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Snowmass2021 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.
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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
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Conceptual Design of Muonium-to- Antimuonium Conversion

Experiment (MACE)

July 13, 2024
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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
> = 4=~ e [ ol I Q174N
o« WU ZFATHIIA, FEFREFEMACESL R

7/14/2024 tangjian5@mail.sysu.edu.cn 10




Tiled timing
counter (TTC)

Iron yoke

Beam pipe

Beam degrader

MACESEISIZiTRIH R

Electromagnetic

Target :
Calorimeter (EMC)

Transport
solenoid

Magnet

Cylindrical drift

chamber (CDC)

Iron yoke Csl (Tl)

crystal

Electrostatic PMT

accelerator )
Collimator

Beryllium
chamber

4 V. MCP detects e* position
1m VI. e* annihilates on MCP
1 Surface muon — target — muonium VIl. EMC detects 2 back-to-back annih. y ®
Il.  Decayinavacuum: M - e*e” Triple coincidence: .
lll.  CDC detects Michel e~ track > CDC/TTC + MCP + EMC
IV. Transport atomic e* to MCP (conserving | ~ ~ d .
transverse position) Michel e~ Atomic e*
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Shihan Zhao and Jian Tang, Optimization of muonium yield in
perforated silica aerogel, Phys. Rev. D 109, 072012
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K* - u*+v,(v),.n* > pu*+v

* T —K ratio will improve precision of

atmospheric neutrino model.
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Ref: Super-Kamiokande Collaboration. arXiv: 2403.08619
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SMOOTH Portable cosmic-ray muon detector
® Contains location information, signal magnitude and flux.
® Implementing data backhaul using base stations.

® Successfully completed field test.

SMOOTH Portable Cosmic-ray Muon detector (SMOOTH-PClL)
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MC simulation for muonium transport
has been developed under the
MACE offline software framework.
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Article | Published: 17 May 2023

Limits on the luminance of dark matter from xenon
recoil data

PHYSICAL REVIEW LETTERS

PandaX Collaboration

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

Metrics

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

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

every second, but they interact very rarely.

 Direct detection experiments operate underground

and search for DM via NR/ER.

&

1
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Gradient of Xe discovery limit, n = —(dIn¢/d In MT) ™!
2.0 25 3.0

Xe neutrino fog

et 10!
x Dark matter mass [GeV /c?]

REHI R IAR LR

Snowmass2021 Cosmic Frontier Dark Matter Direct

Detection to the Neutrino Fog (2203.08084 )
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PandaX: status and future. Jianglai Liu § talk. PandaX collaboration.

SI WIMP-nucleon cross section [cm?]
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The DARWIN project. Julien Masbou 5 talk. DARWIN collaboration.

E o XENONI10
E~ @ZEPLIN-IIT
- . In~ 20 years
E
E ENON100
- oX oLUX
= ePandaX-II
= XENONIT PandaX-4T
= ® o
E XENONNT
= Ey
= LZ
E solar neutrinos (pp, 'Be) DARWIN / G3
K EEE——|
_Il | IIIIIII| | IIIIIIII 1 IIII\III 1 L1 1 1.1
107 107 1 10
Target Mass [t]
sz A==z =z473d0| = 1A
et e S oy S e
19




. KEHE v.s RiRF

- ERYIRIRNEETF, EEREESFIRREFETF 9 neno P
RN ENVE Sk -5y A

boson\ recoil

al nucleus
+  FEXENSMRFENZSRIR SRR RBHL * a?;/v
WIREIR AR, NIRRTk % o
scintillation
10740} DD Limit = 0
g2 — 3 b o o
L, 10 g ‘T_z 103% hhhhh Ethr=0.1 keV -
§ 10
S 10 < 0] j
% 10 g | i
o Neutrino Floor f £ 10| \  Em=dkeV
O 107%0 - : my=100 GeV 1
c E —10~49 2 ¥
10752 N £ 2 10_32 — gn:gisir:v 3
100" 10° 10" 102 10®  10° § 22

DM Mass [GeV] S sl N N
107" 10° 10 10?

PRAFHARFTE X — P FIREE
Energy E [keV]

7/14/2024 tangjian5@mail.sysu.edu.cn 20



+ B R b AT i IC

s Q:EEFD)

0N =H

il
i

7/14/2024 tangjian5@mail.sysu.edu.cn 21




7/14/2024

H SNO, 2013 (68%)

i PandaX, 2023
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Test statistic g,
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Ref: Fei Gao's talk@IDM2024
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NR of neutrinos v.s DM
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Asymptotic analysis on binned likelihood
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Asymptotic analysis on binned likelihood

Speed Accuracy Extensible
Monte Carlo simulation ~1 day v v
Asimov dataset ~30 minutes v sometimes X
Asymptotic-Analytic Method|~10 seconds |v" for big statistics v
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Asymptotic analysis for neutrino fogs

Gradient of discovery limit, 7 = —(dInopr /dInN)~!
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Neutrino fogs for different targets
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Summary and outlooks

Neutrino floor is around the corner for the
next-generation DM experiments. CEVNS
might hinder DM discovery. Data mining?
One stone for two birds: CEVNS and DM.
Precision measurement of CEVNS is a probe
of new physics.

Further understanding of nuclear response?

Discovery of new physics or exclusion limits

In the new experiment.

More are coming! Stay tuned...



