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ISS operation so far
Fully commissioned in 2021,

with 21 radioactive beam
times up to LS3

Users from 30+ institutions , in
12 countries participated in
experi ments

11 institutions , are
signatories of the MoU
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Solenoidal spectrometers around the world

HELIOS@Argonne ISS@ISOLDE SOLARIS@FRIB

e.g. Protons
from (d,p) e.g. Recoll

..—-———' G P 441
- l' I/ detector
o Target fan

90-cm diameter

S@LARIS

From 2021 with initial configuration.

ReA6 beam line.

Early implementation using HELIOS array.
Building forward/backward dual array.

4T MRI magnet.

Solenoidal spectrometer & AT -TPC.

Slide stolen from Sean Freeman

' ISOLDE Solenoidal
H E L I O S v Spectrometer

0OThe pioneerdé from 2/ Gidce 2018 (LS220192021).
Stable beams, RAISOR and CARIBU. A\ Post-accelerated ISOL beams.

3T MRI magnet. Energies up to ~10 MeV/ u.
Resistive-division Si array. Pre-LS2 with HELIOS onaxis array.

Post-LS2 double -sided Si strip array.
y
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4T MRI magnet 0 clearance for 2.5 T.
Solenoidal spectrometer & SpecMAT .
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ISOLDE Solenoidal Spectrometer

’&’d UNIVERSITY

& LIVERPOOL

i ~56 mm OD
N ~19 mm ID
) %

2.4) of hit o STEy On-axis silicon detector
11 n-side A Hexagonal array with four DSSSDs on each side.
- zssgiﬁqs)I ﬂ A 128 x 0.95 mm p-side strips along the length.
. > A 11 x 2 mm n-side strips along the width
128 p-side strips (~ 125 mm) A 1800 channels A RB ASICs for readout

A Total length of silicon = 510.4 mm.
A 66% solid angle coverage.

ISOLDE Solenoidal
Spectrometer




CERN Long Shutdown
No beam at ISOLDE in 2026 and 2027

ISOLDE Solenoidal
Spectrometer
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HIE-ISOLDE

Since its first experiment 10 years ago,
the HIE-ISOLDE accelerator has been pushing back
the boundaries of nuclear physics

Read more —

http:// home.cern /
Wednesday 3 " December 2025



Z=82 & N=126 shell evolution
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Proof-of -principle experiment at ISS

ASt abl e beam foll owi ng 2NEaRANDEBeVLE2 in 20216é

Ve

A Matching normal kinematics study with gas target! [H.F. Lutz et al. NPA 95 (1967) 591]

A Implementation of precise energy calibration, pulse -height corrections, energy loss
corrections, kinematic reconstruction
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Proof-of -principle experiment at ISS

ASt abl e beam foll owi ng 2NEaRANDEBeVLE2 in 20216é
A Matching normal kinematics study with gas target! [H.F. Lutz et al. NPA 95 (1967) 591]

A Implementation of precise energy calibration, pulse -height corrections, energy loss
corrections, kinematic reconstruction
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. 199 —
| SS modes of operatio R

Strecoil mode Gas-recoil mode Singles mode

A Silicon ee EE for beam -like reaction A Fast-counting Bragg chamber and A High intensity or heavy beams .
partner ; used for A < 50. MWPC for medium -mass beams .

) ) A FC at zero degrees, EBIStime

A Clean selection of reaction A Used in beam just twice so far; fast structure to remove decay
channel; removes fusion on pre -amps and zero -degree blocker background
carbon and isobars in beam. being implemented for 2025 (today!).
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SpecMAT active target 0 first beam

CeBr3 48x48x48mm detector 3

SpecMAT gamma-detection array,

Flange with high-density

electrical feedthroughs for

the MICROMEGAS detector
45 CeBr3 detectors

-Gas chamber

Ion beam entrance window,
Mylar film

o

ISS

- X
General Electronics for TPC, -
12 AsAd boards and ZAP cards SpecMAT MICROMEGAS detector,
2916 sensitive pads
High-voltage feedthrough

Active target within ISS combined with a time-
&, projection chamber and CeBr detectors. Led by team
from KU Leuven

-XT02,
HIE-ISOLDE beam line

1%9%
ISOLDE Solenoidal
Spectrometer



SpecMAT active target 0 first beam

| June 2023
D, gas target

a-particle
SpecMAT installed in the ISS track measured
solenoid at ISOLDE in B=2.5T (offline)
. . L - =50 .\
\m Thanks to Oleksii Poleshchuk (KU Leuven) T e e
pectrometer




(d,p) fission setup & 232U

A Proof-of -principle experiment at HELIOS.

A Silicon dE-E for spectroscopy of forward -focussed
fragments, plus CeBr array for gray detection.

A LUMEdetectors for off -axis luminosity monitoring.

AMore info in talk by Maria Vi
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Towards the (1 =Y Island of Inversion TN M
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Towards the (1 Y Island of Inversion

Ve

2/Na - 8x10° pps @ 9.7 MeV/u

A Range of probes already used to study lol. s E ;
. . . . | s o EXP H i
A Single-particle evolution towards  lol important for tracking g E _— 15,-a542 00
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Analysis by Sam Reeve (Manchester)
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Single-particle states near to magic humbers

68Ni E(MeV)
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Semi-magic °8Ni - °8Ni(d,p )°°Ni

A 68Nj beam ~
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Direct evidence for the vd;/, orbital in ®Ni: Implications
for the N = 40 island of inversion

A. Ceulemans et al.

Phys. Rev. Lett. - Accepted 12 November, 2025 Export Citation

DOL: https://doi.org/10.1103/tdfs-5qzw
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SUE ®“Ni @ GANIL

BANIL experiment

Sished, M. Moukkamad et al.)

eV/ u; CD, Target: 2.6 mg/cm 2

55 MeV L=2

e
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Analysis by Andreas Ceulemans (KU Leuven) m
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132S5n(d,p) 8 A keystone experiment N

) _ _ 132Sn(d,p)133Sn, 7.65 MeV/u
A Where does the single -particle ] — ]
strength lie outside of 132Sn? 4 12 N N N s .
3d ;:’/ 11/ 1000 ~ > B :
: _ _ N — 3 gil 1 Argonne
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Onset of deformation at  N=60 0 2?Kr(d,p )?3Kr

A Srand Zr show rapid and dramatic onset

of deformation at N=60.

N
(=)
|

O
A Smooth increase for the Kr isotopic AN
chain 1.

-t
o

A Low-lying intruder configurations A
shape coexistence 23

o
3}
|

A Proton excitations across Z=40t0 0gq,.

energy [MeV]

+
1

A Ground -state configuration at N = 60.

2

A Filling neutron orbitals lowers energy of  8gg,. 0.2

A Large overlap of 89y, and Qg,,€
A Tensor force 4 A Type-II shell evolution 5

0.1

I | | { | | { |
. “ - - 50 52 54 56 58 60 62 64
A Close proximity of Gs;;,, Qdpn, O3, Chyyp N
orbitals.

A Enhanced quadrupole interaction from

coherent contributions A deformation 1 M. Albers, et al., Phys. Rev. Lett. 108, 062701 (2012).
2 J.E. Garcia -Ramos and K. Heyde , Phys. Rev. C 100, 044315 (2019).
Y 3P.E. Garrett, M. Zi e | jandsEkGément, Prog. Part. Nucl. Phys. 163, 103931 (2021).

B 6“ 4P.Federman and S. Pittel, Phys. Lett. B 69, 385 (1977).
ISOLDE Solenoidal 5T.Togashi, Y. Tsunoda, T. Otsuka, and N. Shimizu, Phys. Rev. Lett. 117, 172502 (2016).
Spectrometer




Onset of

A 7 states populated up to ~1 MeV; known energy
from a-decay studies.

A 12 new states populated up to S

n-

A Angular distributions give definitive [ assignments .

A Locate [=4 strength to observe g -, evolution

1 0 2k9% V
1264 keV
] 1103 keV
(3/2+,7/2%) 710 keV ,' ,'_
1
1
1
(3/2+,7/27) 359 keV 11
(7/2) 356eV 556 keV ” !
¢ 1
(3/2%) 117 keV 355keV ¢ 35pev |
1/2+ okev 972 ,J
BKr 117 keV ¢
p d 3/2 0 keV 0 keV 0 keV

S-le . x. 1 ‘. |
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Analysis by Annie Dolan (Liverpool)
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