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Direct Dark Viatter Search
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EARTH-BASED
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UNDERGROUND @ LNGS
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ER vs NR DISCRIMINATION

Electronic Recoil (ER)

ANVL H31LVM 1 004
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XENION TPCs

P. Di Gangi, The Xenon Road to Direct Detection of Dark Maftter at LNGS: The XENON Project, Universe 2021, 7(8), 313
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XENON10 XENON100 XENON1T XENONNT 5

2005 2008 2016 2020 g

LXe ACTIVE MASS 15 kg 62 kg 2000 kg 5900 kg o
BACKGROUND LEVEL 600 (keV td)" 5.3 (keV t d) 0.2 (keV t d)’ *0.04 (keV t d)” )
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MOST SENSITIVE detectors to WIMPs
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L >Xe TPCs evolution il
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NOT just WIIVIPPs TOo discover
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XENONIT at LNIGS &
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= 700 t WATER
CHERENKOV
= 84 PMTs
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XENONIT at LNIGS b
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= Tunable field shaping rings chain

= Materials selection based on
intense screening campaign
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WORKING PRINCIPLE

Radiogenic neutrons scatter in the TPC [potential NR background event) and escape into the Neutron Veto
2 Neutrons captured in water by H [~ 200 us) 2 2.2 M\eV gamma emitted > Cherenkov light

Neutron
capture

recol B
\ /\\ / Gd
o

Xe

saqn] Jaldnnwoloyd
28.03.2022

Cryostat

Pietro Di Gangi

High light collection efficiency required:

= 8" high-QE |low-radioactivity PMTs
ePTFE coating »999%; reflectivity

= High water transparency
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Neutron \Veto

_ Realized in a delicate situation under COVID-19 emergency (Summer 2020]
Novel system designed, A e

built and managed under
the responsibility of
INFN groups and 24
Bologna in particular.

Responsible of the
construction and

| Nl
INnstallation onsite: ,' 8
000000808 >
Crucial contribution by D s3g80020%20s: 0
« STG [special thanks to v | \ _
A. Chiarini) NN | =
= Progettazione [Ing. | c
Guerzoni and RR. | 8
Michinelli) 0
= Officina Meccanica (A. =
Margotti, G. Pancaldi) [
= Amministrazione [\. o
Allegro and the whole - - gl g i T R,
staff) | . '3;,-;,, "'D‘{V ,
¢ Direzione Constant presence onsite a LNGS for XENON to work on Neutron Veto and Gd Plant

[XENON has the highest humber of INFN missions over the last 2 yvears of COVID emergency])
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https://www.youtube.com/watch?v=xb6aXrbGMR8

Neutron Veto e

& CURRENT CONFIGURATION: Tank filled with demi-water

- : novel upgrade doping water with Gadolinium sulphate with 0.5%
Mmass concentration

o N
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909% of neutron captures on Gd =)
= emitted a gamma cascade of ~8 MeV B
> Higher detection efficiency a
2
)
)
o
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MC SIMULATIONS

Neutron Veto fully reproduced with Geantd4 for design,
background and performance studies

’— Muon veto PMTs

s S S

Dedicated waveform simulator under development

Support structure
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Neutron \Veto e

CALIBRATION

AmBe calibration source deploved inside the Neutron Veto through U-tubes
It emits neutrons + 4.4 MieV gamma (60% prob.)
LooKk for neutron capture signals (H line 2.2 M\eV] in coincidence with the 4.4 M\eV gamma detected in the TPC

—— Bin wise background subtracted

’H 2.2 MeV line
(best fit spectrum only)

Preliminary

{ £ N
E = N
g @)
) N
= Preliminary E}

¥ 0
E N
é 400 600 800 1000 1200 20 . 75 100 125 —
) Event area [pe] E'\

Delay between TPC and NV: 190 us Neutron capture peak observed by NV 8

[(mMmatching M\C prediction) =

@)

Neutron Veto efficiency in detecting emitted neutrons: o

=

~907% a 5 PE threshold

Preliminary
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XEI\IONnT Phvsics IReach i

Expected VWIVIP-Nnucleon s Disoovers e ey 3 XFNONNT S1 projection
Cross section = h o ppmenr e
g +1o expecled N .
.2_ +20 ex:’)e('::.e(l ré
g 7
e Exposure Goal :20txyV : -
N
. & '
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] N
N
1o O
WIMP mass [GeV/c?] Exposure [ty] %
MPh: 1 uBg/kg (XENONNT goal) .a
24Ph: 3 uBqlky C
4ph: 5 ulq/kg (achieved in SR2 N
« XENONLIT observed an excess in the low-ER region O
: l a
g @)
« XENONRNT will be able to study this excess: 8 ! ! l ! E
(¢4
=

After few months of XENONRNT data the various hypothesis to explain this

excess can be discriminated at the 5o level 3 1
Exposure [t-y]
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