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Neutron Decay Parameters

Recoil order (¥2* - %2*) beta decay correlations
Jackson, Treiman, Wyld, 1957)

AW oc F(Ee){l ale P
T E.E

In the standard model we have

\%
"0 'ﬁ\
A —Re(A) )
Az—Z/I +Re(4) Br22 M\

1437 1+3% ©
roe T D ~2.MA)
gy (1+34%) 14342

Where l = % a=~-0.1
Ov



Why do we measure neutron decay parameters?

Within the Standard Model:

1) Determine G, and G, which govern important reactions:

n+e" < p+7 (Big-Bang nucleosynthesis)

p+e” < n+v (Big-Bang nucleosynthesis, neutron star formation)
p+p—D+et +v (solar fusion)

p+p+e — D+v (solar fusion)

vV+n—e +p (neutrino detection)

V+p—eT +n (antineutrino detection).

2) Determine V,_;, test unitarity of the CKM matrix:
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Method

1. For each beta momentum (green)

2. Confine proton momentum to axis (blue)
Two ways to satisfy transverse P conservation and E conservation
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Number of small angle events vs. large angle events determines ‘a’ coefficient

Distinguish two possible cases using timing
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Magnetic Field to Increase Rate

Magnetic Field Collimator
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o w..Schematic
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Two Runs

G. Darius, et al., Phys. Rev. Lett. 119, 042502 (2017)
B. Collet, et al., Rev. Sci. Instr. 88, 083503 (2017)
M.T. Hassan, et al., Nucl. Instr. Meth. A 867, 51 (2017)

a =-0.1080 + 0.0030 (stat) + 0.0028 (syst)

July 2015 — Sept. 2016
Capture flux =8 x 10° cm™2 5!

Compared to NG-6
* 5x wishbone event rate
* 10x counts

Improved systematics
* (electric field uniformity & smaller changes)

Blinded Result: Neutron polarimetry



Why Polarimetry?



Neutron Decay Parameters

Recoil order (¥2* - %2*) beta decay correlations
(Jackson, Treiman
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Neutron Decay Parameters

Recoil order (¥2* - %2*) beta decay correlations
(Jackson, Treiman
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Feature? Or Bug?

NG-C result used polarimetry as a blind.

e Data cuts entirely determined using B field up
(Effect of P,, unknown)

* B field down analyzed using same cuts

* Polarimetry result revealed must be consistent with both



aCORN Polarimetry

aCORN — new result

Why Polarimetry?

Polarimetry Apparatus
* Spin transport
* 3He-based neutron spin-filter

Polarimetry Analysis

aCORN Results



Spin Transport
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Spin Transport




3He-based Spin Filter

* Polarized offline using SEOP

* Transmission monitored by fission chambers
Aperture to limit rate

* 3He flipped using frequency-sweep AFP NMR
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Procedure

Transmission monitored while 3He polarization direction flipped

Transmission:
e Fission chamber recorded in 20 second intervals throughout runs
* 15 or 30 minute runs

AFP NMR fliped 3He polarization between runs.
Sequence MNITITMN to reduce sensitivity to drift/decaying polarization

Discrete runs (June 21-27, July 28-August 1), and automated flips (August 1 and Aug 30)
3He depolarized, then removed, after each run to measure 3He thickness



Analysis

Transmission depends on:

Background:
To: Initial *He polarization
3He polarization loss
T1: decaying 3He polarization
AFP Loss:

Signal:
P.: T, depends on 3He direction
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Two fits shown:

MCNP white beam - J. Cook
Monochromatic beam



T (cnts/20s)

Fitting
Variables: T1, AFP Loss, Ty, P,

Fitting Function:
For each time, calculate P, from T1 and number of AFP sweeps
Using P, calculate T(A) from T, and P,
Integrate T(A) over the calculated neutron spectrum

8/30/16
White beam fit: P, =-0.00023(13)
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T (cnts/20s)

Fitting
Variables: T1, AFP Loss, Ty, P,

Fitting Function:

For each time, calculate P, from T1 and number of AFP sweeps
Using P, calculate T(A) from T, and P,

Integrate T(A) over the calculated neutron spectrum

For comparison, also fit assuming monochromatic beam

8/30/16
White beam fit: P, =-0.00023(13)
Mono beam fit: P, =-0.00022(14)
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Preliminary Results

| DataSet | Pn_ [PnErr | PHe(%) |AFPloss (71 [Runs _|date [time [ Chisgr |
ICEZER 0.00022  0.00054  46.0(1) 0.003(2) 100(111)  26-31 6/24  18:15 1.5
0.00034 00008  30.0(1)  0.0027(4)  2000(big) 59b-65  6/25 12:07 16
0.00053  0.00051  39% 0.0003 270 80 6/25 1507 0

3.5E-5 0.00052 40 0.0018(2)  1600(big)  403-408  7/28  11:23  0.26
0.0013 0.0006 39 0(fixed) 214(60) 416-418  8/29 12:51 O
-0.00052  0.00031 50 0(.0006) 220(50) 409 7/31 1324 0.3
-0.00023  0.00014  49.00(4)  0.0013(8)  580(400) 419 8/29 14:03 1.4

Pn = -0[00014 + 0.00012
1.5x10° =

1.0 —

0.5

Pn

0.0

-- { f

' set3 | Set7 | set8 | Set9 | Setlo ' Setll

Data Set (defined by Ben)

P,=-0.014% + 0.012%



a coeflicient

aCORN NG-C Preliminary Result
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Preliminary
Polarimetry Result

P =(-0.14+0.12) x 103



aCORN NG-C Preliminary Result

correction 1 o uncert. relative

electrostatic mirror 0.00149 0.00030 0.0028
wishbone asymmetry 0.00048 0.0045
absolute B field 0.00043 0.00032 0.0030
B field shape 0.00051 0.00056 0.0053
residual gas 0.00049 0.0046
e scattering -0.00076 0.00076 0.0072
energy loss in grid -0.00111 0.00022 0.0020
beta energy calibration 0.00030 0.0028
proton collimator align. 0.00059 0.0055
electrostatic mirror align. 0.00043 0.0040
p scattering 0.00081 0.00065 0.0060
p focusing 0.00070 0.00050 0.0047
neutron beam density -0.00045 0.00009 0.0008
total systematic 0.00162 0.0017 0.016

statistical 0.0014 0.013

total uncertainty 0.0022 0.021

(1

= -0.1067 + 0.0014 (stat) + 0.0017 (sys)

[PRELIMINARY]
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Spin Exchange Optical Pumping

Optical Pumping of Rb
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Spin-Exchange from Rb to 3He

Rb atom
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Spin Dependent Absorption Cross Section

Unpolarized Incoming Polarized Outgoing
Neutrons Neutrons
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