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Neutron  decay and Vud

Angular correlations in polarized neutron decay (Jackson et al ‘57)

  





































 
E
p

E
pD

E
pB

E
pA

E
mb

EE
ppadd

e

e

e

e
n

e

e

e

e


10

   
22

2

2

2

2

2

31
3

      ,
31

Re
2      ,

31

Re
2      ,

31

1































 GTF

n

bb
bBAa

313131  

AG
/a ~ 3.3; a = –0.103 ± 0.004      (PDG2009)
/A 2 6; A = 0 1173 ± 0 0013 (PDG2009)
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/A ~ 2.6; A = –0.1173 ± 0.0013 (PDG2009)

/B ~ 13.4; B = –0.9807 ± 0.003   (PDG2009)



Motivation for A measurement



Motivation for A measurement



Principle of the A-coefficient Measurement

B fieldDetector 1 Detector 2
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(End point energy = 782 keV)



UCNA Experiment — General  Approach
Novel features: UCN from pulsed spallation sourceNovel features: UCN from pulsed spallation source

MWPC + plastic scintillator as  detector
Ultimate Goal: 0.2% measurement of A (A/A = 0.2%)
• Neutron Polarization

– UCN (can produce >99% polarization with 7T magnetic field)
– Diamond-like carbon coated neutron guide (low g (

depolarization)
• Background

– Pulsed UCN source
– MWPC+Plastic scintillator

• Electron backscattering
– MWPC+Plastic scintillator

• Fiducial volume selection
– MWPC

• Detector Characterization
– Off-line calibration system
– Larger light collection 



UCNA Experiment — Apparatus

Neutron Absorber

Field Expansion Region

Decay Trap Window



UCNA Apparatus in LANSCE Area B



2008 Data run: 32 M decays

One of three data periods



Preliminary Uncertainty Budget



A Correlation history

UCNA 2007UCNA 2007

PDG Value w/ 2.3x inflation Unblinding 
mid-May



B History



MSSM parameter space

Current 0.3%
Precision on B

Muon g 2 allows theseMuon g-2 allows these



Concept of UCNB Measurement

Detect electrons 
and protons in 
coincidence to 
reduce backgroundsreduce backgrounds

Measure electron 
energy with Si gy
detectors

Detector bias enablesDetector bias enables 
proton detection

Mounted in UCNAMounted in UCNA 
spectrometer



Silicon Detectors

• Electrons• Electrons
– 800 keV electrons 

– 1.7 mm

– Few keV resolution
– Few ns timing

• Protons
– 20-30 keV protons

127 hexagonal pixels 70 mm2
– 100 nm dead layer 

(10 keV)

127 hexagonal pixels, 70 mm2

Up to 2 mm thick in hand



Experiment Layout within 1 T magnet



Symmetric vs. asymmetric configuration

To achieve 0.1% on B, with 10 Hz detected coincidences

Configuration Symmetric Asymmetric

S iti itSensitivity

Required Counts ~1x107 ~3x107

NB /6.2 NB /4.5

Required Counts 1x10 3x10

Running Time 2 weeks 6 weeks

Advantage Better sensitivity;
Cancels det Sens

No penning trap of e-

Cancels det. Sens. 
to higher order



Preliminary Error Budget for UCNB

Error Source Correction Uncertainty Comment
S i i l / 0 05% W k f i UCNAStatistical n/a <0.05% Weeks of run time at UCNA 

rates
 backscattering 0.3% 0.06% No decay trap foils
Missed 
coincidences

0.1% <0.03% 1 ms coinc. window

Polarization 0.1% 0.02% Demonstrated in UCNAPolarization 0.1% 0.02% Demonstrated in UCNA
Magnetic Mirror -0.04% 0.02% UCN absorbers
 energy calib. 0.1% <0.01% Silicon detectors
p backscattering 0.07% <0.01% Nico et al. 2005
Accidental coinc. -0.1% <0.01% 10 Hz and 1 ms coinc.
Total 0 6% 0 09%Total 0.6% 0.09%

Test run expected 9/2010



UCNb: the Fierz Interference Term
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The UCNb experiment

Hickerson



Background Elimination and UCN Bottle

• Scintillator Sandwich
• Deuterated scintillator traps UCNs• Deuterated scintillator traps UCNs
• Fast scint. (3 mm) detects Betas
• Slow scint. vetoes backgrounds



UCNb at LANSCE

UCNb

Weak sensitivity implies 
60 days needed for 
<10-3 measurement (at 
30 Hz)…
But can run in parallelBut can run in parallel 
with other experiments 
using UCN beam.

Hope to take data 
summer 2010
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UCNB and UCNb Collaborations

“UCNb” Collaboration



Conclusions

• Full suite of neutron beta correlation experiments atFull suite of neutron beta correlation experiments at 
Los Alamos

• UCNs give unique advantages
• UCNA producing competitive results

– Will eventually reach ~0.2%
• UCNB will probe new territory
• UCNb is a brand new measurement


