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Probing new physics with 
Neutron Beta Decay



Why study neutron beta decay?
• Prototype for all weak decays of 

hadrons and leptons

• Input to tests of the Standard Model

• Input to Big Bang Nucleosynthesis 

models

What do we study? 
• Neutron Lifetime (𝜏𝑁)

• Correlations among decay 

parameters (𝜆)

𝑉𝑢𝑑 ∝
1

𝜏𝑁(1 + 3𝜆2)



The weak interaction
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In 2016, there was a bit of tension



Today….there’s more tension
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It’s an old slide, but it still checks out
1

222
=++ ubusud VVV

A measurement in the 10-4 range can probe BSM physics. 

Hardy and Towner, Ann. Phys. 525, 443 (2013)

Target 0.2s 
uncertainty



Vud from nuclear beta decay
• Defined primarily by superallowed Fermi (vector) 

0+→0+

• 2018 Paradigm shift:  new framework to 
understand γW-box diagram

• Radiative corrections smaller 
uncertainty + shift2

• Nucleus dependent corrections 
now a limiting uncertainty3

• Active area of continued development, challenging to resolve

• Strong need for precision data from other systems (neutron)

𝐹𝑡 ≡ 𝑓𝑡 1 + 𝛿𝑅 (1 − (𝛿𝑐 − 𝛿𝑁𝑆)) =
𝐾

2 𝐺𝐹𝑉𝑢𝑑
2(1 + Δ𝑅

𝑉 )
𝑉𝑢𝑑 = 0.97367(11)𝑒𝑥𝑝(13)Δ𝑅

𝑉(27)𝑁𝑆 (~0.03%) 1

PRL 121, 241804 
(2018)

13
[1] PDG, Phys. Rev. D 110, 030001 (2024)
[2] PRL 121 241804 (2018); PRD 100 073008 (2019), PRD 101 111301

(2020), PRD 104 033003 (2021), PRD 103 113001 (2021)
[3] PRL 123 042503 (2019), PRD 101 111301 (2020)

Courtesy of L. Broussard



Vud from neutron beta decay
• Neutron decay inputs

• 𝜆 = 𝑔𝐴/𝑔𝑉 from measurement; lattice 
calcs are %-level

• Decay lifetime
• Decay correlations

•

• Tension between different methods of 
determining 𝜏𝑛, 𝜆

Approximate targets*  

• 𝜏𝑛 < 0.3 s

• 𝝀 < 0.03%

𝑉𝑢𝑑
2 =

5024.7 s

𝜏𝑛 (1 + 3 𝜆2)(1 + Δ𝑅)

𝑉𝑢𝑑 = 0.97441(28)𝜏𝑛
 (𝟖𝟐)𝝀 (13)Δ𝑅

𝑉 (~0.1%)
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S. Baessler, UVA

*2023 FSNN LRP whitepaper, arXiv:2304.03451
PDG, Phys. Rev. D 110, 030001 (2024)

14Courtesy of L. Broussard



Plot from:  F. Gonzalez (ORNL)  Data from: 

Workman, R. L. et al, Particle Data Group (2022)

Current landscape in decay correlations

B+…

PERKEO III (2019)

aSPECT (2024)
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Courtesy of L. Broussard

• Tension in 𝜆 measurements
• Most precise determinations of 𝜆 

from A (PERKEO III) and a 
(aSPECT) are not compatible!
• Disagreement at level of 3 σ 

• Intriguing possibility: hint of 
influence of Fierz term b 

• Combined analysis: 
• 𝜆𝑐 = −1.2724(13)
• 𝑏𝑐 = −0.0184(65) (2.8𝜎 from SM)
• New experiments are needed to 
illuminate situation

https://pdg.lbl.gov/
https://pdg.lbl.gov/
https://pdg.lbl.gov/
https://pdg.lbl.gov/
https://pdg.lbl.gov/


Plot from:  F. Gonzalez (ORNL)  Data from: 

Workman, R. L. et al, Particle Data Group (2022)

Current landscape in decay correlations
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The Nab Experiment



Nab
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Spallation Neutron Source at ORNL (1.8 MW)



Spallation Neutron Source at ORNL (1.8 MW)
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Nab – first 𝜷-decay experiment at the SNS

• Measure beta decay 
parameters a,b:

 Δa/a ≈ 1e-3
 Δb ≈ 3e-3
• Detect electron and proton 

form neutron beta decay

• Measure electron energy 
spectrum and proton TOF → 
reconstruct decay kinematics

• Segmented Si detectors for 
decay particles
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Nab experiment
• Unique features

• World’s largest cryogen-free 
magnet [1]

• Novel thick, large area silicon 
detector system [2]

• Fast, powerful NI-based DAQ 
with flexible logic [3]

• Progress to date:

• 2019 – Magnet mapping campaign [1]

• 2021 – Experiment installation

• 2022 – Beam polarization studies;  magnet cooldown failure

• 2023 – Commissioning campaign  [4]

• 2024 – Detector system upgrades

• 2025 – Data-taking underway 

27

Photo by 

J. Fry, 

EKU

[1]  EPJ Web Conf 219 04002 (2019)

[2]  NIMA 735 (2014) 408;  NIMA 849 (2017) 83;  J. Phys: Conf Ser. 876 012005 (2017);  PRC 107 (2023) 065503

[3]  NIMA 1071 (2025) 170079

[4]  EPJ Web Conf 303 (2024) 05001
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Inside the Nab Detector System
• Silicon
• 1.5 or 2 mm thick
• 127 pixels



101 hours of production 
data taken in 2023

Phys.Rev.C 113 (2026) 3, 035501



Detector Studies

• Electronics

• Dead layer 

• Temperature effects

• Detector efficiency

• Detector electric field 
profile 

31

2023 2024 2025

Courtesy of W. SchreyerBlue - Upper detector functional pixels



Detector Temperature Studies

• Detector cooling system is capable of very stable (< 0.2 K) 
temperature regulation

• Study gain variation with temperature
• Detector thermal profile measurements

33

https://arxiv.org/abs/2601.05115 (in press at NIMA)
Love Richburg PhD 

https://arxiv.org/abs/2601.05115


Energy Calibration

CAVE

Specification for Δa = 3 ⋅ 10-5 

in Nab

ΔA = 3 ⋅ 10-5 in 

pNAB
gain factor (Δg/ g) fit parameter 0.18% 

Offset E0 (ΔE0) 0.3 keV 0.2 keV

nonlinearity (ΔEmax) 1.5 keV 0.3 keV

peak width (Δw) 1 keV 10 keV 

tail amplitude (Δt of  peak) 10-4 0.024

207Bi, 113Sn, 109Cd, 148Gd*



Summer 2023
First full phase space reconstruction of  neutron β decay (𝐸𝑒 > 100 keV)
1.6e7 events above background = Δ𝑎/𝑎 𝑠𝑡𝑎𝑡 ∼ 1%  (final goal <0.1%)

35
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Preliminary

• Successfully detected protons
• Identified electron-proton coincidences
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Plots courtesy of F. Gonzalez

Summer 2023
First full phase space reconstruction of  neutron β decay (𝐸𝑒 > 100 keV)
1.6e7 events above background = Δ𝑎/𝑎 𝑠𝑡𝑎𝑡 ∼ 1%  (final goal <0.1%)
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Summer 2023
First full phase space reconstruction of  neutron β decay (𝐸𝑒 > 100 keV)
1.6e7 events above background = Δ𝑎/𝑎 𝑠𝑡𝑎𝑡 ∼ 1%  (final goal <0.1%)



Summer 2023
First full phase space reconstruction of  neutron β decay (𝐸𝑒 > 100 keV)
1.6e7 events above background = Δ𝑎/𝑎 𝑠𝑡𝑎𝑡 ∼ 1%  (final goal <0.1%)

NOTHING OBVIOUSLY WRONG



Fall 2024/Spring 2025
Transitioning to Production Running
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Fitting Progress (simulated data)
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ulatio

n

A. Mullins (UKy)



Main project funding: 

The Nab Collaboration
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Nab and pNAB: 𝜆 for CKM Unitarity test
With Nab and pNAB, we can measure both 𝑎 and 𝐴 

correlation coefficients in the same apparatus.
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