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Main experimentalchallenges

Physics challenges
Neutrino physics
NeutrinolesPouble Beta Decay
Neutrino Oscillation
Direct Neutrino Mass Measurements
Direct Dark Matter Search
Low and high mass WIMPs
Axions
High Energy Cosmic Rays

Gravitational Waves

XXX
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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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03 Db fecaysensitivity
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03 b b GERDA, HPGmckgroundrejection
Novel HPGe detectors allow for efficient PID
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Thanks SShoenert
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03 b b GERDA, HPGe backgroumgection

5500 - - - - -
5000 1 %®Th all events — -
& 4500 | afterPSD cut — Novel HPGe allow for efficient PID
S 4000/
3 3500 L.
g 3000 ; o ——
g ;22 G ‘ ?1,-0b°?d OIQE signal-like —Charge -
oo | _ P 0 06 E_ ...................... — Current ......
Z 1500 Ovpp-like ' A\
1000 o . N B S il SO
sm I I,] e 81200 81400 81600 81800 32000‘ s 81200 81400 81600 81800 8200?(.[“?
“1s60 1580 1600 1620 1640 pATTEY |
B Energy [keV] b (ptsurfded

7500 3400 G

<1lE-4

GSTR-12-002 AE[au)

1500

SI:8L (8107) O °f sAyd ng

Thanks SShoenert
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03 b bGERDA backgrourethivements

§ ~ enriched coaxial - 23.1 kg-yr | g
S 10 L <
(0h) = [ (m]
X C Do E . *
- - L | Background index :
@ 107 = -
C - Lo L = ~+4.1 —4 . .
§ 3 = inA 76Ge (5.7756-107%) counts/(keV-kg-yr)

10~ = o
~ = ——— _:_J ;:'4_:_ ——
§ - enriched BEGe - 30.8 kgyr Q,, 20
. -1 I
= 10 - n" 1 new event
= | (E- Qg = 2.40)
o 10° o
c = Lo
o - L .
O 103 L N (5.6754 - 1074) counts/(keV-kg-yr)

: 1 | 1 1 1 1 | 1 1 1 i \i | 1 1 1 1 | 1 1 1 1 | 1
1950 2000 2050 2100 2150
Energy (keV) " in 1930-2190 keV excluding +5 keV at Qg
2evts. In PRL and lines at 2104 keV and 2119 keV.
120 data set

GERDA experiment operates in a @dlackground conditions | 2"k SShoenert
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03 b bFrom GERDA to LEGEND

LEGEND-1000 (second phase):

LEGEND-200 (first phase):
« up to 200 kg of
detectors

« Bl <2E-4 cts/(keV kg yr) <4

« use existing GERDA
infrastructure at LNGS

« design exposure: 1tyr

« Sensitivity 1027 yr

* |sotope procurement
ongoing

« Start in 2021

1000 kg of detectors
(deployed in stages)

Bl <1E-5 cts/(keV kg yr)
Location tbd

Design exposure ~10 t yr
1251078 W
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LEGEND.

To increase the experimental massew
HPGedetector configurationwill be adopted

Inverted Coaxial Detectoguaranties the
same rejection capability &8EGaletector
with a detector mass of 2 kg

Inverted coaxial detectors:

R. Cooper, D. Radford, P.
Hausladen, K. Lagergren
Nucl. Instrum. Methods Phys.
Res. Sect. A 665 (2011)

Pulse shape discrimination
performance of Inverted
Coaxial Ge detectors

A. Domula, M. Hult, Y.
Kermaidicb, G. Marissens, B.
Schwingenheuer, T. Wester, K.
Zuber; NIMA 891 (2018) 106-
110

Thanks SShoenert
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03 b b NEXTHigh Pressure GaseTPC

GasXeTPC with two readout planes 10%] —— ¢ photopeak /T/'db'p
£ 107 Tl photopeak
D :-2102- \
2| z S0
= D _ ?Di 10°]
L;I/ @ % 0 500 1000 E(ié\(j)? 2000 2500
S 5 Energy resolution at Q; ;< 1 % FWHM
§ D % E ~ 2.13 MeV E —:ml:ﬂ MeV
% D £+ electroluminescence (52) 1 % : =1 x N
- CATHODE ANODE ' | + ( \
High Energy Resolution \
Topological evet reconstruction 71 \%
Talk P. Novella Topological signature: 2nu candidates

Topological signature:
Thanks J.J. Gomeadenas 92 % signal efficiency 92 % background rejection
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03 b b NEXTHigh Pressure GaseTPC

NEXTC 100 detector under preparation o]

137Cs photopeak 208T| e*e~ double-escape

/

208T| photopeak

\

Counts/bin
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Energy resolution at Qb b< 1 % FWHM

E ~ 1.71 MeV

E ~ 2.13 MeV

160
——

wo M0 M2

o«
.

o

Expected Bl: < 4.09 x 1Ccts/ (keVkg year)

Talk P. Novella
Thanks J.J. Gomesdenas Topological signhature: 2nu candidates
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03 b b NEXT, Ba** tagging

OA | of 136Xe i | bk ) e
glot b ) e Bacl'\groj'ﬂo !
In the final state there are: g | moving avg
- 2 electrons . |
- 1Bada'ion gl
g |
136Xe A 3%Ba + 2 e

. 0 = il ~ )
0 50 100 150 200 250
Tme/s

Electrons are detected by the TPC

|dentification of Ba*ions will strongly suppress the background
A more clear determination of thBa detection efficiencys needed

Thanks J.J. GomExdenas
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fluorophore

surface
linker
A B =
Spacer

metal binding
group

Bicolormoleculesdeveloped
R&D is ongoing
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03 b b EXO, LXe TPC

___1ng 175nm scintillation 5
" light detecting APDs S singlesite 2o multisite
~ o AV 2 E1500:'- Elsool
\\f N §?§g & b ST
N © o s
v N g T 50 '51000:—
NS Ne] S oL ;
& Charge 5w of
B \ collection - L | |
N o s . i % ‘ e ‘ ‘
21 K ' "o : N .:‘ ".'-'\ ‘ grlds Recoﬂzgpl?‘m-‘d Eﬂgggg (keV) e B foeo 1500 Reconls‘tjg?cted Enczfg (keV) 3000 300
Cathode | 2= % A
S s L ] L
HV -, EXQG200 S |k : ;
) Co_ | 1. * ]
AL 585 Wy | re W :
\ 49 : 1 e w38 Y i g Y ]
/ < i © ¥ 5 1000f ] < 1000 ]
- AN = 3 3 L ]
"#;' =
7 .‘;‘ g 500 -
m S}DOD 1500 2000 2500 3000 35‘00 fﬂon 1500 2000 2500 3000 S;DO
2 Reconstructed Energy (keV) Reconstructed Energy (keV)

3500 o ‘ 3500

— Scintillation: 4.80%

_ 30001 — lonization: 2.84% E 1
g Anticorrelationbetween scintillation and ] — Rotated: 115% < |
2 . . . . . > o/E resolution =
ionization inLXeknown since early EXR&D £, e resoltien |
§ Eg 1500 © 1
£ E.Contet al. PhysRev B 68 (2003) 054201 S Loool ]
500} 1

1500 2000 2500 3000 3500

lonization energy [keV] 800 1000 1500 2000 2500 3000
Energy [keV]

EPSHEP2019 10-17 July2019,Ghent Belgium EzioPrevitali




03 b b From EXO200 to nEXO

Underground
cavern

Access tunnel 'J

Thanks GGratta
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13.3m

5 ton LXeenriched in136Xe

Fiducial Mass (kg)

Enrichment (%)

Data taking time (yr)

Energy resolution @Qg, (keV)
Background in ROI (ev/yr/mol ;)

Background in ROl inner 3000kg (ev/yr/mol, )

4780
90
5
58
6.1-104

1.6-104

3

98.5
80
5
88 (58)

0.022 (0.0073)
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Copper
TPC

SiPM
Support

SiPMs

for XenonScintillation Light Detection in
LT8aBsANS 65 (2018) 2823

NEXQ@

New SiPM

Thanks GGratta
EPSHEP201910-17 July2019,Ghent Belgium

f d> a/ KI

New charge collection tiles

M.JewellS (G | ;
anlonizationReadout Tile fonEX@ Q
J.Inst 13 P01006 (2018)

Charge Tile
Support

Array of
Charge Tiles

Field Shaping
Rings

Prototype charge collection tile

Prototype VUVS|PMarray (FBK)

03 b b nEXO R&D toflnallze detector de5|gn
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03 b b CUPID: CUORE Upgrade with Partlcle IDent|f|cat|on

«—— /v region o region

A CUORE cryostanost powerful cryostatever realized

. nAa j13p-|-e — CUORE-0
A Tens of ton of materialgooled at 1anK ol — CUORE
A Cryogenic detectors ameliable g mhuw f
- :é; 107 '} "
S x " ‘j Tl‘ } I
CUORE alpha background ol -CUORE Preliming M“M* i M b | " f J
t—=— Bl ~ 1 counts/(keVkg years) il nnliiin — IR,
Reconstructed Encrgy (keV)
Light Reflector
CUPID scintillating bolometers detector Theimal Bath (1K) | nermal Sensor

Simultaneousead-out of Photons and Phonons

‘ ThermalSensa
High energy resolutioras bolometer PWV\-' N '

High discrimination capabilitys scintillator f ﬂ#;\
Absorbing crystdl

&

ThermalConductance

Talks ABranca L.Pattavina
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03 b b CUPIBscintillating bolometer background rejection

A Scintillating crystals and light detectors operated @0
A Grown fromvariousi iemitters (multi-isotope approach
A Excellent energy resolutio@Q ;(<1%)

A Possibility to high Q, (3 MeV) for82Se andi®Mo

ALY LYy i ParticleID

A LShaper LShape,i Particle ID

A HShaper HShape i Particle ID

Amplitude [A.U.]

.........................................................

CUPIE0 Data

Shape Parameter of Light Pulses

...........................
.........

4000 6000 8000
Energy [keVee]
Particle identification using Pulse Shape Parameters (decay time)

Se
=
5

14 =]
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Discrimination potential @ ROI- .
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|1a(E) = 1y (E)| DP@ROI = 2 DP@ROI = 11

DP(E) =

. shapeHEAT+shapeLIGHT +light
Talk LPattavina : . . .
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03 b b CUPID Conceptuélesign

ReuseCUORIEryogenicnfrastructureat LNGS
L%MoQs scintillatingcrystals

~1500crystalsfor 250 kg of'°“Mo

Active backgroundejectionusinglight andheatsignals

Optionsfor multiple isotopes

€ & & € € €

TDR andonstructionreadinesan 2021

ExpectedBl~1x 10* cts/ (keVkg year)

CUPID CD&valilablesoon

_ Talk LPattavina : .
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03 b b CUPIECROSSurfacebackground rejection

http://arxiv.org/abs/1906.10233
Numerousabove-groundtests (CSNSM, Orsay) wix20x10 mm LMoO,

and TeQ, crystalsandrecentlywith alarge (75 gLLMoO, crystal

10-mm-thick Al film £ s0F Cas
7 S ~ 40F '
5 © 0 008 005 s
(D ) . » L m '."_
o TN s et SR erc
Bulk | f @/o
s mmmmm D
: L Surface @/Q
0975 U alpha source/ k. I y
- irradiatingthe film "~ . S
0.97F—, ! I I I ! ! | S L I ! ! ! I ! ! I I I
2000 4000 6000 3000 10000
_ _ i i _ _ Energy (keV)
Alphasimpactingon the filmsideare clearlydiscriminate
Thanks A. Giulian)i Next test:fully coatedcrystal
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Direct neutrino mass measurement with 3H
p: dN/JE =K F(E,Z) p E., (E;-E.) Z|U_2 V(E,-E,)? - m(v,)?

_ Y~ ™ ~—
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“ , 100
I / _ _
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i / 0
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Talk SPascoli
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KATRIN Direct neutrino mass measurement

A’}Tﬁg Transport Section | Pre spectrometer Spectrometer
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ponttor 2E Thanks CWeinheimer
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KATRIN; Many technological challenges

T
L}* ’R(Z 10 kg/a tritium throughput

107 stability of tritium source column density
10° isotope content in source
10° non-adiabaticity in electron transport

10° monitoring of HV-fluctuations
10°® remaining ions after source
10" remaining flux of molecular tritium

10" dynamic rate range

10 background rate envisaged

10" mbar ultrahigh vacuum

— huge circulation and purification system,

special TMPs

— temp. regulation by dual phase Ne

— laser Raman spectroscopy

— novel computational code KASSEIPEIA,
pulsed angular-defined electron gun

— ultra-precision HV divider,
novel e source

— dipole drift electrodes,
FT-ICR

— 3K cryopumping section
with Ar snow

— electronics and DAQ

— huge cold-baffles
to catch radon
— huge getter pumps
and TMPs

KATRIN, the film: http://www.youtube.com/watch?v=cnu79iCO0C1M

EPSHEP201910-17 July2019,Ghent Belgium

Thanks QWNVeinheimer

Handbook of
Vacuum Technology

v
\ 3 ASPERA Technology Forum
s cRA 1314 March 3012 - Libisnbergham - Darmstadt

ASPI
Industry meets Academia

------

R
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KATRIN; Background from the spectrometers

@Tf?ﬁ Penning trap at specrometer entrance/exit Secondary electrons from walls

z 7 Mitigation: ,,Colani-shaped® electrodes Mitigation: air coils
2,) ; 4 310mm =. .: 360mm & wire electrodes
o Nt | Rydberg atoms due to ??Pb in wall

‘ /] Mitigation: still working ..

m x"’ : wsa Otored electrons in specs
g: = = we _Mitigation: electric dipole

ernal
acﬂvltv

b . S i T X
& magnetic pulses

electrlc dipole
Sa¥

X

0 50 100 150 200 aso 300 350 400
tme [s)

Fit parameters:

o/ndf = I'-<
Ny =374+022cps
Noi _,1 3 40.M9¢ cps
R =064£0.08

oh S e
T il

‘e et +
Pttt e e et e

0 8 e i 15 20
time after pulse in s

Raon manatin from NEG pumps:
Mitigation: LN2-cooled baffles

Intrinsic Penning trap between specs
Mitigation: 10" mbar backed up by ,,wiper*

M. Beck et al., EPJ A44 (2010) 499 Thanks CQNeinheimer
F. M. Frénkle et al., APP 35 (2011) 128 G. Drexlin et al., Vacuum 138 (2017) 165
S. Mertens et al., APP 41 (2013) 52 F.M. Fréankle and KATRIN Coll., J. Phys. Conf. S. 888 (2017) 012070
N. Wandkowsky et al., J. Phys. G40 (2013) 085102 M. Arenz et al., arXiv:1805.01163
F.M. Frénkle et al.. JINST 9 (2014) P07028 M. Arenz et al., arXiv:1805.12173
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Criogenic detectofor direct neutrino mass measurement

G,
dw CL L 20
O o Qe EF 1 o 88—
E (QEC' EC) H (E _E)2.|.GH
c” Ex 4
3000
— m(v)=0eV 1

-—-m(v)=10 eV

Counts/0.01eV
o
3

1000 |
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500 [

I N
278 2.79
Energy / keV

| | | | L 1
1.0 15 20 25 3.0 276 277 280 281

Energy / keV

10 '
00 0.5

A. DeRujulaand M.LusignoliPhysLett 118B(1982)

EPSHEP201910-17 July2019,Ghent Belgium

Statistican the end point region
A N,>104 Th ! fVBawm

Unresolvedpile-up (f,, ~a Q)

A f, <10°
A t <1usA a~ 10Bq
A 10° pixels

Precisiorncharacterizatiorof the endpoint
region
A DE <3 eV

Backgroundevel
A < 10°eventdeV/ det/ day

Thanks LGastaldo
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Criogeniadetector high energy resolution technologies

Lowtemperature microcalorimeters

163
HO S,
i E
, YV CpT@C_
Qot 5 tot
- G T ¢
-~ DT/ [\ &%
Thermalbath

A Verysmallvolume

A Workingtemperaturebelow 100 mK
smallspecificheat
smallthermal noise

A Verysensitivetemperature sensor
Thanks LGastaldo

EPSHEP201910-17 July2019,Ghent Belgium
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Resistancat superconductingransitionTES
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K.D. Irwin and G.C. Hiltohppicsin AppliedPhysics 992005) 63
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Criogenic detectoperformances

Fastrisetime A Reductionun-resolvedpile-up

Extremelygoodenergyresolution A Reduced smearing andpoint region

Excellentlinearity A precisedefinition of the energyscale

A. Fleischmanet al.,AIPConf.Proc.1185(2009) 571
L.Gastaldcet al.,Nucl Inst. Meth. A711(2013) 150

0.30 : ! . . | | ~ 8
150 | . g
55 tel 55 }
025 Fe, K ‘ S Fe .
_ o
- 0.20 > AErym = 1.58eV Al |
© N 100 |- . 3 Escape-lines
g ' ;". 8. 5 2 B 7]
£ ©
£ 0.10 i 12 &l | g, : :
: : Kyo © 20t 11.2 %
0.05 . ~ 0] ]
. 't -60 - .
0-00 -_'_""'.'.""'" 1 | B 0 | B s | | LU _80 | | |
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time t/ s energy E | keV phoTUn enerqgy EP [ keV 29 Than kS LGaStaIdo
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DM ¢ CRESST: scintillating bolometers for dark matter search

TES, Transition Edge Sensor

- CaWQO, iSticks o 350 T T
Y T Y (_x_nﬁ (with holding clamps & TES) E w0 -
‘h-“m"----..___v _,.-'_,.v""_‘.-‘ . u

e - reflective and o 250 )
mediator '+ scintillating housing g 2001 |AR

' i - S 150 1 ;

-€— light detector (with TES) = j ]

£ 400 - 1

L 4 E

_ 50 - U .

N J' recoil « —— block-shaped target crystal : -
Energy (with TES) o+

15 16 17 18 19 20 21
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T I I I Z
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wjd
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10°F =)
-
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Eret.‘oi] (keVJ

WIMP - 78Ge nucleon scattering

oT. DettlafifMPP  Talk JSchieck ™z & % % 10 ‘12" ‘1w

_ Thanks HPetricca .ENH [keV-] |
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DM ¢ CRESST: very low threshold scintillating bolometer
Eff. ~ 65%

Detector layout optimized for lownass dark matter
/ wwiooacoie  RAMICAl reduction of dimension (3@025g)

»_filter effect

g R A Cuboid crystals of (20 10)mn® (F H 1 3
g 09 ‘r . A With self growncrystalE n O2dzy 1Ak 61 S+
& . .
: /M triggered events A Threshold design goall00 eV (besachieved30 eV)
Z; AT A Fully scintillating housing
o5 A Instrumented sticks
o selected events 3. 3
02" 5 &
Q - : €
740 i 13
ol oE : ISR it
= 0.01 1 _ 10 b S
L Injected Energy (keV) 0-5 . - —reCO”S
threshold Ei = 30.1 eV o T e——
(cross-check by fitting _ :
error function) sl \ — W-recolls
Talk JSchieck signal region
4 e b b e L

2 4 6 8 10 12

14 1€
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DM ¢ XENON, dual phasés<e TPC

XENGONITT XENONnR T

4L

I\l

—
<)

¥
g
I\

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

25kg 1T 15cm drift 161 kg 7 30 cm drift 3.2t T 1m drift 8t 1T 1.5m drift

~10 43 cm? ~10 "4 cm?2 ~10 47 cm? ~10 48 cm?2

Talk ABrown Thanks CWeinheimer
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