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Statistical Requirements of a Counting Experiment
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I Prototype experimental setup
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I Characterizing the UCN beamline

« What is the energy spectrum of UCN downstream of the PPM?

* How does the energy spectrum change with the presence of the
PPM foil?

* What is the overall efficiency of UCN transport from the source,
passing the PPM, into the precession cell?




I Prototype storage measurement

LANL holding time data (2017, 2019)
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https://doi.org/10.1103/PhysRevLett.124.081803

Holding curve model (No window)
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Free parameters:

1. C' — Scaling constant

2. 11 — velocity dependent loss per bounce

3. [ — depolarization of low field seekers upstream of the PPM
4. o — Velocity spectrum distribution

5. k — Angular distribution, and goes between [0,1]. (Closer to 0 = more forward directed)




UCN Storage Curves — No Window, NiP coated Al cell wall
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I Polarizing magnet (PM) and window system
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I Neutron flux transmission through polarizing magnet and window
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Neutron flux transmission through polarizing magnet and window

Integrating

dN,
dv

allows us to fit PM ramping curves shown earlier

_ %@ [+ fe+ B (fu = 10)]

We see that we are able to roughly describe the energy
spectrum, and to reproduce maijor features in the curves

o: 2.24705559 +/- 1.52991328
B: 5.4573e-04 +/- 0.02565064

k: 0.58804275 +/- 0.16385141

PM ramp curve fit
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Holding curve model (with window)
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This is similar to the previous model
with window, except now both the
fraction of high field seekers and
low field seekers change as a
function of the PM field



UCN Storage Curves — With Window
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FOlI LOSS Single pass absorption probability
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I 1D random walk
2(2 — d)

3d
eq. 4.79, eq. 4.70, and eq. 4.48
from Ultra-Cold neutrons by

Golub, Richardson, and
L
spee Lamoreaux

Lspec =2R

Source Gate valve (start) Window Cell entrance

I Cell R is pipe radius and d is chance
for a diffuse bounce

A

15 m

Assuming high-field seeking UCN are isotropic in the cylindrical pipe, we can model filling (at B = 5T) as a 1D random
walk, where the step size is the distance traveled between non-specular bounces

With a finite chance of window loss per pass, loss per bounce on a NiP pipe surface, and a finite chance to get into the
cell when at the entrance.

We assume that neutrons do not leave the cell once they make it in, and neutrons that make it back to the source are
considered lost




1D random walk

Window loss as a function of nonspecularity Window hits as a function of nonspecularity
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From our holding curve fits, we do not have an isotropic velocity distribution so Loss per bounce on NiPh: 10~-4

the model needs some adjustments still, but we can still see that for a 10%
window loss factor that neutrons will see the window on average ~2 times Neutrons per simulation: 1,000,000




I In progress

Despite setbacks from Covid-19, we are currently working on:

 New magnetically-shielded-room construction and
characterization

 Building and testing various components with UCN on a
secondary beam line
« Switcher # 2
* New simultaneous spin analyzers
* Precession chamber and UCN feed valves
« B0 and UCN transport coils
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