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Standard parameterization of beta decay
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Fierz interference term
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Fierz interference term affects the neutron

lifetime from the Standard Model
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The most general Lagrangian for beta decay over all
Dirac matrices and chiralities
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In the Standard Model including radiative corrections
CLXL = Vaua(1 + Ap + Au)a CLZ(S —

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

Vv S S * 2 Vv T %
2 Re [M%QVQSQLL(Q’RL+G’RR) —2MGT9A9TaLLaRL]

b=+

M2 (g% |0y, 12+g%lad +a3l2)+ M2, (g% ]aY |2 +4g2 |0, |?)

Il
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* Neutron beta-decay provides a unique combination
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* 'The best measurement of the Fermi Fierz term is
from super allowed 0+ — 0+ nuclear beta decay
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 But the neutron term is still unmeasured!
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 Some SUSY models

populate nonzero b
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* First tests just scratch
surface
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* Future tests will probe
model parameter space

LA ARAARACDE
18800500
+
3 Jolsisieiaiele

S. Profumo, M. J. Ramsey-Musolf,
S. Tulin. PRD 75, 075017 (R007)

N TOTTIT LT LA ALANTL (<onn L)

Nov 6, 2009 UCN Workshop, Santa Fe, New Mexico LA-UR- 08-0699H0],EII)3%S/§



* Fierz term shifts the neutron beta spectrum
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* Small effect requires large statistics
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* Small effect requires large statistics
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* First run at the Los Alamos UCN D, spallation source
* Unpolarized UCN before the PPM and gate valve
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* Runs w/UCNA experiment
* ~20 UCN cm™ at gate valve :
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* Compact calorimeter
* Integrating “sphere”
* 2x2” PMT (up to 4)
* Near UCN source

* Sifts oft main guide

size 12x12x12 cm

volume |[1.73 L

area 864 cm?

density |10 —30 cm™

Brate |20-60Hz

PMT

UCN main guide

W

0.5m

Nov 6, 2009 UCN Workshop, Santa Fe, New Mexico LA-UR- 08-06990, DUSA

HEP, P. 13



scintillator
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Scintillatér sandwich

« UCN trapped by deuterated Polystyrene coating
— UV scintillating layer ~200 pm thick
— virtually no dead layer!

* Fast shifter in PS scintillator for beta energy (3 mm)
* Slow shifter in PS for muon/Compton background veto

white
paint

scintillator

slow veto scintillator  fast beta scintillator
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Nov 6,2009

Year 2009 2010
Rate 30-60 Hz |30-60 Hz
Run time 10 days 60 days
Counts 107 >108

o, (stat) 3x103 4x104

oy, (sys) <1% <103

O, 1% 103
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1.0 T Superconducting ~ Cudecay MWPC Plastic

solenoidal magnet ~ volume scintillator
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L.J.Broussard and J.C. Ramsey

UCNB
* 2010 UCNA upgrade

e Hi-res Si detectors can measure b

* Proton-beta detection suppress background
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Improved online source calibration
— beam activated gases and source inserts

Pb shield to suppress ¥ background

— made possible by the compact size

* Hamamastu to help develop UBA PMTs
— reduced shot noise (PE 3000 MeV-1)
— higher QE (up to 40%)

Better understanding of systematics
— 2009 run to help validate Monte Carlo and energy reconstruction

— offline calibration with Kellogg 140 keV e-gun in early 2010
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First UCND run planed for Dec 2009

— First measurement of little b for neutron

— May extract b from 2008 & 2009 UCNA data

* Competitive with super-allowed b in 2010

UCNaBA...b?
— Upgrade to UCNB can measure b

— High resolution Si detectors
— May detect SUSY with b or B

Gain insight into future little b designs using UCN
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