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Abstract: 
        Ultracold neutrons are consistently proving their merit as an experimental test bed for high energy physics, despite 

being only a thousandth of a degree about absolute zero.  In the southwestern desert of the United States, high 
precision experiments at the Los Alamos Neutron Science Center (LANSCE) can probe regions of the Standard 
Model normally associated with LHC physics. The Fierz interference channel, for example, may compete with 
Standard Model electroweak quark decay from, as yet, undiscovered tensor and scalar interactions in the TeV 
domain. Fierz interference can inßuence all three of the decay parameters being measured at LANSCE: the neutron 
lifetime, the beta asymmetry coe!cient A, and the spectral shape parameter $b_n$, also known as the Fierz 
interference term for the free neutron. I will discuss both the possible new physics that can create a non zero term, 
and present results and outlook from the UCNA experiment, particularly designed to measure $A$, but capable of 
setting interesting limits on $b_n$.
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Effective beta decay
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Generalized electroweak symmetries

Full Lagrangian for beta decay over all Dirac matrices and chiralities  

In the Standard Model, (including radiative corrections) 

All other couplings serve as test for new physics!
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The most general Fierz term for nuclear beta decay 

Fermi and Gamow-Teller terms are special cases 

Neutron beta-decay provides a combination

April 12,,  2016

Fermi + Gamow-Teller Fierz interference
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\frac{d\Gamma}{dE_e} \propto p_eE_e (E_0 - E_e)^2\left[ 

In the Standard Model, to leading order, we have,

Alphabet soup



In the Standard Model... 

...have constraints coming from gA/gV but others are forbidden.
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Beta asymmetry can be observed... 

...if neutron only polarization and electron momentum is measured.

\frac{d\Gamma}{dE_e} \propto p_eE_e (E_0 - E_e)^2\left[ 
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Beta asymmetry term splits the 
neutron beta spectrum by spin
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Beta asymmetry term from two spectra
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Only the Fierz interference term... 

...is polarization and momentum independent. But a"ects neutron lifetime!
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Lifetime from W mass, quark mixing, QCD axial-vector coupling, 

and phase space terms where 

and # encapsulates electroweak, recoil and Fermi function corrections 

Neutron lifetime
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Big Bang Nucleosynthesis
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Testing Supersymmetry with b

One loop corrections to SM from MSSM and NMSSM 
10-3 possible (but not likelyÉ)
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¥ NMSSM adds the singilino  
¥ Same loop diagrams 
¥ likely little change to neutrilino 

mass scale 
¥ Improbable landscape parameters 
¥ LHC may have already ruled out?
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Testing BSM with b
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Tree level contributions from BSM charged ßavor changing current

Leptoquarks also may enter at tree level
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Leptoquarks
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Leptoquarks also may enter  
at tree level and possibly at TeV scale.
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Beta asymmetry term splits the neutron beta 
spectrum and Fierz term shifts it 
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Fierz term from beta-spectrum
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Fierz term shifts the neutron beta spectrum 
Beta asymmetry term splits the neutron beta 

spectrum and Fierz term shifts it 
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Combined Þt of spectrum and asymmetry
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Beta asymmetry can be altered... 

Éby the presence of a Fierz term.

\frac{d\Gamma}{dE_e} \propto p_eE_e (E_0 - E_e)^2\left[ 

21

Beta asymmetry is affected by Fierz
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Area B at LANSCE 
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The UCNA experiment in Area B of LANL UCN 
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UCNA

The UCNA 4$ Superconducting Spectrometer (SCS)
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Count rates in UCNA
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Super Ratio in UCNA
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Super Sum in UCNA
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Sep 26, 2013

Standard Model asymmetry results from 2010 
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A0 = -0.11954 ± 0.00055stat ± 0.00098sys

! = g A/gV = -1.2756 ± 0.0030

Mendenhall et al., Phys. Rev. C 87, 032501(R) (2012)
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Fierz ratio from UCNA 2010 data

29

0 200 400 600 800
0.90

0.95

1.00

1.05

1.10

KE HkeVL

R
F

Geant4.9.6

bn = 0.079 ±0.005stat ±0.080sys

RF !
Pexp

PSM(MC)
= 1 + b

me

E
0 200 400 600 800

0.0

0.5

1.0

1.5

2.0

2.5

3.0

KE !keV"

!
!M

eV
"

1
"

Geant4.9.6

data super sum

M. Mendenhall and R. Pattie et al. (2012)



Combined Þt of spectrum and asymmetry

Spectral and asymmetry data Þt simultaneously  
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Combined Þt of spectrum and asymmetry

Spectral and asymmetry data Þt simultaneously  
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And coming soonÉ

b = ± 0.002stat (< 0.06sys)prelim

A = ± 0.0004stat (<0.0004sys)prelim

M. Brown, UK

X. Sun, CIT
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