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Topics Covered

u  Dark matter, Rare Events, and New Physics

u  Neutrino Astronomy and Physics

u  Gravitational Wave and Multimessenger Astrophysics
u  X-ray and Gammaray Telescopes

u  Cosmic rays and Antimatter

u  Other Astrophysics Detectors
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Dark Matter, Rare Events & New
Physics

WIMPs, Dark Photons, Neutrinaless double beta decay, Sterile Neutrinos

Nobel liquids, solid state devices, calorimeters
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Darkside-20k
neutron veto

and its light
detectors

Daria Santone, RHUL
On behalf of Darkside-20k

collaboration

Darkside-20k is a global direct dark matter search experiment situated at
Laboratori Nazionali del Gran Sasso, designed to reach a total exposure of 200
tonne-years free from instrumental background. The most dangerous
background to the dark matter search comes from nuclear recoils induced by
radiogenic neutrons, since thisdarocess can mimic a dark matter scattering-
induced recoil. The DarkSide-20k detector has a novel design in which the
neutron veto and the TPC are integrated into a single mechanical unit that sits in
a common bath of low-radioactivity arﬁon. The entire TPC wall is surrounded RX a
Gd-PMMA shell which is equipped with large area Silicon Photomultiplier (SIPMs)
array detectors. SiPMs are disposed in a compact design designed to minimise
the number of Printed Circuit Boards (PCBs), cables and connectors, called
photodetection unit (vPDU). The preliminary results of first vPDU+ and the
expected neutron veto performances will be discussed.
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An imaging detector for liquid scintillator experiments

Valentina Cicero
‘on behalf of the PRIN 2017KC8WMB group I N FN
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Coded aperture mask techniques.
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An Imaging detector for noble liquid experiments

V. Cicero on behalf of the PRIN 2017KC8WMB group

"We are developing an optical system that collects the scintillation light produced by charged
particles in noble liquid elements (LAr, LXe) to perform a fast 3D reconstruction of events, as an
alternative or complement to Time Projection Chambers.

* The basic unit of this system is a camera that consists in a coded aperture mask and a Silicon
Photomultiplier (SiPM) matrix.

*We developed a 3D reconstruction algorithm based on a weighted back-propagation approach that
reconstructs a map of the deposited energy in the volume. This algorithm improves on the
performances of traditional techniques when a low number of photons is detected.

»Full simulation and reconstruction of neutrino events have been performed in a ~1 ton LAr cryostat
geometry, equipped with 76 coded aperture mask cameras.

"We are building a prototype with 3 cameras based on available SiPM matrices on the market, and
with cryogenics electronics. First tests in Liquid Argon are expected in Q2 2023.
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e QY g THE CYGNO EXPERIMENT, A DIRECTIONAL
s M
S e DETECTOR FOR DIRECT DARK MATTER SEARCHES
G. Dho on behalf of CYGNO coll.

Gran Sasso Science Institute, LAquila, Italy

Port of iis project hos baen funded by the Evropean Unios's Herizen
2020 research and ineovaton programme wndar e ERC Comobdator
Gront Agreamant No 814744

! Simulation of F recoils

in Galactic coord

o Detector for diirectional Dark Matter searches

o CYGNO future phases to be hosted at LNGS

< 1keV energy
resolution for 5.9
keV photons

Maan o8y

Soma 1007
Spoowmmonr 2434

» Recent result promising for the detector
operation

o CYGNO_04 already under design
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PRELIMINARY

« CYGNO_30 expected physics performances
under evaluation together with R&D
development

Detector Vol = 0.66x0.66x1.03=0.4 Mc



LIME: a gas TPC prototype for directional Dark
Matter search for the CYGNO expenment

F. Di Giambattistal2 on behalf of the CYGNO Collaboration ROM,\ EhEh me ‘-< @ A"f
LGran Sasso Science Institute, 67100 L'Aquila, Italy @e Sh;: U' L e
2INFN, Laboratori Nazionali del Gran Sasso, 67100 Assergi, Italy carr ”""""
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EFTE window 33x33 cm?2
Copper Rings

s * Looking for DM through directional signature of low energy nuclear recoils (NR)
o P mmmm— * LIME 50L prototype, now installed underground at LNGS
* Gaseous TPC with GEM charge amplification and optical readout (1 sCMOS
camera + 4 PMTs)
* Tested overground at LNF with radioactive X-ray sources T 4.5 keV

.

50 cm Field Cage Cathode

‘q’ * Measured energy resolution of ~15% at 6 keV (**Fe)
<1« Stability tested for 1 month

i * Response is linear and consistent with Monte Carlo (MC)
k. pe simulation
. rfi * MC simulation of sCMOS images to study track shape and
e detector’s response
o ad
* MC simulation of background at LNGS (in view of the upcoming data taking campaign - “BEETE
background characterization, MC validation, neutron flux spectral measurement) 8 35keV

15th Pisa Meeting on Advanced Detectors - La Biodola, Isola d'Elba, May 22-28, 2022
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Rupak Mahapatra

MINER: Mitchell Institute Neutrino Experiment at Reactor

Using coh
it GTEXAS AR

(Standard model CEVNS

Coherent elastic neutrinonucleus scattering i
(CEWNS) s a standard model (SM) process where a '
neutrino interacts with a nucleus through the .
weak neutral current (Z boson). The process was
first predicted in 1974 by Freedman [1], and in
2017 the COHERENT experiment made the first
observation of CEVNS [2], making use of neutrinos
produced via stopped pion decay at the Spallation
Neutron Source of Oakridge National Lab.

In this context ‘coherent’ refers to the fact that the neutrino, at sufficiently low momentum
transfers, interacts with the enture nucleus. The amplitude for this process is then the
coherent sum of the neutril The neutri leus cross section is
thus enhanced by a factor that is appmuimately the number of neutrons squared (protons
also contribute, but only around 3% of the neutron cross section). The differential cross
section, with respect to recoil energy E,, can be written as,

Figure 1. Diagram for the neutral current
Scattering of a neutrino from a nucleus N

do _ Gpmy

E,;
T i (l o ") QFF*(Ex) , with nuclear charge: Q? = N — (1 — 4sin’0)Z
The form factor, F, encodes the loss of coh with i "energv
due to their low energy, reactor remain up to the endpoint.

\&
£ I _wo~ | Physics sensitivity

CEVNS has not yet been observed with reactor
r, reactor i below
the inverse beta decay threshold of 1.8 MeV
(72% of the total flux) have never been observed.
MINER will be able to detect neutrinos down to
1.2 MeV, and expects a total rate of ~20 events
per day above 100 eV, (Fig. 2). The large CEVNS
rate at MINER \MMOW far a high-statistics
with y short exp: An
2 A observation of the standard model process at 5-0
102 T can bereached in ~100 kg.davs (Fig. 3).
RAN

)
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Threshold [keV]
Figure 2. Expected event rates for MINER, above o4 — Ge (TAMU 2m)
a given threshold (power = 1MW, dist. = 2m) i (TAMU 2m)

A precision measurement of CEVNS at a

»

— 51 (SNS 20m)

MINER at Texas A&M

The MINER experiment, is a reactor sourced CEVNS experiment which employs low-threshold

and silicon

cryogenic

in close p

y to the research reactor at Texas

A&M's Nuclear Science Center (NSC, see Fig. 5). The high resolution detectors and movable core
of the reactor are ideally suited to very short-baseline sterile neutrino oscillation studies, and
other searches for physics beyond the standard model [3-6]. The NSC TRIGA (Testing, ch
Isotopes, General Atomics) reactor is capable of a steady state power output of 1MW, idi

an anti-neutrino flux of 1.5x10 /cm?/s at 1 meter. The low power and off-grid nature ensures
slow fuel evolution and steady operating power. These properties ensure MINER will be
minimally affected by systematic uncertainties, and even enable a complementary measurement

of the reactor anti-neutrino flux.

Figure 5. above: the NSC at Texas A&M,
right: the core and detector location

nt scattering of reactor neutrinos as a probe of new physics

SOUTH DAKOTA OF DALLAS

/MINER detectors sapphireDetector "\

The cryogenic grmamm a\d silicon detectors of the

MINER experi d on the well tested design

HD Concrete Wall

Reactor Pool

8" Pb Wall 8” Pb Laye

4" Pb Layer 2
39"

ri

Water Bricks

"‘ 6” Hermetic Pb
6" HD Poly

Lower Research
Area

Figure 6. Schematic of the current experimental setup, detailing the passive shielding

(Background studies

To obtain feasible signal-to-background ratios
of 0.1-0.2, the required background rate is
100 events/kg/day in the region of interest
(<1 kev,!,)‘ Passive and active shielding will be
used Yo Hitigate the backgrounds from core
neutrons and gammas, cosmic ray muons, and
environmental gammas.

In-situ measurements and simulation with
GEANT4 have been used to characterize the
background and iteratively improve the
shielding design [7].

Core On @ 3.5 m from det

Counts /s

reactor will be capable of probing small =
contributions from beyond the standard £ 4
model, e.g. a neutrino magnetic moment, é 3
or additional mediators suchasaZ (Fig. 2). 5§
10! - “ 2
— Eg>100eV 1
— Ep>40eV
--- PROSPECT 3yr T0° 10' 10° 100 10t
'g- Exposure [kg.days]
-'i_ 10° Figure 3. standard model {
T with a 100eV threshold, at a distance of 2m, and a
< 100dru background, compared with COHERENT.
CEVNS is flavor ind dent and is therefc
blind to SM neutrino oscillations, but not sterile
4 neutrino oscillations. The moveable core of
10‘]0 7 07 10° MINER’s reactor makes for a unique place to

sin? 20y study very short baseline oscillations. MINER
Figure 4. Expected sterile mum-mmchfnf& will able to probe the reactor anomalies, and
(exp. = W‘ 1MW, dist. = 2m), provide a complementary measurement (Fig. 4).
the star Id avg. of reactor anomalies.
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k Figure 8. measured core on/off gamma rates.

10"

.

Core on, outside lead shiekling

Care o, nside lead shielding

Core off, overnight

E-a )

Figure 7. measured core on/off neutron rates.

Core shielding consists of high-density
polyethylene water bricks alternated with
lead (see Fig. 5). Shielding from muons is
provided by the concrete overburden (15
mwe). Measurements confirm  this
m’uratlon reduces core gamma and
neutron backgrounds to within a factor of
2 of core off values (see Fig. 7 and 8).

A Csl active veto will be utilized to
reducé the residual background by an
additional factor of 100.

of the SuperCDMS d by the
Mahapatra ‘group at Texas A&M [8]. These detectors
have two main designs: iZIPsand high voltage (HV). Ge
iZIPs can discriminate &léctron recoils (ER) from
fuclear recoils (NR) down to 1 keV via simultaneous
use of ionization and phonon sensors. HV detectors
have a bias woltage qaphed samﬂnns discrimination  Figure 9. ER (blue) produce higher
for very low via  lonization yields than NR (green), allowing
Neganov-Luke phonons. New sapphire detectors (Fig Lot
0 gm) have achieved resolutions of ~17 eV

(Fig 10), providing a boost to the search. Sapphire also 18 S
provides faster phonon pulse timing (Fig 11) than Ge. . | |

EEERRNEE]

11:Faster phonon pulse

timing than I Ge
Figure 10: 17 eV baseline
resolution achie
we
\ Figure 12: Spectrum from a 241Am uwy

Phase-2

Parameters se-1

(current phase) (Larger phase)

Maxpayload 4 kg 30ke
Baseline ~7 eVee ~5 eVee
resolution MW MW
Lindhard ~1/6-1/5 (Ge) ~1/6-1/5(Ge)
Do Ul ~1/20(S)
NR threshold  ~100eVi= in HV Ge/Si 100eViwin HV Ge/Si
300 eVRT2P with Newd&tectors with
discriminaidh possible discrimination
Figure 12. Phase-1 detector deployment, y Flux 104 /em?.sec 10 /em?.sec
top-left: 0.25 kg Si HV, top-right: 0625 kg
Ge HV, bottom: 0.625 kg Ge IZIP. Distance ~4m—-10m ~2m-10m
N from core
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The BDX-MINIdetector for Light Dark

Mattersearch@JLAB

Spreafico M. on behalf of BDX Collaboration
marco.spreaficofige.infn.it

+ Light Dark Matter (LDM) is a new compelling hypothesis that identifies Dark Matter with
new sub-GeV states interacting with ordinary matter through a new force. This interaction
can be mediated by a massive vector boson called 'Dark Photon®.

+ In beam dump experiments, a high intensity beam impinges on a thick material (beam dump),
producing a forward focused secondary LDM beam

+ A sizable shielding located downstream the dump absorbs all SM particles except neutrinos

+ LDM particles are detected through their scattering in a downstream detector. BDX-MINI
aims at detecting y — ¢ elastie seattering in an electromagnetic calorimeter

Shiclding

Beam Dump Detector

BDX-MINI detector is composed of an ECal surrounded by a multi layer veto:
« ECal is made up of 44 PhWO, erystals for a total active volume of 4 dim® (A)

— 32 (15 % 15 x 200 mm”) spare CLAS-12 FT crystals glued in pairs
— 28 (20 x 20 x 200 mm¥) spare PANDA ECal crystals

— Readout: 6 x 6 mm® Hamamatsu MPPCs (S13360-6025PE)

— LY: 1 pe [ MeV

+ The veto is eomposed of three layers:

— Innermost layer: passive tungsten shielding 0.8 cm thick (B, C)
— Middle (D) and Quter (E) layer made by 0.8 em thick plastic seintillator read with WLS
fibers and 3x3 Hamamatsu 513360-3075CS SiPMs
+ Octagonal Inner Veto composed by 8 paddles coupled with optical glue
+ Cylindrical Outer Veto composed by a single eylindrical tube
+ Number of readout channels for each active veto: 10 (8 for lateral, 2 for bases)

« Data acquisition:

— Bias voltage provided by a custom designed board

— SiPMs connected to front-end electronies via 8 m long coaxial cable (low noise)

— Custom transimpedence amplifier with different gains for ECal and Veto channels
— CAEN FPGA v1495 used for eustom trigger logic

— Digitalization with CAEN (v1730 and v1725) Flash ADC converter

High rejection capability combining the information
from the two veto systems: at the MIP peak, counting
rate suppressed of a factor 3800

Veto rejection efficiency is similar for both vetoes in-
dependently of the veto shape 0]

+ Redundant readout comp tes the potential ineffi-
ciency of the single SiPM

The anti-coincid Jui t has a negligible effect ™"
on the signal detection efficiency 10 e X6 0 B4 E T H0- B8 15t

T cpamiad ey (Wav)

ann

Universita
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BDX.

BDX-MINI experiment is a Beam Dump eXperi-
ment running at Jefferson Lab. It aims to search
for DM produced by the CEBAF high intensity
£~ -beam impinging on the experimental Hall-A
beam dump:

« ¢~ beam with Ep..,, = 2.176 GeV, current
up to 150 pA

« Hall-A beam dump: 3 m Al + water cool-
ing system

« detector positioned in a well 26 m down-
stream of the dump at beamline height

« Entire experimental setup situated within
a sturdy field tent

BDX-MINI ran for 6 months in spring-summer
2020, collecting about 2.56 x 10°* EOT.

+ ECal calibration with speeial 10 GeV run
« Stability checked using cosmic muons
+ Detector stable within ~ 10%

Evaluation of exclusion limit (90% C.L.) in the
LDM parameter space

A Mediator, o =3, oy = 05

=, i i

it ' i
m, [MeV]

1| Battaglieri M. et al arXiv:1707.04591
2] Battaglieri M. et al. Eur. Phys. J. C (2021) 81: 164
L

Marco Spreafico
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Latest results'itom'the CUORE experiment

CUORE (Cryogenic Underground Observatory for Rare Events)
TeOq crystals: BB source material, operated as cryogenic calorimeters

* In operation since
2017: optimisation
campaigns

+ Physics data
taking at 11-15 mK
since 2019. Data
taking rate ~50 kg/
month. Uptime
~90%

—

g
£
i
§
£
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- Analysis Exposuse - Nature 604, 5358 (2022)
Reached > 1.8 ton yr TeO2 exposure!

Exposure (kg-yr)
"¥Te Exposure (kgyr)

Dec-2017 Dec-2018 Jan-2020 Dec-2020 Dec-2021
Data analysis ~ Optimal Trigger: lower energy thresholds (< 10 keV)

. - Denoising of the continuous data, using accelerometers & microphones
Physics results

- Search for 130Te OvBB decay: Tov 12 (130Te) > 2.2 x 1025 yr [~1 ton yr TeO2 exposure]
- Measurement of 130Te 2vBB decay: Ta2,'2 (130Te) = [7.71 +0.08 4 pg(stat) *0-12.9 15(syst)] x 1020 yr
- 130Te BB decay to excited states: (T12)0vp+ > 5.9 x 1024 yr , (T12)2v+ > 1.3 x 1024 yr
- 120Te OvB+EC decay: Tov /2 (120Te) > 2.9 x 1022 yr
- 128Te OvBP decay: Tov 12 (128Te) > 3.6 x 1024 yr
- Other analysis: thermal model, background model and spectral shape studies, dark matter at CUORE
low energy, high multiplicity events, ...
L Gottardi & R. Caputo, Poster Overv.cu .




The LEGEND-200 LAr instrumentation in the search of neutrinoless double beta decay
L E G E N D Nina Burlac on behalf of LEGEND Collaboration

LEGEND-200 overview

WLS fiber curtains +
HPGe detector
array inside NMS

590 m? tank with
ultra-pure water

|

— e e e e e

N y :
— = 3 = A
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/e
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,

LAr instrumentation

by energy dep:
accompanies

originate from a,
ns, originating
Iropogenic
ogenic produced

inated from OvBp

PGe detectors and
the LAr.

Acronyms
HPGe — high-purity germanium SiPM — silicon photomultiplier

LAr - liquid argon WLS - wavelenght shifting
NMS - nylon mini-shrouds WLSR — WLS reflector




Michael Keller
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SPAD Array Chips with Integrated Readout with High Fill Factor and Low Dark Count

Rate at Low Temperatures

We tested the suitability of Digital SiPMs as light
detector for rare event search experiments using
Liquid noble gases. Here, low dark count rate and a
good photon sensitivity are required.

Atest array was developed with focus on a high fill
factor and a low dark count rate. The latter was
optimized by modifying the SPAD electric field.

At liquid Xenon Temperatures (T = 165K) a dark
count rate of 0.02 Hz/mm2 (active area) was
observed.

The defect density on the wafer was determined, and
with that a SPAD size found for which the fill factor is
highest after switching off the defect affected/noisy
SPADs.

Based on these results a high fill factor array with a
realistic, low power readout architecture for rare event
searches was implemented.

Michael Keller, Peter Fischer , Heidelbera University
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Novel High Sensitivity Analysis for Determination of o
ey Ultra-Trace Elements in Liquid Samples

G. Baccolo 1, A. Barresi 1], D. Chiesa [, D. Merli 21, M. Nastasi *[1, E. Previtali [1], M. Sisti (1

University and INFN of Milano-Bicocca, Milano (Italy) [21- University of Pavia, Pavia (lItaly) [

In rare event experiments High sensitivity analysis for the determination of
sensitivity is conditioned by the 238 and 232Th in organic liquids

radioactive background present in ; ; o
the materials of the experimental Radiochemical
apparatus Treatments

!

An essential condition to reduce background is to -
develop high-sensitivity analysis techniques in order to
select the most suitable materials

!

Radiopurity acceptable levels for Sensitivity achieved:
238 and 232Th: 1:103-1-10%°g/g 2:1015g/g for 228U - 1,5:10'1 g/g for 232Th

P Frontier Detectors for Frontier Physics - 15th Pisa Meeting on Advanced Detectors
-
@ La Biodola, Isola d’Elba, May 22-28, 2022
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