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Neutron B decay and V4

Angular correlations in polarized neutron decay (Jackson et al ‘57)
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Motivation for A measurement
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Motivation for A measurement
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Principle of the A-coefficient Measurement
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UCNA Experiment — General Approach

Novel features: UCN from pulsed spallation source
MWPC + plastic scintillator as 3 detector
Ultimate Goal: 0.2% measurement of A (6A/A = 0.2%)

* Neutron Polarization
— UCN (can produce >99% polarization with 7T magnetic field)

— Diamond-like carbon coated neutron guide (low
depolarization)

 Background 9500 [T
— Pulsed UCN source 22502 East
— MWPC+Plastic scintillator ... : prompt R
 Electron backscattering 1500 /\ .
— MWPC+Plastic scintillator " f
e Fiducial volume selection rs0f- 3
- MWPC ;
e Detector Characterization e LS

b ;
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— Off-line calibration system B-Scintillator Trigger Timing [seconds]
— Larger light collection



UCNA Experiment — Apparatus

Field Expansion Region
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UCNA Apparatus in LANSCE Area B
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2008 Data run: 32 M decays

Integrated E+W beta counts vs date
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Preliminary Uncertainty Budget

2007 2008/2009
Correction(%) | Uncertainty(%) | Correction (%) | Uncertainty (%)
Statistical n/a 4 n/a 0.8
Polarization 0 1.3 0 77?77
Energy Calibration 0 1.5 0 0.6
Angle Effect -1.6 0.5 -14,-26,-0.5 <0.3
0 0
Backscattering 11 0.4 17.53 12 | 93% or30%of
correction
Background n/a n/a 0 <0.2
Muon cut 0 0.1
Gamma cut 0 0.3
TDC cut 0 0.24
Fiducial cut 0 0.2
SCS Field dip 0 0.2
0.9 (no pol,
Total sys 2.1 0.3% on bek)
Total 4.5 12% 5




A Correlation history
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B History

P =
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0.669(2)
0.87(3)
0.74(1)

VAL UE DOCUMENT 1D TECN COMMENT
0.9807 +0.0030 OUR AVERAGE
0.9802+0.0034 £0.0036 SCHUMANMNN 07 CNTR Ceold n, polanzed
0.967 +0.006 +0.010 KREUZ 05 CNTR Ceold n, polanzed
0.9801 +0.0046 SEREBROV 98 CNTR Ceold n, polanzed
0.9894 +0.0083 KUZNETSOV 95 CNTR Cold n, polanzed
1.00 +0.05 CHRISTENSENTO CNTR Cold n, polanzed
0.995 +0.034 EROZOLIM... 70C CNTR Cold n, polarized
FENS M. Schumann et al.,
Photomultiplier Tubes Scintillation Detector PERKEO IIB PRL 99, 191803 (2007);
] . (L TorElections and Ph.D. Thesis
Magnetic Field Lin| ‘\% /_
: — ++
m . | ;cayvolume m B (E ) _ N (EG) - N (Ee)
n-Spin | _ exp e — ++
il ~ N (E)+N"(E,)

Meutron Bea [
||

Coils in Split Pair
Configuratjon

Carbon Foil

on high Voltage

I

=
100 mm

1
B..,(E.) related to B via

integration of W over the
hemispheres



MSSM parameter space
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Concept of UCNB Measurement

1.0-Tesla superconducting Sili letoct
Silicon detector

Detect electrons solenoidal magnet (biasable)
and protons in
coincidence to
reduce backgrounds

Measure electron _
energy with Si A ——
detectors asorber biacable e 1 i) surfies
open-ended 7.0-Tesla
Detector bias enables DLC-comed .| | potacizer/epin-flipper
proton detection Cotube T
5D2 source

Mounted in UCNA
spectrometer



Silicon Detectors

 Electrons

— 800 keV electrons
— 1.7 mm

— Few keV resolution
— Few ns timing

e Protons

— 20-30 keV protons

— 100 nm dead layer
(10 keV)

127 hexagonal pixels, 70 mm?
Up to 2 mm thick in hand



Experiment Layout within 1 T magnet

UCN

roughened DLC-coated absorber

j surfaces electropolished Cu?

[ pl==

Roughened surface potentially
over entire volume ? Si

I
Ground  +V, Pb (?) shielding
-V, Ground (no MWPC !)



Symmetric vs. asymmetric configuration

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

Configuration Symmetric Asymmetric
Sensitivity oy =2.6/JN |og=5.4/+/N
Required Counts ~1x107 ~3x107
Running Time 2 weeks 6 weeks

Advantage

Better sensitivity;

Cancels det. Sens.

to higher order

No penning trap of e




Preliminary Error Budget for UCNB

Error Source Correction | Uncertainty | Comment

Statistical n/a <0.05% Weeks of run time at UCNA
rates

B backscattering |0.3% 0.06% No decay trap foils

Missed 0.1% <0.03% 1 ms coinc. window

coincidences

Polarization 0.1% 0.02% Demonstrated in UCNA

Magnetic Mirror -0.04% 0.02% UCN absorbers

B 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%

Test run expected 9/2010




UCND: the Fierz Interference Term
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The UCNDb experiment

* Compact calorimeter
* Integrating “sphere”
« 2x2” PMT (up to 4)
 Near UCN source

* Sifts off main guide

size 12x12x12 cm
volume |1.73 L

area 864 cm?
density {10 —30 cm™
B rate |20-60Hz

UCN main guide

0.5m .
Hickerson



Background Elimination and UCN Bottle

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

slow veto scintillator  fast beta scintillator



UCNDb at LANSCE

UCND

Weak sensitivity implies
60 days needed for
<10-3 measurement (at
30 Hz)...

But can run in parallel
with other experiments
using UCN beam.

Hope to take data
summer 2010
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Conclusions

« Full suite of neutron beta correlation experiments at
Los Alamos

 UCNSs give unique advantages

 UCNA producing competitive results
— Will eventually reach ~0.2%

 UCNB will probe new territory

« UCND is a brand new measurement



