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The Nab experiment aims to yield a measurement of the electron-neutrino
correlation parameter, a, and the Fierz interference term, b, in neutron beta decay.

These parameters are located in the energy and angular distribution of the particles
produced through neutron beta decay.

Using silicon detectors, a direct measurement of the phase space distribution of
the resultant electron energy and proton momentum can be obtained.



The silicon detectors of the Nab experiment will be tested using well-known
radioactive isotopes. Simulations of systematic testing use the associated energy
levels, decay probabilities, and decay options of radioactive sources such as Ce-139,
Ba-133, and Sn-113 to determine the expected results of experimental testing.

Monte Carlo simulations of the radioactive decay of Ce-139, Ba-133, and Sn-113

help determine the ability these isotopes have to be useful to the Nab experiment
as a whole.
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 World’s most intense neutron
source.

An accelerator-based system
produces neutrons through a
process known as spallation,
in which short proton pulses
travel to a steel target filled
with liquid mercury.

The neutrons then scatter out
to the various beamlines.




About the Experiment

* The Nab experiment takes precise measurements of
the neutron beta decay reaction.

* Neutrons reach the Fundamental Neutron Physics
beamline (BL-13) and decay inside the Nab
experiment.

* A magnetic field attracts the electrons down and the
protons up toward silicon detectors.

* The detectors are used to measure the time
difference between the particles and will yield a
measurement of the a and b parameters in the
energy and the angular distribution of the produced
particles.

* Overall, this will give a better understanding of the
weak nuclear force.
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Simulation of Neutron
Decay

* | have helped develop a simulation to
test the performance of the silicon
detectors that will be used to measure
the proton and the electron produced

in beta decay.

e C++ code is used to simulate the
radioactive isotope decay and the time
difference between the resulting
particles.

 The radioactive sources studied were all
chosen based on the 100% electron
capture decay mode.

GitLab

https://about.gitlab.com/images/press/logo/png/gitlab-lo
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with a proton and forms a neutron and a neutrino. ; 1 !

* Since an atom loses a proton during electron | ‘
capture, it changes from one element to another. i \ \

* This mode produces abundant electrons and \ \ " / /
photons in each decay, and the timing between N /
the produced particles can then be studied in \ \. / /
detail in our simulation. . / /

Our code uses well-known isotopes and their AN —
associated energy levels, decay probabilities, and N ,./-
decay options. This information is from the S
National Nuclear Data Center. — I
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* Asmalljob is submitted to UTC’s SimCenter that specifies the radioactive
source to study and the total number of decays.

* The SimCenter facility used high-performance computers to run
simulations.

* It consists of 921 CPU cores.
* One large-scale simulation can be broken into several jobs.

* The jobs go to different computers, reducing the total amount of time it
takes to run an entire simulation.

* For example, a simulation of 100,000,000 total decays can be broken
into 10,000 jobs that each simulate 10,000 decays. The total simulation
takes about twenty hours to complete.

* To put this into perspective, a job of one million decays takes about
twenty-seven hours to complete on a laptop. At the SimCenter, it takes

about twenty minutes. »




.  ROOT is software developed at CERN used to analyze and visualize the data.
Analyzing the P Y

* ROOQT is the industry standard for all nuclear/particle physics research.

Data * The software reads the data file and plots the results.
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e Atest of 10,000 jobs of 10,000 decays was submitted
to the SimCenter.

* This simulation took about twenty hours to complete.

energy DeltaT
x10° h_all x10° DeltaT
- Entries 2.931524e+08 - Entries 1.882799e+08
16 | Mean 65.8 16 __ Mean 4.009e-10
N Std Dev 68.6 C Std Dev 1.743e-09
14 14—
12 12—
w 10H w 10—
€ — € -
> - =} -
S 8 S 8
61 61—
4 4l
2k ‘ 2
0 C 1 1 | 1 1 11 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 |I O C 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 J L 1 1 I 1 1 1 1 1 | 1 1 1 X1 0_6
0 20 40 60 80 100 120 140 160 -0.1 -0.08 -0.06 -0.04 -0.02 .02 . 4 6 0.08 0.1
T -Te [S]
energy (keV) Y




3/2+ 0.0 137.641D 20

139
saCegy \
Qi{gs)=264.6 keV 20 1{%) Logft
E: 10D % -
100 5.42 =22+ » 165.9 1.499 NS
165.9
5.E.7 14.8 212+ v 0.0
139

Info from nndc 57L382



counts

Ce-139: Produced Electrons
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counts

Ce-139: Produced Photons
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e Atest of 10,000 jobs of 10,000 decays was submitted to the
SimCenter.

* This simulation took about nineteen hours to complete.
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e Atest of 10,000 jobs of 10,000 decays was submitted to the
SimCenter.

e This simulation took just under twenty hours to complete.

* Sn-113 naturally decays in picoseconds rather than
nanoseconds, so the time difference appears to be zero.
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Installation and testing of the Nab experiment is ongoing.

There are biweekly video conferences to update collaborators
on the progress of the Nab experiment subsystemes.

Visualization of the Nab experiment can be simulated using
GEANTA4.
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