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A Technically where we were at end of
RUNZ2 and improvements for RUNS3.

A Scientific programmes with some
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A Challenges and outlook.
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Solenoidal Spectrometer mﬁ

ISS Is one of three solenoidal spectrometers, | .

unigue in being fed by ISOL beams. V'z’ :d Vo | \

Eliminates kinematic compression in excitation Ve z ch2m mzVem

energy spectra; spacing of energies in CM is the Measured Quantities: CM Energy: Eem = Erap + 9 T

same as ion energies in LAB. A position z Re
A lab particle energg,, 02 V2 2

The equivalent of kinematic shiffdzgives only A cyclotron periodl, CM Angle: COS Oy, = —22 cm 70

small contribution via position resolution (~15 keV 2v9Vem

in this example). 2T m _ ,

Particle ID: T¢ye = _£ or infer from recoil.

Alternative to particle - spectroscopy for two -body reactions in inverse kinematics, but:

Large acceptance without too much complexityr thin targets with weak beams.

Good Q value resolution without deleterious effects of kinematic compression or requirement férdaincidence.
Allows studies ofgs/isomeric states with long half lives or unbound states with vanishing wddlths.

Recall that the peaks at forward CM angles carry the most physics information in a two -body reaction.
In the LAB with inverse kinematics, these might be in forward or backward directiomst to the beam,
dependent largely on the mass transfer, and somewhat on the-@alue,

so different reactions peak in different directions.




Status ISS Experiments after RUN 2
~¢NDUNqUWRUWq6 WS ¢ G WRUW=MNTB

IS631: The @,p) reaction on2%Hg.

Bat IJI WHY I-&xigaridy, WY U
processing and DAQ (Argonne) for just
two runs in 2018!

PHYSICAL REVIEW LETTERS 124, 062502 (2020)

First Exploration of Neutron Shell Structure below Lead and beyond N =126

T.L.Tang,' B. P. Kay®,"" C. R. Hoffman,' J. P. Schiffer,' D. K. Sharp,” L. P. Gaffney,” S. J. Freeman,” M. R. Mumpower,
A. Arokiaraj,’ E.F. Baader,” P. A. Butler,” W.N. Catford,® G. de Angelis,’ F. Flavigny,'”'' M. D. Gott,' E.T. Gregor,”
J. Konki,” M. Labiche,12 L. H. Lazarus,”” P.T. MacGregor,2 L Ma.rtel,7 R.D. Page.7 Zs. Podolyék,s 0. Poleshchuk,®
'R. Raabe,® F. Recchia,"*'* J.F. Smith,” S. V. Szwec,'*"” and J. Yang®

PHYSICAL REVIEW C 104, L051301 (2021)

Evolution of single-particle structure near the N = 20 island of inversion

P. T. MacGregor,' D. K. Sharp®," §. J. Freeman,' C. R. Hoffman,? B. P. Kay,” T. L. Tang,” L. P. Gaffney,>* E. F. Baader,*
M. J. G. Borge,” P. A. Butler,” W. N. Catford,® B. D. Cropper,' G. de Angelis,” J. Konki,* Th. Kréll,® M. Labiche,’
L H. Lazarus,’ R. S. Lubna,'®!! I. Martel,>'> D. G. McNeel,'* R. D. Page,? O. Poleshchuk,'* R. Raabe,'* F. Recchia,'>!®
and J. Yang'*

IS621: Thed(?®Mg p)?°Mg reaction: singleparticle behaviour towards the island of inversion.



New detector system and DAQ Eg

New sixsided silicon array Sckcos w
Each side 4 DSSSDsASICs readout on each side. feiites councl
Each DSSSD: 128 x 0.95mm along z, 11 x 2mm across side.
1668 channels of readout.

Total length of silicon is 510.4mm (486.4mm active ’igr
/

STFC funded projectr Si construction led by Liverpool
Installed in 2021 ready for RUN 3 to begin.

A new system with its quirks:

A Lots to learn, still learning..

A Learning tempered speed of formal output..
A Now stable, reasonably reliable system.

w T

A lot of work to implement at
ISOLDET under difficult COVID
conditions T Liam Gaffney and
David Sharp.

Photographs show the il uncion and ohmic Sdes. eepecively Fewer handson experts than
without COVID

Figure 2 Photographs of double-sided silicon strip detectors. The top and bottom




ISS Recoil Modes during RUN 3. i@f\

Recoil detection: () improve cleanliness (ii) add selectivity or (iii) provide time reference.

Si-recoil mode Gas-recoil mode Singles mode
A Silicon | EE for beam-like reaction ; - . : : :
partner; used for A<50. A E%SJ}E%U_%'Qgsiﬁgaghamber and MWPCfor A It;“gh intensity/purity or heavy
' eams.

A Clean selection of reaction channel:;

removes fusion on carbon and isobars A A few teething iSSUGS; fast preamps, fell off

a truck and zeredegree blocker issue. A FC at zero degrees, EBIS time

in beam.
structure to remove decay
A Large vacuum volume tricky! background.




ISS Themes in RUN 3

A Focus on backwardgoing (d,p) reactions T easy
place to start a scientific programme.

A Many experiments looking at evolution of shell proton
structure, monopole shifts, tensor forces, and tests
of shell models T traditional ground for transfer
reactions.

A Several experiments looking at how shell structure
affects the development of collectivity T more novel
ground for transfer reactions.

A 81Zn(d,p) probe states in the mirror system of2Ga of
relevance to%'Ga(p, Ha keyrp-process reaction.

deuterium
target
A Using(d,p)¢c t W¢ Wbalda G Irfixigeetheld WG 13 a 1| “
excitation energy of the residual nucleus to probe
fission barriersT an old technigue from normal o o o
t RUDOCqRHEL We UI Wt qc¢ HU Iwlq C1é2§ﬂ‘]t9b*alj‘HC GGURWUI WRULWe¢ WUY
way in a solenoidal spectrometer with exotic beams! 1339

A First attempt at inelastic scattering(d,dpillustrates
challenges in forwardgoing reactions.




ISS Experiments in RUN 3

IS689: Evolution of singleparticle states alongN =127:
the d(**?Rn p)?13Rn reaction.

-----------

IS753: Mapping singleparticle neutron strength towards the mid
shell in semimagic lead isotopes.

IS742: Determination of single-neutron energies and
spectroscopic factors outside 132Sn.

IS739: Fission of230Ac.

IS686: Single-particle states in 10710911150,
IS708: Octupole collectivity in 145Ce.

IS675: Keyrp process reaction®Ga(p, )%2Ge
reaction via®1Zn(d,p)®%Zn transfer.

IS757: Single-particle
aspects of high-Jsd-fp shell
mirror energy differences ST o e
(MEDs)3%K. R o i

IS711: Transfer reactions on the neutrorrich krypton isotopes.

IS587: Investigating’ ds,, orbital in  Ni.

IS724: Study of the*®Ca(d,p) reaction

e : . . 50
IS692; Rotational Bands IS727: Single-particle structure study in neutron-rich Ca through~°Ca(d,p).
Above 16 MeV ifiBe.

1S680: Thed(®°Mg p)3Mg reaction: singleparticle behaviour within the island of inversion.

IS710:?’Na(d,p)?®Na in inverse kinematics.

IS677:The @,p) reaction on'!Be.




ISS INTC Proposals in RUN 3 16 accepted proposals ran in 21 separate

runs, generally successfully!

IS587: Investigating’ dg/, orbital in  Ni

IS675: Keyrp process reaction®Ga(p, )2Ge reaction via®'Zn(d,p)®2Zn transfer

IS677: The €,p) reaction on''Be

1S680: Thed(**Mg p)3tMg reaction: singleparticle behaviour within the island of inversion
IS686: Single-particle states in 107:109.1115n (not complete) Delays on tritium targets, scheduling
IS689: Evolution of singleparticle states alongN =127: Thed(??Rn p)?13Rn pressures and human resource.
IS692: Search for Rotational Bands Above 16 MeV iBe
IS708: Octupole collectivity in 146Ce

1S710:2’Na(d,p)?®Na in inverse kinematics

IS711: Transfer reactions on the neutrorrich krypton isotopes
IS724: Study of the*°Ca(d,p) reaction

YWe #HAWGqUT WGI YGYt ¢dt Ws

1 was waiting a letter of clarification.

Likely resubmit most T but postpone
forward -going reactions (see later!)

Tritium targets were available in 2025:

A Ti target material purchased.
IS727: Single-particle structure study in neutronrich Ca through®°Ca(d,p) A Target holder and transport box fabricated.
1S739: Fission of**°Ac A Required safety documentation written.
IS742: Determination of single-neutron energies and spectroscopic factors outsidet3?Sn A A dry run conducted in July to test handling,
IS753: Mapping singleparticle neutron strength towards the midshell in semimagic lead transport, and mounting procedures.
IS757: Single-particle aspects of high-Jsd-fp shell mirror energy differences (MEDsoK A Likely needs new tritium loading.
1S695: Probing thellLi low-lying dipole strength vig’Li(t,p)
IS696: Pairing vibrations beyond N = 82 IS750: Measurement of neutron capture cross section or#34Cs through
IS731: Probing the fission and radiative decay of th&®*U+n system  surrogate reaction @, b
IS743: Shape coexistence irf%Zn via {,p) reactions IS752: Spectroscopic factors in the rprocess nucleus13°Sn

|S746: Single-proton-hole orbitals in the N=126 nucleus®5Au IS776: Neutron transfer on the intruder’®Zn isomer to probe the N = 50 gap



132Sn@d,p) T the poster child for reactions w 1T250(,p) 50, 7.65 MeVis
[ ] [ ] I T T I T T T T | T T I T | T i T T T
radioactive beams! AP L
~ o N :
5 [ T - ] ) 1000 @ fg L i B
1 sl A Higher energy (7.65 MeV/u), intensity (>$0ps) o % 3 :
— . [ [qV] |
A g and resolution (140 keV) compared to ORNL i
E ] experiment (4.77 MeV/u, 18pps, 250 keV). > 800 - | .
_ il 7 A SeeALLvalence orbitals including L=5 and 6 = L N |
2 EP ] even with(d,p)! S 600 - 5 2 i
g S emeemiar Ny gf 20memasr N A Wwithin the usual caveats of modeldependent S i ® 0 I
s 107 71 ] quantities, SF for main states are around 60% S T i 2
< 1 i of IPM i.e. what you expect fasp orbitals 400 |- l | s 7
h | quenched by SRC. - |«
I i A A Very small fragments in higHying states, like 200 - | i
A EETTENE small particle-vibration couplings seen in i
0O 10 20 30 40 50 O 10 20 30 40 50 Tl
Bcm (deg) She”-mOdeI I S Y N AT T TSN SN SUNY MO SN N SO I
A Adds to 20year investigations along N=82. 0 1 2 3
Excitation energy (MeV)
5;7 (a) | | | - 2% (I\II-EZ) f | | Sh;ll rncldel Lb) ]
: — 3 (N=82) ‘ T
z — % |1 es) ] Jones et al., O
oL iy bk B o 5 L b Nature 2010 (1729 11363 keV -
s — B |1 ol ] 140-150 keV Qvalue 4.77 MeV/u o ey
e nsgned | 1 o [ ] resolution now routine Q res ~450 keV 0kev 40
23 ER N I | 1D o at ISS. .
-.5_, : T Experiment (c) ]
2 F i v ] 20
g f e 08 |- &% 8 ]
27 ——— / 1 osfey by . 4 10
F e e —— — 04 - %g ] + + td o
1 02 il -
Gd s Te xe B Ge N sm  od o 2 s e s PRL is on the way!

N =82 or 83 isotone Excitation energy (MeV)



Probing theds/, orbital in®8Ni(d,p)

Run november 2022
ABeam68Ni18+ 6 MeV/nucleon
+ Ga contaminant
Ad., strength measured
and compared to LSSM

Aim: determine thed.,, ESPE

5L | PMENI¢ GWR U LU

9 @Hset of collectivity below Z=28
(island of inversion at N=40)

Counts per 40 keV
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R
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PHYSICAL REVIEW LETTERS 135, 252502 (2025)
Direct Evidence for the vds;; Orbital in 5Ni: Implications
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for the N =40 Island of Inversion

A. Ceulemans®,"” R. Rasbe®,"' F. Nowacki®,” A. Alharbi,"* H. Ayatollahzadeh®,*® S. A. Bennett,’ F. Browne,'
P.A. Butler,’ A. Camaiani®,"" D. Clarke,” A.J. Dolan,’ Z. Eleme,” C. T. A. Everett®,' F. Flavigny®," S. Fracassetti,
S.1. Freeman, " L.P. Gaffney G Georgiev MUS. Goula,” A. Heinz®,'" A. Kawccka.': J.M. Keatings .
M. Labiche," I. Lazarus," P.T. MacGregor®,” M. V. Managlia®," J. Ojala,"' B. Olaizola®."' R.D. Page®,’

PhD Andreas Ceulemans (KU Leuver
Published in PRL december 2025

N. Patronis,’ O. Poleshchuk,' A. M. Sdnchez-Benitez,'" D. K. Sharp,” H. Térngvist,'”” and A. Youssef



In and around Mg island of inversion

o “Mg.pl" Mg Excitatnn-Energy Spachum
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Paper in draft form

Following up from the?Mg(d,p) experiment
In RUN2:

(i) *°Mog(d,p) bR Urqushing the resolution,
but looks very promising, analysis orgoing.
(i) 2’Na/Mg/Al[d,p) U 13 € rleutson excess
gives sensitivity to matrix elements that are
poorly sampled in nuclei close to stability
used to developsd-shell effective

interactions plus information on negative
parity states generated byfp shell.
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Probing Fission Barriers w(thp)as a thermometer32U(d,pf) reaction

Study fission in the r-process and its impact on heavy-element formation.
Determine fission probabilities of neutron-rich nuclei.

Measure fission barriers of unstable isotopes using inverse kinematics in
ISS.

AE-E telescope with
Faraday Pinhole attenuator

Lumihos ity LUME energy vs position spectrum for detector 0
detectors | 8000 ) e [ume_E_ve x 6ot 0 .~
E E | 7 pres | e L Simulations
§ 7000;' Meany -3241 14; P 3
Target ladder g E StdDevx 0.822 L '
6000/ [SdDevy 1630, 12~ !
Measured: soof d
A Protons -2 £ o
e A Scattered deuterons b
A Fissionfragments it ) O
A~ -rays fromFFs o el i
E Preliminary!
X e e e v ST s L

Excitation energy spectrum

@ 5000 -
§ fﬁ
4000_—
- e

3000 | b JH

Significant modification of setup in magnet i very successful - Y
i I 2000 |- g JJ‘“ﬁ'm ,

and several aspects important for ISS more generally! - [\ a1 i
Addition of new detectors: Si for FF, CeBr; SPECTMAT for 0. 1000 th
Improved luminosity detectors i position sensitive. %
Analysis underway 1 Ac beams for RUNA4. e R R N | e

Ex [keV]



Active target
+ magnetic field for particle id
and energy measurement

L Tests in the ISS
+ array of scintillators for

coincident gamma-ray detection

AJune 2022:
| -and] -sources
in Ar+CF; T success

AJune 2023:
- 22Ne beam in deuterium

- particle coincidence
indicated need for more thought on triggering.

Analysis resumed

E—
PadPlane X vs Y run_0304.dat - Frame no. 52 - Event no. 8336
CoBo no. 1 - AsAd no. 2 - AGET no. 2

; _——~_ 100, s
. AR
volume

Manyl events
for one particle

]
3
S,
3
5
@
i
§2.

Safety improvements for flammable gases
(hydrogen/isobutane)WiTHANK YOU EP SAFETY!

|
T T T T T |
200 300 400 500 600
Time Bucket Index




Singleparticle states driving

collectivity. 1°°Pb(,p) at ISS

A Ground-state doublet strongly populated.

A Search for 13/2 state (T,,, = 43 ming at
~320keV looks promising, but yield irmultipl
dcl NIJB

et
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Theory Experiment

Ve

A Coincidence with gamma ray at ~33&eV in CeBg array.
A Angular distribution consistent withl' KON B

A Assigned to missing unobserved 1/2state.
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Most recent beam time, November 2024
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J.Vanhorenbeecket al., Nuclear Physics A531(1991) 63



Challenges for forwardoing reactions:

14000

Energy [keV]

144Ba(d,dT inelastic scattering farollectivity
Challenges:
A Large amount of isobaric contamination fromSm/Nd/Ce. The stable

144Sm grew in over the experiment and was >75% of the beam at the end. ...
A Protons present in the CQtarget makes normalisation impossible and

16000

TT T T T T T TTT T T T T [ T T T T T T T ]TTTT

= 10°

Counts per mm per 20 keV

10

[]
1 z [mm]
1

complicates the spectra. Indeed, an issue affecting some luminosity
Ggl¢t a2l JGWUqt WRUWGcU! W 2Ut AWHe q W9 6 ¢

A Challenglng beam diagnostics at the target position to ensure the beam is
b ql ¢cRNG6qWe UT W YUt Uk qW6 R a6 DLW RIGRHY
Leads to large scattering background and asymmetry on the array. o’

14

ci\ll\\w Col TTTT
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Ways forward
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A Improve beam diagnostics.

450

400

A New LUMESs help understand level of proton contamination.

350

Counts per 20 keV

300

A Do an experiment with proven recoil detection and proven beam,

250

e.g.?8Mg(t, Br(d,h)to learn in a more controlled environment as well as
doing some physics!.
A Incorporate fast-rate ion chamber in coincidence for mediummass 50

beams.
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Challenges in HHESOLDE beam energy

Well-known challenges

A 10 MeV/u is better than 7 MeV/u: reaction yields and angular distributions illustrated here wit,p).

A Higher beam energy important to extend population over fission barriers.

A Degradation of cavities is an issug but not a barrier for(d,p) T more important for heavy beams and highiiransfers, more
limiting for other reactions.

104_

103

102

Counts/UT across Si array

107

100

1328 n(d , p)

g.s., £=3(7/27)
— 0.854, £=1(3/27)

- 1.561, £=5
~e- 2,005, £=3(5/27)
- 268 2=6

e 1363, £=1(1/27)| 4

Lrnnl Lol

rrnnl

Lol
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Beam energy (MeV/u)

Ways forward

A Improvements programme

will help!

A 25-30 MeV/u linac would

be nice!!

Cross section (mb/sr)
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Challenges dealing with a complex system from aT

E.g. 3000 litres of liquid helium in an active cryogenic systemilots of stress!

Only three solenoidal spectrometers- experience rather rare!
Getting experiments going has relied on the two main expertsbut recent loss of expertise!
Tax and salary issues make longerm deployment difficult/impossible nowadays.

Significant level of interestr open collaboration with many experiments and many nofrexpert
users T consistent with getting the most science out of the 40 MCHF investment in HIISOLDE.

THANK YOU VISITING STUDENTS FOR BEING PART OF THE SOLUTION!
THANK YOU CERN FELLOWS FOR BEING PART OF THE SOLUTION!
THANK YOU CHALMERS FOR BECOMING VERY ACTIVE PARTICIPANTS!

Ways forward:

A Could be more critical of the scientific aspects of ISSupported proposals,
be less open to those outside the formal ISS collaboration? Currently only
light-touch technical check.

A Continue support by CERN Fellows no guarantees, but part of the solution!
A Send more students!

A More ISS users become expent Chalmers has set a fantastic exampler
would be great if others stepped forward in the same way to ease the strain!



ISS Themes for RUN 4

A Still a lot of (d,p) to do T many RUN3
experiments are just the start, with follow
ups planned.

A (d,pf) with actinium beams.

A Tritium targetsT (t,p) in backward
hemisphere to probe pairing vibrations
and shape coexistence.

A Develop measurements of forwardgoing
reactions to allow studies with(d,d
(te . @,hd) HaBignificant re-jigging needed
of existing setup. Trial with known beam
before developingprogramme.

A Many other ideas will emerge for a novel
device at a novel facility!




THANK YOU 4 . _.

A D] Liv and Man / A g : lSOSIIJDeEtr?:-?]:zTS:daI
colleagues for efforts in £ | o 1
getting ISS funded,
designed and constructed.

A Liam Gaffney and David
Sharp for implementation,
commissioning, setup,
software, analysis
strategies, trouble
shooting etc.

A ISS Collaboration and
users for ideas, support,
and output T and apologies
for not using all your
slides, appended below!

A ISOLDE Operations, Target
and RILISr and other / BB
CERN teams espCryo, RF -
and EP Safety.

A CERN and ISOLDE
Collaboration for HIE )
f EE§x?2EW¢UI Waqd IJLWbab
beam line.

i




1S686: Spectroscopy of singleparticle states in 107.109.1115n through @,p) transfer reactions
J.Cederkall, R. A. Lopez (Lund U.) and J. Park (IBENS)

Run 1: d{*%Sn,p)tiSn in Oct. 2022 Preliminary angular distribution analysis:
8 MeV/u beam on 10aL30, g/cm? CD, targets |-transfer consistent with literature
lheam(110SN) = 1.5¢< 107 pps, little isobaric contaminant Higher-energy states and spectroscopic factors to be
determined
700 OkeV,7/2°(1=4) 154 keV, 5/2" (I = 2) 255 keV, 1/2* (1 = 0)
- 1107 127 [
C 0+ 154+ 255 1033 32 oL .
600:_[=4+2+() 979 11/2~ :g ! * + %*10_ :ué? "\ -
- 644 g | g s v
500~ =2 155 —si’ 3 g g ¥ |
% - ] 644 3/2° s ® s |
= 400 : 5.5 hours of data / S
E g l:: FWH M — 150 keV 1040I B I1IOI B gi)m (deli?) B I4IDI . 50 40 B I1IOI = glcom(dggl% I I:I4|0I I5D D - I‘IIUI . g?m(d:;?) B I4IOI B I50
§ 300 - '.‘-:: 979+ 1107 255 . 644 keV, 312" (I = 2) 979 keV, 11/2 (I = 5)
> B K [=5+0 :
2000 | 2 . 710} DWBA results
o L g P g e scaled to data
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Run 2: d{%8Sn,p)}°°Sn completed in Sep. 2025, analysis to follow



11Be(d,p) measurement at ISS & HIEOLDE @CERN
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1S724: Study of thiECafl,p) reaction

Excitation energy gated by EBIS and off beam subtracted
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A Experimental challenges:
A Mid-mass difficult for recoil geometry
A Hard to get beam off array

H. L. Crawford et al, Phys. Rev. C 95 064317 (2017).






