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Atomic Tritium Thermal Atomic Sources Challenges

O * Dissociation occurs mainly on the hot capillary walls Temperature measurements are important for atomic fraction

* Neutral atomic beam production 2o, T) = Kp(T) measurements!
’ B pequ

« R&D with hydrogen at JGU Mainz 40+ Kp(T)

e Tritium testing at Tritium Laboratory Karlsruhe e A suitable sensor must:
Equilibrium dissociation for multiple pressures (Tschersich fit) ° Operate at h|gh temperatures (no direCt Contact)

p_eq (bar)
T~as L aeoer  — oooseal * be vacuum-compatible with a low outgassing rate
* be tritium compatible
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Ensemble purity:
n(T,)/n(T) <10+
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Filament heating
up to ~2200 K

J. Formaggio et al., doi.org/
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e Source temperature drifts with thermal cycling:
* High measurement accuracy and repeatability needed

Q value - 18575 (eV) ‘i 1 mm tungsten
Project 8 — CRES measurements, 40 meV/c? target sensitivity capillary

: : i { e , Credit: Aya El Boustani
KATRIN++ — Differential measurements, 50 meV/c? target sensitivity 0 o B _mm mw wm mw s s

Temperature T (K)

Degree of dissociation a

K. G. Tschersich; https://doi.
org/10.1063/1.372220
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2. Optical Responsivity Calibration 3. Emissivity Modeling 4. Thermal Cycling

Hs-25-100 Qe i ® To o = 126315 € * Dedicated emissivity measuring setup built @ TLK Thermal cycling alters the capillary surface properties
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Blackbody Oven 0.\ s ‘ Blatkbody Spectubn ° I I — 0 . . . .
| , | — sleckboay Speci Two unused W capillaries mounted on a sample heater (T __ = 1500 °C) —» Tungsten emissivity changes with each cycle
* W capillary: 1.5 mm outer diameter, in vacuum w Capillary Emissivity —» Source drifts to cooler temperatures

(Zone 1, Cycle 1

/ | - 4 — 16 temperature scans performed to
_ _ 3 measurement zones: » % | determine €(A, T) changes with source aging
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Pixel response scales non-linearly with light intensity — Temperature fit error £ 0.5% | holder ]
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Scanning electron microscopy
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1. Wavelength Calibration

| How to Measure the Temperature?
of the NIR spectrometer, using an Argon-Mercury 5 Next Steps

calibration source

| — Caplllary Spectra * InGaAs array 512x1 pixel spectrometer o i civi :
A, = 895.8 + 1.64 p + 0.00039 p? + 1.03 - 1063 Full tungsten emissivity model:

* 900 nm - 1700 nm » fiber etendue and optical system throughput corrections

—— Measured Spectrum e |__—  \| *Spectralresolution of 3.75 nm @ 1128.75 nm » Non-linearity corrections to reduce fitting uncertainties
* Thermoelectrically cooled to improve SNR » Thermal cycling evolution

Dark Spectra

Relative Intensity
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e Atomic source temperature measurements in Mainz
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