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HyperMu experiment at PSI

Paul Scherrer Institute
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π−

HyperMu experiment at PSI

590 MeV proton beam on graphite target μ−
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π−

HyperMu experiment at PSI

590 MeV proton beam on graphite target μ−

PiE5 continuous µ- beamline
➢ Rate  ~ 2000 /s
➢ Momentum ~ 12 MeV/c
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Principle
➢ Stop muon in 1mm H2 gas at 22 K , 0.5 bar

➢Wait until µp atoms de-excite and thermalize
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Amaro et al. SciPost Phys. 13, 020 (2022)



Principle
➢ Stop muon in 1mm H2 gas at 22 K , 0.5 bar

➢Wait until µp atoms de-excite and thermalize

➢ Laser pulse : µp(F=0) + ɣ → µp(F=1)

➢ De-excitation : µp(F=1) + H2 → µp(F=0) +  H2 + Ekin

11

Collision

F=0

F=1

Laser

µp(0.1 eV)

Nuber et al., SciPost Phys. Core 6, 057 (2023)
Amaro et al. SciPost Phys. 13, 020 (2022)
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Principle
➢ Stop muon in 1mm H2 gas at 22 K , 0.5 bar

➢Wait until µp atoms de-excite and thermalize

➢ Laser pulse : µp(F=0) + ɣ → µp(F=1)

➢ De-excitation : µp(F=1) + H2 → µp(F=0) +  H2 + Ekin

➢  µp diffuses to Au-coated target walls

➢ formed µAu*  de-excites producing X-rays
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Principle
➢ Stop muon in 1mm H2 gas at 22 K , 0.5 bar

➢Wait until µp atoms de-excite and thermalize

➢ Laser pulse : µp(F=0) + ɣ → µp(F=1)

➢ De-excitation : µp(F=1) + H2 → µp(F=0) +  H2 + Ekin

➢  µp diffuses to Au-coated target walls

➢ formed µAu*  de-excites producing X-rays

➢ Plot number of µAu X-ray event vs laser frequency

Laser frequency
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Laser excitation – Optical Bloch equation

❑ Inelastic collisions

❑ Elastic collisions

❑ Laser bandwidth

❑ Doppler broadening
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Amaro et al. SciPost Phys. 13, 020 (2022)



Laser excitation – Lineshape
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Amaro et al. SciPost Phys. 13, 020 (2022)



Laser excitation – Lineshape

Transition Linewidth Saturation fluence Wavelength Signal:BG Signal

2S-2P 20 GHz 0.016 J/cm2 
6.0μm 6:1 2P-1S in µH 

HFS 200 MHz 44     J/cm2 6.8μm 1:10 X-ray from µAu 
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Laser system

μ-
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 6.8 µm

❖ ~2 mJ of 6.8 μm, ͳ=50 ns
❖ < 100 MHz bandwidth
❖ >40 GHz tunability
❖ 200 1/s rep. rate
❖ TEM00 beam M2  ~1
❖ Stochastic trigger, latency <1 μs



Laser system

Trigger from µ-

Thin Disk Laser
λ =1030 nm

110 mJ

μ-
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❖ ~2 mJ of 6.8 μm, ͳ=50 ns
❖ < 100 MHz bandwidth
❖ >40 GHz tunability
❖ 200 1/s rep. rate
❖ TEM00 beam M2  ~1
❖ Stochastic trigger, latency <1 μs

 6.8 µm



Laser system

~2 mJ at
 6.8 µm

Nonlinear downconversion
1030 nm → 6788 nm

Thin Disk Laser
λ =1030 nm

μ-

110 mJ
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Trigger from µ-

❖ ~2 mJ of 6.8 μm, ͳ=50 ns
❖ < 100 MHz bandwidth
❖ >40 GHz tunability
❖ 200 1/s rep. rate
❖ TEM00 beam M2  ~1
❖ Stochastic trigger, latency <1 μs



Laser system

CW 1532 nm
Seed laser (tunable)

CW 1979 nm 
Seed laser

CW 1030 nm 
Seed laser

Nonlinear downconversion
1030 nm → 6788 nm

Thin Disk Laser
λ =1030 nm

μ-

110 mJ
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Trigger from µ-

❖ ~2 mJ of 6.8 μm, ͳ=50 ns
❖ < 100 MHz bandwidth
❖ >40 GHz tunability
❖ 200 1/s rep. rate
❖ TEM00 beam M2  ~1
❖ Stochastic trigger, latency <1 μs ~2 mJ at

 6.8 µm



Laser system in reality 21



Laser system

Thin-disk laser system 
at near-infrared

Nonlinear downconversion
to mid-infrared

Frequency 
calibration
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Thin-disk Laser system 
at near-infrared

Frequency 
calibration

Nonlinear downconversion
to mid-infrared

Laser system 23



Laser system is ready 

~2.4 mJ at 6788 nm

>200 /s  rep. rate

M2
avg ~ 1.09

Frequency tunable

Difference
Frequency 
Generation

6788 nm
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Multipass enhancement cell

Laser pulses

- Resonant in z-axis
- Unstable in xy-plane
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μ −
❖ Tight alignment 

constraints
❖ High reflectivity 
❖ Cryogenic compatible
❖ High fluence in muon 

stopping volume

ොz



Multipass enhancement cell

- Resonant in z-axis
- Unstable in xy-plane
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Laser pulses

❖ Tight alignment 
constraints

❖ High reflectivity 
❖ Cryogenic compatible
❖ High fluence in muon 

stopping volume

ොz



Multipass enhancement cell 27

❖ Tested multiple coatings
❖Measured reflectivity of 99.5% 

at 6.8 μm



Multipass enhancement cell

(Future)
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❖ Tested multiple coatings
❖Measured reflectivity of 99.5% 

at 6.8 μm
❖ Test at 20 K



Multipass enhancement cell

❖ Tested multiple coatings
❖Measured reflectivity of 99.5% 

at 6.8 μm
❖ Test at 20 K
❖ Developing a Segmented cell 

(expected effective R ~ 99.9%)

(Future)
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Signal and BG : Muon diffusion
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Signal and BG : Muon diffusion

S:B ~ 1:4
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Diffusion BG

Laser excited
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Signal and BG : Simulated resonance 

S:B ~ 1:4
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Signal and BG : Simulated resonance 

S:B ~ 1:4

S:B ~ 1:10
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Signal and BG : Total background

S:B ~ 1:10
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Signal and BG : Detection system prototype 35
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μ-

❖ Realistic material budget
❖Measured detection probability

❖  µAu event = 80%
❖ false e- iden. = 9%

❖ Fulfils requirements



Signal and BG : Detection system prototype

μ-

❖ Realistic material budget
❖Measured detection probability

❖  µAu event = 80%
❖ false e- iden. = 9%

❖ Fulfils requirements
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Hypermu-Beamtime

5 weeks of beamtime in 
PiE5 Nov-Dec 2026

μ-

Full integration (μ- beam, laser, enhancement cell, 

detector, cryogenic target….)

Detector test for the first time in PiE5

First diffusion data 

First resonance search attempt

Goals
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