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World Class Science I1s Done In
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Wiy
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A Dark Matter
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Dark Matter in a Nutshell
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Dark Matter in a Nutshell
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Direct Detection Event Rates SNoLAB

Assume that the dark matter is not only gravitationally interacting (WIMP).

WIMP Target Nucleus
from galactic halo in laboratory  Flastic collision

o —

v~220 km/s v~0 km/s

Er~30 keVr

6 Elastic scatter of a WIMP off a nucleus
6 Imparts a small amount of energy In a recoiling nucleus

6 Can occur via spidependent or spinndependent channels

6 Need to distinguish this event from the overwhelming number of background events



Event Rates are Extremely Low! SNeTAB

6 Elastic scattering of WIMP deposits sir~"
amounts of energy Into a recolling nucl
(~few 10s of keV)

Total Event Rate

Xe

me = 100 GeV/é
lOJG-n = 104 sz

1.00;
6 Featureless exponential spectrum with 050
obvious peak, knee, break ... |

0.107

sy[counts/10kg/yr]

6 Event rate Is very, very low. |
005"

R(Ethre

6 Radioactive background of most mater
higher than the event rate.

Need large exposures (mass x time)!



The Event Rates Are Extremely Low! SNgLAB

6 Expected WIMP Spectrum
6 Measured Banana Spectrum
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The Event Rates Are Extremely Low! SNgLAB

6 Expected WIMP Spectrum
6 Measured Banana Spectrum
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~100 events per kg per year
(electron recoills
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Direct Detection Landscape

thermal production, new mediator  electroweak mass scale
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Neutrinoless Double Beta Decay SNod AR

0O3DbD
Two neutrino double beta decay

Is allowed In some Isotopes,
Involves transformation of 2
neutrons into two protons

— 2v[i
08E- — 0vBp (B.R. = 107

APS/Alan Stonebraker

Arbitrary Units

If neutrinos are Majorana patrticles, then 03 b b
Summed pEnOENQ, decay should be allowed.
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How rare 1s 03bDDb decgMs?

Half life - How long it take for half the atoms to decay

The age of the universe:
14 billion years = 1.4x10%° yrs

Two Neutrino Double Beta Decay:
Half life = ~102° yrs

Neutrinoless Double Beta Decay:
Half life > 102° yrs

Avagodrobds Nuwmber : 6



How rare 1s 03bDDb decgMs?

Half life - How long it take for half the atoms to decay

00000000
. ‘ ‘ ‘ . . . . Two Neutrino Double Beta Decay:
."..‘.’ Half life = ~10%° yrs

‘ ‘ . . ‘ . . . Neutrinoless Double Beta Decay:
0000000 Half life > 1026 yrs
“..‘... Avagodrobs Nuwmber: 6 X

The age of the universe:
14 billion years = 1.4x10'° yrs

Donot wait for half to decay, wait ffor
| f you watch 50 kg of atoms f odifedl0fgears s, youoOl |



Discovery Sensitivities for Current and Next Generation
Tt ° ] Decay Experiments

mgg 99.73% discovery sensitivity [meV]
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MORE RARE
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Background Sources SNoLAB

s Environmental radioactivity
s Includes airborne radon and its daughters
s Radio-impurities in materials used for the detector construction and shield

s Radiogenic neutrons with energies below 10 MeV

s Neutrons from (| ,n) and fission reactions
s Cosmic rays and their secondaries
s Actil vati on of detector materials near [

s Others that we have not yet identified?



Aside: Reminder of Radioactive Decay S%B

6 Activity [decays/time] Is a measure of the decay rate of a radionuclide.

00 = decay constant

O gy =Y N = total number of radioactive atoms

6 The decay constant is the probability that a radioactive atom will decay.

I 1 ¢
O

6 The number of atoms of the radioisotope present is given by

) ! O CAAOI #4840 . GAEEOA AT T BA] F A A
U ——— . (21,4
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6 Abundance refers to the relative portions of stable isotopes of an element.




How to Address Challenges

Insensitivity to a potential background
Discriminate against the background
Fiducial Volume Cut

Characterize the Background
Material Handling

Material Selection

Material Purification
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Cosmic Ray Induced Backgrounds SN AB

6 Cosmic rays and secondary/tertiary particles can be problematic!

6 Hadronic component (n, p): reduced by a few meters water equivalent (mew)
|

/ ‘\ Flux of cosmic ray secondaries and
A5 tertiary-produced neutrons in a typical
'? Pb shield vs shielding depth

Gerd Heusser, 1995
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Underground Facllities

1070

Total muon flux [cm‘zs_l]
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Guo et al., arXiv:2007.15925v2
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SNeLAB
A Muons that penetrate deep and produce high
energy neutrons (fast neutrons) can produce

keV recoils in detectors when attenuated by
rock or shields.

A Processes to produce fast neutrons include:
- negative muon capture

- photenuclear reactions in associated EM
showers

- deepinelastic muomucleus scatters

- hadronic interactions of nucleonsonsand
kaons



Underground Facilities
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Activation of Detector Materials

Al OGAGIrGA2Y 2F I RSGSOG2NI 2N YFGSNAFEa Ot2a8 G2 GKS
another concern.

- CR spectrum varies with geomagnetic latitude and the flux varies with height above Earth.
- Cross section for production of isotopesnot all are measured

A Production is dominated by (n, X) reactions (95%) and (p, X) reactions (5%)

Isotope Decay Half life Energy in Ge [keV] Activity [uBg/kg]
SH B- 12.33 yr Emax@-)=18.6 2
production 49V EC 330 d Ekmiy=5 1.6
in Ge after
30d exposure |>*Mn EC, B+ 312 d Ekcrn = 5.4, Ey=841 0.95
at the Earth’s
surface and | F€ EC 2.7 yr Exkmn) =6 0.66
1yrstorage —fs76, EC 272 d Exre)=6.4, Ey=128 1.3
below ground
60Co B- 5.3 yr Emax)=318, E\=1173,1333 (0.2
63N B- 100 yr Emax(-)=67 0.009
657n EC, B+ 244 d EK(Cuw =9, E\=1125 9.2
68GGe EC 271d Ekca) =10.4 172




Environmental Backgrounds

Rate [cts/keV /kg/day]

F o TWIN4 SOLO Cavern

[ e TWIN4 SOLO (0.9 kg—day) (TP Pb & Rn)

- —— TWIN4 SOLO (39.6 kg—day) (less TP) E
— TWIN4 DBD (147.6 kg—day) .

wh n H

mi
g
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Energy [keV]

Ge detector
underground,
no shield

Ge detector
underground,
Pb shield and

purge for Rn

A A combination of higkZ and lowZ materials are
employed to diminish the neutron and gamma
fluxes.

A Lead,polyethelyne copper

A Nitrogen purge of shieldtructurego reduce
backgrounds induced by airborne radon decays



Environmental Backgrounds

A A combination of higkZ and lowZ materials are
employed to diminish the neutron and gamma
fluxes.

A Lead,polyethelyne copper

A Nitrogen purge of shieldtructurego reduce
backgrounds induced by airborne radon decays

LUX/LZ Muon Veto SuperCDMS SNOLAB Passive Shield A Large water shieldean

A passively reduce environmental radioactivity and
muoninduced neutrons

Radon Veto Poly
Enclosure Panels Shleld =7

A can reduce underground fluxes of gamma and
radiogenic fluxes by a factor of ~48y
employing a 3 m water shield

A Active muonvetosusing doped scintillatolie
. . — boron) can be used to identify events related to
Maorana Demonstrator Passive Shield XENONLIT water shield & infrastructure both cosmogenic and radlogenlc neutrons.

SNgLAB




Detector Design SNgLAB

A A bubble chamber is filled with a superheated
fluid In a metastable state.

A A particle interaction with energy deposition
greater than some energy threshold within a
critical radius results in an expanding bubble.

A A smaller or more diffuse energy deposition
will result In a bubble that immediately
collapses.

AYou can fAtunedo the chamber to make bubbl ¢
for nuclear recoils and not for electron
Interactions.



