Nuclear-structure physics with
Miniball at HIE-ISOLDE

What was planned?

A Renewed Miniball spectrometer
A Miniball campaigns 2022-2025

What was achieved with some selected highlights?
A Preliminary Miniball results

What problems were encountered?
What needs to be done?

What upgrades/preparations are planned for LS3?
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Miniball @ ISOLDE

A In-beam o-ray spectroscopy
experiments @ ISOLDE, CERN

A Coulomb excitation o lilee Al
A Transfer reactions g ' _1,%.‘ SN
HIE-ISOLDE linac b |

A 2001: Start @ REX-ISOLDE
A Beam energies < 2.8MeV/u

A 2015: Upgraded to HIE-ISOLDE
A Beam energies < 10MeV/u

A 2019: LS 2 @ CERN,
Miniball campaigns
A Muonic atoms, MIXE @ PSI
A HICARI @ RIKEN (until 2021)

Reiter, P.; Warr, N. in Prog. Part. Nucl. Phys. (2020). 113 103767
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Miniball @ ISOLDE

A 2021: Miniball spectrometer

Cluster detectors
A New encapsulation
A New cryostats
A New analoge electronics

New digital electronics
A New Febex based DAQ
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Miniball @ ISOLDE

A 2022: Commissioning
A 2022-25: Miniball experiments
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SPEDE conversion electron spectrometer

CD detector \a' i lTac;get i ﬁ,
‘ aﬁeﬁr“ = L SPEDE signal
\-‘ 7 B, . ol - feedthroughs

7 Si-detector
assembly

Absorber
foil

(g

2 Cooling circuit

e

HV feedthrough _
P. Papadakis et al. Eur. Phys. J. A (2018) 54: 42
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Recoll distance Doppler-shift (RDDS) technique at ISOLDE:

Lifetimes of excited states in exotic nuclei

DSSSD after target
reaction channel,
kinematics

Target chamber

MINIBALL Plunger device constructed at IKP Cologne
Y |lifetime measurements with RDDS
Y also multifucCalexooynal , e.g., for

First campaign (Summer 2025)

IS656 Lifetimes in 44Ba: Search for octupole correlations
144Cs, 4.7 MeV/u + L i 4%Ba + 3n +*He

Pl: C. Fransen; PhD A. Didik, IKP Cologne

IS761 Coulomb excitation and lifetimes of a triaxial superdeformed b-band in 162Yb
162Yp, 4.1 MeV/u +2Mo %Yb*
Pl. R. Bark, iThemba LABS, South Africa

IS774 Investigation of coupled states near 298Pb
206Hg, 5.7 MeV/u +7L i 20Nl + 2n +*He
“* Pl C. Porzio, ISOLDE, CERN PhD G. Torvund




Experiments after LS2 in 2022-2025 4. F

1S563, 1S699:; 182.184.185Hg Coulex
Shape coexistence, quad. moments, 0* states
A CE with SPEDE

IS761: 162YDph Coulex & RDDS

AT 1S557: 7489Zn Coulex
[ 8Ni+2p shell structure
ARMIHRT 1S646: 79Zn, 81Ge Coulex
el N=50 shape coexistence
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' 1S656:

|S708:
|IS595:

|IS697:

1S702:

1S748:

F
. AII-III

IS774:

"'207TI Cluster transfer, RDDS

144Ba lifetimes

Octupole correlations
144Ba Coulex

1335 spectroscopy
Particle-phonon states
131,1335h Coulex
proton-neutron interaction
13013450 Coulex
Collectivity near 132Sn




Data Analysis of Miniball Experiments

IS number Nuclei/technique Spokespersons 2023 2024 2025
1S563 182,184Hg Coulex K. Wrzosek-Lipska, L.P. Gaffney, 0 X X
(SPEDE) J. Pakarinen

1S699 18Hg Coulex (SPEDE) K. Wrzosek-Lipska, L.P. Gaffney, 0 X X
J. Pakarinen

1S557 80Zn Coulex P. Van Duppen , M. Zielinska, 0 0 X
A. lllana

1S646 9Zn Coulex A. Gottardo, M. Zielinska

1IS702 130,1345n Coulex P. Reiter, T. Kroell

1S697 131,1335p Coulex G. Georgiev, A. Stuchbery, 0 X X
J. Allmond

1S748 212214RaF Coulex G. Rainovski, G. Georgiev X 0 X

1S708 144Ba Coulex L.P. Gaffney X 0 X

1S656 144Cs Plunger lifetime  C. Fransen, T. Braunroth X 0 0

1S761 162¥p Coulex and RDDSR. Bark X X 0

IS774 207TI RDDS C. Porzio X X 0

1S595 1325n cluster transfer  S. Leoni, B. Fornal 0 X X
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1S656 Lifetimes in 44Ba: search for octupole correlations

144Cs, 4.7 MeV/u + 7L i 44Ba + 3n +%He M DSSSD:
distances: 20 um, 150 um, 450 um — 0.15mm DE, angle
SiDSSSE_) Y reacti on
144Cs 144Ba 144Ba i 1.5 mm Si Det. channel
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IS761 Coulomb excitation and lifetimes of a

triaxial superdeformed b-band in 162Yb
162Yb
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Counts/0.5 keV

IS761 Coulomb excitation and lifetimes of a
triaxial superdeformed b-band in 1°2Yb

-l Doppler correction
St | ﬁ L - different angular ranges
340000:— U] g -
" | e s, - degrader distances
-1 08 06 04 02 0 02 04 Co—os 1
cos(8_py)
100 =
distance =116 ‘'m - distance =71 ‘m
10* E
% 10° :
10° u'-*‘: =
o -
10° Blue gate = Blue spectrum ‘ § "PE Gate Condition
Black gate = Black spectrum “ - Black cos{}=0
10k Red gate = Red Spectrum v Red cosQ=0.8
~-| Blue cos(=-0.8
e T W W o w o me ww ™

Energy [keV]




IS774 Investigation of coupled states near 2°8Pb
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1IS595 Gamma-ray spectroscopy of neutron-rich Sb
Isotopes by cluster transfer reactions

Cluster transfer reactions with RIBs 1328n + 7Li @ 3.5 MeV/u

S. Bottoni et al., Phys. Rev. C 92, 024322 (2015)
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Courtesy of Simone Bottoni, Universita degli Studi di Milano and INFN
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1IS595 Gamma-ray spectroscopy of neutron-rich Sb
Isotopes by cluster transfer reactions

t-transfer channel
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1IS702 Exploring the Nuclear Structure and Collectivity
of Neutron-Rich Tin Isotopes around 134Sn

2*A 0* intensities
beam excitation:

130Sn: 14713(193) counts
1345n:  3396(150) counts

13OSn:

B(E2: 0* A 2*)= 0.0484(57) e
Q.(2*)= -0.06(15) eb

134Sn:

B(E2: 0* A 2*) = 0.0449(57) e2b?
Q.(2*)= 0.06 eb
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1S702 Exploring the Nuclear Structure and Collectivity
of Neutron-Rich Tin Isotope around 1325

B(E2; O* A 2*) values
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Total x2

1S708:144Ba Coulomb Excitation

Counts per 2 keV [_ 2* 50" —— '¥Ba , %pp 452 MeViu
Ben Jones, University of Liverpool - - ¢ T i o
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1S563, 1S699 Coulomb excitation with combined g
and conversion e~ spectroscopy of 182.184.185H¢g
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K. Wrzosek-Lipska et al., Eur. Phys. J. A (2019) 55: 130
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1S563, 1IS699 Coulomb excitation with combined g

and conversion e- spectroscopy of 182.184.185H¢g
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1IS699 Coulomb excitation of 18%9.MHg
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1S699 Coulomb excitation of 18°9-MHg
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What problems were encountered?

- Prolongation of Miniball campaign at RIKEN (Covid)
- Miniball upgrade and commissioning finished in 2022
- first three Miniball experiments performed in 2022

- Miniball statistics for period 2022-2025
- 21 experiments scheduled

6 experiments re-scheduled
- 3 experiments without data

- 12 experiments are currently being analyzed

- Backlog of Miniball experiments
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What needs to be done?

- Data analyses are subject of PhD thesis work
(regular meetings, discussion, reporting organized by F. Browne)

- Publications of LS2 results (First PRL draft distributed)
- 12 peer-reviewed Miniball publications in 2022-2025
(5 letters)

- Backlog of Miniball experiments?
(re-evaluation of ~13 accepted proposals)

I
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Miniball upgrades during LS3

New encapsulation of

W HI-TREX

Miniball HPGe crystals New TREX adapted to HIE-ISOLDE
- Reusable capsule
- AGATA technology

- large solid angle coverage

- good position / energy -
resolution

- PID capability
- ASIC readout

so? Ox, Oy < 200pm

* Bundesministerium

10
fiir Forschung, Technologie F
und Raumfahrt

eeeeeeeee

Sergei Golenev (PhD)

Roman Gernhauser (TU Minchen)
Kathrin Wimmer (U Cologne)
Peter Reiter (U Cglogne)

Thorsten Kroll (TU Darmstadt)
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What upgrades/preparations
are planned for LS3?

HISTARS: A High-Performance Detector for
Nuclear Excited-State Lifetimes at HIE-ISOLDE

N. Bernier, M. Caballero Rodriguez, V. Martinez-Nouvilas, L.M. Fraile, O. Alonso-Safudo, J.A. Briz, S. Gaitan,
G.G. de Lorenzo, P. Gonzalez-Tarrio, A. lllana, M. Llanos-Expésito, V. Sanchez-Tembleque, C. Soneira, J.M. Udias
Grupo de Fisica Nuclear, IPARCOS & EMFTEL, Universidad Complutense, Madrid, Spain

Two configurations under investigation

= Central geometry ~90° :
36 LaBr;(Ce) at 10 cm
E Nésher 8 Miniball clusters at 13 cm a

Instituto de Fisica Corpuscular, CSIC/UV, Valencia, Spain = Backward geometry ~140°
24 LaBr;(Ce) at 10 cm
R

6 Miniball clusters at 12 cm
Funded by the Pl % GOBIERNO  MINISTERIO
European Union S5 DE ESPANA DE CIENCIA Plan de Recuperacién,
- -

) ®
campus
v o “-, I /
NextGenerationEU EINNOVACION Transformacién y Resiliencia AN ucm [N
isica Nuclea

§
NN\ €L Grupo de F o
- L% MONCLOA IPARCOS

rDe..

O. Tengblad
Instituto de Estructura de la Materia, CSIC, Madrid, Spain

L Ol 2 Bexelopgment of a fast-timing array for reactions
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Summary

New Miniball detectors, digital electronics, DAQ
Ancillaries: DSSD, SPEDE, new Plunger

Successful Miniball campaign after LS2@HIE-ISOLDE
Range of experimental techniques extended

High energy resolution is key for spectroscopy heavy
and odd nuclel

High quality, high statistics data from heavy mass
beams are unique for ISOLDE!

Future perspectives
lifetime measurements with fast timing HISTAR
single particle reactions with T-REX
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Miniball collaboration
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Miniball collaboration
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Miniball Publications 2022-2025

First measurement of the quadrupole moment of the 2+ state in 110Sn

J. Park, R. A. Lopez, J. Cederkall, C. Fahlander, P. Golubev, A. Knyazev, E. Rickert, J. Iwanicki, K. Wrzosek-Lipska, A. Blazhev, P. Reiter,

D. Rosiak, M. Seidlitz, N. Warr, P. A. Butler, L. P. Gaffney, T. Berry, D. M. Cox, J. Pakarinen, Th. Kroll, C. Henrich, M. Schilling, C. Stahl,

M. von Schmid, G. Rainovski, C. Berger, C. Berner, R. Gernhauser, A. lllana, H. De Witte, M. Gérska, T. Habermann, S. Saha, G. de Angelis,
M. J. G. Borge, O. Tengblad, T. Otsuka, and Y. Tsunoda

Phys. Rev. Lett. 135 (2025) 222502

First high-resolution in-b e a mray spectroscopy of neutron-rich Mo isotopes at relativistic energy

B. Moon, W. Korten, K. Wimmer, P. Doornenbal, T.R.Ro d r &, dluvanase, T. Otsuka, N. Aoi, H. Baba, F. Browne, C. Campbell, S. Chen, Z. Chen,
H. Crawford, H. de Witte, C. Fransen, H. Hess, E. Ideguchi, S. Iwazaki, J. Kim, N. Kitamura, A. Kohda, T. Koiwai, B. Mauss, R. Mizuno, M. Niikura,
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€ to meet conditions at HIE-ISOLDE with 10 MeV/u beam energy
and heavy ions for (d,p), (t,p) etc. reactions

Test with proton beam @ CCB, Krakow

High gain front vs back
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1S646 Coulomb excitation from the isomeric 1/2

1IS646 - F. Angelini, A. Gottardo, M. %1 Uy iegab 0 A

Intruder 1/2*isomer: enhanced <r 2>
compared to g.s.
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Assuming axial deformation :
i ~0.22 (isomer) vs i ~0.14 (g.s.)

Shape coexistence close to 78Ni

How to probe the deformation of the
intruder band  ?

Coulomb excitation from isomer

97Zn beam @ 4 MeV/u from
HIE-ISOLDE (~7% isomer)

Targets: 22 Pb (low bg) and %Pt
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1IS697: Coulex of 131Sph and ?7In

T. J. Gray, J. M. Almond, G. Georgiev, A. Stuchbery et al.
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The levels of 2'“Ra populated in this experiment

Energy [keV]

2200,

|

2001

8

120G
1800

1600,

Counts per 0.5 keV/

1171 keV

1400
1200

214Ra
1000

T[T T[T T

80

8

80

8
|

400

200

2 Juu

[ =S

55
‘Angle [deg]

Gamma-ray energy with addback, gated on the recoil, Doppler corrected for the ejectile and recoil |

25— 0%
1382.3keV

1500
Energy [keV]

Energy [keV]

Counts per 0.5 keV'

|IS748-A studyof seniority-2
configurationan N =126isotonicchain

The objective of this experimentis

0%)

strenghtin 214Rain order to assess
the validity of the seniority scheme
in isotoneswith N = 126. For this 15
have performed
Coulomb excitation of 21“Ra beam
using 120Sn and %8Ni targets at

to measurethe B(BR; 2+

purpose, we

Miniball, ISOLDE

Particle energy in coincidence with a gamma ray

N
2
&

S8Nj

2+,— 0*
1454.2 keV

1

1600
Energy [keV]

Gamma-ray energy with addback, gated on the recoil, Doppler corrected for the ejectile

Counts per 0.5 keV
w
S

X-rays

2Y— 0%
1382.3 keV

31— 2%
10 549.6 keV \ .
. | .
s M~‘W"\‘w-~4~. A P APE EOP u’r’M\"‘“"“‘~"\ ,[
0 S i e s s RO e IR T =
200 400 600 800 1000 1200 1400
Energy [keV]
T — & — With the 250" ion in 2Ra
3w
A complication in the analysisis &
the unexpectedlylarge number of § ~ 81— 29
p y g9 . Xertys 549.6 keV
x-rays observed in coincidence - L
with the 2%, 0%, transition. The « ‘
current assumption is a fully |
converted 0* state just above the 1) ‘
. . . 0 iy STl | 1 | UL I
2+ level decaysinto it, accounting WA
for nearly half of its population Gamma-rays in coi with the 3 —»2- transiton in #*Ra

Sinceno ‘-ray from this state is
observed, its exact energy is
unknown

2*,— 0%
1382.3 keV

Counts per 0.5 keV.
®

MY RO

200 400 600 800 1200

1400 1600

Gamma-ray Energy [keV]




1IS557¢ neutron-rich Zn Coulex
A. lllana, M. Zielinska, P. Van Duppen
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IS557 Preliminary analysis
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