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The periodic table: Neutron capture: rapid and slow processes
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The two astrophysical neutron capture processes, and the y-process

04.03.25

D D 100% 19% 81%[100% 57% 43%]94% 6%
130gg {——a—132Bq ——au— 1345 135B5 | 136Ba | 137Ba|138Ba
0.11% 0.1% 2.42% 6.59% 7.85% | 11.23% | 71.7%
15% 85%
133CS -
p-process (y-process) 100%
P D 100% 5% 95%[100% 8% 92%|38% 62% 100%
124y e |—at— 126X e —a— 128X e | 129Xe | 130xe | 131Xe|132Xe 134xe 136xe
0.095% 0.089% 1.91% 26.4% | 4.071% | 21.23% | 26.91% 10.44% 8.857%
6% 94%
127| N
100%
100% 100% 100% 25% 75%|46% 54% 100% 100%
122Te 123Te 124Te 125Te 126Te 128Te 13°Te
2.55% 0.89% 4.74% 7.07% 8.84% 31.74% 34.08%
s-process r-process
Neutron capture, Series of neutron captures,
immediately followed followed by a series of B- decays
by B- decay
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13C(a,n)1%0 neutron source for the astrophysical s-process

Ion Beam

Target

Ciani et al. (LUNA), Phys. Rev. Lett. 127, 152701 (2021)
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13C(a,n)1°0 neutron source for the astrophysical s-process

Counts per channel [s']

10”7

10*80l|'| N B R

T IIIIIH’

=LA
. b

stainless steel in surface lab
aluminium in UG lab

stainless steel in UG lab

el,
b n

i

AR N B o

Vi, ".- iy Wh".‘}‘vnr.'"“',’u’."-}'(f'1u.:""twl

R "y"'qi“l,ll'
y y

AT TN iy,

" . B
Y s g ety
T R LN AP WO TR LT o

TN 'r-..'!‘:_('_ 1":,",:.1.'4 T

100 200 300 400 500

*
(REURE '
.-J.'i\{'f'!w‘ b 1

'
crapngt . At
PR o LT A
el L e Py ¢
Ttk i e

ar
s
N

|

oz
LT ATION
T b
WL A

sy
1
1
g
1ol
1
1
1
1
1
1
!

700

Al e g

B i i o i i AT o

Il

600

Energy [keV]

Ciani et al. (LUNA), Phys. Rev. Lett. 127, 152701 (2021)

) 04.03.25

Daniel Bemmerer: Nuclear reaction experiments

D
o

(O]
o
=

2 - .
= - Total -
£ 50 :_ A Outer ring —:
? : ! & Inner ring .
m — —
o 40 ~
= < —— ]
L N ' L ]
S 5 -

0 & T T — A ]

10

lllllllllllll

o
oOfTTTIT T
.o._
ok

E. [MeV]

yl
ChETEC

TECHNISCHE
UNIVERSITAT
DRESDEN

DRESDEN

concept \
SCIFNCF AND
INNOVATION CAMPUS ‘

60

50

40

30

20

10

5 4.0 45 5.0

e



6

13C(a,n)1%0 neutron source for the astrophysical s-process
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Gran Sasso/ltaly

Ciani et al.

PRL 127, 152701 (2021)

deep underground
Jinping/China

Gao et al.

PRL 129, 132701 (2022)



22Ne(0,n)?°Mg neutron source for the astrophysical s-process

Cooling
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LUNA = deep underground Gran Sasso

Piatti et al. EPJA 58, 194 (2022)
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Lithium-6, between cosmic-ray and Big Bang production
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Experiment

New theory  Hebburn et al. PRL 129, 042503 (2022)
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Underground ion accelerators worldwide — starting from LUNA

The workhorse, commissioned in 2001 and still going strong:
LUNA 400 kV ion accelerator for 'H* and “He* ions

+ Solar hydrogen burning
+ Big Bang nucleosynthesis

Gran Sasso lab, Italy — 1400 m rock equivalent to 3800 m water

/
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Underground ion accelerators — new players on three continents
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Dresden Felsenkeller underground lab, below 45 m of rock

Joint effort HZDR — TU Dresden Two main instruments

+ Investment by TU Dresden (Kai Zuber et al.) + HZDR: 5 MV Pelletron, 30 yA beams of 'H*, 4He*, 12C*, ...
and HZDR (Daniel Bemmerer et al.) + TU Dresden: 163% ultra-low-background HPGe detector

+ Day to day operations by HZDR for offline radioactivity measurements

Low-energy magnet

External ion source

SFg pumping station

SFg storage tank @

Bunker for in-beam

% experiments (111)
@ Area B Bunker for activation
é Fio3 experiments (110) TU2\ L ui2
F104 — TU1 j

5 MV Pelletron

Area B’

Tunnel IX
Tunnel VI Area B “1 TU4 ;E(%J%rggt
F101 101 | 102 103
uow
Eur. Phys. J. A61, 19 (2025)
—
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Felsenkeller: Studying low cross sections with low background

40x lower muon background

200X lower neutron background
Astropart. Phys. 112, 24 (2019)

Phys. Rev. D 101, 123027 (2020)
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|
Felsenkeller 5 MV underground ion accelerator

Irradiation station with 20+ HPGe crystals I

™ RN
04.03.25
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External ion source

5/ 5 MV accelerator (0.4-3.8 MV), two alternative ion sources

Internal RF ion source: 30 uA H, “He
SNICS sputter ion source: 30 uA12C

24 hour operation permitted even without operator
Personnel is allowed at target while beam is on
Control and counting rooms at surface
EU-supported transnational access
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Germany‘s most sensitive radioactivity measurement setup “TU1”
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Jet gas target system at Felsenkeller
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Jet gas target system at Felsenkeller
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Time-inverted experiments for the r-process at the R3B experiment, GSI
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Collaboration with R3B @ FAIR

4 x SiPMs

Amplification
stages

HV supply
Micro USB port

Study of a possible re-instrumentation of NeuLAND with
SiPMs, experiments at HZDR ELBE electron beam

+ Linearity (<10% deviation)
+ Dark count rate (< cosmic rate)
+ Time resolution (< 100 ps)

T. Hensel et al. Nucl. Inst. Meth. A 1048 (2023) 167972
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ChETEC-INFRA EU project for nuclear astrophysics [ketek-infra]

https://www.chetec-infra.eu

+ Starting Community of research infrastructures
+ 31 partners in 17 EU+ countries

+ May 2021 — October 2025

+ 5 ME€ support by EU

~
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Nuclear astrophysics masterclasses

« 1 full day outreach to secondary school students

+ Ready-made solution, available in 7 languages,
more to come

+ Based on model from ATLAS@CERN outreach
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http://mc.chetec-infra.eu

* & o o o

*

*

English (master copy)
German

French

ltalian

Czech

Bulgarian

Upper Sorbian

=8 '
7 %m E
‘%

el
ChETEC
INFRA

Looking for nuclear astrophysics PhD students to
teach 1-day masterclasses in their native language!

+ Looking for translators to add new languages!
+ Topic 1 “N(a.,y)'8F — experimental nuclear physics
+ Topic 2 Fingerprints of the stars — Li astronomy
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31 partners in ChETEC-INFRA
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Das Low-Seismic-Lab

« Technologieentwicklung fur die
Gravitationswellenastronomie

« Adaptive seismische
Rauschunterdrickung

* Sub-Nanometer-Mikroskopie und
Photolithographie

« Astrophysik mit Beschleunigern

Courtesy Christian Stegmann / DESY
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DZA Low Seismic Lab, at the ,,sweet spot“ for nuclear astrophysics
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State of the art on 12C(a.,y)'®O and potential for Felsenkeller...

..using 12C* beam, gas target
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