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Main requirements:
- Detects incoming muon while minimizing scattering
- Generates trigger signals for “storable” muons

(reject out of acceptance muons)
- <25 ns sighal delay from muon detection to HV switch

100 pm thin scintillators for the magnetic kicker
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Proof of concept experiment in 2022

Beam Test at PSI in 2022 to test the idea (no magnetic field)
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Beam Tune A
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Reproduced event topologies
after activating the optical
photon processes in Geant4



5-10 mm thick scintillators

Totrance scintiato

nominal muon
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Using G4beamline and musrSim

models to:

1) Optimize detector geometry
to maximize storage fraction

2) Optimize SiPM readout
locations to maximize
photon collection efficiency
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Fast electronics design to satisfy stringent timing requirements

(procured the fastest chips on the market)

To WaveDAQ

SiPMs 10 ns
- iserimi <70 ns 30 ns
(Entrance Scint.) Discriminator

Anti- Transmission line

coincidence i and coil

SiPMs ...
' E Discriminator 10 ns
(Active Aperture) 10 ns

On PCB inside vacuum (5 ns)

To WaveDAQ Total delay < 140 ns

Positron 0.017 <3 0.6 <12 <4
Muon 0.190 5~9 §) 20~36 7~12
Pion 0.307 8~12 9 32~48 11~16

Detector response to various particle species
drives the electronic design
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Electronic design and fabricat
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Test 3D spiral injection

* Clockwise (CW) and counter-
clockwise (CCW) injection

 Momentum control when switching
between CW and CCW injection

Characterize Trigger Detector

» Performance of fast electronics
readout

* Acceptance rate and rejection rate

* |nduced background studies
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Preliminary results

Analysis ongoing,
preliminary results show
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Scheme of detectors > 95% signal efficiency
Exit Hex Trigger efficiency at the anti-coincidence
Clockwise injection tube  Gate s
Beamiion o, | 1
Bl | | T TR
S 8 ' = 3 @ =z 3 | =
- = 5 88 $2 588
Counter-clockwise 0% 5§ 2 g g T - 3 2 %
. s . - "'0‘ . O = = 3 — = = 0
injection tube o7 & § T g g 28 T 5 28 %
- 2 E § 2 2 = 3 S 3
0.96 {. {. T E
TOF DEt Apertu re 0.95— b +
0.94(—
Photons Received by SiPM per event
£ - > F 4 LVTTL g 120~ :
o - o 2 17: Waveform examples LVTTL
S 0.03¢ 10 MeV/c e* ® 300 T4: Waveform example s T &
§ - Ei = ® Gate SiPM 01 S 100 ® Gate SiPM 01
20-025_— g 250 ® Gate SiPM 02 g " ® Gate SiPM 02
o — = E
= - — 27.5MeV/ic p* o 3 A Gate SiPM 03 80— A Gate SiPM 03
0.02— . -
N - Y Gate SiPM 04 60— ¥ Gate SiPM 04
- 150— . B :
0.015/— Threshold Cut: 2 p.e. for e™ = i : disolisichaiin
- 100 0=
0.01 Threshold Cut: 3 p.e. for ™ = g
- S0 20—
0.005— ol o“
OJI ] I I I I I I I I I Lod I I = : -—50 :_l L 1 1 l 1 1 L L l L L L 1 l L 1 1 L l 1 1 1 1 l L 1 % 1 1 | | l | | | l 1 1 | 1 l | 1 1 | l 1 | 1 1 l 1 1
0 10 20 30 40 50 -20
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Photons P.E Time [0.1 ns] Time [0.1 ns]

Response to different species A good muon (with TTL signal) A “bad” muon (without TTL signal)



) Fuddnw

</ TSUNG-DAO LEE INSTITUTE

Summary and outlook

* The Muon Trigger Detector is a crucial component of the experiment, supplying
the trigger signal to the magnetic kicker for storable muons.

* The selection of plastic scintillator + SIPM + custom PCB technology is
supported by the successful beam tests conducted at PSI in 2022 and 2024

A further round of revisions will occur before the permanent installation of the
detector in the storage solenoid.
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Talks and Publications

e Talks
« MIP 2023, MIP 2024, NuFact 2023, NuFact 2024

 Publications

* The muon trigger detector for the PSI muEDM experiment: design, simulation and
beam test results (to be submitted to Nuclear Science and Technigues)

* Development of Fast Front-End Electronics for the Muon Trigger Detector in the PSI
MUEDM Experiment (to be submitted to IEEE Transactions on Nuclear Science)

 Beam test performance of a prototype muon trigger detector for the PSI muEDM
experiment, arXiV:2501.01546 (submitted to RDTM for review)

* Research and development of a muon entrance trigger for the muEDM experiment at
PSI, Nucl. Part. Phys. Proc. 346 (2024) 58-62



https://arxiv.org/abs/2501.01546

