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counter

left left

right right

Scintillator-based Detector (Current Generation)

forward veto
backward veto

forward
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backward

Adapted from: General Purpose Surface-Muon Instrument (GPS). User Guide.

Measure:
Time of Arrival of muon and positron
Temporal asymmetry between forward
and backward signals

Limitations:
No positional information of muon
Rate limitation

Maximal 1 muon per time frame
Limited observation time

40 kHz (18 kHz acceptance)
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Scintillator-based Detector (Current Generation)

Measure:
Time of Arrival of muon and positron
Temporal asymmetry between forward
and backward signals

Limitations:
No positional information of muon
Rate limitation

Maximal 1 muon per time frame
Limited observation time

40 kHz (18 kHz acceptance)

Current Setup:
Keep current version of GPS
Have a new one to move in at any time
50% of all MuSR publications at PSI
using GPS at one point
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Next Generation

Idea of using Si-Pixel around since 2006
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First segmented detector from 2003
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From electrical to optical  
Send a package every 

Front-end FPGA Board 

Receives data from the detectors  
Sorts the data in time
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PC Interface FPGA Board 

Connected via 8-lane PCIe 3.0 to PC
Synchronisation of different FEBs 

Terasic DE5e-Net board
DDR 3/4 memory for data buffering
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Pixel-based Detector - xy-µSR

2 layer tracking using pixel sensors
Vertex reconstruction with corryvreckan 

http://gitlab.cern.ch/corryvreckan
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Pixel-based Detector - xy-µSR

2 layer tracking using pixel sensors
Vertex reconstruction with corryvreckan 

Increase muon rate by 10 - 100 times
Several smaller samples at once
Probe local domains of the sampes

Sample

Downstream
layers

Upstream
layers

http://gitlab.cern.ch/corryvreckan
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Pixel-based Detector - xy-µSR

Clock system

Track

reconstruction and

vertex matching

Sample

Laser

100Hz - 1kHz

Simplified detectors

Continuous muon beam

Detector

cables

“pumps”“probe”

Continuous readout - time (TS) in arb. unit

Muon TS - Positron TS

1. Laser pulse

2. Laser pulse

Muons and positrons beloning to each other are marked by color

Preform triggerless pump-probe xy-µSR
Sort muons according to their arrival time relative to the pump stimulus
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Testbeam Telescope

Transversal polarized surface muon
beam @ PSI - PiE3 beamline 

     (09/2023, 09/2024)

Goals:
Measuring vertex resolution < 1 mm
Measuring spin rotation
Mapping magnetic field in sample
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Setup 09/2023

14

Image from Lukas Mandok BTTB Talk
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DAQ
3 data-links per sensor × 1.25 Gbps

Setup 09/2023

Image from Lukas Mandok BTTB Talk
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DAQ
3 data-links per sensor × 1.25 Gbps
Mu3e soft- and hardware

Front-end Board

Electrical cable
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DAQ
3 data-links per sensor × 1.25 Gbps
Mu3e soft- and hardware
Light sensitive sensors

Optical cableElectrical cable

Setup 09/2024
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Setup 08/2025 and 11/2025

First MuPix11 operation in vacuum
(~10-7 mbar) / water cooling
First operation near a cryostat
Plastic Scintillators for timing
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Right now! In “Real-Time”



CNC processed 3d object
Move z-position during analysis

Intersection incoming muons and positron trajectories
Lateral vertex resolution ≤ 1 mm
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Vertex Resolution 3D VµSR "Tomography"

CNC processed 3d object
Move z-position during analysis

Intersection incoming muons and positron trajectories
Lateral vertex resolution ≤ 1 mm
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Vertex Resolution

Combination of multiple runs
Measurment of different objects

Intersection incoming muons and positron trajectories
Lateral vertex resolution ≤ 1 mm
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Sample
Aluminum disk
     = 6 mm
B = 6.3 mT

Results
Low statistics (3s)
Same precession frequency

      0.868±0.057 MHz (Quad)
      0.857±0.002 MHz  (GPS)

Negligible background

5 cm

Spin Rotation
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Field Map

19

a) Silver plate with permanent magnet
b) Simulation of the magnetic field

c) Measurement of magnetic field
d) Zoomed in simulation

NOTE: Z scale is the same



MuSR
Material Science Technique
Measurement of novel battery and quantum materials
Challenges are good vertex and high muon rates

Quad and DAQ
Development of first Si-Pixel based MuSR detector
Fully triggerless system was designed and implemented
Analysis of test runs

More tests in magnetic filed are happening right now!

Wrap-Up
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