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Dark Matter

A Strong evidences for the existence of dark matter

A The nature of dark matter isnkown
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Dark Matter Candidates

A Weakly Interacting Massive Particles (WIMPS)
A Axions ALPs T
A X

X 'ﬁ‘ %
x N
* r"

Supersymmetry

::::::::::

Theories of

Dark Matter & O) by
T-odd DM

Little Higgs

QCD Axions

Axion-like Particles

Ning Zhou, P1C2018 4



Dark Matter Detection

A DM searches
I Direct detection
I Indirection detection
I Collider search
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Dark Matter Direct Detection

A DM mass range: Ga\TeV

A Local density: 0.3 GeV /ém

A lsothermal velocity distribution, vO~220 km/s
A Nuclearrecoil NR) vs Electrorecoil ER)

Direct Detection

Signal: N= N’

Backgrounds:




Dark Matter Signals

* Scattering cross section on nuclei dR
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Deep Underground Laboratories

:lH

A Shielding cosmic rays
A Mine or tunnel i

Cosmic Radiation
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SNO: The Sudbury Neutrino Observatory
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A worldwide effort
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Detection Methods

A Charge, Light and Heat

+ Liquid argon SIMPLE
+ Liquid xenon PICASSO
- Directional detectors COUPP
* Low-threshold PICO

- Bubble chambers
+ Cryogenic bolometers
- Scintillating crystals

SuperCDMS
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Ning Zhou, PIC2018 10



Current Constraints

A Lower threshold and lower background
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A DAMA/LIBRA Anomaly

June
WIMP Wind

December
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DAMA/LIBRA

Residuals (cpd/kg/keV)

Residuals (cpd/kg/keV)

A DAMA/LIBRAbhase2 arXiv:1805.10486
I Nal(Tl) 250 kg, 6 annual cycles, 1.13-t@ar, light collection

A The only experiment claiming signal with > 5 sigma
i 50 GeV with 7x1®pbor 6-16 GeV with 2x10pb

A Not confirmed by experiments with other targets
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OtherNal Experiments

A SABRE, COSINE,-&, KIMS and ANA¢S;

A Stay tuned!
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A Spin Independent WIMMNucleon Interaction

A High Mass
WIMP

—3 - Electron

@ -Proton

(_-Neutron
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Noble liquid Experiment
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A Dense and homogenous target, ssifielding
A High light and charge yields |
A Dualphase scintillation light and ionization electron
A Singlephase scintillation light
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DualPhase Detector

A S1: prompt scintillation light in liquid

A S2:ionization electron drifting to gas =>
delayed light signal

A Good ER/NR discrimination

Gamma

electron recoil

WIMP nuclear recgil

Dark matter: nuclear recoil v background: electron
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Xenon Detectors

LUX PandaXll
Sensitive volume 250 kg Sensitive volume 580 kg
Completed in 2016 54 tonday, ongoing

Ning Zhou, P1C2018

XENONI1T
Sensitive volume 2000 kg
1 ton-year, ongoing
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Xenon: LUXPandaXl|, XENONI1T

A Strongest constraints on the high mass WIMP
A XENONAIT sets 4.1x4@n? at 30 GeV WIMP
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Z [cm]

XENONAI1T Latest Results

A Exposure 1 totyear
A Fiducial volum

Mass 1.3t 1.3t 09t 0.65 t
(cS1, cS2y) Full Reference Reference Reference
ER 627N18 1.62N0.30 1.12N0.21 0.60N0.13
neutron 1.43N0.66 0.77N0.35 0.41N0.19 0.14N0.07
CE NS 0.05N0.01 0.03N0.01 0.02 0.01
AC 0.477 33 0.107 595 0.067 355  0.047 5:55
Surface 106N8 4.84N0.40 0.02 0.01
Total BG 735N20 7.36N0.61 1.62N0.28 0.80N0.14
WIMPpest-yt 3.56 1.70 1.16 0.83
Data 739 14 2 2
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Future Xenon Detectors

Experiment| Sensitive Fiducial | Expected Expected Status
Volume Volume | exposure Sensitivity

PandaX4T 4 ton

XENONNT 6 ton

LZ

Darwin

7 ton

40 ton

2.8 ton

5ton

5.6 ton

30 ton

5 ton-year 1047 cn?
20 tonyear 2x10%8 cn?
20ton-year 2x10%8 cn?

200+ tonyear Neutrino
floor

XENONNT

Commissioning
2020

Commissioning
2019

operations start
April 2020

CDRn 2-3 years
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Future Xenon Detectors

A Darwin, with 200+ toryear, can cover most of the region above
neutrino floor for high mass WIMPs
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Argon Detectors

A Pulse shape of prompt scintillation signal
Singlet (6ns) and triplet (1n%B)
A Dualphase: lonized electron vs prompt scintillation light
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Current Running Argon Detectors

arXiv:1802.071198

A DarkSides0 @LNGS
I 46 kg underground Argon
I Dualphase cEm

A DEAP3600 @SNOLAB
I 3600 kg natural Argon
i Containing®®Ar (269 year) §
i Singlephase, R=85cm %
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GADMC

Dark Matter-Nucleon G4 [cm?]

A Global Argon Dark Matter Collaboration
A DarkSide20k (2021-)

I dualphase, low radioactivitjr
T 50tonnetotal mass, 3@onnesfiducial mass
I > 20 n% of SiPMcoverage

A 300 tons fiducial mass detector (2025

10—01

10—42
10%
10—4‘

10—45
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A Spinindependent WIMPNucleon Interaction

A Low Mass
WIMP

—3 - Electron

@ -Proton

(_-Neutron

Ning Zhou, PIC2018
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.~ X kg X day]

Events / [N_

Toward Low DM Mass: @nly Signature

A Dualphase noble liquid detector

A Usual signal region

i PandaXS1 [3PE, 45PE], S2 [L00PE, 10000PE], Threshkéteel

A Low mass signal region
I S2only, no ER/NR discrimination

I Threshold ~ 0.keVee(DarkSide50)

I ~10*1cm?at 2 GeV
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Fiducialization

x Trigger efficiency

x S2 Identification (f90<0.15)
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Low Mass DM: Germanium detectors

A CDEX0 @ CJPL
A 10 kg Ge in LN2

P-type Point-Contact(PPC)
Germanium detector

A Analysis threshold 166Vee N

A 102.8 kgdays exposure
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35 107
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PRL 120, 241301 (2018)
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Low Mass DM: Germanium detectors

A SuperCDM8xperiment @Soudan

A StandardZIPmode:phonon and ionization, ER/NR discrimination

A CDMSIiteHVmode: phonon only
I lonization electrons generate a large numbeNdfL phonons
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Low Mass DM: Crystal detector

Light Yield

A CRESSIT experiment

A CawQcrystal, 24g, @ ~15mK

I Phonon signal: precise measurement of deposited
energy

I Scintillation light: particleype dependent
I Nuclearrecoll threshold 30.1 eV =subGeWVIMP

F.'Relndl, IDM2018 r vTAUP2017 R
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A Spin Dependent WIMMucleon Interaction

WIMP

—3 - Electron

Q -Proton

(_-Neutron

Ning Zhou, PIC2018
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Spindependent WIMPFheutron Interaction

A Xenon oddA isotope with unpairedieutron => High Mass
I Xel29 (26.4%) Spin 1/2
I Xel3l (21.2%) Spin 3/2

A Germanium odeA with unpairedheutron =>Low Mass
I Ge73 (7.73%) Spin 9/2
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il w
3 10%° : CDMSilite i
S10%°L : : =
S, 40 E 3 """"" 1P ==
=10 2.
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Spindependent WIMHMproton Interaction

A PICG60 experiment with ¢F, as the target

I F19, unpairegbroton, spin 1/2

I Bubble chamber with superheated liquid

T 3.4 x10* cnm? at 30 GeV/c2

A PICO 40L, starting ~ December 2018

A PICO 500, under deS|gn
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A WIMP-Electron Interaction

WIMP

Ning Zhou, P1C2018

— -Electron
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WIMP-electron Interaction

A Light mass: Dark photon Akfe
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SuperCDM8&IVeV

A Sngle-charge sensitive detector

I Charge resolution: 0.1 electramle pairs

A 0.93 g Si crystal (1 x 1 x 0.4 cm3) @BRK

A 0.49 gramdays

WIMP-electroninteraction, heavy mediator

Ning Zhou, P1C2018

PRL 121, 051301 (2018)
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