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Outline

• Motivations for Dark Matter


• Review of DM properties


• Generalities on signal and backgrounds


• Most effective detection techniques


• Review of recent results from direct DM detection experiments


* many thanks to  
E. Aprile, L. Baudis, G. Bertone, G. Fiorillo, T. Marrodan,  

K. Palladino, K. Ni,  M. Schumann 
for useful materials used in this review
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Usual disclaimers of these kinds of review talks:  

not complete, biased, personal view, etc
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Di cosa è fatto l’universo ?
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Atomi  =  Nuclei  +  Elettroni 
protoni + neutroni 

(quarks)
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Dark Matter: a long standing “?”
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Dark Matter: a long standing “?”
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Dark Matter exists
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DM: indications from Astronomy
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DM: Gravitational lensing

8



Marco Selvi                               Alla ricerca della Materia Oscura                     Seminario INFN, 27 maggio 2020

DM: Galaxy-cluster collision
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DM: indications from Cosmology
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       … and it dominates the Universe Matter budget
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       … and it dominates the Universe Matter budget
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Looking at different space scales:
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       … and it dominates the Universe Matter budget
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Looking at different time scales:
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Universe evolution
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https://www.illustris-project.org/media/

https://www.illustris-project.org/media/
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What is Dark Matter made of ?
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WIMPs
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In this talk I will focus mostly on WIMP direct detection
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Dark Matter searches
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A detector @ LHC collider
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DM searches @ LHC
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Indirect DM detection
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Approaches for indirect DM
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Anti-matter search in space: AMS
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Neutrino Astronomy
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Laura Patrizii INFN 
Bologna

1
19

n Obiettivo principale ricerca di sorgenti dei Raggi Cosmici

p

nn

g

Fotoni: interagiscono con la materia e la radiazione
Protoni : deflessi da campi magnetici
Neutroni: non sono stabili 

L�Astronomia con Neutrini

Neutrini: piccola sezione d’urto à enormi rivelatori (~Gton)

M. Selvi, INFN Bologna   - Laurea Magistrale, Curriculum di FNSN   - Astroparticle Physics
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Neutrino Astronomy
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• 12 lines
• 25 storeys / line
• 3 PMTs / storey
• 900 PMTs

Submarine links

Junction
Box

40 km to
shore

Tipico “telescopio” marino: 
ANTARES a 2500 m di profondità
(al largo di Tolone ,Costa Azzurra)

20

un muone da 1.2 TeV che attraversa il rivelatore 

Contatti astronomia a Neutrini a Bologna: 
dr. Annarita Margiotta
margiotta@bo.infn.it
prof. Maurizio Spurio
spurio@bo.infn.it

FUTURO :KM3 (rivelatore di 1km3)
In installazione al largo della Sicilia

M. Selvi, INFN Bologna   - Laurea Magistrale, Curriculum di FNSN   - Astroparticle Physics
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Spoiler: no WIMP detected yet !
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Spoiler: no WIMP detected yet !
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Spoiler: no WIMP detected yet !
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We live in a dark matter halo
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          WIMP density and velocity distribution
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Direct Dark Matter Detection
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The standard halo model
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Expected Rates
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Scattering Cross Section
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Correction: the Form Factor
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Nuclear Recoil Energy Spectrum
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Nuclear Recoil Energy Spectrum
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           Detector requirements and signatures
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Signature: spectral shape

38

mW = 50 GeV
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Signature: annual modulation
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30 km/s
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Signature: directionality
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          Backgrounds: Electron & Nuclear Recoils
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Backgrounds: external sources
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Natural Radioactivity
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Underground laboratories
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Underground laboratories
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           Backgrounds: internal and surface sources
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, distillation, dust removal
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          The ultimate background from neutrinos
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NRER
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Detector Calibration
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           Detector Calibration: Signal & Background
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           Sensitivity plot in direct DM experiments
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Direct detection Techniques
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Direct Detection Techniques
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Charge

LUX/LZ
PandaX
XENON

ArDM
DarkSide

CoGeNT
CDEX
DAMIC
SENSEI
NEWS-G
DRIFT
MIMAC
DMTPC

SIMPLE
PICASSO
COUPP
PICO

CRESST
COSINUS

SuperCDMS
EDELWEISS

DAMA 
DM-Ice
COSINE
SABRE
ANAIS
PICO-LON
DEAP
XMASS

� �

nuclear 
recoils

Light

Heat

• Liquid argon
• Liquid xenon
• Directional detectors
• Low-threshold 
• Bubble chambers
• Cryogenic bolometers
• Scintillating crystals
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Competitive field, rapid progress
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detector sensitivity improved by ~5 orders of magnitude in the last 20 years
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Competitive field, rapid progress
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detector sensitivity improved by ~5 orders of magnitude in the last 20 years
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            Two main lines of improvements (+ others)
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Scintillating crystals
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DAMA-LIBRA new results
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2.46 t y
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DAMA-LIBRA new results
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Multiples

Singles

Very hard to attribute it to  
neutrons, muons, or worst … neutrinos !!!
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• not compatible with experiments with other targets
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XENON100 4-year ER 
modulation study, 

 PRL 118, 101101 (2017)

Comparing DAMA with others

NR

…but also with ER models,  
i.e. leptophilic
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Bubble chambers
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• best SD WIMP-proton limit: 3.4e-41 cm2 at 30 GeV/c2
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Cryogenic bolometers
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Cryogenic bolometers
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Liquid Noble Detectors
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      Liquid Noble Detectors: Single Phase
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      Liquid Noble Detectors: Single Phase
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            Liquid Noble Detectors: Double Phase TPC

66



Marco Selvi                               Alla ricerca della Materia Oscura                     Seminario INFN, 27 maggio 2020

DarkSide-50 and -20k
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DarkSide-50

DarkSide-20k
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           (previous) detectors using the LXeTPC
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48 cm 60 cm 100 cm

XENON1T
Active Target: 2000 kg

completed in 2018

PandaX-II
Active Target: ~580 kg

completed

LUX
Active Target: ~250 kg

completed
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LNGS
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LNGS
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          WIMP detectors from the XENON-series
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M. Schumann (AEC Bern) – XENON 8

XENON1T

96cm

● 3.5 t liquid xenon in total
● 2.0t active target
● ~1t after fiducialization
 

● 248+6 PMTs

XENON10 XENON100 XENON1T XENONnT

2005-2007 2008-2016 2012-2018 2020-2025
25 kg - 15cm drift 161 kg - 30 cm drift 3.2 ton - 1 m drift 8 ton - 1.5 m drift

~10-43 cm2 ~10-45 cm2 ~10-47 cm2 ~10-48 cm2



Impressive evolution of LXeTPCs
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0.02
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The XENON1T Experiment @ LNGS
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XENON1T: All Systems
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E. Aprile et al.,  
“The XENON1T Dark Matter Experiment”, 
EPJ C 77, 881 (2017).

www.xenon1t.org

Cryogenics & 
Purification

DAQ & SC 

Xe  Storage & 
Recovery

Kr distillation 
column  & Xe 

Analytics
Cryostat &  LXeTPC

Muon Veto
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Gd-Water Cherenkov Muon and Neutron Veto

• 700 ton pure water instrumented 

with 84 high-QE 8'' PMTs 

• Trigger efficiency > 99.5% for 
muons in water tank 

• Cosmogenic neutron background  
suppressed to <0.01 events/ton/yr 

• For XENONnT, 120 more PMTs, inner 
reflective region, and Gd-doping to 
reduce neutron background

75

JINST 9, 11007 (2014)

July 2016Sep 2014

Key contribution of INFN-Bologna researcher and technical staff

June 2020 ?

http://dx.doi.org/10.1088/1748-0221/9/11/P11006
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Water Cherenkov Muon Veto

• 700 ton pure water instrumented 
with 84 high-QE 8'' PMTs 

• Active shield against muons 

• Trigger efficiency > 99.5% for 
muons in water tank 

• Cosmogenic neutron background  
suppressed to <0.01 events/ton/
yr
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JINST 9, 11007 (2014)

July 2013
July 2016Sep 2014

The	XENON1T	experiment

9

96 cm

97 cm cc

http://dx.doi.org/10.1088/1748-0221/9/11/P11006
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The XENON1T Time Projection Chamber
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3.2 t LXe @180 K 
2.0 t active target 

viewed by 248 PMTs 
~1 meter drift length  
~1 meter diameter
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            Key issue: reduce the intrinsic radio-contaminants 
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XENON1T

0.66 ppt Kr/Xe

XEN
O

N
1T D

istillation C
olum

n

Rn222 (~10 uBq/kg)
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XENON1T Data taking
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SR0
PRL119,181301 SR1

279 live-days DM data collected 
from Nov. 2016 till Feb. 2018.

XENON Preliminary

Lowest electronic recoil bkg achieved in >1 ton target for >1 year!
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XENON1T results
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● Results interpreted 
with unbinned profile 
likelihood analysis in 
cS1, cS2, R  space 

● Piecharts indicate the 
relative PDF from the 
best fit (assuming 
200 GeV/c2 WIMPs at 
cross-section of 
4.7x10-47 cm2) 
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    Heavy WIMPs search: current status
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LXe TPCs: the future
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   Direct Detection of WIMPs by 2025?
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Neutrino Coherent Scattering

CMSSM



Thanks !

Marco Selvi

INFN Bologna

Alla ricerca della materia oscura, Seminario INFN, 27 maggio 2020


