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SIOW neUtrOn Captu re sources Burbidge et al. Rev. Mod. Phys. 29, 1957
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o Elements heavier than Li produced in stars
A< Feproduced through charged-particle capture
* A > Fe neutron capture (s-, r-, i-process)

)]

» 13C(a;n)*0 and 22Ne(o;n)*Mg main
neutron sources for s-process

low mass TP-AGB stars and higher mass AGB stars

Temperature regimes ~90 MK / 250 MK (and higher)

Astrophysical observables

2>Mg and 2°Mg abundance (pre-solar grains)

>Mg/?*Mg and 26Mg/?*Mg ratios from stellar spectra i

®0Fe in type Il supernovae

>6Ni in type la supernovae -2
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Status of the art

R matrix calculation courtesy of James deBoer
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Beam induced background
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low relevant/BIB cross section ratio

“clean” setup -> gas target design

neutron spectroscopy -> hybrid detection array
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SHADES

Scintillator-He Array for Deep-underground Experiments on

the S-process

Pl: prof. Andreas Best
Core working group: D. Rapagnani, D. Mercogliano, T. Chillery, A. Best

European Research Council founded
project to measure 2?Ne(a,n)>*Mg
down to neutron threshold

European Research Council

Established by the European Commission
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Detection array

RBS Si detector

PE array holder reaction chamber

3He counters (18) |
EJ-309 Scintillators (12)
22Ne gas

how it works?
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Detection array

PE array holder reaction chamber

3He counters (18) |
EJ-309 Scintillators (12)

how it works?
1) a neutron from the reaction are moderated in
an EJ-309 liquid scintillator
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Detection array

PE array holder reaction chamber

3He counters (18) |
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Csedreki et al. 2021 NIM A 994, 165081
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2 ' SHecounters | ——— Detectors intrinsic background at LNGS
g e e aluminium in UG lab
.‘:CU 102 1 ——— stainless steel in UG lab ) ) o
G . * LNGS environmental background makes intrinsic one relevant
&0 N ol * actinides contamination in both the case and liquid
€ ol Ny T "; * 1-month long background measurement in LNGS (LUNA400 hall)
(o) i b " i
o b ‘-.,“ —T * 8.4(1.8),(1.4),,, x 1072 ppm for 238U
ol .1;'.."‘;“.-;|-.,.v.v."i"{'ﬁu;;«,r,ﬁfzreh;-.,?.*?}.’g-_;g;‘-;'f:s;is;;;-{;-1-.;4351F;f§u@,:;r'-;3.';§;\_,-‘1.-,;-f.-w,:;y%-_-‘;'ec":'ﬁffh “\m;:. i: :; ;‘%;S' ; 1'62(0'57)sta(0'03)sys X 1071 ppm for 232Th
. ¥ it b * 64 counts/hour, eliminable with 3He prop. counter coincidence
107} S
i i AR » intrinsic background from 238U/232Th identified
0 0 100 200 300 400 500 600 700 800 900
% Energy [keV] = 300
0.4 - 2 I — Exp. data
___________ . - = I — Sum
- | = L _ Case 1 222 . . .
- o 4 = @ | Rn in liqui
0.3[F - neutrons == S 200 _ Case2 — 1 quid
AT N L T T - IS i — Case 3 —| | o
P i ] ] — 232Th in liquid
0.2} — O
- i = 1004
i EJ-309 scintillators o — ,‘
0005415 "2 25 3 | ;
| | E [MeVeel Ananna et al. 2024 NIM A 1060, 169036~ E«[MeV]

June 13th, 2025 S,| & R ELEMENT NUCLEOSYNTHESIS (SIREN)



Calibration at FRANZ at Goethe University (Frankfurt)

Steel Stands i Ve
— . i(p,ny)’Be
EJ-309 Scintill ' Lead bricks ,
e K5 i E, = 1900 — 2450 keV, 50 keV steps

2.5x10x20cm S —

3.1 um thick ’Li on copper backings

’Li Target
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Gas target

» suppressed BIB events rate
» ion beam current and target thickness monitor

RBS monitor

turbomolecular
pumping stage

temperatu'r!

SeNsors

pressure
gauges

high flow

pumping
stage

e Aluminum sealings — low leak rate and

no carbon degassing
* OFHC copper coatings of exposed surfaces
online monitors of pressure and temperatures
Rutherford Backscattering Spectroscopy for
ion beam / target thickness monitor

* recirculated extended gas target with enriched 22Ne
e compact design to maximize detection efficiency .
* hydrocarbons purifier .
e Si-industry pumps
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“N(p,7)**0

ongoing measurements
22Ne(o,n)>>Mg

12C+12C (y-channel)
planned measurements

Bellotti IBF @ LNGS completed measurements
- -

= /\ WY - i - 22Ne(ot,y)26Mg — Daniela Mercogliano talk
/ f~~5\{ | / ; ‘ :
,KJ
=z
i
Singletron eleratOr W ource gl

hy

| voltage stability oflb.gppm and drift in the ord
SRREE 12,13C4+ gnd 1213C24 i@g{%ean@&allowed )
500 pA of high energy resolution and stability “He beams

» enhanced S/N ratio over natural background

Junker et al. 2023 Front. Phys. 11:1291113

June 13th, 2025 S,| & R ELEMENT NUCLEOSYNTHESIS (SIREN)



Preliminary results & outlooks

. 0.700
-
©
- il
: <
0.500 - % b F . m  0.56 mbar
e 835 keV resonance investigated I i »  '0.56 mbar 18/11
. . X X L '0.72 mbar
with several target thickness 0.400 1'% i @  '0.4mbar
» off-resonance measurements 2 g&fggg’
. L 0.300 - X :
ongoing, complete within 2025 8 « : %&7'? mnﬁ’
» data analysis and publicationby X X R
mid-2026 : x 3

830.0 8320 8340 836.0 8380 840.0 8420 8440 8460 8480 8500
Calib Beam Energy [keV]

June 13th, 2025 S,| & R ELEMENT NUCLEOSYNTHESIS (SIREN)



Laboratori Nazionali del Gran Sasso, INFN, ASSERGI, Italy""
T. Chillery, F. Ferraro, *R. Gesué, M. Junker, D. Bagk/ '
Universita degli Studi di Bari and INFN, BARI, ItaIy
G.F. Ciani =
Konkoly Observatory, Hungarian Academy of Saences, BUDAPE , F
M. Lugaro e
Institute of Nuclear Research (ATOMKI), DEBRECEN, Hungary %
L. Csedreki, Z. Elekes, Zs. Fil6p, Gy Gyurky,T Szucs :
| -Zentrum Dresden Rossendorf, DRESDEN Germany
.emmerer A. Boelt2|g, E. Masha
Umversnty of Edinburgh, EDINBURGH, United Kingdom

. Aliotta; L. Barbieri, C.G. Bruno, T. Davinson, J. Jones, J. Marsh, D. Robb, R. Bonnell A, Compa NUCCi THAN K YO U FO R
Universita degli Studi di Genova and INFN, GENOVA Italy %
<P"Coruvisiero, P. Prati, M#Ressi, S, Zavatarellr :

INFN Laberatogi Nazionali dlﬁLegr)aro, LEGNARO Itgjy . s oy Q) : YO U R

M. Campqstnm V. Rigato -w »: )
ATTENTION

o

June 13th, 2025 S,| & R ELEMENT NUCLEOSYNTHESIS (SIREN)



	Slide 1: 22Ne(α, n)25Mg at the INFN Bellotti Ion Beam Facility
	Slide 2
	Slide 3
	Slide 4
	Slide 5: SHADES  Scintillator-3He Array for Deep-underground Experiments on the S-process
	Slide 6
	Slide 7
	Slide 8
	Slide 9: Detectors intrinsic background at LNGS
	Slide 10: Calibration at FRANZ at Goethe University (Frankfurt)
	Slide 11
	Slide 12
	Slide 13
	Slide 14

