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Advanced ultra-fast solid STate detectors for high "
precision RAdiation spectroscopy : ASTRA ‘

Organization legal name Short Activity
name leader
Austrian Academy of Sciences, OEAW J. Zmeskal
Stefan Meyer Institute, Austria
Istituto Materiali per Elettronica e CNR A. Zappettini
Magnetismo, CNR, Parma, Italy

Jagiellonian University, Krakow, UJ P. Moskal
Poland

Laborator1 Nazionali di Frascati INFN A. Scordo
(LNF) — INFN, Italy

Politecnico Milano, Dipartimento SES{e)BLYI C. Fiorini
di Elettronica, Italy

University of Zagreb, Croatia UNIZG D. Bosnar
The main objective of the ASTRA project is to develop beyond state-of-art ultra-fast

CdZnTe/CdTe radiation detector systems for high-precision measurements of gamma- and
X-ray events in a broad energy range, few keV to MeV.
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‘ Project Status @ 2023 Annual Report

JRAS - project status Nov.2023

Taskl: Low energy detector

v" Energy resolution
v" Drift time

v" Cross-talk, charge sharing

Task2: High energy detector

v" Energy resolution
v Drift time

Missing:

» temperature dependence: energy resolution and drift time
» performance test under beam condition
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CdZnTe Thermal behaviour
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‘ CdZnTe Thermal behaviour

Tests performed at the IMEM-CNR of
Parma and University of Palermo

H\/I in test-in

Annual Meeting, 20-21 June
2024

STRENG-PARI




e,

‘ CdZnTe tests in DAFNE ‘

CdZnTe detectors never used in accelerator environments: assessing
in-beam behaviour is thus crucial for future applications

Collisions always come with a
huge synchronous background
mainly generated in the
quadrupoles before the IP

A high flux of e-/e+ (MIPs)
arrives on the detectors and need
to be rejected

Assessing background rejection
capabilities and spectroscopic “in-
¥ beam” performances are crucial
teasibility tests for future

applications
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‘ CdZnTe tests in DAFNE

8 (4+4)
1,3x1,5x0,5 cm?
CZT hemispherical <t

detectors ’
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‘ CdZnTe tests in DAFNE

Work in collaboration between it : ‘."‘_ 5

LNF: Setup Assembly and data analysis e A
IMEM-CNR: Detectors production - Euuname
UniPa: Front-end and digital electronics i SE numRENEN
SMI: Mechanical supports and detectors’ box S DG LEE

guard ring
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‘ CdZnTe tests in DAFNE
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CdznTe tests in DAFNE A ¢
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Beampipe

Fast MIPs (e/)

Slow kaons

AT~ 1,4 ns

DA®NE RF ~ 2,8 ns

Annual Meeting, 20-21 June
2024

o BN R

Fixist®

CdZnTe tests in DAFNE
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‘ CdZnTe tests in DAFNE

Once a collision occurs, the K- flights through the LM
Scintillator and then the target with a very specific timing

e

The kaonic atom’s formation and radiative deexcitation
process 1s order of magnitudes faster than the K- TOF

The time difference between
the collision and the CZT signal
can be used to further clean the

final spectrum

X-rays fly towards the CZT at speed ¢ with a very
specific timing

Time from trigger of Ch 2 with Kaon selection

hadella_kaonsel 2

Kaonic atoms’s X-rays in the
CZT detectors have then a clear «
time peak wrt to the collision
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‘ CdZnTe tests in DAFNE
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‘ CdZnTe tests in DAFNE
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‘ CdZnTe tests in DAFNE

Counts/2.0 kev

K-Al, 5

PbK; K-Pbys

3 200 |
é 180( Pb “KCU(7—»6) + Pb Kp
§ 160} l
siok u KCu(6->5)
120} M h ,li # ~ 60 pb‘l I mm Cu
., 100f ’ r
T ere-
sof I "[J l annihilation
anEd 'f“ peak |
— Wit
—— Global Fit function
<o) 0 200 300 200 500 soo
Energy (keV)

=11

100

60

80

Annual Meeting, 20-21 June
2024

140
Energy [keV]

First kaonic atoms’ spectra
measured with CZT
detectors

New perspectives opening
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New opportunities for kaonic atoms measurements
from CdZnTe detectors
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Papers published within JRA8-ASTRA
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Articte

Potentialities of CdZnTe Quasi-Hemispherical Detectors
for Hard X-ray Spectroscopy of Kaonic Atoms at the
DA®NE Collider

Leomardo Abbene '+, Antonine Bettacavoli ', Fabio Principato ', Gaetano Gerardi * ©, Manuele Bettelli *©,
Andsea Zappettini * ', Massimiliano Bazzi *, u-tolnpmm‘ Michael Cargmelli *, Marco Carminati *7,

Alberto Clazza , Griseld Deda?, 4, Luca De Paolis ictt , Carlo Fiorini 7,

Carlo Guaraldo %, Mihail lliescu >, Misahiko Iwasaki *, Alfba»dnkh'ml:“' Simone Manti %,

Johana Marton *2, Marco Miliucci 7, Pawel Moskal ', Fabrizio Napolitano >, Szymon Niedzwiecki !,
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Kaonic atoms at the DAONE
collider: a strangeness adventure

CdZnTe detectors tested at the DA®N E collider for future kaonic atoms

| measurements

A. Scordo ", L. Abbene ", F. Artibani *, M. Bazzi*, M, Bettelli*, D. Bosnar, G, Borghi **,

| M. Bragadireanu’, A. Buttacavoli*, M. Cargnelli*, M. Carminati =, A. Claazza , . Clozza ~
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4 Papers published
since 2023
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Presentations at conferences and workshops ‘

SIDDHARTA-2: future measurements and perspectives at the DAFNE collider”

2) 6-10/06/2022, Talk at the “RAP2022" conference, (online): “4 new life for kaonic atoms at DABNE: future measurements and perspectives
with advanced X-ray spectroscepy techniques”

3) 10-15/07/2022, Invited Talk at the “4™ Jagiellonian Symposium on Advances in Particle Physics and Medicine” conference, Krakow: “Kaonic
atoms at DA ENE: where we are and where we go? "

4) 03-04/10/2022, Talk at the “International workshop on "Hadron physics with kaon beam and related topies" workshop, (online): “ Beyond
kaonic deuterium. renewing the kaonic atoms database with future measurements at DAFNE™.

5) 17-21/10/2022, Invited talk at the “EXOTICO: EXOTIc atoms meet nuclear Collisions for a new frontier precision era in low-energy
strangeness physics”, ECT*, Trento, “Radiation detectors for future kaonic atoms measurements at DAFNE

6) 13/12/2022, Invited seminar at the University of Zagreb, “Present and future kaonic atoms measurements with new generation radiation
detectors™

7) 16/03/2023, Talk at the “Third International Workshop on the Extension Project for the J-PARC Hadron Experimental Facility (3rd J-PARC
HEF-ex WS)", JPARC (online): “In-beam performances of a CdZnTe detector toward X and Gamma spectroscopy of kaonic atoms at DAFNE
and JPARC.”

8) 08/06/2023, Invited Talk at the “Channeling 2023 conference, Riccione (Italy): “X-ray detectors and measurements at LNF for nuclear and
JSundamental physics, Quantum Gravity, and agrifood applications”

— status and plans ™

10) 28/11/2023, Talk at the Workshop “KASP: Kaonic atoms between QED, QCD and beyond Standard Model physics research™, LNF (Italy):
“Kaonic atoms with CdZnTe".

studies at DAFNE: from SIDDHARTA-2 to future perspectives”

12) “Fourth International Workshop on the Extension Project for the J-PARC Hadron Experimental Facility (HEF-ex 2024)7, J-PARC (Tokar):
“Present and future kaonic atoms measurements with new generation radiation detectors”
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‘ Conclusions

JRAS - project status Nov.2023

Taskl: Low energy detector
v" Energy resolution
v Drift time
v" Cross-talk, charge sharing

Task2: High energy detector
v" Energy resolution
v Drift time

Missing:

» temperature dependence: energy resolution and drift time
» performance test under beam condition
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‘ Conclusions ‘ ¢

JRAS - project status Nov.2023

Taskl: Low energy detector ASTRA has been a very successful JRA

v' Energy resolution
v’ Drift time All tasks have been fulfilled

v" Cross-talk, charge sharing

Task2: High energy detector New opportunities have been opened for
v E.n ergy resolution future Hadron Physics projects and

v Drift time experiments

» temperature dependence: energy resolution and drift time
» performance test under beam condition
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