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Overview 

• JRA1 –WP3 tackles four key challenges faced by the ChETEC-INFRA 
astronuclear laboratories that limit progress: 

• solid targets (task 3.1, PI R. Spartà/INFN, participants: IFIN-HH, ATOMKI, 
UKE, UoC, CNRS, UNIPD, about 43 person-months) 

• gas targets (task 3.2, PI T. Szücs/ATOMKI, participants: HZDR, CNRS, 
TUD, UMIL, UNIPD, about 17 person-months)

• neutron detection (task 3.3, PI L. Swiderski/NCBJ, participants: INFN, 
PTB, ISMA*, UNIPD, about 32 person-months)

• accelerator mass spectrometry: production of nuclear charge 
separated beams (task 3.4, PI Robin Golser/UNIVIE, participants: HZDR, about 
12 person-months)

*External collaboration – no person-months                                     GUF IS INVOLVED IN ALL THE ACTIVITIES CONCERNING THE WEBSITE



16/09/2025 Marco La Cognata, INFN-LNS, lacognata@lns.infn.it, chetec-infra.eu 3

Deliverables 

D3.1 Report on the experimental techniques used for solid target production on the project web site

D3.2 Report on the development of a gas-jet target with in-beam target thickness diagnostic, on the project web site and in a scientific journal

D3.3 Provide to the community, upon request, one sample each of three possible scintillator materials for neutron detector in cooperation with industry

D3.4 Report on testing by radioactive sources and beam bombardment of the solid targets produced

D3.5 Report, on ChETEC-INFRA web site, on community-accepted methods to measure two non-routine AMS isotopes of astrophysical relevance

D3.6 Scientific publication on isobar suppression by ion-gas or ion-laser-interaction

D3.7 Publication on ChETEC-INFRA web site and in a scientific journal of target production protocols, characterization procedures, and results

D3.8 Report on the development of a gas cell target to be used for angular distribution measurements, on the project web site and in a scientific journal

D3.9 Report on the ChETEC-INFRA web site on different materials studied for neutron detection and position sensitive neutron detectors
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Gantt chart
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Gantt chart

100% completio
n on tim

e
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Task 3.1 Starting point

• ultra-pure material targets for low reaction yields to be studied

• noble gases targets implanted into a host material

• Characterization of targets using sources and in-beam approaches 
(thickness, contaminants, long-term stability…)

Also (proposal to be implemented):

• thin self-supporting rotating target systems (1000 rpm)

R. Spartà, T. Szücs, M. Heine, M. Moukaddam, S. Courtin, L. Trache, M. 
La Cognata, A. Caciolli, D. Mengoni, A. Tumino, G. Lanzalone, A. Zilges, 
A. Blazhev, S. Prill, S. Wilden, F. Heim, …



16/09/2025 Marco La Cognata, INFN-LNS, lacognata@lns.infn.it, chetec-infra.eu 7

Task 3.1 → STAR: Solid Targets for Astrophysics Research

1) Realization of ultra-pure material targets to allow for the measurement of low reaction yields, in 
which signals from parasitic reactions on impurities can limit experiments;

2) Noble elements solid targets (via implantation) to measure key reactions (i.e. for s-process 
nucleosynthesis in evolved stars) avoiding gas targets inconvenients.

+  a service for the community: 

standardized testing of the produced targets (including 

contaminant checks and stability tests)

Roberta Spartà – P.I. (KORE+INFN)

STAR people: 
R. Spartà, G.L. Guardo, M. La Cognata, G. Lanzalone, 

A. Massara, A. Tumino, … 

T. Szücs, …

S. Courtin, M. Heine, M. Moukaddam, , J. Nippert

N. Florea,, A. Spiridon, L. Trache, …

A. Caciolli, R. Depalo, D. Mengoni, D. Piatti, J. Skowronski, …

F. Heim, M. Mullenmeister, …

…

participating institutions: 

• ATOMKI (Hungary)

• CNRS (France)

• IFIN-HH (Romania) 

• INFN (Italy) 

• University of Padua (Italy)

• University of Milan (Italy)

• University Kore (Italy)

• University of Cologne (Germany)
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3 deliverables – fulfilled on time

https://www.chetec-infra.eu/jra/star

https://www.chetec-infra.eu/jra/startest 

http://arxiv.org/abs/2504.16147 +

https://link.springer.com/article/10.1140/epja/s10050-025-01627-0

http://arxiv.org/abs/2504.16147
https://link.springer.com/article/10.1140/epja/s10050-025-01627-0
https://link.springer.com/article/10.1140/epja/s10050-025-01627-0
https://link.springer.com/article/10.1140/epja/s10050-025-01627-0
https://link.springer.com/article/10.1140/epja/s10050-025-01627-0
https://link.springer.com/article/10.1140/epja/s10050-025-01627-0
https://link.springer.com/article/10.1140/epja/s10050-025-01627-0
https://link.springer.com/article/10.1140/epja/s10050-025-01627-0
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General task achievements and possible legacies

For the first time, European target labs:

• Have known each other formally and informally (online 
meetings)
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General task achievements and possible legacies

For the first time, European target labs:

• Have known each other formally and informally (online 
meetings)

• Opened the lab doors to show their equipment and possibilities 
→ D3.1

https://www.chetec-infra.eu/jra/star/

A page for each lab: target 

available/equipment/techniques…

i.e. https://www.chetec-infra.eu/jra/star/infn-lns_uke/

https://www.chetec-infra.eu/jra/star/
https://www.chetec-infra.eu/jra/star/
https://www.chetec-infra.eu/jra/star/
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General task achievements and possible legacies

For the first time, European target labs:

• Have known each other formally and informally (online 
meetings)

• Opened the lab doors to show their equipment and possibilities
→ D3.1

• Exchange know-how and support → meetings, characterization
service, D3.4
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General task achievements and possible legacies

For the first time, European target labs:

• Have known each other formally and informally (online 
meetings)

• Opened the lab doors to show their equipment and possibilities 
→ D3.1

• Exchange know-how and support → meetings, characterization 
service, D3.4

• New targets have been produced and characterized + Left a 
legacy of this gathering → (Arxiv+EPJA)D3.7 

arXiv:2504.16147v1 [physics.ins-det] 22 Apr 2025
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General task achievements and possible legacies

For the first time, European target labs:

• Have known each other formally and informally (online 
meetings)

• Opened the lab doors to show their equipment and possibilities
→ D3.1

• Exchange know-how and support → meetings, characterization
service, D3.4

• New targets have been produced and characterized + Left a 
legacy of this gathering → (Arxiv+EPJA)D3.7 

• Organization and know-how acquisition for the production of 
noble elements implanted solid targets @LNS-INFN (but POT-
LNS is still in progress)
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And what about the future?

The last STAR meeting (08 Sept 2025)

Target characterization service: used just once – maybe premature 

Decided to keep in touch among European target labs and

• Search a host to keep a common webpage as the one done for D3.1 (accessible to be updated)

• Have an informal online meeting once per year … until we find another project-home

STAR has been a 
valuable experience 
and should not die with 
the end of the project
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Task 3.2 General overview

• Windowless targets

• Thin-window gas-cell targets

• Diagnostics
• effective gas thickness

• Composition

• Long term stability

Nuclear Resonance, off-beam XRF and in-beam PIXE, RBS
setups. Cyclotron/tandetron accelerator for target analysis.

T. Szücs, M. Heine, M. Moukaddam, S. Courtin, D. Bemmerer, U. Bilow, 
K. Zuber, A. Guglielmetti, A. Caciolli, D. Mengoni, R. Depalo, …
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Gas Targets for Nuclear astrophysics → PI: Tamás Szücs

2 Deliverables:

D3.2 

Report on the development of a gas-jet target with in-beam target thickness 

diagnostic, on the project web site and in 

a scientific journal (resp: HZDR, month 18)

D3.8 

Report on the development of a gas cell target to be used for angular distribution 

measurements, on the project web site and in a scientific journal (resp: ATOMKI, 

month 48)
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Results of Task 3.2

1. A working gas-jet target in the Dresden 

Felsenkeller laboratory.

2. Thin windowed gas cell targets was 

developed:

a. one tested for particle scattering 

experiment in Atomki.

b. another one produced to be used for 

gamma ray angular distribution 

measurements..
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Gas-jet target developed at HZDR: (PI: Konrad Schmidt)

• Delivery 3.2 is fulfilled on time for the 24th month: 

Publication is published as a proceedings contribution of the 

Nuclear Physics in Astrophysics - X conference (NPA-X)

EPJ Web of Conferences 279, 13002 (2023) and the paper 

is also available on arXiv: https://arxiv.org/abs/2210.15218

• Slit-type nozzles have been developed and tested.

• Continues gas-jet is achieved with suitable vacuum levels at 

other parts of the setup.

• Gas jet density dependence of the inlet pressure was 

measured with alpha energy loss and laser interferometry.

• Setup was installed and commissioned at Felsenkeller 

September 2024 to March 2025.

• First beam-time in April 2025 on 14N(α,γ)18F using the new 

jet target.

https://arxiv.org/abs/
https://doi.org/10.48550/arXiv.2210.15218
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Gas-jet target developed at HZDR: (PI: Konrad Schmidt)

• A new publication (NIM A) is under way.

• Current setup status: On hold, since ongoing solid target 
experiments (FelICITAS, STELLA) are installed behind the 

gas target setup.

• Ongoing: Fine tuning the data reductions for the 

interferometric jet profile measurements.

• Planned for November 2025:

• upgrading the system with a compressor, to achieve 

recirculation for the jet.

• commissioning of the static gas target.

• Long term tasks:

• Improve profiles of the slit-type nozzle to increase 

density of the homogeneous wall jet (new set of 

nozzles ordered from FMTC, Lithuania)

• Improve shape of the catcher to reduce the residual 

gas (one new shape available and to be tested in 

November
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Gas-cell target developed at Atomki: (PI: Tamás Szücs)

• Delivery 3.8 is fulfilled on time for the 48th month: 

Publication is submitted as a regular article to EPJA and the paper 

is available on arXiv: https://arxiv.org/abs/2504.20128

• Angular distribution of alpha particles scattered on 4He and on 
124Xe have been measured as pilot experimen.

• Further test and experiments are planned for this autumn.

https://arxiv.org/abs/2504.20128
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Gas-cell target developed at Atomki: (PI: Tamás Szücs)

• Test version of the gas cell planned to be used for gamma-ray angular 

distribution measurement is produced.

• So far failing to have vacuum tight thin window, which is not produce 

disturbing beam induced background.

• Started to produce 1 µm thick nickel foils by electroplating copper.

• Promising results in terms of thickness, however the foil have still pinholes.

0.821 ± 0.012 µm
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Task 3.3 General overview

• Develop and test new neutron detector materials, such as composite 
scintillators, new plastics, etc. especially with low afterglow

• neutron-gamma discrimination capabilities 

• new methodologies and algorithms for neutron/gamma discrimination

• Develop a read-out system based on SiPM or Photomultipliers that will 
allow to obtain a spatial resolution and to be used in environments with 
intense gamma flash

L. Swiderski, J.J. Valiente Dobon, R. Nolte, E. Pirovano, M. Dietz, A. 
Caciolli, D. Mengoni, R. Depalo, A. Gottardo, M. Grodzicka-Kobylka,
J. Iwanowska-Hanke…

https://www.chetec-infra.eu/jra/neutrondetectordevelopment/



16/09/2025 Marco La Cognata, INFN-LNS, lacognata@lns.infn.it, chetec-infra.eu 24

T3.3 – Neutron Detector Development

Neutron Detector Development at Pulsed Ultra-Strong Neutron Sources

Target 

(CH₂)

Si detectors

Scintillators

Neutron 

beam 

direction

• Development of instrumentation to be used at 

CERN, at the neutron spallation source n_TOF

• Detection of the neutron-induced emission of 

light charged particles, for high-energy incident 

neutrons (En > 100 MeV)

Main challenge:

• E.m. interferences induced by the gamma 

flash (RF noise)

• Silicon semiconductor detectors are especially 

sensitive to it
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• Preliminary Results:

➢ Excellent particle identification in 

the coincidence data between S1 

and S2.

➢Good Light Output for E and good 

identification of H ions.

Analysis:2 mm C-PTM2 
S1: 60 µm (Stripped 4 ch.) 
S2: 500 µm, E: EJ 10 cm

α
3He

p,d,t

α, 3He ?

p,d,t

25

Thanks to Augusto
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• 252Cf source with CLYC and BaF2 scintillator for gamma-particle 

coincidences

• TOF vs energy/light allows an event-by-even discrimination.

• Neutron-gamma discrimination with short vs long integration shows 

impressive results

• 35Cl(n,p) and 35Cl(n, alpha) discrimination is evident only above 4 MeVee

PSA for CLYC detectors

More sophisticated approaches based on FFT can separate only 

if the neutrons are restricted in a precise energy range
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Unsupervised learning for PSA

• Collaboration with the UNIPD team 

• We have tested unsupervised learning on 

signals of silicon detectors

• The results indicate that a two-dimensional 

latent space is enough to encode all observed 

signals

• One can observe that different regions are 

correlated with different types of signal 

(different particles).

• Good performance for noise reduction

• Substituting the convolutional layers with fully 

connected ones seems to decrease the 

performance
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Autoencoder for γ/n Discrimination

28J. Skowronski17/09/25

Problem

Where to cut to discriminate 

between γ-rays and neutrons? 

EJ-309 Scintillators for 

SHADES @ LNGS

Reaction: 22Ne(α,n)25Mg
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Autoencoder for γ/n Discrimination

29J. Skowronski17/09/25

Solution
Train a Gaussian-

Mixture Variational 

Autoencoder
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Autoencoder for γ/n Discrimination

30J. Skowronski17/09/25

It easily disentangles the two 

contributions even at lowest 

energies where classic PSD fails!

Bachelor Thesis – E. D’Amore

EJ-309 Scintillators for 

SHADES @ LNGS

Reaction: 22Ne(α,n)25Mg

https://thesis.unipd.it/handle/20.500.12608/1/browse?filter_type=authority&authority=st891297&filter_value=st891297&filter_value_display=D%27AMORE%2c+EDOARDO&type=author&sort_by=ASC&order=&rpp=20
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T3.3 – Neutron Detector Development
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T3.3 – Neutron Detector Development
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T3.3 – Neutron Detector Development

𝑋𝑠𝑖𝑔𝑛𝑎𝑙 = −𝐴−+ + 𝐴++ + 𝐴+− − 𝐴−−
𝑌𝑠𝑖𝑔𝑛𝑎𝑙 = +𝐴−+ + 𝐴++ − 𝐴+− − 𝐴−−

Averaged positional signals exhibit 
correlation with real position of 137Cs 
gamma radiation in the detector.

(5-fold coincidence) (4-fold coincidence)
Positional signals can be approximated by 
linear combinations of 4 positional outputs. 
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Task 3.4 General overview

• development of techniques to access the 

nuclear charge of the isotope to be provided for 

accelerator mass spectrometry (AMS), e.g., by 

ion-gas or ion-laser-interaction

• development of shared, community-accepted 

protocols for extracting non-routine AMS 

isotopes, which have high astronuclear 

relevance such as 7Be, 44Ti and 55Fe

Chemical element sensitive accelerator mass spectrometry

(PI: Robin Golser/UNIVIE, participants: HZDR)
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• 26Al with J. Feige, Berlin

“Detection of past close-by Supernovae:

 Depositional age dating of Atacama Desert soils with meteoric 26Al”

• 44Ti with Felsenkeller  & U Vienna MSc

produced in core collapse supernovae via 40Ca(,)44Ti

o t1/2 ~59 a → AMS to validate 𝛾-data 
(Schmidt et al., 2013)

o challenging as 44Ca is isobar of 44Ti

    → 106 suppression of CaO– by gas cell (He)

    → 105 suppression of CaO– by OPO laser (420 mW)

    → 102 suppression of Ca3+ in detector

https://www.museumfuernaturkunde.berlin/en/science/novel-perspectives-our-solar-system-history-recorded-atacama-desert-noshade

https://www.sabre-experiment.org.au/

https://idw-online.de/de/image?id=391934

Task 3.4 – Cosmogenic nuclides (some via TNA) – using ILIAMS
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Felsenkeller

• 44Ti with Felsenkeller & U Vienna 

produced in core collapse supernovae via 
40Ca(,)44Ti

     → 44Ti AMS measurements of irradiated

     Ca samples possible @VERA when using

     He gas, laser & segmented detector

     → very low ratio samples not yet

https://www.museumfuernaturkunde.berlin/en/science/novel-perspectives-our-solar-system-history-recorded-atacama-desert-noshade

https://www.sabre-experiment.org.au/

https://idw-online.de/de/image?id=391934

Task 3.4 – Cosmogenic nuclides (some via TNA) – using ILIAMS

2.8×10–13
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• 26Al & 41Ca in stony meteorites for meteoroid geometry & identification of  meteor-wrongs

o Elmshorn (H3-6) Bischoff et al., MAPS 2024

o Ribbeck (aubrite) Bischoff et al., MAPS 2024b

o Haag (LL4-6) Bischoff et al., subm. to MAPS.

o “not-Dyalpur” (terrestrial) Pittarello et al., MAPS 2025

o asteroid 2023 CX1 → Saint-Pierre-le-Viger Egal et al., accept. Nature Astronomy 2025

o 36Cl & 41Ca in iron meteorites for terrestrial age

o “Issigau-Reitzenstein” (29.1 ka)

o Agoudal, El Ali, Hoba,… & “ebay-fakes”

                       → 59Ni test materials

Task 3.4 – Cosmogenic nuclides (some via TNA) – using ILIAMS

https://doi.org/10.1111/maps.14193
https://doi.org/10.1111/maps.14193
https://doi.org/10.1111/maps.14193
https://doi.org/10.1111/maps.14245
https://doi.org/10.1111/maps.14245
https://doi.org/10.1111/maps.14245
https://doi.org/10.1111/maps.70030
https://doi.org/10.1111/maps.70030
https://doi.org/10.1111/maps.70030
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• 59Ni (t1/2 ~0.1 Ma) for determination of long terrestrial ages of meteorites

 → production of standards

        via 58Ni(n,)59Ni

→   NiF2
–

       most promising isobar suppression

       with 532 nm laser; yield not optimal 

→  detection limit @10–12

→ samples @10–11 – 5∙10–13

Task 3.4 – Cosmogenic nuclides – using ILIAMS
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• 210Bi with A. Wallner, HZDR-AMS

“Precise measurement of the 209Bi(n,)210mBi cross section

at thermal and keV neutron energies using AMS”

• 210Pb with D. Koll, HZDR-AMS 

“Pb-210 AMS development for the

 key background in the search for dark matter”

o 1 kg NaI detector material + 1 mg natPb → 1∙10–14

o lowest detection limit world-wide,

i.e. @1 MV AMS, ANSTO (Fröhlich et al., 2022): 2∙10–14

o blank level of Roman lead @VERA: < 3∙10–16

Task 3.4 – “Other” nuclides (via TNA)

https://www.museumfuernaturkunde.berlin/en/science/novel-perspectives-our-solar-system-history-recorded-atacama-desert-noshade

https://www.sabre-experiment.org.au/

https://idw-online.de/de/image?id=391934
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THANKS FOR YOUR ATTENTION 
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