thermal
+
Emission 1o vacuum muonium tracking.

Simulation:

atmospheric neutrino model

future experiments \ Motivation

/

muon related application /

high energy (Super-K) Y x
P, w1 inhistory
low energy (update before 1980)

o= T T L ERSAALL B R ALY I
=
s
@ S (this: work) O Sov. Phys. JETP 11,12 [1960)
N Phys. Rev. 122, 1883 (1961) A Sov.Prys. JETF 15,90 (1962)
@ Sov. Phys. JETP 15, 654 (1960) %  Proc Phys Soc T8, 1183 (1962)
é Phys. Aav. D 4, 17 (1971) Phys. Rav, D 44, 617 (1991)
5. Mino {1996)
s Muon polarization from piondecay ===~ ==+ Muon polarization from kaon decay
g Expacted mun polarization Phys. Rev. D92, 023004 (2018

Eon o b ool bl b b3

sl v el

0 10° 10
Muon momentum [GeV/c]
T ————

7/14/2024

muon with spin spectroscopy

CRmuSR design

Study of low energy cosmic-ray
CRmuSR simulation & result

measure tI!e cosm Ec-ray muon

momentum direction LGA

measure the Michel electron
azimuth angular distribution PDR

Veto

LGA performance

simulation result
Michel electron up-down asymmetry

PDR performance

array

system of array

\ experiment data / cosmic-ray muon lifetime

\ Michel electron up-down asymmetry

Counts /60 ps
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Hit Number of CRmuSR
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¥ CRmeSRFOR Down
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Article | Published: 17 May 2023
Limits on the luminance of dark matter from xenon

recoildata
A PHYSICAL REVIEW LETTERS

PandaX Collaboration

Nature (2023) | Cite this article Highlights Recent Accepted Collections Authors Referees Search Press About

Metrics

A

Search for Solar ®B Neutrinos in the PandaX-4T Experiment Using
Neutrino-Nucleus Coherent Scattering

Wenbo Ma ef al. (PandaX Collaboration)
8 Phys. Rew. Lett. 130, 021802 — Published 11 January 2023
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ABillions of DM may be passing through the Earth

every second, but they interact very rarely.

ADirect detection experiments operate underground

and search for DM via NR/ER.
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