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123Te Electron Capture

123Te is foreseen to EC to %3Sb
* Second-order unique forbidden process

* Q-value = 51.9 keV Limit on half-life*, Ty, > 9.2  10'® years
7+

° 1 b = _
High daughter nucleus angular momentum (J . ) *Phys. Rev. D 67, 014323 (2003)

* Would be the first measurement made in these limits

Process has been unobserved thus far:
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123Te Electron Capture

123Te is foreseen to EC to %3Sb
* Second-order unique forbidden process

* Q-value = 51.9 keV Limit on half-life*, Ty, > 9.2  10'® years
7+

° 1 b = _
High daughter nucleus angular momentum (J . ) *Phys. Rev. D 67, 014323 (2003)

* Would be the first measurement made in these limits

Process has been unobserved thus far:

Deexcitation cascade,
sums to shell binding
energy

Electron captured
from K-shell, for
example
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New Calculations for 1%3Te EC

 Updated theoretical calculations completed for 1%>Te EC ratios by O. Nitescu
* Probability of captures from different shells tells us relative intensities of
lines to expect to see in data

* Confirm previous calculations that L3 line (2p5,, shell) would be the most

intense line
Sb Binding Energies: Capture Fraction
K'shell =30.5 keV L1/K 14.42
L1 shell=4.7 keV L2/K 0.38
L2 shell = 4.4 keV L3/K 338.65
L3 shell = 4.1 keV L/K 353.45
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How do we look for this process?
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* Located at Gran Sasso National Laboratory
* 988 natural TeO, crystals (detectors)
operated at~10 mK

Cryogenic  123Tg jsotopic abundance ~0.9%

Jun * Searching for OvBp of 15%Te (Qg 4z ~ 2528 keV)

QndergrOu nd  Low backgrounds, large exposure, and good

energy resolution enables broad physics

Observatory for rogram beyond OvA8

Ra re * New analysis chain has allowed access
to data down to 3 keV [arXiv:2505.23955]

Events o e — =

https://www.google.com/maps/place/Laboratori+Nazionali+del+Gran+Sasso+-+INFN
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CUORE Low Energy Spectrum

M1 spectrum of detector with OT threshold lower than 3 keV

> 102 Sb Binding Energies:
'OUD 123Te L1-shell Basic Cuts (BC) - 17.7 kg yr _
% EC? I GC - Puise Shape (PS): <t > = 0.64 K shell = 30.5 keV
% 10 - BC + PS + Detector Selection - 11.4 kg yr L1 shell =4.7 keV
-
S 1#7Te K-shell Preliminary || L2 shell=4.4 keV
S EC? \

i L3 shell =4.1 keV

107
10 20 30 40 50 60
Energy (keV)
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Experimental Results

1. 4.7 keV Signal Rate

2. 30.5 keV Signal Rate
3. L1/KRatio
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4.7 keV (L1-shell) Signal Rate

——=- Weighted Mean: 19.18 +/- 1.02
Preliminary
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© Example Fit:
© Low Energy Spectrum for ds3816
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30.5 keV (K-shell) Signal Rate

3.5
- == Weighted Mean: 1.2 +/- 0.07

3.0 Preliminary
> ®
© 2.5 Example Fit:
-O Low Energy Spectrum for ds3816
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0.5
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38IO7 38|09 38I]_]_ 38|13 38I15 38I17 * Error bars include statistical errors on all

efficiencies and number of signal events
Data Set * ds3805 excluded due to small exposure
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L1/K Ratio

L1 avg.rate of 4.7 keV peak 19.42 + 1.05%cpd /kg

B [ +4.55YS
K  avg.rate of 30.5 keV peak 1.22 + 0.03*cpd /kg

— 159 i 09 sta — 24

* Rates are excluding ds3805
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L1/K Ratio

L1 avg.rate of 4.7 keV peak 19.42 + 1.05%cpd /kg

B [ +4.55YS
K  avg.rate of 30.5 keV peak 1.22 + 0.03*cpd /kg

— 159 i 09 sta — 24

* Rates are excluding ds3805

* Ratiois compatible with theoretical calculations L1/K, = 14.42
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Missing L3 Shell?

A very intense line at 4.1 keV predicted from theoretical Capture Fraction
models which is not present in experimental data
P D L1/K 14.42
1. Isthis anissue with experiment? Miscalibration?
2. Peaks are due to other processes? L2/K 0.38
3. Isthis anissue with theoretical models? . 3/K 338.65
L/K 353.45

Remaining Mystery: Is L3 (4.1 keV) somehow suppressed?
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Thank you!
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Backup Slides
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Low Energy Analysis Methods Overview

1. Optimized Detector Selection 2. Event Level Cuts

* Energy thresholds determined for each * Pulse shape cut determined for each
detector detector
 Threshold = energy at which detector s Tary
has detection efficiency of ~90% for ;
injected pulses £
£ 5000 g .
8 OzEnergy [ke\}]o
D 4000 . Tk \
_.8 Prellmlnary fﬁj i 5::: Signal event
S 3000 | event ) | ﬂ
S B A L L A Paper now on arXiv!
S2000-1 EEEEEEEESN Ty L (o) .
§ o 3. Den0|smg arXiv:2505.23955
= 1000 ]
. 4. Calibration & Efficiencies

o

5 _10 15 20 25 30 * Thermal pulses at low energies

Trigger Threshold [keV]
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4.7 keV Signal Rate - No Pile Up Cut

50
e e e 4 . 1% | Took out NumPulses == 1 cutanc
® w/out numPulses then didn’t weight by pile up
40 - w/ numPulses efficiency
Preliminary * Signalrate is much more
3 constant
'B 30 * Likely due to change in timing
o ® window of pulsers
v ! S | * Before ds3813 the timing
20 - + + | nes s 5 window was shorter which
T | Y likely worsened the efficiency
¢ estimate
10+

38|08 38I10 38|12 38I14 38I16 38'18 * Error bars include statistical errors on all
Data Set efficiencies and number of signal events
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Low Energy Calibration Checks

* Calibration checked at low energies on Te x-rays (~27/31 keV) and 4°K x-ray at 3.2 keV

Te x-rays:

* Te x-rays are present in calibration data from

excitation due to calibration sources

Line Energy [keV] Intensity [%)]
Kal 27.472 47.1
Ka2 27.202 25.3
Ka3 26.875 0.00202
Kpg1 30.995 8.19
Kp2 31.704 2.37
K33 30.944 4.25
Kp4 31.774 0.363
KpB5 31.237 0.075
Energy Shift by Dataset
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40K x-ray:

37
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* Incoincidence with the main gamma
emission at 1460 keV, a low intensity, low
energy x-ray can be emitted

* The existence of this 3.2 keV x-ray was
confirmed in coincidence with the 1460
keV gamma peak with the 3 keV channels
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