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Users from 30+ institutions , in 

12 countries participated in 

experiments so faré

11 institutions , are 

signatories of the MoU

ISS operation so far

Fully commissioned in 2021, 

with 21 radioactive beam 

times up to LS3



Solenoidal spectrometers around the world
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Á òThe pioneeró from 2008.
Á Stable beams, RAISOR and CARIBU.
Á 3T MRI magnet.
Á Resistive-division Si array.

Á Since 2018 (LS2 2019-2021).
Á Post-accelerated ISOL beams.
Á Energies up to ~10 MeV/ u.
Á Pre-LS2 with HELIOS on-axis array.
Á Post-LS2 double -sided Si strip array.
Á 4T MRI magnet ðclearance for 2.5 T.
Á Solenoidal spectrometer & SpecMAT .

Á From 2021 with initial configuration.
Á ReA6 beam line.
Á Early implementation using HELIOS array.
Á Building forward/backward dual array.
Á 4T MRI magnet.
Á Solenoidal spectrometer & AT -TPC.

Slide stolen from Sean Freeman



~500 mm active length

ISOLDE Solenoidal Spectrometer

~56 mm OD

~19 mm ID

On-axis silicon detector
Á Hexagonal array with four DSSSDs on each side.

Á 128 x 0.95 mm p-side strips along the length.
Á 11 x 2 mm n-side strips along the width
Á 1800 channels Ą R3B ASICs for readout

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



HIE-ISOLDE Phase 2 (2018)

Moveable

Setups (SEC)

RIB from 

ISOLDE

2.83 MeV/ u

10.0 MeV/ u

CERN Long Shutdown 3 upon usé

No beam at ISOLDE in 2026 and 2027



http:// home.cern /

Wednesday 3 rd December 2025



29Mg

207Hg

ISOL-SRS Physics

62Zn

213Rn

31Mg

69Ni

93,95Kr

109,111Sn

39K

8Be

28Na

12Be

50,51Ca

144Ba

133Sn

LS2 Ą LS3

2021 Ą 2025

233U

197Pb

130Xe



Proof -of -principle experiment at ISS

ÁStable beam following CERNõs LS2 in 2021é 22Ne at 6.05 MeV/ u.

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

ÁImplementation of precise energy calibration, pulse -height corrections, energy loss 

corrections, kinematic reconstruction

22Ne(d ,p )23Ne22Ne(d ,p )23Ne
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Full code available: https:// github.com / ISOLDESolenoidalSpectrometer / ISSSort

Work done by Ben 

Jones (Liverpool)



Proof -of -principle experiment at ISS

ÁStable beam following CERNõs LS2 in 2021é 22Ne at 6.05 MeV/ u.

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

ÁImplementation of precise energy calibration, pulse -height corrections, energy loss 

corrections, kinematic reconstruction

Full code available: https:// github.com / ISOLDESolenoidalSpectrometer / ISSSort

22Ne(d ,p )23Ne

Work done by Ben 

Jones (Liverpool)



ISS modes of operation (so faré)

Si-recoil mode

ÁSilicon æE-E for beam -like reaction

partner ; used for A < 50.

ÁClean selection of reaction 

channel; removes fusion on 

carbon and isobars in beam.

Gas-recoil mode

ÁFast-counting Bragg chamber and

MWPC for medium -mass beams .

ÁUsed in beam just twice so far; fast 

pre -amps and zero -degree blocker 

being implemented for 2025 (today!).

Singles mode

ÁHigh intensity or heavy beams .

ÁFC at zero degrees, EBIStime

structure to remove decay

background .



SpecMAT active target ðfirst beam



SpecMAT active target ðfirst beam

Thanks to Oleksii Poleshchuk (KU Leuven)

June 2023

D2 gas target



(d ,p ) fission setup ð232U

ÁProof -of -principle experiment at HELIOS.

ÁSilicon dE-E for spectroscopy of forward -focussed 

fragments, plus CeBr array for g-ray detection.

ÁLUMEdetectors for off -axis luminosity monitoring.

ÁMore info in talk by Maria Vittoria this morningé

CeBr array at target position

S.A. Bennett, et al.

PRL 130, 202501 (2023)

238U(d ,pF)



N=20 Island of Inversion

Weak binding/Finite geometry effects

P.A. Butler, et al., JPG 44, 044012 (2017)

C.R. Hoffman, et al., PLB 672 17 (2009)

PRL 119, 182502 (2017); PRL 84, 5493 (2000)

Towards the (1 st) Island of Inversion

N=16 shell closure

Slide from David Sharp (Manchester)
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Towards the (1 st) Island of Inversion

ÁRange of probes already used to study IoI.

ÁSingle-particle evolution towards IoI important for tracking 
orbitals and occupanciesé

ÁISOLDE provides excellent beams in this region, programme 
at ISS focussing on N=17 and along the Mg chain

Analysis by Sam Reeve (Manchester)

P.T. MacGregor et. al., PRC 104, L051301 (2021). 
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ÁTwo doubly-magic Ni isotopes at N=28 and N=50.

ÁSub-shell closure at N=40 Ą 68Ni.

ÁDeformed intruder states predicted.

ÁNext two neutron orbitals define the                 

N=50 shell gap: 1g9/2Ƅ2d5/2

Single-particle states near to magic numbers
68Ni

T. Otsuka and Y. Tsunoda , J. Phys. G 
Nucl . Part. Phys. 43, 024009 (2016).

R. Taniuchi , et al, Nature 569, 53 (2019)



Semi-magic 68Ni - 68Ni(d,p )69Ni

Á
68Ni beam ~2 x 10 4 pps @ 6.0 MeV/ u (matched for ſ=2)

Analysis by Andreas Ceulemans (KU Leuven)

69Ni @ ISS Sn

GANIL experiment
(2010, unpublished, M. Moukkamad et al.)

Ebeam = 25.14 MeV/ u;  CD2 Target : 2.6 mg/cm 2

69Ni @ GANIL

2d 5/2

candidate



132Sn(d ,p ) ðA keystone experiment

ÁWhere does the single -particle 

strength lie outside of 132Sn?

ÁLocation of i13/2 much debated

Analysis and 

slides by Ben Kay

K. Jones et al., Nature465, 454 (2010)

P. Dyszelet al., Phys. Rev. Lett. 135, 152501 (2025)

Author Energy (MeV)

Urban et al. (1999)

(Inferred)
2.694

Allmond et al. (2014)

(Data, unclaimed)
2.792

Korgul et al. (2015)

(Theory/extrap.)
2511(80), 2669(70)

Reviol et al. (2016)

(Extrap.)
2.366

Talwar et al. (2017)

(Extrap.)
2.680

Piersa-Silkowska et al. (2021)

(Data, tent.)
2.434

ISOLDE+ISS (August 2024)

(First unambiguous obs.) 2.829(7)



Onset of deformation at N=60 ð92Kr(d,p )93Kr

ÁSr and Zr show rapid and dramatic onset 

of deformation at N=60.

ÁSmooth increase for the Kr isotopic 

chain 1.

Á Low-lying intruder configurations Ą

shape coexistence 2,3

ÁProton excitations across Z = 40 to ȏg 9/2 .

Á Ground -state configuration at N = 60.

Á Filling neutron orbitals lowers energy of ȏg 9/2 .

Á Large overlap of ȏg 9/2 and Ȍg 7/2é

Á Tensor force 4
Ą Type-II shell evolution 5

ÁClose proximity of Ȍs1/2 , Ȍd 3/2 , Ȍg 7/2 , Ȍh11/2

orbitals.

Á Enhanced quadrupole interaction from 
coherent contributions Ą deformation 1 M. Albers, et al., Phys. Rev. Lett. 108, 062701 (2012).

2 J.E. García -Ramos and K. Heyde , Phys. Rev. C 100, 044315 (2019).
3 P.E. Garrett, M. Zieliŗska, and E. Clément, Prog. Part. Nucl . Phys. 163, 103931 (2021).
4 P. Federman and S. Pittel , Phys. Lett. B 69, 385 (1977).
5 T. Togashi, Y. Tsunoda , T. Otsuka, and N. Shimizu, Phys. Rev. Lett. 117, 172502 (2016).



93Kr

93Kr Sn

Onset of deformation at N=60 ð92Kr(d,p)93Kr

Á7 states populated up to ~1 MeV; known energy 

from ȁ-decay studies.

Á12 new states populated up to S n.

ÁAngular distributions give definitive ſ assignments .

ÁLocate ſ=4 strength to observe g 7/2 evolution

94Rb

94Kr

Analysis by Annie Dolan (Liverpool)

s1/2

d 3/2

g 7/2

93Kr 95Sr 97Zr

117 keV
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93Kr

(3/2 +,7/2 +) 359 keV
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