University

SN
g -Manitoba

Bayesian Analysis in Parity Violating Electron
Scattering Experiments

Elham Gorgannejad

University of Manitoba
Winter Nuclear and Particle Physics Conference, 2022

~




Parity Violating Electron Scattering (PVES) Experiment
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Parity Violating Asymmetry

or and o;, are the probability cross-sections for incident right and left-handed

electrons.

Apy arises from the interference of the weak and electromagnetic

amplitudes

Values of Apy in the range from 10~4to 10-8 can be measured with good

accuracy
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Qweak experiment
https://arxiv.org/abs/1202.1255
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Spectometers
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Measurements of Parity Violating Asymmetry
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Measurements of Parity Violating Asymmetry
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Data acquisition in PVES Experiment

v' Event data taking mode:

Event or counting mode

UA Background measurements (fl.bkgd)

0100 ns time

v Integrating data taking mode :

Integrating or current mode

Asymmetry measurements (4., , Al.’kgd)

0100 ns time
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Apy = Ryo;

R:o¢: overall normalization factor,
P,: beam polarization
Aeyxpe: €xperimentally measured asymmetry

£%9%. fractional dilution factors

L

APF9; asymmetries

i : number of the detectors



Qweak experiment and signal correction

AT = (=i = 1) (Akcos) + AlcosBlsingt) + £ (ALcosB) + ALcosOlsingt)]

i: detector index
J: data set index ( 2 data sets)

¢: azimuthal angle: < :
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Bayesian analysis

Bayesian analysis properties:

v Using probability statements

Treating the parameters in a statistical model as random

Using a prior distribution to quantify our knowledge about the parameter

Using the conditional distribution of parameters, given the data to update our prior knowledge

AN NN

Update from the prior to the posterior via the Bayes theorem

p(B|A) = p(A)
p(B)

Bayes’ Law: p(A | B) =

N
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Bayesian analysis of experimental data

p(dla,I)v(all)

Bayes rule: plald,]) = p(d|I)

v" We want to infer the parameters a of a model M, based on data d

v" Use Bayes rule, which gives the posterior: p(a a,M.,I) p(alM,]).

d M, o<p(d
I represents general information

p(d| a, M, I) is the likelihood, the probability of the observed data, given the parameters, model, and general info

p(a| M, I) is the prior, which represents what we know about the parameters exclusive of the data
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Generating data based on model

v Model:

A = (1- i1 - f;')(Aécoseg + Agcosegsingbi) + fik (A%coseg + A,Trcosegsinrbi)]
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v" Component asymmetry distributions
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Comparison of results

Uncertainty
AL -5.25 1.49
AT 12.3 3.6
AL 25.4 9.0
AL -60.1 19.3

AL -5.65 1.01
A7 8.92 2.23
AL 23.42 6.69
A% -74.56 14.84
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Results from Qweak experiment

Example of an extraction with Bayesian method
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