Nuclear Beta Spectroscopy
of the Future:
Creation of a 3'™MXe source




Questioning the Standard Model

* Motivation: search for new physics beyond the standard model’s
description of the weak interaction

* SM shows a Hamiltonian with vectors and axial-vector current
components

* New physics challenges this, proposes scalar and tensor current

components
— includes “chirality-flipping”, right handed neutrinos
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What are we looking for?
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°He Project

 High intensity source of ®He delivers about 10%° *He atoms/s
« %He decay produces interactions that the standard model predicts
to be purely axial

* Finding deviations from this SM prediction would point to the
existence of tensor currents




Cyclotron Radiation Emission
Spectroscopy (CRES)

P Signal

* Electrons within a uniform
magnetic field exhibit cyclotron
motion at a frequency that can

Waveguide be used to determine the energy

of the electron
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Goal of my summer: create a
calibration source to connect to the
Project 8 apparatus

* CRES has the potential to lead to a more precise value of b

* Has been successful in measuring energy of particles between




31l undergoes gamma

decay to produce 3*Xe

~ 1% of these decays result

in @ metastable state of

131Xe (B*™Xe) which has a

half-life of 11.84 days

* As metastable 3*Xe decays,
it releases conversion
electrons

Normally, this is done by
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Step 1 —3*Xe extraction

* Collaboration with Don Hamlin at the hospital
* Hospital setup for 3|

* Ag zeolite for absorbing 32|




Hospital Setup and Procedure

Pumped overnight with all

valves (A, B, and C), achieved a

Ventilation

vacuum of about mid 120°® Torr ibe
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Step 2 —Test pressure inside cell

e Put cellin Ge detector in CENPA room 106

e Connect cell to test chamber to measure
pressure within cell

* See if pressure would be compatible with project




Counting Room Setup and

Procedure

* Pumped and baked for
several days to establish a

Roughing

baseline pressure of 10 oump
Torr with valve D open 2 \/
Connected copper cell, ( ( ;B

closed valve D \/Turbo pump
* Opened valve B and et Yot

chamber OFHC
copper cell



Calculations — activity of 13|

* Measured using hospital’s Ge detector on
June 13, 2016

 Efficiency of detector found using a 133Ba
source
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Calculations —amount of 131 Xe

* Over period of 5 days, 33! should generate 2.62x10%

molecules of Xe

* Test chamber was roughly 3000 times larger than cell

e Expected pressure inside cell: 1.680 x 10°° Torr

PV =NkT



Conclusions

* Pressure within chamber of 10 Torr means pressure

within cell of 204 Torr

* There must have been materials inside the cell other than

the 31Xe




Efficiency at 276 keV
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* Measurement of 3*MXe source using Ge

detector in room 106

* Connect source with Project 8 setup and test!



Thank you Alejandro and Arnaud!!
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Calculation of Ge detector Efficiency

Efficiency at 276 keV
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