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Neutron Lifetime

Why measure the Neutron Lifetime?

a) Big Bang Nucleosynthesis (He abundance)
[Cyburt et al., doi:10.1103/RevModPhys.88, 2016]

b) CKM Unitarity (Vud)
[Marciano and Sirlin, doi:10.1103/PhysRevLett.96.032002, 2006]
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Neutron Sources

• Reactors: Nuclear Fission
• FRM II (Munich)
• ILL (Grenoble, France)
• TRIGA Mainz
• ...

• Accelerators: Spallation
• SINQ (Villigen, Switzerland)
• SNS (Oak Ridge, USA)
• ESS (Lund, Sweden)
• ...
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τSPECT@TRIGA Mainz

30 ms Pulse:
250 MWth

10 MWs
1015 n/cm2s

5 Pulses / h
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Neutron Reflection

’Enrico Fermi. Note e Memorie (Collected Papers), vol. II, United States 1939-1954’,

Roma 1965, Accademia Nazionale dei Lincei
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Fermi Pseudopotential

VF =
2πℏ

mn
ρbcoh

mn: Neutron Mass
ρ: Number Density
bcoh: Coherent Scattering Length

Typically: bcoh > 0

E.g. Nickel: bcoh ≈ 10fm⇒ VF ≈ 250neV
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In-Beam τn Measurement

[Nico et al., doi:10.1103/PhysRevC.71.055502, 2005]

Needs Absolute:
• Neutron Detection
• Proton Detection
• Decay Volume Determination
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Ultracold Neutrons - UCN

Subatomic Particles at Human Velocities

Ekin ® 335neV

⇔

v ® 8ms−1

D. Ries (SPIN2018) τSPECT September 13, 2018 8 / 22



τn Neutrons Beam UCN τSPECT

UCN Production

[Karch et al., doi:10.1140/epja/i2014-14078-9, 2014]
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UCN Interactions

• Strong Interaction
• Neutron Optical Potential (Fermi Potential):
• VF ∝ ρbcoh
• 58Ni: ∼335 neV, Stainless Steel: ∼190 neV, Al: ∼54 neV

• Gravity
• 102.5 neVm−1

• Magnetism
• Spin polarization with strong magnetic fields
• μn = −60.3neVT−1
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Stored UCN Lifetime

Illustration: A. Serebrov
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The Lifetime Puzzle
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Neutron Lifetime

Why n-lifetime?

a) Big Bang Nucleosynthesis (He abundance)
[Cyburt et al., doi:10.1103/RevModPhys.88, 2016]

b) CKM Unitarity (Vud)
[Marciano and Sirlin, doi:10.1103/PhysRevLett.96.032002, 2006]

c) “It’s 2018 and we cannot agree on τn to better than 7s?!”

τn,beam = 887.7± 1.2± 1.9s
6=

τn,stored = 878.5± 0.7± 0.3s
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UCN Interactions
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The Lifetime Puzzle
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τSPECT

Why τSPECT?
• Wall Losses: Hard to Monitor, Large Extrapolations

• ⇒ Full Magnetic Storage
• Depolarization Losses: Possible to Monitor

• aSPECT → τSPECT:
• Axial Confinement: Well-known Magnet
• Decay Proton Detection Shown by aSPECT
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τSPECT Fields
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Measurement Procedure
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1. UCN production (30 ms reactor pulse)

2. Fill UCN into τSPECT Magnet from the left
• Polarization due to high Magnetic Field
• Simultaneously: Intensity Monitoring (not spin-flipped

Neutrons)
• Short Axial Field Lowering (spectral cleaning)

3. Wait ...
4. Count remaining UCN
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τSPECT Schedule

• Phase I
• Aim: ∆τn ® 1.0s
• Commissioning: 2018
• Data Taking: 2019
• Neutron Detection only (in-situ)
• Extensive Systematics Studies

• Phase II
• Aim: ∆τn ® 0.3s
• Commissioning: ∼2020
• Neutron and Decay-Proton Detection
• Depolarization Detection
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Progress

July 2018
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Summary

• Free Neutron Lifetime: Puzzle to be Solved!

• UCN: Valuable Tool for Fundamental Neutron Research

• τSPECT at TRIGA Mainz: τn Results in Upcoming Years

Institute of Nuclear Chemistry & Institute of Physics
Johannes Gutenberg University Mainz
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Thank you for your attention!
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Backup
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Distribution of Scattering Lengths

[Peshkin and Ringo, doi:10.1119/1.1986132, 1971]

The Fermi (Pseudo-)potential is typically a positive value!
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DM Interpretation of the N Decay Anomaly
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