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Muon Spin Polarization
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Muon produced by accelerator. Production of cosmic-ray muon.

Cosmic-ray Muon should have a complicated nature polarization property.




Accelerator Muon Beamline Around the World
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Muon Polarization in Frontier Experiments

Muon Polarization — Michel electron distribution
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Michel electron spatial distribution dnder different

Muon polarization calibration is essential on improving the accuracy for frontier experiments.



Muon Polarization in Applied Technologies

Muon spin rotation,/relaxation/resonance (uSR) is an important application technology for muon beamlines.
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Cosmic-Ray Muon Polarization
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R, = py/ Eyis the momentum-to-energy ratio of muon parent particles

Share production process

a is the angle between the parent particle’s momentum and the muon’s momentum.

Cosmic-ray muon polarization may help understand atmospheric neutrino production.
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Atmospheric Neutrino Eperiment
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Uncertianties of ATN flux
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How ATN Flux Uncertainties Effect Sensctivity?

Detector Event Rate ATN Flux Model
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CI: Which Energy region(Cosmic ray Muon) should we focus on?

Primary cosmic ray
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Sub-GeV cosmic ray muons (sea level) are closely connected to GeV atmospheric neutrinos (golden signal region).

We need a dedicated high-precision detector system to measure low-energy cosmic ray muon polarization!
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Figure: Historical experiment results of cosmic-ray muon polarization.

S 007H Figure2. Cosmic-ray muon polarization in deep underground 14



Cosmic-ray Muon Polarization Simulation

Mustard-based Air Shower Simulation toolkit (MusAriS)

Primary Cosmic-ray:
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Cosmic-ray Muon Polarization Measurements

Polarization Distribution Michel electron Distribution Experiment
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Momentum Direction resolution

Key to reconstructing K- Ratio:
The capability of reconstructing Michel electrons’ distribution



C5: How practicalis the experiment?

Phasc I: Exclude “CR muons are only produced by pion”

« Detector has prefect spatial resolution

o Michel e™ eventrate are 100 day™ for a1 m? detector

Event number to 30

Q
1
i \
\
o
\
‘ Y
107 Exposure > 2 m~* - yr
\
\
‘\
\‘\
106‘. \‘\
\.\
.

o
T 0
0.0 0.1 0.2 0.3 0.4 0.5

K-t ratio

Phasec II: Measure the K- Ratio with detector array

e K-mRatio = 0.2

o Detector Array has effective area O(10) m?
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The detector should support modular and array-based deployment.

0.24

17



Cosmic Ray Muon Polarization Measurement
How cosmic ray muon polarization measurement facilitates atmospheric neutrino physics?
Cosmic Ray Muon Polarization Detector (CRmuSR)

Summary and outlook



Cosmic-Ray muon Spin polarization detectoR (CRmuSR)

Momentum Direction Detector (MDD)

(
o« Reconstruct Muon Momentum Direction i
I
I
(

Muon Stopping Target (Target) =

o Stop the muon until it decay

Positron/electron Detector Ring (PDR)

. Reconstruct Michel e™ Distribution

Magnetic Shield o
iMagnetic Shield

L ________________

+ Shielding the geomagnetic field Conceptional Design Prototype Design
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MDD In CRmuSR Prototype

27 channels SiPM readout PCB board. (By Yi Yuan)

. LGA single layer design (27 channels version).
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PDR In CRmuSR Prototype

1)

Each unit in PDR (16 channels) SIPM Read?m

* 8scintillator detector with SiPMs

readout in both side.

Each PDR have 8 units (128 channels)
o« Covers2nazimuth anglewith

nearly no dead body.

CRmuSR has 2 PDR for Michel electron

detection.

Figure: (1) The design of single unit in PDR and the Figure: Two PDR arrangement in CRmuSR detector.
location of SiPM readout.(2) Single PDR unit detector.

SMoorH .



CRmuSR Prototype

A A YRR DR

‘@)7@ (% Yﬁ:il'ffﬁ » '
| a

Strange thought during the nucleic acid for Covid . First design for 2 PDR Signal and background simulation .

(Mainly by Mingchen Sun, Tao Yu, Yunsong Ning) (Mainly by Aiyu Bai)

CRmuSR assembly process (By SMOOTH lab)
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Preliminary Analysis

Time resolution of PDR is about 1ns.

Counts / 60 ps
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Preliminary analysis for time resolution of PDR.

Further data acquisition and analysis are in progress ...
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Preliminary analysis for cosmic-ray muon lifetime with PDR.
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Cosmic Ray Muon Polarization Measurement
How Atmospheric Neutrino Uncertainty Affects the Sensitivity of Neutrino Experiments?
Cosmic Ray Muon Polarization Detector (CRmuSR)

Summary and outlook



Summary and Global Network
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Cosmic Ray Muon Experiment
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New Physics Experiment

Muonium-to-Antimuonium Conversion Experiment

arXiv:2410.18817
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Average Polarization Calculation

COS oz\/l + R2 + Ry, + g(, Ry, Ryy)
P, = ,

\/QRp COS a\/l + R2 + (14 cos? )R, +2- /1 + ¢g?(a, Ry, Ryy,)

cosoz\/l + R2+ Ry, + Ry,
g(av Rp7 Rm) —

\/1+R%1\/2Rpcosa\/1+Rz%+ (1+cos?a)R, + 2

R,, = m,/my,is the mass ratio between muon and its parent particle

R, = py,/ E},is the momentum-to-energy ratio of muon parent particles

a is the angle between muon momentum direction and Michel electron momentum direction
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