F o X % dpmeg

SCHOOL OF PHYSICS

Progress of MACE at EMuS

Jian Tang()

2021.07.

1 KZESMOOTHERE ==

= 1)
20
BT, Wt R BT

B, B, BHE. MR, TR
\HEP & 1EZ: BESF. RE. #HBE, B nikos. FHW. W, HEZE

L e

Muonium to Antimuonium Conversion Experiment(MACE)



Table of contents

® Motivation of MACE

@ Software: MC simulation tool for MACE

®Hardware: cosmic muon veto and muon beam monitor
®Summary

2021/7/18 Jian Tang 2



Three frontiers in Particle Physics

o €01 Fro,, * High-energy frontier

 High-intensity frontier
« Cosmic Frontier

Origin of Universe

Unification of Forces

New Physics

Search for new physics
beyond SM:

What's the origin of v mass?

Matter-antimatter asymmetry?
What is DM?
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High-intensity/high-precision frontier
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Proposed at the international Review of EMuS in November of 2019.
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Muonium to Antimuonium Conversion Experiment( [E/CSNS)
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Muonium to antimuonium beyond SM

* Lepton flavour violation process beyond SM.
* For example, predicted by type-11 seesaw model.
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Figure 2.3: Dirac-Box (a)

O e* (k).

Figure 2.5: Majorana-Box (c)

| P(M — M) || Gpy/Gr | Experiment |
<21x107% [ <0.29 Huber et al. (1990)
<’(’)')x1() 7 -01(;

Matthias et al. (1‘)()1)

The best limit!

Figure 2.4: Dirac-Box (b)
() e* (k).

Figure 2.6: Majorana-Box (d)
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Toy MC simulation

generate high-energy e in coincident o
with low-energy e* -
. + - At A—
» prdecays: UT — eTVevyere
« Anti-muonium decay signals by position-time coincidence

 Backgrounds: o D *\v'i;fii;i
» u* decays to e*, Bhabha scattering to i Y o
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Muonium generators in Toy MC simulation

E 50 : Csl_calorimeter
Track of electron E r . ;"T”ES . Ei:i
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* Injected muons: 1.2 X10° of pu*

 In our simulation, 76% detection
efficiency.

 Consistent with PSI muonium

formation results.

Distribution of R-dca

I TR AR
10 15 20
TOF-TOFexpected [NS]

 Happen at the same vertex:
AR|~R, < 12.0 mm

* Happen at the same time:

|At~TOF-TOF gy ecte
TOF =10 + t(2)

1<4.5ns:

Courtesy: Yu-Zhe Mao
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Rare decays in Toy MC simulation

1. Preliminary results in simulation. Disbuion of R-dca
» 1.056 X 10° of p* W - e
*BRof u* > e*e ey, v, : o~
is set to 100%. e —

_5OE||\\‘||\‘\\||\\|\\||\\‘\|

2. Compared with PSI estimates ™ ® * ° ° 7 * oo
e 0459 X107 of u" Rare decay * Happen at the same vertex:
« 1.7 background events expected. AR[~Ryc < 12.0 mm

« Happen at the same time:

|At~TOF-TOF ¢y ecte
TOF =10 + t(2)

4<4.5ns:

Courtesy: Yu-Zhe Mao |:> Cross check and improvement on the way.
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ser-ablated holes
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4
relative " yield o< m'stop density - u*Range - length : Previous experience
“n-o_-SP. T p(6/12), : * Hot tungsten in 1986:
SP. p(Z]A), : 4% from 4 MeV u*
Q\/\ﬁ /\ : * SIO, powder in 1990:
~0%712) ; 1%-2% from 4 MeV p*
- b, |+ SiO, film(cold) in 2012:
z 40% from 5 keV p*

Proposed target: aerogel, super fluid helium...

™ Mu ‘vacuum'’ Mu from SFHe
4 5 . X 1 :
D / T T T ’ \
W O u*, .
H Mu Mu ) »e "% 37
3 o i : 92 L Thermal |
o ~ SFHe 1€ 03K &1} PENERCE
S|O2 ‘Mu + "‘ *\</ 0 [I—— . l: Fo— .
} + 0 25 5 75 10 125
Ref: Anna Soter's talk H Velocity [km/s|
Silica powder Super Fluid Helium
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Thermal diffusion of Muonium in SiO,

S e muoniumy= A 1 PR ER AL . muonium = A B A J T B
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D: ERAT R e S
e AR 132
Ph.D Thesis

Alex Grossmann, Myonium produktion beim Experiment zur Suche nach Myonium Antimyonium Oszillationen (1995)
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Thermal diffusion of Muonium in SiO, gel
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Thermal diffusion of Muonium in SiO, gel
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Thermal diffusion of Muonium in SiO, gel
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