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Parity Violating Asymmetry
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Apy arises from the interference of the weak and electromagnetic amplitudes

% Values of Apy in the range from 10~*to 1078 can be measured with good accuracy
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Polarized Electron Source

>  Electron polarization is determined by the polarization of the incident laser light
> Polarization of the laser light is controlled by the polarity of the voltage across a Pockels cell
> Pockels cell determines the sign of the longitudinal polarization of the emitted electron bunch
> Injector to provide Longitudinally polarized electrons
> Magnets in the arcs bend the beam from one Linac arm to the other
> Liquid Helium for ultra-low-temperature
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Mixed Data vs Transverse Data
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Qweak Experiment (Completed)
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S Geometries of the Experiments
S
Qweak Experiment (Completed) MOLLER Experiment (2025)
8 Detectors Main Detector, Ring(5), 84 Detectors Pion Detector, 28 Detectors
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Note: In both the Qweak and MOLLER experiments, charged pions are an important source of background noise. By tracking these pions, we can
better understand and correct the background in our measurements.



b\ Bayesian Analysis

Bayesian Analysis properties:

> 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

> Update from the prior to the posterior via the Bayes theorem

P(y|6)P(6)

Bayes’ rule
P(y) ] Y

[P(Hly) =

> P(0|y) = Probability of the model parameters () conditional on the data (y) = Posterior distribution
> P(y|0) = Probability of the data (y) given the model parameters (8) = Likelihood function

> P(0)= Probability of model parameters = Prior distribution

> P(y)=Normalizing factor

Posterior distribution ~ Likelihood function * Prior distribution
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Analysis Steps: Qweak Experiment
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Asymmetry (ppm)

Analysis Steps: Qweak Experiment
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Analysis Steps: Qweak Experiment
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Analysis Steps: Qweak Experiment

Analysis Inputs J
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Analysis Steps: Qweak Experiment
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Analysis Steps: Qweak Experiment

Fitting to the Model J
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Analysis Steps: Qweak Experiment

Asymmetry (ppm)
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Qweak Experiment Analysis: Bayesian vs Frequentist
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Analysis Steps: MOLLER Experiment
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Asymmetry (ppb)

Analysis Steps: MOLLER Experiment
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Analysis Steps: MOLLER Experiment

Simulations J
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Analysis Steps: MOLLER Experiment
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Analysis Steps: MOLLER Experiment
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Analysis Steps: MOLLER Experiment
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Analysis Steps: MOLLER Experiment

Fitting to the Model J
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Asymmetry (ppb)

Bayesian Analysis: MOLLER Experiment

Fitted Asymmetry vs Simulated Asymmetry (Pion Detector-Mixed DataSet)
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Bayesian Analysis: MOLLER Experiment
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Conclusion & Acknowledgement

Conclusion

> Bayesian analysis was introduced as an alternative to Frequentist
methods for analyzing data from PVES experiments.

> The method has been applied using two types of inputs: real and mock.

> In the Qweak experiment, there is a good level of agreement between
the fitted values and the measured values, except for detector 7.

> Inthe MOLLER experiment, Bayesian analysis is capable of correcting
the values based on the model, even when the inputs are noisy.

Next steps

> Address the issue in the Qweak experiment

> Evaluate the method under various assumptions in the MOLLER experiment
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Relationship between the Polarization and Parity Violating Asymmetry

The parity-violating asymmetry can be defined as:

where:

* oR isthe cross-section for the scattering of right-handed (positive helicity) polarized
electrons,
* o is the cross-section for the scattering of left-handed (negative helicity) polarized

electrons.

The cross-sections o g and o, represent the probabilities of scattering for electrons
with right-handed and left-handed polarization states, respectively. This asymmetry
arises due to the interference between the electromagnetic (which conserves parity)
and the weak (which violates parity) interactions. The weak interaction will cause a
small difference in the scattering probabilities for right- and left-handed polarized

electrons, leading to a non-zero value of Apy.

29



Fitted Asymmetry vs Simulated Asymmetry (MainDet_Mixed_DataSet)
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Longitudinal Pion asymmetry varies as a sine function The electron longitudinal asymmetry is a constant value but,
of phi (detectors placement and the geometries or the because of the impact of the pions, there is a sine wave variation
polarization variation?!)

Fitted Asymmetry vs Simulated Asymmetry (MainDet_Mixed_DataSet)

Fitted vs y (PionDet_ ,_DataSet)
40000 = Fitted_Asymmetry 5000 = Fitted_Asymmetry
ik Fitted_Uncertainty i Fitted_Uncertainty
ad "
30000 - Mock_ Uncertainty 1 Mock_ Uncertainty
Ed . ] - "
o T simulated_Asymmetry 4000 r T simulated_Asymmetry
-
- -
20000 ol - ¥, =1 -
- 3 \ - r -
-
2000 " F 1
2 10000 - » 3 &
) B Y =
< - - e - »
z - = £ * % - I s
3 0 g o * S - + )
H g L Fay 117 ¥
g8 S
ES 2 =
& —10000 ) 4 i | ' a = )
2 - - =
- b "
2 - ~2000
* - = I
20000 &4
-
= 'd B | Ed
30000 05 " —4000 4 -
4
b - .l
40000
0 ) 2 E) E)
0 ° 0 2 ® Detector Number

15
Detector Number

T Pi ¢ ) e functi ¢ This kind of variation is because there is a mixture of two electrons in
}r:tpsx;;rse .10nti11531/m1m Cy varies as a cosine function o opposite directions. There are different probabilities of the acceptance or
phi in the azimuthal plane rejection of each of the electrons in different detectors



In the presentation, do we need to include the detector displacement in the formula at all? Couldn’t assume it was embedded?
In the case of the MOLLER experiment(remoll), it is embedded. Is this not the case for the Qweak’s simulations?

G;:leasured =(1- fpi) X[AeL X COS(QI;) +CeX Sil’l(@é)] h ‘ MOLLER Experiment
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