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The STRONG 2025 physics case for neutron lifetime experiments
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CKM matrix unitarity

- SM relation of Vug, A, and 7,
7, [Beam]
0.976 St (5263.284 £0.017) s
;\ T4 (143g2) (1 +45.37(27) x 1073) (1 +27.04(7) x 10-3)
—— 0974} y
| 3] Current uncertainties:
— og72) § SM theory: 2.7 x 104
| - ga (Perkeo Ill): 4.4 x 104
9T Eﬁs Tn (UCNT, 2024): 2.7 x 10+
ol 5 Vud (UCN and PERKEOII); 4.2 x 104
T Vud (0) 3.0 x 104
876 878
Tensions among various methods to Longterm science goal:
extract Vug, in particular PDG averages _
and most precise measurements Vud at 10'4 WIO nUCI. StrUCture COI‘I‘eCtlonS
M. Gorchtein and C.-Y. Seng; P Vander Griend et al., arXiv:2501.17916
Universe 2023, 9(9), 422 B. Markisch, et al., Phys. Rev. Lett. 122, 242501, 2019R.

R. Musedinovic, et al., arXiv:2409.05560
L. Hayen, Ann. Rev. Nucl. Part. Sci. 74 (2024) 497

M. Fertl - TM: HPIHE, July 21 2025 2 | G|U



https://arxiv.org/abs/2501.17916
https://arxiv.org/abs/2409.05560

The STRONG 2025 physics case for neutron lifetime experiments: hadronic physics

A 10-4 - test of CKM unitarity, free of nuclear structure corrections needs a commensurate neutron-based value of Vyq
from the measurements of 7 and 4, to fully leverage the sensitivity to BSM physics.

Precision hadronic physics calculations required and in turn tested by neutron experiments.

One-loop Feynman diagrams of electroweak RC that probe non-perturbative strong interactions.

_‘;‘W (axial-vector) and _I;/W (vector):

Determination through:
= dispersive and non-dispersive approaches

C.-Y. Seng, et al., Phys. Rev. Lett. 121, 241804, 2018

(" /D

L/

= |attice QCD

Ma, et al., Phys. Rev. Lett. 132, 191901, 2024
M. Gorchtein and C.-Y. Seng; Universe 2023, 9(9), 422

|deal synergy with Mikhail Gorshteyn.
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The STRONG 2025 physics case for neutron lifetime experiments

Neutron lifetime puzzle New in 2024
Update from cold neutron beam coupled
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The STRONG 2025 physics case for neutron lifetime experiments
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Fully-magnetic UCN storage in the 7SPECT experiment

UCN (ultra cold neutrons) are special as their kinetic energy
( <300 neV(!)) is on the same scale as their magnetic, gravitational
and strong interaction with matter and fields

= confinement in e.qg. fully magnetic “bottles”

M. Fertl - TM: HPIHE, July 2nd 2025
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Fully-magnetic UCN storage in the 7SPECT experiment

UCN (ultra cold neutrons) are special as their kinetic energy
( <300 neV(!)) is on the same scale as their magnetic, gravitational
and strong interaction with matter and fields

= confinement in e.qg. fully magnetic “bottles”

TSPECT uniquely deploys:

* a fully magnetic bottle built from SC and permanent magnets
* In-situ spin polarization of UCN (at magnetic wall)

* in-situ spin-flip to make externally produced UCN trappable
without moving or ramping magnetic walls

* In combination with in-situ neutron detection
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Fully-magnetic UCN storage in the 7SPECT experiment

UCN (ultra cold neutrons) are special as their kinetic energy
( <300 neV(!)) is on the same scale as their magnetic, gravitational
and strong interaction with matter and fields

= confinement in e.qg. fully magnetic “bottles”

TSPECT uniquely deploys:

* a fully magnetic bottle built from SC and permanent magnets
* In-situ spin polarization of UCN (at magnetic wall)

* in-situ spin-flip to make externally produced UCN trappable
without moving or ramping magnetic walls

* In combination with in-situ neutron detection

TSPECT Is highly complementray to UCN7 experiment and

will scrutinize their stated uncertainties with the ultimate goal
to surpass their sensitivity in the future.
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Initial results of the TSPECT experiment

Successful demonstration of the unique
UCN-spin-flip loading scheme in Mainz
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Excellent performance
in 2024 with statistical
reach of 1s uncertainty!
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TSPECT goals and timeline within STRONG 2025

Extrapolation of statistical sensitivity
from 2024 performance
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TSPECT Is the

only operating neutron lifetime experiment in Europe

to scrutinize the neutron lifetime puzzle and to provide the
indispensable input fora neutron-based extraction of Vg
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TSPECT goals and timeline within STRONG 2025

Extrapolation of statistical sensitivity 1) Support the travel for experimental shifts at PSI to
from 2024 performance collect data in 2026 with ZSPECT and the preparation
107 S Co-boaration Tode 1: exclisive uoe of TSPECT operation at upgraded UCN source.
—— Co-operation mode 2: parallel fillin
Co-operation mode 3: delayed fillng (M1-M48, Milestone at M16: finished data taking)

2) Support one PhD student for three years to complement
the analysis team that extracts (M1-M36).

AT /s

3) Support travel to collaboration meetings in Mainz, at
PSI|, and further collaborators (M4, M16, M28, M40).

50 100 150 200 250 300 | | o _
Measurement time in days 4) Financial support for the organization of two topic-

SPECT is the focused workshops possibly at ECT* or MITP to bring

the European and international community together.
only operating neutron lifetime experiment in Europe (Milestones at M16 and M32)

to scrutinize the neutron lifetime puzzle and to provide the
indispensable input fora neutron-based extraction of Vg
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Proposal for STRONG 2025: budget and collaborators

Support of PhD student (3 years, 75% EG13, direct + indirect = total): 210 KEUR + 52.5kEUR = 262.5 KEUR
Support for travels for data taking, collaboration meeting: 4x(30kEUR + 10 KkEUR) = 120.0 kEUR
Support for two topical workshops: 2X(15kEUR + 3.75 kEUR) = 37.5 kKEUR
Total budget request for 4 years: J60KkEUR + 90kEUR = 450KkEUR
Participating partners:

Prof. Dr. Martin Fertl, S. Vanneste, N. Pfeifer, J. Auler, V. Ermuth, S. Kaufmann (all JGU Mainz)
Dr. Dieter Ries and Dr. Bernhard Lauss (Paul Scherrer Institute, Switzerland)
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Backups
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A fully-magnetic UCN bottle for the zSPECT experiment

Complete magnetic storage eliminates any loss
channel related to material wall interactions
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A fully-magnetic UCN bottle for the zSPECT experiment

Superconducting solenoids for

— axial magnetic field
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Complete magnetic storage eliminates any loss
channel related to material wall interactions
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A fully-magnetic UCN bottle for the zSPECT experiment
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The spin-flip loading scheme of TSPECT
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The spin-flip loading scheme of TSPECT
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The spin-flip loading scheme of TSPECT
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