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Abstract:

Ultracold neutrons are consistengyoving 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 infuence all three of the decay parameters being measured at LANSCE: the neutr
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. | 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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Neutron beta decay
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Neutron beta decay
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Effective beta decay
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Effective beta decay
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Full Lagrangian for beta decay over all Dirac matrices aruralities
= 4GF/L
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In the Standard Model, (including radiative corrections)
a‘l{L — ud(l T Aﬁ T A,u)7 az& —

All other couplings serve as test for new physics!
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Fermi + Gamow-Teller Fierz interference

The most general Fierz term for nuclear beta decay
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Fermi and Gamow-Teller terms are special cases
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In the Standard Model, to leading order, we have,

df



In the Standard Model...
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In the Standard Model...
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Beta asymmetry can be observed...
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...If neutron onlypolarization and electron momentum is measured.
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Beta asymmetry can be observed...
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Beta asymmetry term from two spectra

Beta asymmetry term splits the

: ' V
neutron beta spectrum by spin 1, = 1+ A(E)c_:! P"lcos!" ! oy
25+ Pattie et al., Phys. Rev. Lett. 102(012301) (2009)
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Beta asymmetry term from two spectra

Beta asymmetry term splits the
neutron beta spectrum by spin "

1+ A(E)%!P"!Cos! Py

2.5

Pattie et al., Phys. Rev. Lett. 102(012301) (2009)
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Only the Flerz interference term...
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...Is polarization and momentum independerBut a"ects neutron lifetime!
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Only the Flerz interference term...
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Only the Flerz interference term...
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Lifetime from W mass, quark mixing, QCD axial-vector coupling,

2
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Big Bang Nucleosynthesis
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One loop corrections to SM from MSSM and NMSSM

103 possible (but not likelyE

|

(a) (b)

¥ 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

Tree level contributions from BSM charged 3avor changicigrrent

Leptoquarks also may enter at tree level
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N LHCb experiment

“\) Run: 101412 Event: 8681643
Date: 8 Sep 2011 Time: 16:04:18

M charged [3avor changicigrrent
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Leptoguarks also may enter at tree level
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SM with b

{\(‘\) Run: 101412 Event: 8681643

Date: 8 Sep 2011 Time: 16:04:18

) 3UYQU]OZ 910 'S

174

LF1C SUBSCRIBE

THE SCIENCES
2 Accelerators Find Particles That
70) \ May Break Known Laws of Physics

'he LHC and the Belle experiment have found particle decay patterns that violate
d vV the Standard Model of particle physics, confirming earlier observations at the BaBar

facility
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Leptoquarks

Leptoquarks also may enter
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at tree level angbossibly at TeV scale.
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Leptoquarks

Leptoquarks also may enter
at tree level angbossibly at TeV scale.
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Fierz term from beta-spectrum

Beta asymmetry term splits the neutron beta

spectrum and Fierz term shifts it 1 + b2e
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Fierz term from beta-spectrum

Beta asymmetry term splits the neutron beta
spectrum and Fierz term shifts it 1+b
Py, = Psm

P(KE)
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Combined bt of spectrum and asymmetry

Fierz term shifts the neutron beta spectrum

Beta asymmetry term splits the neutron beta 9 7 14.8
spectrum and Fierz term shifts it 04 = TN Op = N
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Combined bt of spectrum and asymmetry

Fierz term shifts the neutron beta spectrum

Beta asymmetry term splits the neutron beta 9 7 14.8
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Combined bt of spectrum and asymmetry

Fierz term shifts the neutron beta spectrum

Beta asymmetry term splits the neutron beta 9 7 14.8
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Combined bt of spectrum and asymmetry

Fierz term shifts the neutron beta spectrum

Beta asymmetry term splits the neutron beta 9 7 14.8
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Beta asymmetry can be altered
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Beta asymmetry can be altered
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Los Alamos Neutron Science Center

Area B at LANSCE
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The UCNA experiment in Area B of LANL UCN

23




The UCNA 4% Superconducting Spectromet¢sCS)
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Count rates in UCNA

Real rates In polarized spectrometer with detectdZN loading e!ciencies
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Super Ratioin UCNA
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ni(E,!) =
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Standard Model asymmetry results from 2010
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Standard Model asymmetry results from 2010
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I IMeV 1"

Fierz ratio from UCNA 2010 data
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Spectral and asymmetry data bt simultaneously
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