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The Mid Term Plans (a glimpse into...)

. AlessandroScordo  Nuclear Physics Mid Term Plan in Italy - LNF Session

C. Fiorini - INFN, PoliMI
M. Porro - XFEL

MIXS The Mercury Imaging X-ray Spectrometer (MIXS) is NOW FLYING

TOWARD Mercury where it will perform X-ray fluorescence (XRF) analysis

of the surface of Mercury (2024-2025).
—

In the far future DePFETs are proposed for the Wide Field Imager aboard
the ATHENA satellite and developed for use as real-time imager for
transmission electron microscopes. Launch foreseen in 2035...stay tuned!

Mirror Module Assembly (3x)
r .

IXPE is still flying, and new
~_data are being collected

Thermnal Sock
~ (5F3.4)

N

Deployable Boom
(§F.3.4)

Detector Assembly (3x)
(§F.3.5, §F.3.6)

(5F3.2

Tip/Tilt/Rotate
Mechanism (3xN5F3.3
(§F33

Deployable Shield

Future Perspectives

New ASIC to reduce the dead time of a factor
10 (almost reached) and increase sensitivity
by matching larger optics

—

New amplification strategies to overcome the
systematic effects due to non-uniformity of
GEM holes

Target: eXTP Mission (20277?)

A. Manfreda, Pisa (INFN)

Incident X-ray

Photoelectron Track

Window

Initial

Pixel Anode
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M. Borri, STFC-Daresbury Laboratory - UKRI

=
N
HEGe miciossufpE st The existing system is taking data at the ESRF- ~ . Soon
EBS, a 4" generation synchrotron. &i)// commercially
S available!
. Ligy This is generating a track record of scientific
E _ output in high-pressure/high-temperature 3
i a1 chemistry and physics. Science and
sensORs e —— Technology
Facilities Council
The system is in the process of being
: commercialized via tech transfer grants (2023).
M.Borri et al. NIMA 1017, 2021, 165800

A. Giachero, Milano - Bicocca

The goal of the next future experiments is the sub-eV neutrino mass Thermal Link
. H-ray {thermal conductance )
sensitivity

The HOLMES experiment will perform a direct measurement of the neutrino
mass by using TES-based microcalorimeters with %*Ho-implanted absorber
—
The first phase of the HOLMES experiment is expected between the end of -
2022 and the beginning of 2023 INFN

Final 1024-pixel configuration, or intermediate steps, will follow; vuctear Physics
Next step after HOLMES: 106 pixel to reach a sub-eV sensitivity e T REn L R
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Update including fast X-ray shutters and trigger systems to allow

D. Mascali, LNS . . . SDD 14 HPGe y-ray
E Naselli. LNS simultaneously space and time-resolved plasma spectroscopy during Horn antenna for _ detector e
. Ti window . . . . InterferoPolarimetry '
’ L ke =95y transients, stable and turbulent regimes, with ms timescale. ‘ : RadualXoay

i xial X-ray

Superconductive
-hole Camera

Diffractometric X-ray spectroscopy based on the use of "gratings", will magnoc sysor SRS
allow to reach resolutions of the order of AN/ A = 103 at 565 eV <

o =400 um g
0{1:1 mm

ccop 0 ] “
T 2 /
Pb multi-disks

collimator

XRF peak broadening measurements, giving access to the indirect

Fiber for optical
. . '+~ spectroscopy
measurement of the ion temperature in the plasma. a
Charge transport &
PANDORA is expected to start its operation in 2024.
SPHINX M. lliescu, LNF
Alignment laser To eryoetat
Full detector assembly completed. oo : (L
Vacuum and cryogenic testing completed. o
Optics bench design completed, and all components realized.
. . FEL X-ray
Installation in advanced phase. beam L
capillarv v —_—
< (| s ,3/
Vacuum chamber Microscope slectroncs alignment stage

Measurement plan agreed with DIAMOND synchrotron.
L\ -y Contact with European X-FEL established, more specific plans to follow
- -~ the optics investigation.

Mounting support
and flange with /
control f
feedthroughs  §
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A. Scordo, LNF The VOXES spectrometer is presently used to develop a Side view

monitoring system for wine oxidation and metal concentration -

HAPG crystals
Position detectors

MITIQO
— o -

In the (far) future, the LNF strangeness nuclear physics group is gercel_ A(E’Iﬁ
considering the possibility to propose an advanced version of . T QEIS

VOXES to measure kaonic atoms transitions with sub-eV = " Postion deteniors
precision v (Sent » SiPus)

C. Fiorini, INFN, PoliMI

Light kaonic atoms can also be e | ~ tmm thick |

measured with 1-2 mm thick ) o eV —sooum e

SDDs, extending the efficiency 199) ~ 5

range above 30 keV €% i % |
S 60/ X 1

40| .
26.4keV 59.5keV
33.1keV / 1

585 59 595 60 60.5
— ——— 2‘0/.8keV e

The strongly demanded 20
s OLHJ_J 1

K3*He(2p — 1s) transition k. 10 5 20 20
Energy [keV]

measurement could be pinned ,
down!
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A. Vacchi, Tfieste, SDDs for synchrotron radiation-based material analyses and space applications / astrophysics
G. Pepponi, FBK from large area monolithic SDDs => to true SDD pixel detectors

Low energy X-ray microscopy:
The ELETTRA TwinMic station needs 4 SDD arrays to cover a

large solid angle and ultimate energy resolution and noise
level to be able to see soft X-rays

Extreme fluences and high dynamic range -> segmentation
Beyond monolithic SDD arrays research is ongoing at FBK for a
slim-edge concept with trenches to isolate the devices

And allow the composition of tiles

Longstanding collaborations between INFN
and FBK triggered and favoured development L e e e e e s s |

of new, custom and groundbreaking

technologies, thanks to the cleanrooms

available at FBK N Y

_

INFN and FBK have now a formal collaboration
agreement which will lead to further 3
AN =7 Nuclear Physics

Mid Term Plan in Italy

improvement in X-ray detection technologies L _ Y
o\




The Mid Term Plans (a glimpse into...)

M. Bettelli, IMEM-CNR, Parma
collision point ’CZT detectOI’

Single CZT installed successfully in DADNE, encouraging
preliminary results achieved

Electron-Positron

| _ linear accelerator ngh energy resolution

Modular detector under designing

A. Scordo, LNF

Crucial measurements on intermediate-mass kaonic atoms
transitions can be easily performed with CZT

Beampipe

In 2023, a new campaign to measure kaonic aluminum and carbon
(and others) is foreseen at DAFNE
i

CdZnTe

Degrader

\ 2-elements target M I P . . .

. A PRIN project has been submitted for a wide measurement
campaign to renew the kaonic atoms database g i pryics

Cilag
' T‘ntf“ete( ;
N/
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A. Bergamaschi, PSI / G. Tinti, LNF

20 — Increased the count rate capability of single photon counting
i -e-| TilL-edge: 452 eV pixel detectors
18 i -7 Cr Ledge: 572 eV LEet0 0
—4- | Fe L-edge: 705 eV = w
Improved  _ !} E 3
E 14 II\I 'T & é 1,E+09 1‘E+07%
sensors for 2 '; A 3; g
T 12 N { I % 2
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=1 ; ] 1= Q
Q [ ] = 3
Q ! 4 3 1,E4 3
> 20keV 8 STFIUAC 2 MATTERHORN " €
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GDWUE g
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- . / - E £
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. - M. Testa, LNF
Incident radiaion On going activity: o
Ll — oy . . ncident radiation Perovskite
( e J@St ON deposition of perovskite microchannels through woeean bl / o
Post-processed

layers

. . . . . \
< Microfluidics technique on CMOS substrates with \___ "
$ SR aluminum pads, used as passive substrates slcon
‘ inned high-resistivity

silicon Charge ; 1 CMOS
collection sites Pixel electronics substrate
cMos {

| A s —

Figure 1. Simplified cross section of the proposed hybrid detector N eXt Goa I .
.

Heterojunction

PRIN 2022 project hybrid X-ray detector structure combining a perovskite Nuclear Physics
| ) T T 2T :

proposal . .. .
L Pancheri, M. Testa, absorption layer and a CMOS silicon active layer




Nice people for nice technologies...

M. Borri
STFC-Daresbury Lab.
HPGe microstrip

Thermal Link
(thermal conductance G)

A. Bergamaschi,
Hybrid detectors

connections

T = / Sensor

_/ -Absorber attachment point

A. Giachero
Milano-Bicocca, TES

G. Pepponi,
SDD, LGAD

C. Fiorini,
DEPFET & SDD

G. Tinti, LNF,
Hybrid detectors

A. Scordo, LNF,
HAPG crystals

—

SO0 o ;r. HPGC;-FE'.‘ r ‘
tect
Hom antenna for  S8tector ' / sl

M. lliescu,
CCD & SDD

InterferoPolarimetry
Superconductive
magnetic system

- 'II Radial X.ray
. Pin-hole Camera
—_—

E. Naselli, LNS,
CCD & SDD
& HPGe

Plasma ~

> & N

3 7
. RF 2-pin probe
D. Mascall, LNS, Nuclear Physics
! _Fiber for optical fi Mid Term Plan in Italy 3

CCD & SDD & HPGe = spactroscopy




Nice people for nice technologies....in nice places

G. Pepponi, FBK, SDD
(==

At

‘3 2

A. Bergamaschi, PSI, Hybrid
detectors P

C. Fiorini, PoliMi,
DEPFET & SDD

M. Bettelli, IMEM-CNR, Parma, ; S

[ 7=

M. lliescu, LNF

CCD & SDD

D. Mascali, LNS,
CCD & SDD & HPGe

andro Scordo
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M. Borri
STFC-Daresbury Lab.
HPGe microstrip

A. Vacchi, Trieste, SDD
%.. . .

A. Giachero :
Milano-Bicocca, TES

M. Testa,

e LNF, OMHP

G. Tinti, LNF,
Hybrid detectors

A. Scordo, LNF,
HAPG crystals

'E. Naselli, LNS,
CCD & SDD

Nuclear Physics
Mid Term Plan in Italy
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Numbers of the Working Group:

25 subscription to the WG
14 active participants
>10 technologies
9 locations

Very stimulating work of summary and condensation of technologies

New insights on possible applications in nuclear physics

Several applications and fields covered (astrophysics, medical, art, space, etc...)
INFN is reach of smart physicists and extremely exciting new ideas and perspectives

Thanks to all the contributors for their involvement and active participation

Special thanks to

Marco Miliucci for his precious and unique
work as Convener 2.
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Comment / Description Critical Items for R&D Ei)r(g:cted

Space misson for X-ray timing, polarimetry and New ASIC to reduce dead time by a factor 10, new amplficaton
GPDs eXTP spectroscopy stage to reduce systematics 2025-2027
X-ray energy
dispersive Now in operation at ESRF-EBS 1D24. High flux: spacial resultion Vs extemely high instantaneous flux;
HPGe microstrip spectroscopy To be commercilaised in first quarter of 2023. rate capabilties; effects of integrated flux. 2023-2026
High resolution x-ray detectors to directly measure the  High implantation density, readout of > 1000 chanel with
TES HOLMES neutrino mass multiplexing now-2026
HAPG Crystal Bragg spectrometer with HAPG crystals for millimetric
spectrometer VOXES/MITIQO sources Moving from 1D to 2D position spectra 2023
Wide Field Imager for X-ray space observatory/High
DEPFET ATHENA/DSSC dynamic range (10°4) X-ray imager for XFEL Production yield, calibration of non-linear DEPFET 2023-2030
Space mission - transient astronomy, with focus on
Gamma Ray Bursts, aiming at the exploration of the integration of 8x8 SDD matrix with FE (pre-amp) and Back end
SDD THESEUS high-redshift Universe signal processing 2033
SDD KAONNIS SDD for Kaonic Atoms' spectroscopy Increasing thickness for higher energy efficiency 2023
CCD SPHINX CCDs with polycapillary optics for X-ray holography Prototype testing campaign on synchrotron 2023
Synchrotron
CZT detectors high-Z fine pixelatated synchrotron detectors improve maxium operative flux, improve homogeneity 2024
improve readout under high fluxes, improve detector contacts
CZT avatarX CZT for Non Destructive Tests applications quality 2023
development of fast and efficient radioisotope
CZT gamma-Drone identification system Evaluation in operative system and commercialization 2023
CZT EMA and 3DCaTM CZT for gamma ray telescope evaluation of radiation damage, flight planning 2024
CZT KAONNIS CZT for Kaonic Atoms' spectroscopy Moving to large area with fast timing 2023

Nuclear Physics
Mid Term Plan in Italy
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Hybrid Detectors MATTERHORN single photon counting for 4th generation synchrotrons  High rate capability obtained with multithresholds 2026
Hybrid Detectors JUNGFRAU2 g?;éfsr charge integrating detector for synchrotrons and High rate capability and faster readout: high data throughput 2026
Hybrid Detectors MONCH gjsg?rg':gnj (tjigt]ector for energy resolved imaging with Larger chips to increase the detector area now
Hybrid Detectors soft X ray LGADs ?a;;lﬁmized plbeel ooy Gt vl divs SlEEEiers (07 i ¢ optimization of performance now- 2023
Hybrid Detectors high Z sensors New sensor materials for hard X -rays material quality: uniformity of the electric field 2024
OMHP PEROV CMOS+perovskite for soft X-raysa interface perovksite-CMOS; 2024

ASI development for PixDD (pixel SDD) and slim edge

i . . pe e 5
SDD ADAM sensors / tiling bump-bonded multichannel, slim edge under verification for SDDs 2024
SDD HERMES nanosat constellation for GRB localization integration undergoing 2023
Strip Detector PairedX ?gfgltvrg;c)(()glgc strip detector for portable angle-energy optimization of packaging and read-out towards market 2023
SDD Scarlet monolithic multipixel SDD for high-rate applications my[‘u channel ASIC delopment and integration, charge sharing 2023
(synchrotron, XFEL) mitigation
Pin-hole CCD system for single photon counted Simultaneous time- and space-resolved spectroscopy by _
CCD NP0 spectrally-resolved imaging in high dynamical range shutter/trigger systems & 3D tomography by multi-CCDs system 220
Adaptive collimators for high flux operation mode & model
SDD PANDORA SDD for soft X-ray volumetric spectroscopy improvement to link experimental information to plasma 2023-2024
parameters
PANDORA (& Array of 14 HPGe for hard X-ray volumetric spectroscopy High rate capability (> 50 kHz) by new and advanced electronics and )
HPGe detector GAMMA Coll.) & in-plasma B-decaying isotope tagging acquisition systems 2024-2025
Diffractometric X-ray spectroscopy with high energy . .
CCD PANDORA resolution (AMA = 10-3 at 565 eV) by the use of curved XRF peak broadening measurements and fluorescence shift to 2024-2025

crystals and gratings indirectly measure the plasma ion temperature and charge state

Nuclear Physics
Mid Term Plan in Italy




N Nuclear Physics
1951 Mid Term Plan in Italy/ =~ -~ *
Zoy P -

LNF - Session
Frascati, December 15t-27d 2022

Nuclear Physics Mid Term Plan in Italy 7

RN
Gamma ray detectors

Walter Raniero
INFN-LNL

INFN

Istituto Nazionale di Fisica Nucleare




Gamma ray detectors - summary 15 l

AGATA (Advanced GAmma Tracking Array) at LNL-INFIN

R&D of new configuration AGATA at 0° is just

Actual configuration AGATA couple with PRISMA started and we can have in the second half of 2024

CINF

Nuclear Physics
Mid Term Plan in Italy
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Walter Raniero Nuclear Physics Mid Term Plan in Italy - LNF Session

N3G (Next Generation Germanium Gamma Detectors)

g
Sputtering
without bulk contamination

1. Planar detector
. g prototype
Putsed Laser Meling
2. Coaxial geometry
g @'s‘ug;;e'gaggi;;ﬁ;;_t upgrade

deposition

New HPGe detector using a new
doping technique: pulsed laser melting
200-300 nm junction for n+ and p+ side

melt depth

Magnetron Sputtering on coaxial HPGe crystal at LNL PLM technology (UNIPD - LNL)

Al dose (cm*-2)
1.9x10"

1.95x10'

2.01x10

2.06x10"

2.12x10"

217x10"

2.23x10"

Nuclear Physics
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N3G (Next Generation Germanium Gamma Detectors)

Lithography for segmentation

Planar geometry

3D lithography system

Walter Raniero

Nuclear Physics Mid Term Plan in Italy - LNF Session

Coaxial geometry (2023)

ont End Electronics for HPGe coaxial & segmented detectorsASIC (Applied Specific Integrated Circuits)

flexible PCB

Saturated CSP output voltage [V]

-0.2

s
~

o
=2}
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o
=3}
T

4
o
T

L
N
T

L
~
T

N
o]

X, (\ ;1 N
A% “\\@0\\“‘*@1\@ \\Q'* el
\;5 \%’ é’ Q %\!*\Qt o 0‘§\&
® \“« No T a8 7 S
Time [us]

;\

6 mW power
consumption
8 MeV dynamic range
up to 40 MeV thanks

{o an IHDOVath

Nuclear Phys ics
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INFN
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Monolayer doping: future for detector junction

—=

precurs
L

Dt 1 2 - -

oD D AD = o

Walter Raniero
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This doping method has a conformal deposition
and can be wiil apply to 3D shape (coaxial
detector)

R&D to scale up to large area, and the surface
chemical stability (2027)

Study the electron trapping related to the energy

peak shift
CentroidSlice3
- 0
E HV = 2500 V
o : | 663
> i - -
-10— -
B / B 662
RS
—-20— 661
_agl— L0y B
00 10 20

IPHC Scanning table
137Cs source (662 keV)

Perspectives:
Trap depth - scans vs
crystal temperature

100 pm pitch
1 mm diam
collimator
R~156 mm

Nuclear Physics
: Mid Term Plan in Italy
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PANDORA (Plasmas for Astrophysics, Nuclear Decay Observation and Radiation for Archaeometry)

Measure, for the first time in plasma, B
nuclear beta-decay rates of radionuclides Samomer, ERESA
involved in nuclear-astrophysics o
processes. sage [
* An array of 14 HPGe detect the e \ @, S
emitted y-rays (high counting rate up to T= s
50 kHz on each detector). SEETEI
* Anew lab to store, repair and perform o
LaBr3:Ce:Sr + SiPMs scintillator the maintenance of detectors in
collaboration with LNL (2024).
Crystal enclosure GAMMA ASIC: Adaptive Gain Control (AGC)

SiPM MATRIX

FBK NUV‘HD SiPMS ______________ Vo o bl T VR N v, Input charge

= Qutput voltage
High Gain P &

High Gain - Mid Gain High Gain = Low Gain

16 SiPM per tile

tl 2 1 t2 tl t2

30keV — 30MeV energy dynamic range

Electronics enclosure

Improve the time resolution ~ 2. 7
New development of 15um cell PDE (2024) rm-d__T??wf_'?E?T‘f?%??

— N



(Gamma ray detectors - summary 20

FERMI-GLAST

(Gamma-ray Large Area Space Telescope)

Precision Si-strip Tracker (TKR Anticoincidence Detector (ACD)
* Measures incident y-ray direction * 89 scintillator tiles

+ 18 XY tracking planes: 228 pm strip pitch + First step in the reduction of large

« High efficiency. Good position resolution Y charged cosmic ray background
+12x0.03 X, front end -> reduce multiple scattering + Segmentation reduces self-veto at high

* 4x 0.18X, back-end - increase sensitivity >1 GeV energy

Hodoscopic Csl Calorimeter "> BN
* Segmented array of 1536 CsI(TI) crystals =
* 8.6 X,: shower max contained .
~ 200 GeV normal (1.5X, from TKR
included)
~ 1TeV @ 40° (CAL-only) — 9
* Measures the incident y-ray energy
* Rejects cosmic-ray background

The Fermi LAT is a pair-
conversion telescope for
photons in the range from
20MeV up to >300 GeV

DAMPE (DArk Matter Particle Explorer)

Plastic Scintillator
Detector:

double layers of
scintillating strip detector

Si Tungsten Traker: 6 tracking
double layers + 3 mm tungsten

acting as ACD plates. Used for particle track
and photon conversion

NUD: it's complementary to the BGO by
measuring the thermal neutron shower activity.
Made up of boron-doped plastic scintillators

Calorimeter: 308 BGO bars in hodoscopic

arrangement (~32 radiation lengths). Performs
both energy measurements and trigger

Walter Raniero Nuclear Physics Mid Term Plan in Italy - LNF Session

APT (Advance Particle Telescope)

From 2008 FERMI
GLAST is used for gamma

detectordm-space~>
APT start test from 2025
(balloon flight south

pole) Compton scattering , Y < GeV

HERD (High Energy Cosmic Radiation Detection)

Silicon Charge Detector

Plastic Scintillator Detector

From 2015 DAMPE s
dedicated to the detection of
dark matter (DM) in space
and astrophysical studies
HERD 2027

Fiber Tracker

Transition Radiation Detector

Calorimeter

LYSO (Cerium doped Lutetium) 55 radiation legé A

Y (10GeV + TeV)
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OREO (ORiEnted calOrimeter)
e SO SR Reduction of the radiation length X, in comparison with amorphous media.
The volume/weight is reduced, space application

Particle i ' .

KLEVER is a proposed experiment at CERN SPS to measure K, — m,vv

00® Particle —
9. (X [ — I
‘ e T
© {pxy = 40 GeV AR RH
Y (some GeV to TeV) l JIRARIR
FV
FERMI _ LAT 80 m from target 130 m 170 m
T
:'r Anticoincidence Challen.ge: .
: =7 Detector (background rejection) * Scaling to a large calorimeter
* The KLEVER SAC ready for 2027
;I “[T— Conversion Foil
s ......hhh
. Particle Tracki . . .
oy, T * tracker length from W amorphous foils with crystalline W,
improvement of the spatial/angular resolution
- * oriented scintillator higher energy sensitivity above few
Lt A

Calorimeter
PR TSSO GeV with a reduced volume/weight
- @
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Detector Sigla Description Critical items for R&D Expected Time

HPGe AGATA AGATA campain at - New detector and cryostat production (MIRION and CTT) to 2025
LNL rich 27 ATCs with AGATA at 0°
HPGe N3G R&D on PLM junction - PLM and lithography on coaxial detector 2023
on future HPGe - ASIC electronic test on going 2024
detector - Monolayer doping: R&D to scale up, surface chemical 2027
stabilty
HPGe AGATA crystal Agata crystal - to be going, the scannig require long time 2023
characterization - Trap depht — scan vs crystal temperature (cryostat upgrade)
LaBr,:Ce:Sr GAMMA Gamma ray time - SiMPs 15mm cells upgrade from FBK to improve PDE 2024
resolution - new ASIC (AGC) to improve time resolution < 2.5ns (funds)
HPGe PANDORA measure [3-decays of - infrastructure (cooling LN2 system, new lab to maintenance 2024
nuclear astrophysical and repair 14 HPGe detector)
interest - modified electronic at high counting rate for 14 HPGe 2023
detector
CsI(TT) FERMI_GLAST  telescope for gamma
LYSO/CsI(Na) APT detection - SiMPs array APT development with FBK 2025
BGO DAMPE dark matter particle and - R&D HERD telescope 2027

cosmic ray explorer

INFN
Nuclear Physics
R T (e T e

PWO - UF OREO gamma oriented crystal - orientated crystal matrix, scale up to large calorimeter
calorimeter - KLEVER SAC experiment

Y
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Numbers of the sub. WG Gamma Detector:
28 subscription to the WG
12 active participants
9 technologies
7 locations

Thanks to all the contributors for their involvement and active participation

* Davide De Salvador UNIPD & LNL-INFN

* Stefano Bertoldo
Chiara Carraro
* Stefano Capra
* Gilbert Duchene

Francesco Sgarbossa

UNIPD & LNL-INFN

LNL-INFN

MI-INFN

IPHC — Uni. STRASBOURG
UNIPD & LNL-INFN

Franco Camera

Fabio Gargano

Mario Nicola Mazziotta
Domenico Santonocito
Laura Bandiera

Walter Raniero

Special thanks to
Francesco Sgarbossa

for his precious work.

MI-INFN & UNIMI
BA-INFN
BA-INFN
LNS-INFN
FE-INFN
LNL-INFN

CINF

Nuclear Physics
Mid Term Plan in Italy
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