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Laboratory/Beamline Energy/ Present Muon Future estimated
Power +/ - Rates [Hz] */ - Rate [Hz]

Jian Tang School of Physics



Motivation

* EMusS is foreseen at CSNS and provides a potential platform for both muon and neutrino
experiments

* Besides the muon science as uSR techniques in applications, can we conduct any physics study
there?

* R&D platform for MOMENT, a future muon-decay medium-baseline neutrino beam facility

 High-precision cross section are requested in the next-generation accelerator neutrino
oscillation experiment.

* EMusS is an R&D platform for the accelerator and target station design
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T2K experimental strategy T2K\
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Intense beam Oscillation? Big, far detector——
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The largest uncertainty from the neutrino interactions

* Itis a major goal of near detectors in T2ZHK/DUNE to pin
down uncertainties in neutrino interaction cross sections.

* Different neutrino interaction cross sections change fitting
neutrino mixing parameters dramastically.

Extracting neutrino mixing parameters in T2K analysis
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Measurements of low-energy neutrino interactions

« CC v, at <Ev> =300 MeV at EMuS

* ~1000 CC events / ton / year at CSNS — 1
* x50 with capture system and decay channel upgrades at CSNS-II
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Why Muonium?

* Muon: elementary particle, 200 times heav1er than an electron,
lifetime of 2.2 ps. s

e Muonium: B

Hydrogen Atom

~ Bound state of ],l and € governed by QED

- Similar to Hydrogen but free from the finite size of proton.

- Hyperfine structure splittings.

e Muonium 1s-2s and HFS spectroscopy:
— test of bound-state QED

— fundamental constants: m ,R_, mu/mp . qlu/qe

— fundamental symmetries
e Muonium — antimuonium:

— put limits on the charged LNV
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Muonium HFS
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Avyes: Mu Hyperfine Structure Zeeman Splitting
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Ref. K. Shimomura, see the MuSEUM project in Japan.
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Muonium HFS
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Ref: The MuSEUM project in J-PARC.
Hyperfine Interact (2017) 238: 14
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Muonium to anti-muonium conversion beyond SM

* Lepton number violating process beyond SM.

* For example, prediction in the type-II seesaw model.
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Muonium productions

* Latest progress made by PSI.

. . ("#@ ‘vacuum’
« From chemical potential E/k ~270 K: i T i
Mu atoms are ejected from bulk Super He
ré‘j
Fluid Helium with v = 6.3 mm/us SFHe te 03K
. @
'j_l,_'P*-““*‘—r / Mu from SFHe
- R
[l./ +\I— £ — 4t \
D Mu » Mu - !
N £ 37
/j’-l-':>< f‘ 9| Thermal |
T - Mu (296 K}
0 25 5

Ref: Anna Soter's talk

7.5 10 125
Velocity [km/s]

Jian Tang School of Physics

12



Detections of muonium to anti-muonium conversions

* Follow the apparatus at PSI built more than 20 years ago.

e Continous muon source: 8x10° u*/s, p=26 MeV with 5% spread.
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Major sources of background in the latest

measurement
* Accidental coincidence between an energetic e produced by Bhabha

scattering of e" from 1" decay in a muonium and a scattered e".

* Physics background from " decay (pulsed muon source helps):
IJ_I_ - €+ Vev_”e_l_e_
Branch ratio = 3.4x10".

* How pin down these backgrounds?

- MCP-based TOF system with a FWHM of 3.3 ns. => modern TOF
system improved by a factor of 10.

- Cathod strip hadoscope in a 0.1 T field to measure e".

- e" accelerated to 7 keV and measured by a Csl calorimeter with 350
keV resolution.

Detected muonium: 5x10-3/p*
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Latest results in PSI 20 years ago

* Chamber/counter techniques

* Search for an energetic electron from normal muon decay in
coincidence with an ~13.5 keV kinematic energy positron.
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Rough estimates of physics prospects in EMuS

* Pulsed muon source: 10°=>10°% u*/s

* Muonium efficiency: 1.8% => 5% ???
* Total accumulation: 510" muonium.
e Detected muonium: 5x1073/u*,

* The same chamber/counter technique with a better timing
TOF to suppress the backgrounds: =>10.

 Expect a factor of >100 improvement of the current limit!
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Summary

* EMusS offers a chance to measure the cross section of neutrino
interactions, which helps precision measurements of neutrino
mixing parameters like T2ZHK and DUNE.

* EMusS provides a good testbed for Muonium physics, including
precision measurements of hyper-fine structure splittings,
muonium to anti-muonium conversions.

* A bunch of new models predict the existence of muonium to
anti-muonium conversions.

* The latest experimental results achieved 20 years ago.

* Current limits can be significantly improved with modern
technology and the advent of new and intense muon sources.

* Welcome to working together to pursue Muonium physics.

Thank you for your attention.
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Backup

EMuS full scheme: Schematics of the 5 T
adiabatic capture SC solenoid: Vacuum Cryostat

Baseline experimental scheme

Coil support
Proton beam (4kW, 1.6GeV) l

Thermal shield

Pion collecti

Surface p section

decay p section (~15m)

(quads)

W shields SC coils

6r target
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