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

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

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

* neutron detection (task 3.3, P J. J. Valiente Dobon/INFN, participants: NCBJ, PTB,
ISMA*, UNIPD, about 32 person-months)

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

*External collaboration — no person-months GUF IS INVOLVED IN ALL THE ACTIVITIES CONCERNING THE WEBSITE
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Task 3.1 C“@A

e ultra-pure material targets for low reaction yields to be studied
* noble gases targets implanted into a host material

e 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. Sparta, T. Szlics, 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, ...
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?';rlé;dets for CHEIPElgRA
. Task 3.1

Astrophysics

Research \/

ultra-pure material
targets for low reaction

participants: - — yields to be studied to
UoC (GER) CNRS (FR4) ATOMKI (HUN) avoid parasitic

INFN, UKE (/74) IFIN-HH (ROM) reactions on impurities

3

Both linking to NA3 task 8.1
of special solid targets required for the experimental

. oo noble gases targets
study of nuclear reactions of astrophysical interest T He and Ne (cannot create solid compounds)

—> implanted into a host material
key reactions for s-process nucleosynthesis
PI: Roberta Sparta (INFN) + a new idea: in evolved stars

rotating targets

5 European target labs know-how to
o develop

o test (to follow their stability under beam
bombardment)
o make protocols
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Targets for Task 3.1 INERA

Astrophysics
Research

Deliverables for 3.1

Report on the experimental techniques used for solid target production (month 18)

Report on testing by radioactive sources and beam bombardment (month 36)

Publication of production protocols, characterization procedures, and results (month 48)

+ a service for the community:
standardized testing of the produced
targets (including contaminant checks
and stability tests)

Join the mailing list
mail to rsparta@Ins.infn.it
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Task 3.2 \UNFRA

* 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. Szlics, M. Heine, M. Moukaddam, S. Courtin, D. Bemmerer, U. Bilow, K. Zuber,
A. Guglielmetti, A. Caciolli, D. Mengoni, R. Depalo, ...



JRA 1- WP3, Task 3.2: Gas Targets for Nuclear astrophysics (Pl: Tamas Sziics, tszucs@atomki,hu)

Participants: 2 Deliverables: Idea beside the two deliverable:

ATOMKI, HZDR, D3.2 Active target
UMIL, UNIPD 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)



JRA 1- WP3, Task 3.2: Gas Targets for Nuclear astrophysics

Gas targets pro and cons:

Pro - Ultrahigh purity is relative easy to achieve
- No beam induced deterioration

- Noble gases

Pro or Con - Usually thinner targets

Con - Beam heating effect
- Absolute target thickness determination
- Number of beam particles
- Complicated pumping systems

3 main type of gas targets:

- Thin windowed
- Windowless extended
- Gas jet



JRA 1- WP3, Task 3.2: Gas Targets for Nuclear astrophysics

3 main type of gas targets:

Pro

Con

Gas confined between thin foils

&

Beam current as charge integration
Target thickness from initial
pressure and temperature

Can be geometrically thin

-> point like source

Transportabel

Foil thickness determines the
minimum energy

Beam energy straggling in the foil
Parasitic reactions on foil impurities
Outgassing of the surfaces into the
cell may alter the composition

- Gas-flow restricted with
collimators

- Differential pumping

- Constant supply of the lost gas
(fresh or recirculated)

1.
2.

i

No window -> no energy loss
Gas purity maintained

Differential pumping
Geometry shall be considered
Purification (for recirculation)
Feedback loops, precise
measurements

? Beam current from
calorimetry

- Supersonic gas flow in a
restricted volume

- Differential pumping of the
volume close to the jet

)

o

No window -> no energy loss
Gas purity maintained
Geometrically thin

-> point like source

Differential pumping with high
pressure part (compressor).
Overlap between particle
beam and jet, to be
determined

Purification (for recirculation)
Feedback loops



JRA 1- WP3, Task 3.2: Gas Targets for Nuclear astrophysics

Experience of the participants

"] Thin windowed Windowless extended Gasjet

C. Bordeanu et al, NIMA 693 (2012) 220 K. Schmidt et al, NIMA 911 (2018) 1

Z. Halasz et al, PRC 94 (2016) 045801

F. Cavanna et al, EPJ A 50 (2014) 179
F. Ferraro et al, EPJ A 54 (2018) 44
V. Mossa et al, EPJ A 56 (2020) 144
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JRA 1- WP3, Task 3.2: Gas Targets for Nuclear astrophysics

Progress of the deliverables
- Thin windowed Gas-jet + windowless extended

Thin gas volume for activation and/or gas jet with optical gas thickness

gamma angular distribution measurement
directly after the jet, a static-type
particle scattering with windowed windowless gas target

gas target




/"

Task 3.3 C“@A

* 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

J.J. Valiente Dobon, L. Swiderski, R. Nolte, E. Pirovano, M. Dietz, A.
Caciolli, D. Mengoni, R. Depalo, A. Gottardo, ...



University of Padova - UNIPD

Members: A. Caciolli, R. Depalo, D. Mengoni, D. Piatti
Involvement in ChETEC-INFRA: JRA1-WP3 (6 months) and NA2-WP7 (6 months)
Connection between WP3 and WP7: networking with industrial partners - Industry Days

Main goal: work on polysiloxane detectors applications in nuclear astrophysics:

Detectors already available and tested in Padua and LNL by project other than ChETEC-INFRA
They offers many interesting characteristics.
They can be used for fast or thermal neutrons. Good gamma ray discrimination

Possible use in nuclear astrophysics experiments
Possible test case: study of the d+d -> n + 3He and d+d -> p + 3H at LNL and other facilities
involved in the ChETEC-INFRA network

References:

T. Marchi et al., Sci. Rep., 9 (1) (2019), p. 9154

S. Carturan et al., Nucl. Instrum. Methods A, 925 (2019), p. 109
A. Quaranta et al., Mater. Chem. Phys., 137 (2013), p. 951
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CLYC (TLYC) scintillators for combined ChETEC

neut ro n/ga m ma_ray Spect rosco py A. Giaz et al. Nuclear Instruments and Methods in Physics Research A825 (2016) 51-61 I N F RA

1
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What we want to do

* Tests with 2°2Cf, AmBe source: TOF and direct spectrum at the same time | \NEN-LNL: Jose Javier Valiente Dobon
* Testalsoa TLYC? and collaborators

* Proton/a PSA to improve the neutron P/T ratio INFN Istituto Nazionale di Fisica Nucleare

* Towards a 4 array for beta-delayed neutron spectroscopy ?
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K3 B! T3.3 proposed activity ChETEC

Position sensitive fast neutron detector

Scintillator material(s):

= stilbene crystals

= plastics

= organic glass (OGS)

nEEEEE composite scintillators Required detector characteristics/performance:

= positional resolution of (?)

* n/ydiscrimination down to (?)

= ToF with resolution of (?)

+ * new methods for fast-n/y discrimination (?)

= capability to operate in intense gamma flux (?)
= radiation damage studies (?)

= slow neutron detection (?)

Photodetector(s)

Contact persons: L. Swiderski
Large area SiPM (MPPC) Position sensitive PMT (MAPMT) L.Swiderski@ncbj.gov.pl
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P N T3.3 proposed activity ChETEC

OGS EJ-309

Organic Glass Scintillator — developed at Sandia NL (USA): -
source: Pu+Be source: Pu+Be
= high light output (~20 000 ph/MeV) 03
. . Fast Neutrons
= emission spectrum peaked at ~¥430nm 8 o R —
o
= fast scintillation Decay (~3 ns) o
’ k; . -_ K
= very good PSD discrimination (FOM =1.4 @ 100 keVee) ¥ Gamma-rays o Gamma-rays
100 300 500 1000 100 300 500 1000
Q « x neutron source PuBe PSD = (Qlong - Qshort)/Qlong Energy (keVee) Energy (keVee)
'« paraffin . .
__ Long gate EJ-276 Stilbene 3x3inch
« lead
_ «— black box , - source: Pu+Be source: Pu+Be
[ 1. ~ ertitator : Short gate : ."i;' - Fast Neutrons
= S—
5 ?
& o
— ; X
Pre-gate=20ns D Gamma-rays Gamma-rays
| 1 Triger 100 300 500 1000 100 300 500 1000
| DT 5730 - Digitizer - CAEN | T ' > Energy (keVee) Energy (keVee)
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] Physikalisch-Technische Bundesanstalt E. Pirovano, R. Nolte, M. Dietz ChETEC
‘,. Braunschweig and Berlin INFRA

National Metrology Institut
ational Metrology Institute High-energy DDX for "2C(n, lcp x)

White Neutron Beams for at n_TOF
Detector Studies Experiment:

« n_TOF EAR1
(Quasi-)monoenergetic and ‘white’ neutron sources: - _
D(d,n), 5N(p.n), ...  3x10"8 protons on spallation target (about 30 days)

Be + p(19 MeV), °Be + d(13 MeV)
Energy selection via TOF
Flight paths: 11 m - 30 m
Ref: D1, RPT1

« sample: 225 mg/cm? C

» development of AE?-E telescopes for H and He ions
neutron energy range of interest: 100-200 MeV

S
S

Goal: provide data to support improvement of INC
models

=

(@J®) / MeV'!

MCNPX + LA150

1 1 1
0 2 4 6 8 10 12 14 16 18
E/MeV

AE,/MeV

Detector development:
* Light yield (Quenching)
- Efficiency (ref.: D1, RPT1)

O wu N “w nh e o~ ® o
1 SRS ARARS AR LLRAS LRARE AR RARY

\E, | MeV
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) Physikalisch-Technische Bundesanstalt ChETEC
.,. Braunschweig and Berlin | NFR A
National Metrology Institute \/

PLANACON MCP PMT
Gated Gated Preamplifiers for Si Diodes

.. the y-flash is a problem for E detectors!

30000 Canberra 2006 preamp:
20000 gate pulse in (+200V) Adaption of gated pre-amps y-flash limits dynamic range
o000l g e (HZDR development)
— 2, , ‘”b g en e for Si diodes (AE detectors):
ok —e P T photocathode
Veccccccccddddd ) wer « vy-flash immunit

o] ] i I SHMTTT.- v y ) e
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Ref.: Sebastian Urlass (CERN/HZDR), PhD Thesis
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Task 3.4 CH@A

* develop techniques to access the nuclear charge of the isotope to be
provided for accelerator mass spectrometry, e.g. by ion-gas or ion-
laser-interaction

* Develop high performance community-accepted methods to measure
non-routine AMS isotopes of astrophysical relevance

R. Golser, P. Steier, M. Martschini, D. Bemmerer, A. Wallner, J. Lachner,



~ 1ON LASER INERTACTION MASS SPECTROMETRY

R.GOLSER, M. MARTSCHINI, P. STEIER AND COLLEAGUES
UNIVIE, Austria

A WALLNER, J LACHNER AND COLLEAGUES
HZDR, Germany

“For accelerator mass spectrometry, the genesis and reactions of hafnium-182
will be used as an example to develop and benchmark a greatly enhanced
capability of nuclear charge sensitivity, which on top of the exquisite sensitivity

of mass spectrometry without molecules will allow nuclear astrophysicists to

venture into new territory.” CHET/E-C



ScIENTIFIC QUESTION: IS THERE LIFE 182HF FrROM A
NEARBY SUPERNOVA AT EARTH ? '

® Half-life: 8.9 Myr [1]

¢ Signal expected from supernova

182Hf/180Hf < 10~13

Challenge

stable 182W orders of magnitude
more abundant than 182Hf

/"

n,
VERE Y ChETEC
P ) [1] Vockenhuber et al. Phys. Rev. Lett. 93, 172501 (2004) INFRA

L Fac lty fPhy -1so tp Physic:




Usk 132HFF< As 132WF .~ 1s GREATLY REDUCED

® 182W- isobaric background, suppression 6000 for Hf F5-

* previous VERA detection limit: 182Hf/180Hf = 10-11 2]

lon species Typical BOH* B2W suppression® B & /e 5 [ &
current (nA)* detection limit
Hf~ 0.004 ~0.02 ~10~*
HfH~ 0.06 0.1 3% 107
HfH3 0.33 3 8§x10-7
HfH3 0.35 4 5% 1077
HfH, 0.07 4 5 %10+
HfH 0.31 100 2% 107°%
Hf~ 0.02 0.0002 310
HfF; 0.3 5 | x 1078
HfF; 35 250 210°Y
HfF 80 6000 L3510

[2] Vockenhuber, Bichler, Golser, Kutschera, Priller, Steier, Winkler, Nucl. Instr. Meth. B 223-224 (2004) 823-828;

Forster et al., Nucl. Instr. Meth. B 269 (2011) 3180-3182.
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START DEVELOPING ! ChETEC
lons extracted from the cooler when injecting mass 277 and neighboring masses; INFRA

Pickup of O by WF:~ to form WF:O~ is the most prolific reaction in this mass range

mixed sample HfF, + PbF, + W

gas in cooler. He or He+O, (100:1) or He+O, (10:1) or He+N, (100:1)

[E2WFs

130 / ' pickup of 160
3 125 /]
S 100 ]
- opfr,- |||
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g 50 NI Iﬁ'\
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When?

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

Key performance indicators:

Milestones: T st ;
e 10 scientific publications from this WP.
e M9 Measurement capability for Hf-182 by AMS developed and ready for external users ® 5 accelerator laboratories (both from inside and outside the consortium) where one of the
(Task 3.4. month 36) target- or detector production techniques developed here is taken to routine operation.

e 5 PhD students trained in at least two of the tasks developed in JRAI.
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