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Why Low Background Laboratories?

* For the Science!
 Dark matter search

e Matter-antimatter symmetry

* non-zero positive baryon density aka
universe is made of matter!

* OvBB search — Majorana particles?
* Proton decay

CDMS Cavern at SNOLAB
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[Tykva 1995, Theoddrsson 1996, Knoll 2010, Jiao 2013, Wilkes 2015]



Challenges

* Activity is everywhere: )

* NORM — Naturally Occurring
Radioactive Materials — (Diana 12/8)

e Cosmic sources — (Erin 12/8)
* Anthromorphic — it’s our fault!

 Show and tell...

[Theoddrsson 1996, Livingston 2004, Knoll 2010, Wilkes 2015]



Anthromorphic sources
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Mitigation Strategies

* Active
* Coincidence and Anti-coincidence
e Data analysis

* Passive:
e Careful material selection ‘
« Shielding (Roman lead, pre-1945 armor) /==
* Go underwater or underground

Science Underground
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[Tykva 1995, Theoddrsson 1996, Livingston 2004, Knoll 2010, Peltoniemi 2014, Piquemal 2012, Patzak 2011, Wilkes 2015]
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[Votano 2010]




20 kKT LAr TPC @ Fermilab COUPP detector prototype

T . Chicagoland Observatory for Underground Particle Physics, COUPP
Proposed for LBNE project Ultimate goal: deploy a large bubble chamber dark matter search in the Soudan

neutrino beam aimed at Homestake Gold Mine Underground Laboratory (MN). 1 Liter CF,| prototype developed at Fermilab
.
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More Low Background Labs...

Surface premises:
old mining hut
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Finland
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[Peltoniemi 2014, Piquemal 2012, Patzak 2011, Zalewska 2007]



More Low Background Labs...

[Peltoniemi 2014, Piquemal 2012, Patzak 2011, Zalewska 2007]



Future >Kiloton Detectors: LAGUNA

* Large Apparatus studying Grand Unification and Neutrino Astrophysics

* 3 components:

e GLACIER — Ilq uid a rgon GLACIER quu1d AI'gOIl ~ 100 ktons fiducial mass LENA
* LENA - |IC|LIId scintillator LENA qullld Scintillator ~ 5o ktons fiducial mass 3 3
* MEMPHYS — water Cherenkov MEMPHYS Water Cerenkov - 440 kions fiducial mass qu.uld
. N Scintillator
e 7 potential locations: T Rk

* Boulby, Canfranc, Modane; Caso Umbria, Pyhasalmi, Sierozsowice, fiducial mass

Slanic
GLACIER g MEMPHYS
Liquid Argon ' oy
~ 100 ktons fiducial mass fiducial mass
o Water Cerenkov (sic)

[Votano 2010, O’Keeffe 2011, Peltoniemi 2014, Piguemal 2012, Patzak 2011, Zalewska 2007, Rubbia 2012] 10



Future >Kiloton Detectors

GLACIER - the Liquid Argon detector

LENA - the liquid scintillator detector

Concept: initialy developed for Sieroszowice and Gran Sasso,
prototype - the ICARUS detector, rescaling by a factor 150

Advantages: very good positional and energetic resolutions
- imaging topologies, identification of low energy hadrons

Challanges: 20-m long drift of electrons, huge cryogenic installation,
dewar thermal insulation

Construction: cylinder
70m in diameter and 20 m
hight, total mass - 100 ktons
of Liquid Argon, read out of
the electron ionisation and
light signals (scintillations -
1000 8" PMT, Cherenkov

light -2200Q B PMT)

And Hyper-K!

Concept: initial work for the Pyhdsalmi mine in Finland (underwater
placement near Pylos was also considered), the Borexino, Chooz and
KamLAND detectors as prototypes, rescaling by a factor 40-50

Advantages: very low energy threshold, good energy resolution,
known technology

Challenges: scintillator cleaning, better and cheaper light detection
(photomultipliers, light concentrators) ~ 10om

Construction: cylindrical \
tank 100m long and witha
diameter of 30m, fiducial mas
of about 50 ktons, readout by
12 000 photomultipliers (20" <
30% surface coverage, with |
added light concentrates - 30m,

50% cayerage) s o207

inner detector
1 ~50,000m’
muon veto

MEMPHYS - water Cherenkov detector

Concept: initial work for the Frejus laboratory, the SuperKamiokande
detector as a prototype, rescaling by a factor up to 20

Advantages: the cheapest target material, mature technology,
possible extrapolation to the 1 Mton mass

Challenges: better and cheaper photomultipliers, dopping with 6dCl,
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Questions?
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