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Part Ill: Highlights from Underground Labs

Some World-Leading Deep Underground Labs
 Starring... SNOLAB

Some Highlights of Recent Results
Dark Matter Direct Detection
“Exotic” Neutrinos
Neutrinoless Double Beta Decay
Nucleon Decay
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Some World-Leading Deep

Underground Labs
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Underground Labs Worldwide
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Canada’s Leading Astroparticle Physics Lab

Arca Dimensions current

SNOCavern | 24m (dia) » 30mih) Future Experiments
Ladder Labs | 32m()x6m(w)xS Smih) 19 Cryopit Laboratory Facilities

23m{l)x7 Smiw 7 Smih) 1 . CUbe Ha“
Experiment Areas

0, PICO500,

Cube Hall 18.3m{l)x15miw) x 19.7m(h) 2

Electrical Shop J-Drift

Halo Stub {I‘\x OSCURA
: Machine Shop

potential breakthrough for @4" -\ \
\ '" & h - Utilities

Cryopit 15midia) x 19.7m(h)
S
3

future expansion
Ladder Labs

LSBC CUTE

Plants

UPW, LN2, Scintillator, Te Diol, TeA - S f Life Sciences Lab
/ ¥ Chemistry, AlF

P /
SNO Cavern 1 5000 m? of class 2000 cleanroom
#,SNO+Te Low Background Lab underground.
HPGe assay/screening, XRF, Radon Boards, FL/ <2000 particles >0.5 pm in diameter per ft3
XIA, 31 al |

Zo‘rleiter
https://www.snolab.ca/facility/virtual-tour/
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Virtual Tour | SNOLAB
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SNaLAB

Facility / Virtual Tour

Full Screen Version

VR Glasses view 2]

B Q search

Probing

Click and drag within
rooms to look around

01 - Drift

02 - SNOLAB Car Wash
03 - Mens Shower and

Change Room

04 - Entrance to Refuge
Station

05 - Mezanine

06 - Lunchroom

07 - Meeting Room

08 - Staging Area

09 - Laundry Room

10 - Main Hall

11 - SNQ Carwash

8l 12 - Air Shower (inside)

23 - Ladder Labs Area
24 - PICO Experiment
25 - Ladder Lab A

26 - Ladder Lab B

27 - SuperCDMS
Experiment

28 - Chemistry Lab
29 - Machine Shop

30 - Storage Drift

31 - Top of Cryopit

32 - Bottom of Cryopit
33 - Storage J-Drift
34 - DAMIC

35 - DEAP-3600 &

< Ask Gemini
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HALO Experiment
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ﬂ' A Media Conceps Médiatiques..

MAP
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Probing the cosn X SuperCDMS | SN X +
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Virtual Tour | SN 2 df X 2111, pdf The Experiment X ¥ The Cos Nei Probing the cosn = X SuperCDMS | SN X 4 Ask Gemini

5 25 snolab.ca/experiment/supercdms/ °
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Welcome to the SNOLAB Virtual Tour

—

—
Click and drag within
rooms to look around

B 01 - Drift

02 - SNOLAB Car Wash
03 - Mens Shower and
Change Room

| 04 - Entrance to Refuge
= Station

- Mezanine
- Lunchroom
7 - Meeting Room
- Staging Area
- Laundry Room
- Main Hall
- SMO Carwash
- Air Shower finside)
- Hallway
- Germanium Counter
- Scintillator Plant
- Water Purification Plant
- 60 Tonne Tanks
- SNO+ Control Room
- SN0+ deck
- Vessel
- vessel Under
- Vessel Under Wall

23 - Ladder Labs Area
24 - PICO Experiment
25 - Ladder Lab A
26 - Ladder Lab B
27 - SuperCDMS
Experiment

- Chemistry Lab

- Machine Shop

- Storage Drift

- Top of Cryopit

- Bottom of Cryopit

- Storage J-Drift

- DAMIC

- DEAP-3600 &
MiniCLEAN (lower)
36 - DEAP-3600 &
MiniCLEAN (upper)
37 - Top of Cube Hall
38 - Cube Hall Staging
39 - PICO 2L Experiment
40 - HALO Experiment
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Top of Cryopit
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ﬂ' A Media Conceps Médiatiques..

DEAP-3600 & MiniCLEAN (Upper)
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DEAP-3600 & MiniCLEAN (Upper)

Gl
.
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Entrance to Refuge Station
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Welcome to the SNOLAB Virtual Tour

Click and drag within
rooms to look around

il 01 - Drift

02 - SNOLAB Car Wash
03 - Mens Shower and
Change Room

| 04 - Entrance to Refuge

Station

05 - Mezanine

06 - Lunchroom
07 - Meeting Room

)| 08 - Staging Area

09 - Laundry Room
10 - Main Hall
1 - SNO Carwash

| 12 - Air Shower (inside)

13 - Hallway
14 - Germanium Counter
15 - Scintillator Plant

| 15 - Water Purification Plant

17 - 60 Tonne Tanks

18 - SNO+ Control Room
19 - SNO+ deck

20 - vessel

21 - Vessel Under

i 22 - Vessel Under Wall

23 - Ladder Labs Area
24 - PICO Experiment
25 - Ladder Lab A

26 - Ladder Lab B

27 - SuperCDMS
Experiment

28 - Chemistry Lab

29 - Machine Shop

30 - Storage Drift

31 - Top of Cryopit

32 - Bottom of Cryopit
33 - Storage J-Drift
34 - DAMIC

35 - DEAP-3600 &
MiniCLEAN (lower)
36 - DEAP-3600 &
MiniCLEAN (upper)
37 - Top of Cube Hall
38 - Cube Hall Staging
39 - PICO 2L Experiment
40 - HALO Experiment

N

Entrance to Refuge Station

o @ Cw)
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Virtual Tour | SNC X = 2 58 X 111.148 riment x £ The Cosm P, g the X S ; 4 Ask Gemini

G % snolab. al-tour/ Tr

SNoLAB

Facility / Virtual Tour

Full Screen Version | VR Glasses view 2]

»® TRISEP slides 2026.pptx... = TRISEP slides 2026 part3...
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Canada’s Leading Astroparticle Physics Lab
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Arca Dimensions
SNOCavern | 24m (dia) x 30mih)

Ladder Labs | 32m{l)x6m{w)xS Sm(h)

Cube Hall
0, PICO500,

23m{l)x7 Smiw 7 Smih)
Cube Hall 18.3m{l)x15miw) x 19.7m(h) 2

Cryopit 15mi{dia) x 19 7mih)

Halo Stub

\}
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potential breakthrough for

future expansion
Ladder Labs

, SBC, CUTE,
Plants

UPW, LN2, Scintillator, Te Diol, TeA

SNO Cavern
+, SNO+ Te
XIA,

20 meter
S

arXiv.org:2507.11368

Low Background Lab
HPGe assay/screening, XRF, Radon Boards,

Future Experiments
Laboratory Facilities
Experiment Areas

Cryopit

Electrical Shop J-Drift

{I‘}} OSCURA
el % .
Machine Shop

Utilities

Life Sciences Lab
Chemistry,

’EEOO m? of class 2000 cleanrocom

underground.
<2000 particles >0.5 pm in diameter per ft3

https://www.snolab.ca/facility/virtual-tour/
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DM Direct Detection Constraints

90% CL
Dashed lines are projected
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DM Direct Detection Constraints
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DM Direct Detection Constraints
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** And Now For Something Infamously Confusing... DAMA

Look for annual or daily modulation signal to bypass constant backgrounds

WIMP

Vo

55
Nuclear recoll

Distribution of angle between
solar motion and recoil direction:
peaks at a=180°

==
Diurnal modulation: mean recoil
direction rotates over one sidereal day

Slide credit: Enectali Figueroa-feliciano
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** And Now For Something Infamously Confusing... DAMA

2-6 keV

T IR (H e DAMA/LIBRA (Nal crystal detector
R SN g A array) sees 12-sigma “annual

ST L e | o ~  modulation” signal, incompatible

with null-results from direct

detection experiments that use

background subtraction / modelling!

Residuals (cpd/kg/keV)

Time (day)

SIMPLE (2012)

See also, lack of replication by
COSINE and ANAIS
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4 2503.1955%v2.pdf X 11. X SuperCDM: 4 Ask Gemini
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"Cender for Underground Physies, Inslitule for Busie Science (IBS), Daejeon 34126, Republic of Korea
' Department of Physics and Astronomy, Seoul National University, Seoul 08826, Republic of Korea
® Department of Physies and Astronomy, University of Sheffield, Sheffield S3 TRH, United Kingdorm

" Department of Physics, Chung-Ang University, Seoul 06973, Republic of Korea
TCenter for Exotic Nuclear Studies, Institute for Busic Science (1BS), Dacjeon 34126, Republic of Korea
*Department of Seience Education, Ewha Womans University, Seoul 03760, Repub of Korva
[BS School, University of Science and Technology (UST), Daejeon 34113, Republic of Korea
" Department of Physics and Wright Laboratory, Yale Umiversity, New Haven, CT 06520, USA
" Department of Physics and Wiscansin IceCube Partiele Astrophysics Center
Unaversity of Wisconsin-Madison, Madison, WI 706, USA
2 Department of Physies, Jepu Nutional University, Jeju 63243, Republic of Korea
' Department of Accelerator Science, Korea University, Sejong 30019, Republic of Korea

" Karea Research Institute of Standards and Seience, Daejeon 34113, Republic of Korea

" Department of Physies and 1QS, Chungnam National University, Daejeon 34134, Republic of Kaorea
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N Laboratorio Subterrdneo de Canfrane, Paseo de los Ayerbe son., 22880 Canfranc Estacidn, Huesca, Spain

A Escuela Universitarin Politéenica de La Almunia de Dovia Godina (EUPLA

Universidad de Zaragoza, Calle Mayor 5, La Almunia de Dofia Godina, 50100 Zaragoza, Spain

(Dated: Mareh 21, 2025)

The annual modulation signal, claimed to be consistent with dark matter as observed by
DAMA /LIBRA in a sodium-iodide b detector, has persisted for over two decades, COSINE-100
and ANAIS-112 were designed to test the claim directly using the same target material
COSINE-100. located at Yang Underground Laboratory in Sonth Korea, and ANAIS-112, lo-
cated at Canfranc Underground Laboratory in Spain, have been taking data since 2016 and 2017, re-
spectively. Each experiment published its respective results independently. In this paper, we present
the results n annual modulation search test of the signal observed by DAMA/LIBRA with the
tirst three respective vears of data from COSINE-100 and ANAIS-112. Using a Markov Chain Monte
Carlo method, we find best fit values for modulation amplitude of —0.00( 0.0026 cpd kg /keV 1n
the 1-6keV and 0.0021 £ 0.0028 cpd /kg/keV in the 2-GkeV energy regions, These results are not
compatible with DAMA/LIBRA's assertion for their observation of annual modulation at 3.70 and
2.6, respectively. | rming a simple combination of the newly released 6-years datasets from
both experiments find values consistent with no modulation at 0.0005 + 0.0019 cpd/kg/keV in the
1-6 keV and 0.0027 £0.0021 cpd/kg/keV in the 2-6GkeV energy regions with 4.7o and 3.5¢ respective
exclusions of the DAMA/LIBRA signal.

TRISEP slides 2026.pdf 2108.09364v2.pdf
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*** Reaching the Neutrino “Floor” or “Fog” in DM Searches

Gradient of discovery limit, n = —(dIn¢/dInN)~! v floor traditionally defines
[ 5 6 7 8 9 region of parameter space
" where DM signals get hidden
under “irreducible” v bg
Neutring “floor” 3 * under arbitrary choices of
St exposure, threshold

10

,_
-
(=1

New definitions proposed, e.g. :
n = index in scaling of discovery
limit o with #bg events N,

fog = n>2 regime

e

Still:
* Depends on target material
* Influenced by systematic

0 1 - . v
10! - 10! 0 3 10° 10’ 10* uncertainties on v flux
WIMP mass [GeV /¢7] Number of “B events o~
normalization
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Astrophysical Neutrinos

— GW (90% CL) |
¥ neutrino (lceCube)
X neutrino (Antares)

GW151226
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Reactor Neutrinos & Geoneutrinos

SNO+ with Bruce, Pikering, and Darlington reactors
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Neutrinoless Double Beta Decay
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