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Introduction: The Neutrino Particle

Flavor type dependent on charged
lepton accompanying the reaction
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Flavor eigenstates Mass eigenstates

Different mass eigenstates propagate
with different frequencies
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Introduction: The Neutrino Particle
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Introduction: Neutrino Mass Motivation

Mainz & Troitsk limits (95% CL) nu-fit v3.1
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Introduction: Neutrino Mass Approach
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Project 8:
?

A frequency-based approach towards the measurements of the
neutrino mass using ultra cold atomic tritium with 40 meV/c?
sensitivity to mg
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Methodology: Tritium Beta Decay

entire spectrum region close to endpoint
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Methodology: Frequency Based Approach

Magnetic Trap
[ [

19|8917 v

Radiation detected
with resonant cavities
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Methodology: Frequency Based Approach

e Radiation from one e-

* Source is transparent to microwave frequency

* No e transportation from source to detector
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* Precise frequency measurements
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Methodology: CRES

First tritium beta decay electron CRES spectrogram
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Project 8:

A frequency-based approach towards the measurements of the
neutrino mass using ultra cold atomic tritium with 40 meV/c?
sensitivity to mg ?
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Methodology: Atomic Tritium / C@O
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Methodology: Ultra Cold Atomic Tritium e Lllegn o
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Project 8 in Mainz:

Cracker Accommodator Nozzle

2500 K 160 K 10K

Developing the source for Project 8 using an atomic hydrogen beam
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Determining dissociation efficiency of the setup

Credit: F Permaier

Designing and constructing accommodator and nozzle (currently on

initial stages)
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Test with tritium at the TLK facilities (future steps)
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Atomic Hydrogen Setup:

Current R&D efforts are focused on an

Atomic Hydrogen Setup.
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Atomic Hydrogen Setup components:
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Flow Controller to set hydrogen flow rate

Hydrogen cracker to produce hydrogen atoms

High vacuum system for good signal to noise ratio

oW N

Mass Spectrometer + Wire detector for beam

characterization
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Atomic Hydrogen Setup:

C. Matthé
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Wire detector

Filament heating
up to ~2300 K

A’

1 mm tungsten
capillary
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Hydrogen atoms
(hopefully)



Atomic Hydrogen Setup:

HABS power and (bSub) signal [1 sccm]
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Atomic Hydrogen Setup: Source Uncertainties

m/z = 1 Signal at 1 [sccm] of Hydrogen

H2 dissociation efficiency dependent on the source

| = &(Tmax) = (31 +6/-5) % :
temperature. 100 B( max) = { L% ———
| — Bestfit )
— | @ Counts/s / -
X 807 Scale uncertainty / g
c ) >
hallenges: S Y
Challenges % oo / .
3 ] 0
* No direct contact temperature measurements possible a 401 / 5%
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* Opening the setup to insert new devices takes a lot of ' — |&¢
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. kSOO 1000 1500 2000 2500 3000 3500
time. Capillary Temperature [K]

e Current method using a thermocouple is not reliable.

Temperature of HABS is not well calibrated!
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Temperature Measurement Methods:

1. Thermocouple Measurements 2. Optical Spectrometry 3. Camera Imaging

e Aging problems
e Currently AT ~ 200°
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Temperature Measurement: Optical Spectroscopy

Benefits:

e Capillary observed through a small opening.

 Temperature can be derived from a fit to blackbody spectrum

* Sensitive to small temperature changes.

1700 A « Normalized (Nog) [ 2200
= Normalized (With €)

Issues: 0 [
I55UES. ¥ 3
5 ] - 1800 g
 Lower estimated temperatures 5% E
i L 1600 &
* Dependent on tungsten emissivity p 14007 g
) ) ) o - 1400 ©
* Small Calibration issues £ 1300 - z
sy U

1200

. . 1200 -
Currently working with an IR Spectrometer for better | 1000
peak resolution and temperature estimation! 1100 L, . . . . . .

A g .?3” A e o
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Temperature Measurement: Camera Imaging

A Raspberry Pi camera module and a 200 mm camera lens are placed at the
bottom of the beamline.

Light with intensity (l) goes through red/green/blue filters on the CMOS
sensor.

700 nm
L = j POLT) Tin(2) Tyrass(D) pyp(2) dA
4

00 nm

Image of the hot
capillary
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Temperature Measurement: Camera Imaging

Spectral Power Distribution at T = 3000 K

Benefits:
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* Spatial resolution of temperature distribution can be determined
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* No pixel saturation for our application
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Limitations:
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Image processing steps have to be well known and well implemented
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* Temperate range limitations:
* No capillary image until T = 1050 K yet
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Summary:

e Atomic Tritium is crucial to reaching the mg 2 40 meV/c? neutrino mass sensitivity.

JG|u

Project 8 uses CRES for tritium spectroscopy.

Current R&D efforts on an Atomic Hydrogen Source at Mainz:

Reaching the goal atomic flux
Finding H2 dissociation efficiency of HABS

Absolute temperature measurements

14/09/2023
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Optical Spectroscopy

JG|u

Situated located at atmospheric pressure.

Capillary observed through a small opening.

Spectrometer calibrated for the 350 — 695 nm wavelength range.
Temperature can be derived from a fit to blackbody spectrum:

2 h c? 1
[T =& (A T) 3

t exp () ~ 1

T
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Method 2: Optical Spectroscopy

Tungsten emissivity is a function of both temperature T and A. Empirical values for a tungsten wire were adapted [2].

0-5 0.50
| 30'44
s ¢ (A4, T) dependent on:
0.3 1  Surface roughness/uniformity
a 0.36
; ; 3 — 3‘5 4.‘0 4.‘5 5.‘() 5.‘5 6:0 6.‘5 7.0
@ L | nsetength -, * Surface area
2
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* Aging
0.1
0-0 Ll Ll T T
2 3 4 5
Wavelength (m) le—6

[2] Emissivity of tungsten from Thermophysical Properties of Matter, Vol. 7 — Thermal Radiative Properties, g
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Method 2: Optical Spectroscopy Results
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Infrared Spectroscopy

— Raw Data
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Method 3: Camera Imaging

, Light with intensity (I) goes through red/green/blue filters on the CMOS sensor.

4

Aperture

i 700 nm
p— b= [ PAT) T Tyuass) o) da

v
i Where:
¥ * T;r(A): transmission coefficient of the infrared filter on the sensor,

Gain (1SO) Ty1ass(A): transmission coefficient of the Kodial window of the vacuum chamber,
* p,(4)istheR, G and B spectral sensitivity of the sensor from the Bayer filter,
- « P(A,T)isthe Power Spectrum of the blackbody.

ADC

. c? 1
v ( ) ) - AS hC 1

Raw Data XP\Mk,T) ~
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Method 3: Temperature Estimation from Images
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Actual Red Actual Green Actual Blue

Aperture
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N Charge R Charge to Voltage g I \Voltage
conversion Converter Transfer
. /
Y

Work in Progress!
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