Nuclear astrophysics with storage rings

René Reifarth

Goethe-Universitat Frankfurt

ARIS
5. June 2023, Avignon, France



p-isotopes

PROTONS

n
B stable isotopes -
H N
[[] p isotopes 80 (Hg) m =llll ]
O 0 EEE B
H BN
O =I=ll |
0 EEE = 116
om
0 EEEEE
| 1]
] =IIII |
[ =I. n
[ =IIII
0 EEEEE B
| I
] EEEE B N
=lll. | BN |
("R B
[ 1]
| B ] =IIII
54(Xe) @ © mwumEE = ®
B llll= En 82 (neutron magic)
| I |
O OfAEEER B E
O ]
O 0 AEEER B
| I |
] =II | I |
44 (Ru) ¥ DEEEE =
42 (MO)D E.II. n
EEE B N
]
@ EER
"N
] E =ll n
34 (Se) ™ =-. m m 50 (neutron magic)
H EEER B
]
H EEE B

NEUTRONS




ESR @ GSI — inverse kinematics

particle
detection
hydrogen target E108, 2016

particle

detection
E062, 2009

revolving ions

electron cooler



Detection of reaction products




FAIR-Phase-0, 2020

Testing scrapers
124Xe(p,y)'?°Cs — with hydrogen

J. Glorius et al, Phys. Rev. Lett. 122, 92701-92706 (2019)
L. Varga et al, in preparation (2023)



FAIR-Phase-0 2021

"18Te(p,y) @ 7 AMeV

S. Dellmann, Tuesday, 12:15, tresorier



intermediate

slow neutron capture (i process)

(s process)

rapid neutron capture
(r process)
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State of the art 1990
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State of the art 2020 (e.g. DANCE)

M stable
35 Mt ,> 1 year
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Spa”at § Protons

Tungsten spallation target



Spa”at § Protons

Tungsten spallation target

moderator, neutrons



Spa“at § Protons

Tungsten spallation target

moderator, neutrons
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Proposed setup

Tons
~1-1000 keV/nucleon

N‘oderatol,

Protons Spallation

target
800 MeV

"~

Neutron
field

Reifarth et al., Phys. Rev ST Accelerator and Beams 20 (2017)
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D,0 — 230 ps
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natC — 190 s
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Neutron capture in inverse
kinematics

L p
Magnetic dipole: B = = = = const
g p Jo 7 p
4
(n,y) __ 1
rprimary
— Schottky spectroscopy

— Separation via E-field
— Wien filter (velocity filters)
— Particle detection



(n,Z) and (n,2n) in inverse
kinematics

* Detection of heavy particles
— Without recoil: 'p Zp_ Ap

I'p a Zﬂf1p | l

— With recoil: spread of beam

« Detection of light particles — probably not
possible



(n,f) in inverse kinematics

« Detection of fission fragments outside
neutron target

. E_>~10 MeV



State of the art 20357 ( )
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LANSCE@LANL




First steps ....

Ion catcher/
Detector

Moderator
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First steps -
without heavy ion accelerator

Incoming
beam

rotons Faraday Cup
— e Detector
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Proof of principle with 60 kV ion source

132,134
Neutron capture on Xe
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New data on n+p for BBT

stable isotopes

3 -decay 5

Neutron capture on 'H

ﬁ+—decay

PROTONS
CROSS SECTION (mb)

1 \ range of ring

experiments

range of
single pass
experiment

NEUTRONS

Cyburt et al. New Astronomy, 2001:
“We urge further investigation of this reaction.”
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First steps -
with heavy ion accelerator

Incoming
beam

rotons Faraday Cup
E— e Detector

Heavy-ion-beam Dipole magnet



Proof of principle with ®°Co

60
Neutron capture on ""Co
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Summary

proton capture

neutron capture

Thanks to .... A. Couture, S. Dellmann, K. Gobel, J. Glorius, Y. Litvinov, L.

soderatg,.
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field

Varga, ...



	Foliennummer 1
	p-isotopes
	ESR @ GSI – inverse kinematics
	Detection of reaction products
	FAIR-Phase-0, 2020
	FAIR-Phase-0 2021
	Foliennummer 7
	State of the art 1990
	State of the art 2020 (e.g. DANCE)
	Spallation-based neutron target
	Spallation-based neutron target
	Spallation-based neutron target
	Proposed setup
	D2O – 230 µs
	natC – 190 µs
	Neutron capture in inverse kinematics
	(n,Z) and (n,2n) in inverse kinematics
	(n,f) in inverse kinematics
	State of the art 2035? (N-TARGET)
	LANSCE@LANL
	First steps ….
	First steps - �without heavy ion accelerator
	Proof of principle with 60 kV ion source
	New data on n+p for BBT
	First steps - �with heavy ion accelerator
	Proof of principle with 60Co
	Summary

