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What is Ovpp?

Proposed process where a
double beta decays occurs
without emitting a neutrino

Would violate lepton number
conservation

We expect to see scintillation
and electrons if double beta
decays occur in certain media

a) Possible path for Ovpp
Credit: Searches for Majorana neutrinos in 3- decays
https://doi.org/10.1103/PhysRevD.85.112004
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Sensitive to a projected
half life of 10?8 years. |
2 ways to detect Ov[3f3 )
- Light emission
- Charge collection

'

nEXO Experiment. Credit: https://nexo.lInl.gov/nexo-overview 4



The LoLX cryostat. Credit:

NEXO: 40-50k SiPMs David Gallacher _

_~Charge collection tiles
NEXO vessel <

LoLX: 80 SiPMs

Photodetectors

Electric field

Cathode

1" Photo: Stéphanie Bron

<= Cryogenic
vaCuum space

nEXO Experiment.
Credit: https://nexo.lInl.gov/nexo-overview Size comparison. Credit: Sandhya Rottoo >



LoLX

Small detector with silicon
photomultiplier (SiPM) walls
filled with liquid xenon.

Studies
- Scintillation

- Cherenkov Emissions
- SiPMs

Photos: Stéphani
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The Source

Neutron rich isotope of hafnium
(Hf 181)

Emits gamma radiation

Will be use to study SiPMs:
- Lightyield
- Energy resolution




High Purity \(
Germanium Detector

A large bias is put across the

Germanium crystal. (Roughly
2 kV)

Gamma interactions create
electron-hole pairs, which are
measured, and their relative
energy is plotted.

We expect <1% Resolution

-,
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Detector Calibration

Gamma i¢% (GO pata AP

o E, ly(abs) Initial level 5 Final level M - - Chients
[keV] [%] [keV] [keV] [%]
5316226 2143 43701139 12+ 3838491 3/2+ MI+E2 0083 56610 1433
79614212 2655 16061219 52+ 809979  5/2+ MI+E2(+E0) 012415 1773 73416
80997971 3293 8099798 52+ 00 72+ MI+E2 01585 1703 89112
160612076 06385 16061219 52+ 00 72+ MI+E2 0965 02946 08258
2232368 13 04533 38384918 3/2+ 1606121 572+ MI+E2 014 74 00975 0497 4
276398912 7165 4370139 1/2+ 1606121  5/2+ E2 00566 7575
3028508 5 183413 38384918 3/2+ 809979 572+ MI+E2 002220 0.0434 191313
3560129 7 62,0519 43701139 1/2+ 809979 52+ E2 0.0254 6363 20
383848512 8946 38384918 3/2+ 00 K-y 3 00202 9126 :

Credit: IAEE Table of nuclides
https.//www-nds.iaea.org/relnsd/vcharthtml/VChartHTML.html
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He - 181
Real Time: 60905.12 5. Live Time: 60838.80 s.
0 343 & 346 keV Channels: 2048
1 Gamma ¢ D pataarl
Ey, ly(abs) Initial level Final level __ rot
# g I Mult.
kel 1% [keV] keV] . T
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g 50-65  keV : /
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Hf - 181

Real Time:

60905.12 s. Live Time: 60838.80 s.
Channels: 2048

Gamma ¢ D pataarl

- Ey, ly(abs) Initial level . Final level 2t - - rot
[keV] [%] [keV] [keV] [%]
39010 000178 6189252 3/2+ 61512 Y2+ M) 2684 4522
633 00154 61210 92- 00 72+ E 70525 0824
133021719 4335 615124 2+ 48210 52+ E2 127 983 14
13626078 58579 13625218 9/2+ 00 72+ MI+E2 03967 1751 1615
136864 08619 618925 32+ 48210 502+ M 183 245
345936 151212 482104  5/2+ 136252  9/2+ E2 ! 00544 159413
475999 07037 482104 572+ 612 9/2- M2+E3 0571 01688 082110
482189 8054 482104 572+ 00 72+ MI+E2 4764 002958 8294
6151771 023318 615124 12+ 00 72+ M3(+E4) 0194 027921
618668 0025072 618925 32+ 00 72+ (E2) 00122 00253 12

- 343 & 346 keV
10!
_ 1072
; X-Rays 133&136
g 50-65  keV
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E 24 keV
S 10-4 476 & 482 keV
-5
10 615 keV
1076
I .
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Energy (keV)
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Hf - 181

Real Time:
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633 00154 61210 92- 00 72+ E 70525 0824
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13626078 58579 13625218 9/2+ 00 72+ MI+E2 03967 1751 1615
136864 08619 618925 32+ 48210 502+ M 183 245
345936 151212 482104  5/2+ 136252  9/2+ E2 ! 00544 159413
475999 07037 482104 572+ 612 9/2- M2+E3 0571 01688 082110
482189 8054 482104 572+ 00 72+ MI+E2 4764 002958 8294
6151771 023318 615124 12+ 00 72+ M3(+E4) 0194 027921
618668 0025072 618925 32+ 00 72+ (E2) 00122 00253 12
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-

| AW 43 Data API
. I.(abs) Initial level

bV DA e 0 ey 0 Mt 8 em gy Comment
39070 000178 6189252 3/2+ 61512 12+ [M] 2684 4522
633 00154 61210 92- 00 7/2+ El 70525 0824
13302179 4335 615124  1/2+ 48210 5/2+ E2 1.27 98.3 14
13626018 58519 13625218 9/2+ 00 7/2+ MI+E2 039671 1751 1615
136864 08619 618925 32+ 48210 52+ M 1.83 245

345936 1512712 482104  5/2+ 136252 92+ E2 00544 159413 |
475999 07037 482104  5/2+ 612 92- M2+E3 057 01688 0.82110
482189 8054 482104 52+ 00 72+ MI+E2 4764 002958 8294
6151771 023318 615124 12+ 00 7/2+ M3(+E4) 0194 02792
618668 0025012 618925  3/2+ 00 72+ (E2) 00122  0.0253 12

/| .
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390 10

615.12

4522

000178 6189252  3/2+ 12+ [M1] 2684
633 00N54 61210 9/2- 0.0 7/2+ El 70525 0824
133.02179 4335 61512 4 12+ 48210 5/2+ E2 1.27 983 14
136.260 18 5.85179 13625218 92+ 0.0 ?7/2-* MI+E2 0396171 1751 1615
136864 0.8619 61892 5 3/2+ 48210 52+ Ml 1.83 245
345936 151212 48210 4 5/2+ 136252 @ 92+ E2 0.0544 159413
475999 07037 48210 4 52+ 612 9/2- M2+E3 057 01e88 0.82110
482189 805 4 48210 4 5/2+ 0.0 7/2+ MI+E2 4764 002958 8294
61517 11 023318 61512 4 12+ 0.0 7/2+ M3(+E4) 0.194 0.279 21
618668 0.0250 712 618925 32+ 00 7/2+ (E2) 0.0122 0.0253 12
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240 20

43281

14913

89.36 1 343.4] 52+ MI+E2 01217 522

Nn38l2 0293 MN3812 0.0 7/2+ MI+E2 04645 251 1.03 10
1439 5146 3 371 (1/2-)

16132 00238 51463 2555 52- Ml 0969 0.04517
22966 0683 343418 N3.81 92+ E2 0178 0803
31896 0174 43281 113.81 92+ MI+E2 014672 0147 0195
343408 843 34341 8 0.0 7/2+ WMI+E2 -0272 0N8 94 3
38332 02819 35332 0.0 7(2+ i E 0.0140 023219
43305 1446 @ 43281 0.0 7/2+ Ml 0.0663 1536
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16132 00238 51463 3/2- 3533 5R2- Ml 0969 004517
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A

4S9 QD Data API
& Ey ly.(abs) Initial level qu Final level ™ Mulk. B o ot
[keV]  [%] [keV] [keV] [%]
189361 24020 43281 72+ 3434 52+ MI+E2 0121 522 14913 |
N3812 0293 13812 9/2+ 0.0 7/2+ MI+E2 04645 25] 1.03 10
1439 5146 3 3/2- 37 (1/2-)
16132 00238 51463 3/2- 3533 502- Ml 0969 004517
22966 0683 343418 5/2+ 113.8] 92+ E2 0178 0803
31896 0174 43281 7/2+ N3.81 92+ MI+E2 014612 0147 0195
|343.408 843 34341 8 5/2+ 0.0 7/2+ MI+E2 -0272 0ON8 943 |
35332 022819 35332 5/2- 0.0 7/2+ El 0.0140 023219
|_433.05 1446 43281 7/2+ 0.0 72+ Ml 00663 1536 |
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Hf - 181

100 343 & 346 keV

Real Time

:60905.12 s.

Live Time: 60838.80 s.
Channels: 2048

Gamma .i¢% (D Dpataapl
# Ey ly.(abs) Initial level Jm Final level g Mult. 5 - Itot
| [kev]  [%] [keV] [keV] [%]
10~ [80367 24020 43281 2+ 34341 52+ MI+E2 0121 522 14913 | 1
3812 0293 N3812 92+ 00 72+ MI+E2 04645 251 103 10
1439 5146 3 3/2- 3N (1/2-)
10-2 16132 00238 51463 3/2- 3533 5R- M 0969 004517
g 133 & 136 22966 0683 343418 502+ 1381 9P+ E2 0178 0803
5 X-Rays keV/ 31896 0174 43281 7/2+ 138 92+ MI+E2 014612 0147 0195
g 50-65 € [343408 843 343418 52+ 00 72+ MIE2 -0272 ON8 943 |
5103 keV 433 keV 35532 022819 35532 5. 00 N2 El 00140 0252 19
& M [43305 446 43281 7/2+ 0.0 72+ M 00663 1536 |
2]
D
g 24 keV
S 104 476 & 482 keV |
I | ‘ I
i ‘ |
10°° |
615 keV
10°° |
107 : : »
0 200 400 800 100 1200
Energy (keV) 65
Ny y 4 N



Counts per second

Hf - 181

10°

10!

102
X-Rays
50-65
1073 keV

24 keV

343 & 346 keV

L

133& 136
keV

476 & 482 keV

615 keV

Real Time

:60905.12 s.

Live Time: 60838.80 s.

Channels: 2048

Gamma .i¢% (D Dpataapl
# Ey ly-(abs) Initial level on Final level gu Mult. & - ot
[keV] [%] [keV] [keV] [%]
[89361 24020 43281 T2+ 343.4] 52+ MIWE2 0121 522 14913 |
13812 0293 113812 92+ 00 72+ MI+E2 04645 251 10310
1439 5146 3 32- 37 (1/2-)
6122 00238 51463 3/2- 3533 5P- M 0969 0.045 17
22966 0683 343418 572+ 1138 9P+ E2 0178 0803
31896 0174 43281 72+ M38 "9+ MI+E2 014612 0147 0195
[343408 843 343418 52+ 00 72+ MI+E2 -0272 ON8 943 |
35332 022819 35332 5P 00 e El 00140 0232 19
| 43305 1446 43281 7/2+ 0.0 72+ M 00663 1536 |

200 400

Energy (keV

i | ‘ |
i
800 100
)

|
‘
10

66



Counts per second

Hf - 181

Real Time: 60905.12 s. Live Time: 60838.80 s.
i 343 & 346 keV Channels: 2048
101
1072
133& 136
50-65  keV
1073 keV 433 keV
24 keV |
10-4 476 & 482 keV | |
-5 I
10 615 keV
1076
-7 . LA I
1077 500 100 000 1200

Energy (keV) 67



Energy (keV)

Isotope

133.051 £ 0.053

482.058 +0.572

345.939 £ 0.025

343.422 +0.025

136.350 £ 0.111

23.451 +0.083

475.886 + 0.051

432.851 +£0.128

615.194 + 0.088

Literature (keV) R.elatlve
size (%)
133.021 £ 0.019 100.00
482.18 + 0.09 74.73
34593 + 0.06 2217
343.4 +0.08 19.95
136.26 +0.018 8.15
27?777 2.70
475.99 +0.09 0.89
433 +0.5 0.26
615.17 £ 0.11 0.09

i

Summary
All lines are expected
except for the peak at 24

keV.

Activated zirconium is not
detectable in the hafnium
samples.
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Why are we looking for
OvBB

Neutrinos being Majorana particles, along with seesaw
mechanics, could explain their extremely small mass.

OvBB would push physics beyond the standard model,
allowing for the study of new physics.

Y

Violates lepton number conservation, pointing toward
leptogenesis.

Expected half life of 1e25-26 years
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McMasters Reactor
Builtin 1959

Operates at 3 MW
(Max of 5 MW)

1e14 neutrons per
square cm

Really cool

Tours from 09:00 to 16:30 on Weekdays
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McMasters Neutron Spectrum

J ATANACKOVIC ET AL.
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Figure 4. BSS and NNS spectra at MNR position 1. Figure 6. BSS and NNS spectra at MNR position 3.
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Neutron Cross Section
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Neutron Cross Section
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