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Main experimentalchallenges

Physics challenges

Neutrino physics
NeutrinolessDouble Beta Decay
Neutrino Oscillation
Direct Neutrino Mass Measurements

Direct Dark Matter Search
Low and high mass WIMPs
Axions

High Energy Cosmic Rays

Gravitational Waves

ΧΧΧ

Detector challenges

Increase signal
Large mass
High intensity sources

Detector performances
Energy resolution
Time resolution
Position/Angular resolution

Low background
Underground labs
Very high purity materials
Large radioactive shields
Signal/Background discrimination
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0ɜɓɓïGERDA, HPGebackgroundrejection

Thanks S. Shoenert
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0ɜɓɓïGERDA, HPGe backgroundrejection

Thanks S. Shoenert
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0ɜɓɓ- GERDA backgroundachivements

GERDA experiment operates in a real 0 background conditions
Thanks S. Shoenert

л˄ʲʲ 76Ge
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0ɜɓɓ- From GERDA to LEGEND
LEGEND.
To increase the experimental mass a new 
HPGedetector configurationwill be adopted

Inverted Coaxial Detector guaranties the 
same rejection capability as BEGedetector 
with a detector mass of 2 kg

Thanks S. Shoenert
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0ɜɓɓïNEXT,High Pressure Gas-Xe TPC

Energy resolution at Qɓɓ< 1 % FWHM 

Topological signature: 2nu candidates

Gas-XeTPC with two readout planes

High Energy Resolution
Topological evet reconstruction 

Topological signature:
92 % signal efficiency 92 % background rejection 

Talk P. Novella

Thanks J.J. Gomes Cadenas

л˄ʲʲ 136Xe
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0ɜɓɓïNEXT,High Pressure Gas-Xe TPC

Energy resolution at Qɓɓ< 1 % FWHM 

Topological signature: 2nu candidates

1.0 m

1.3 m

NEXT ς100 detector under preparation

Talk P. Novella

Thanks J.J. Gomes Cadenas

Expected BI:  < 4.09 x 10-4 cts/ (keVkg year)
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0ɜɓɓïNEXT, Ba++ tagging 

136Xe Ą 136Ba + 2 e-

0˄ʲo̡f 136Xe

In the final state there are:
- 2 electrons 
- 1 Ba+ ion

Electrons are detected by the TPC

Identification of Ba++ ions will strongly suppress the background 

Bi-color moleculesdeveloped
R&D is ongoing

A more clear determination of the Ba detection efficiency is needed

Thanks J.J. Gomes Cadenas
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0ɜɓɓïEXO, LXe TPC

Anticorrelationbetween scintillation and 
ionization in LXeknown since early EXO R&D

E.Contiet al. PhysRev B 68 (2003) 054201

EXO-200 
л˄ʲʲ 136Xe
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0ɜɓɓïFrom EXO200 to nEXO

5 ton LXeenriched in 136Xe 

Thanks G. Gratta
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0ɜɓɓïnEXO R&D to finalize detector design

Prototype VUV SiPMarray (FBK)

Prototype charge collection tile

New charge collection tiles

New SiPM

M.JewellŜǘ ŀƭΦΣ ά/ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ ƻŦ 
anIonizationReadout Tile for nEXOΩΩΣ
J.Inst. 13 P01006 (2018)

ά±¦±-sensitive Silicon Photomultipliers 
for Xenon Scintillation Light Detection in 
nEXOέ L999 Trans NS 65 (2018) 2823

Thanks G. Gratta
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0ɜɓɓïCUPID: CUORE Upgrade with Particle IDentification

ÅCUORE cryostat: most powerful cryostat ever realized

ÅTens of ton of materials cooled at 10 mK

ÅCryogenic detectors are reliable 

Thermal Bath (10 mK)
Thermal Sensor

Thermal Sensor

Light Absorber

Absorbing crystal
Thermal Conductance

Light Reflector

CUORE alpha background
BI ~ 10-2 counts/(keVkg years)

Simultaneous read-out of Photons and Phonons

High energy resolution: as bolometer
High discrimination capability: as scintillator

CUPID- scintillating bolometers detector

Talks A. Branca, L. Pattavina

л˄ʲʲ 130Te
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0ɜɓɓïCUPIDscintillating bolometer background rejection 

ÅScintillating crystals and light detectors operated @ 10 mK
ÅGrown from various ̡ e̡mitters (multi-isotope approach)
ÅExcellent energy resolution @Q̡ (̡<1%)
ÅPossibility to high Q̡ (̡3 MeV) for 82Se and 100Mo
ÅLYh ґ LY̡ κỉɹ Particle ID
ÅLShapehґ LShape̡κỉɹ Particle ID
ÅHShapehґ HShape̡ κỉɹ Particle ID

Talk L. Pattavina

CUPID-0 Data
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0ɜɓɓïCUPID ConceptualDesign

ω Re-use CUORE cryogenicinfrastructureat LNGS

ω Li2100MoO4 scintillatingcrystals

ω ~1500 crystalsfor 250 kg of 100Mo

ω Active background rejectionusinglight and heatsignals

ω Optionsfor multiple isotopes.

ω TDR and constructionreadinessin 2021

CUPID CDR available soon

Expected BI ~ 1 x 10-4 cts/ (keVkg year)

Talk L. Pattavina
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0ɜɓɓïCUPID-CROSS surfacebackground rejection 

Alphas impactingon the film sideare clearlydiscriminated
Next test: fully coatedcrystal

Bulk

Surface

Numerousabove-groundtests (CSNSM, Orsay) with 20x20x10 mm Li2MoO4

and TeO2 crystalsand recentlywith a large (75 g) Li2MoO4 crystal

75 g Li2MoO4 crystal
U alpha source 

irradiatingthe film
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10-mm-thick Al film

http://arxiv.org/abs/1906.10233

Thanks A. Giuliani
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Direct neutrino mass measurement with 3H

Talk S. Pascoli
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KATRIN - Direct neutrino mass measurement

EPS-HEP2019 - 10-17 July2019, Ghent, Belgium

Thanks C. Weinheimer
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KATRIN ςMany technological challenges

EPS-HEP2019 - 10-17 July2019, Ghent, Belgium Thanks C. Weinheimer
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KATRIN ςBackground from the spectrometers

EPS-HEP2019 - 10-17 July2019, Ghent, Belgium

Thanks C. Weinheimer
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Criogenic detector for direct neutrino mass measurement
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A. De Rujulaand M. Lusignoli, Phys. Lett. 118B (1982)  

Statisticsin the end point region
Å Nev > 1014 Ҧ    ! Ғ м MBq

Unresolvedpile-up (fpu ~ a Ötr)
Å fpu < 10-5 

Å tr < 1 µs Ą a ~ 10 Bq
Å 105 pixels

Precision characterizationof the endpoint
region
Å DEFWHM< 3 eV

Background level
Å < 10-5 events/eV/ det/ day

EC 163Ho

Thanks L. Gastaldo
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Criogenic detector high energy resolution technologies
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Thermal bath

ÅVerysmallvolume

ÅWorking temperaturebelow100 mK
smallspecificheat
smallthermal noise

ÅVerysensitive temperaturesensor

R

T

Resistance at superconductingtransition,TES

Magnetizationof paramagneticmaterial, MMC

M 

T

B

Low temperaturemicrocalorimeters

K.D. Irwin and G.C. Hilton, Topics in Applied Physics 99 (2005) 63

A.Fleischmann, C. Enssand G. M. Seidel, 
Topics in Applied Physics 99 (2005) 63

Thanks L. Gastaldo
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Criogenic detector performances

29

55Fe 55Fe, Ka
55Fe

Fast risetime ĄReductionun-resolvedpile-up

ExtremelygoodenergyresolutionĄReduced smearing  in end point region

ExcellentlinearityĄ precisedefinition of the energyscale

A. Fleischmann et al., AIP Conf. Proc. 1185(2009) 571

L. Gastaldoet al., Nucl. Inst. Meth. A, 711(2013) 150

Thanks L. Gastaldo
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DM ςCRESST: scintillating bolometers for dark matter search

©T. Dettlaff/MPP

Thanks F. Petricca
Talk J. Schieck

TES ςTransition Edge Sensor
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DM ςCRESST: very low threshold scintillating bolometer

Detector layout optimized for low-mass dark matter
Radical reduction of dimension (300Ą25g)
Å Cuboid crystals of (2020 10)mm3 (ҒнпƎ)
Å With self grown crystals Ғп ŎƻǳƴǘǎκόƪŜ± ƪƎ Řŀȅύ
Å Threshold design goal<100 eV (bestachieved 30 eV)
Å Fully scintillating housing
Å Instrumented sticks

Talk J. Schieck
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DM ςXENON, dual phasesLXe TPC

XENON10 XENON100 XENON1T XENONnT

2005 - 2007 2008 - 2016 2012 - 2018 2019 - 2023

25 kg ï15 cm drift 161 kg ï30 cm drift 3.2 t ï1 m drift 8 t ï1.5 m drift

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

Thanks C. WeinheimerTalk A. Brown
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DM ïXENON, dual phases LXe TPC

Ą 3D position reconstruction
Ą Self - shielding
Ą Inner + radio - pure volume

=

Concentric PMT array on top
Ą S2 signal local
Ą x - and y - position

+

Drift time:

ɝÔ ὸ ὸ

Drift velocity :

ὺ ςάάАί χςππ
Ὧά
Ὤ

Depth (z - position ):

ᾀ ὺɇɝὸ

Thanks C. Weinheimer
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DM ïXENON, dual phases LXe TPC

Particle identification

Electronic Recoil
(ER)

Nuclear Recoil
(NR )

, 

n, ʔ

S1 S2

S1 S2
Figure in courtesy: L. Althüser

Thanks C. Weinheimer
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DM ïXENON, dual phases LXe TPC

Particle identification

Figure in courtesy: L. Althüser

ElectronicRecoils

NuclearRecoils

Reductionof ER-inducedbackgroundup to 99.75% at 
50% NR acceptance

Light
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Thanks C. Weinheimer


