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SEC Collaboratinginstitutes
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Contributing institutes
Å Sweden Nuclear Physics Univ. Lund chamber / pumps / electronics

Subatomic Physics Chalmers Göteborg electronics

Å Spain FNEXP IEM CSIC Madrid, detectors / electronics / 

DAQ

GEM Univ. de Huelva SAND n-detector, tools

GFN Univ. Complutense Madrid detectors

Å Denmark Physics and Astronomy Aarhus University detectors / electronics / DAQ

Å Romania IFIN-HH Bucharest pumps

Å Italia INFN-Laboratori Nazionali del Sud, Catania beam diagnostics

SEC supports all experiments performed and to be performed at the XT03 beamline of HIE - ISOLDE.

http://www.lunduniversity.lu.se/lucat/group/v1000629
http://www.chalmers.se/en/departments/physics/research/subatom-plasma/expsubatom/Pages/default.aspx
http://www.iem.cfmac.csic.es/departamentos/nuclear/fnexp/index_es.html
http://www.uhu.es/gem/
http://nuclear.fis.ucm.es/
http://phys.au.dk/en/research/research-areas/subatomic-physics/
https://www.nipne.ro/research/departments/dfn.php
https://www.lns.infn.it/en/


Publications exp. SEC : 2021 - 2026
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ÅNuclear Physics A Volume 1065, January 2026, 123249, Samanta, S

The 7Be(d, Ŭ)5Li(p Ŭ) and 7Be(d, p)8Be*(p 7Li) reactions at 5 MeV/u

ÅPhysical Review C 110, 034328 (2024). N. Sokoğowska, et.al. 

Decay study of 11Be with an optical time-projection chamber

ÅPhysics Letters B Volume 855,  2024, 138770 V.T avoraet.el. 

Strong coupling effectson near-barrier 15C + 208Pb elasticscattering

ÅIl Nuovo Cimento 47 C (2024) 34 R. Spartà, et.al.  

8B reaction dynamics researched at HIE -ISOLDE

ÅPhysics Letters B 853 (2024) 138673 Sk M. Ali, et.al. 

Study of the 7Be(d,3He)6Li* reaction at 5 MeV/u

ÅEPJ Web of Conferences 290, 02005 (2023) V.G.Tavora, et.al. 

Scattering of 15C on 208Pb at energies near the Coulomb barrier: 

Study of the experimental device response via the 12C+208Pb scattering.

ÅNIM B 541 (2023) 176ï179 Martel, I.;  et.al. 

An innovative Superconducting Recoil Separator for HIE-ISOLDE

ÅPhys. Rev. Lett. 128, 252701 ï2022, Ali, S.M. et.al. 

Resonance Excitations in Be 7 (d,p) Be&lowast; 8 to Address the Cosmological Lithium Problem

ÅPhysics Letters B 833 (2022) 137294, Kundalia, K. et.al

Study of elastic and inelastic scattering of 7Be + 12C at 35 MeV

ÅPhysics Letters B 820 (2021) 136477, Spartà,Ret.al. 

Probing proton halo effects in the 8B+64Zn collision around the Coulomb barrier



XT03 ðSEC  run3

· XT03 - SEC  chamber and upgrade

· SEC experiments RUN3

· IS698 D. Galaviz a-scattering of light Sn-isotopes Ą p-process  2022

· IS581 R. Raabe Fission barrier in fission of heavy RIB by the (d,p)-transfer 2025

· IS690A MJG Borge 9Li(t,p)  2024

· IS690B MJG Borge 11Be(t,p) 2025

· IS550 S. Heinz/E. Vardaci Study of the Dinuclear System Ni + 238U 2025

· IS716  Y. Ayyad Ŭ decay width of near-threshold proton-emitting resonance in 11B

· Plans for the Future.        Installation of zero degro spectrometer ISRS -prototype
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SEC chamber:  Beam diagnosticsinstalled
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SEC chamber

65 10 -7 mBar

IS698
Target ladder

1m diameter

8x ISO160 ports

Collimator

With 4x Si -cells
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Å The 38 most proton rich stable isotopes between Se 
and Hg are produced in the p -process

Scarce (g,a) cross section are experimentally known at 

astrophysically interesting energies. 

Further these reactions are very sensitive to the a <--> 

nucleus potential .
The differential cross sections are poorly known and the 
calculations often differ up to a factor of 2.

IS698: a-scattering of light tin-isotopes --p-process



IS698: First Ŭ-scattering with RIBs

DSSD 300 µm

DSSD 300 µm + 

PAD 1500 µm DSSD 1000 µm

A B

C

Å 4 isotopes measured

Å Beam contamination < 2 %

Å Solid 4He  Targets ~1.25 x 1017 atoms/cm2

Å Setup coveres wide angular region

Aim (IS698):
Determination for first time of angular distributions 
of the elastic h  scattering process on exotic Sn nuclei 
at energies around the Coulomb barrier, close to the 
energy region of astrophysical interest.
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112Sn beam scattered on

He/Si-target

108Sn beam scattering on Si/He-target

4He

1H

ɿlab= 36º

IS698: First ɻ-scatteringwith RIBs

Clear identification of scattered particles

Good monitorization of He content in target

ÅPhysics cases

Áp-process with heavy mass 
proton rich nuclei

ÁWeak r-process with light 
mass neutron rich nuclei

ÅProgram executable in both 

SEC and ISRS 
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The good agreement 
between the direct and 
inverse kinematic 
reactions for the stable 
112 Sn  Ą confidence for 
the study of more exotic 
cases

Thesis Fernando Geraldes Barba fgbarba@lip.pt

mailto:fgbarba@lip.pt


Experiment IS581 ðphase 2 

ñDeterminationof the fission barrier height in fission of heavy radioactive beams

induced by the (d,p)-transferò.

Experimentalsetupconsistingof gaschamberwith screeningplatecombinedwith DSSDand

Timpix3 andTimepix4 detectors.

Two gaspressureswith impinging226Fr/226Ra beam. Dataanalysisis ongoing.
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The setup worked very wellĄ nice fission coincidences

Unfortunately no 226Rn, use of a surface ionisation target 

and received mostly Ra. Less exotic, but good data!

2DIM coincidence spectra online, and control of experiment

from upstairs in remote, worked nicely

Thesis: himanshu.agarwal@student.kuleuven.be

IS581 R. Raabe fission barrier in fission of heavy RIB by the (d,p)-transfer

mailto:himanshu.agarwal@student.kuleuven.be


Light nuclei: a laboratory of quantum mechanics

Courtesy Kanada-Enõyo

Quantum mechanics plays a role in 
creating peculiar structures in 
ground states of light nuclei:               
nuclear skins and/or nuclear 
halos, nuclear clusters, nuclear 
ƳƻƭŜŎǳƭŜǎΣ Ǝŀǎ ŎƻƴŘŜƴǎŀǘŜ ΧΦ 

Theoretical understanding of the 
structure of light drip-line nuclei 
is challenging                                                     

As well as the determination of 
these exotic structures and their 
reaction dynamics

Previously @ SEC we have 

studied reactions with 7Be, 
8B, 9Li, 15C
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Halo nuclei& reactions

1212

1H

n

2H

3He 4He

6Li 7Li 8Li 9Li 10Li 11Li

9Be 10Be11Be12Be

6He 8He

Reaction properties at near -barrier energies:

Ą Strong absorption in elastic channel: suppression 

of  rainbow

Ą Large cross section for fragmentation

Ą They are easily polarizable.     

Iŀƭƻ bǳŎƭŜƛΥ /ƻƳƳƻƴ ά{ǘǊǳŎǘǳǊŀƭέ ǇǊƻǇŜǊǘƛŜǎ

Ç Rather inert core plus one or two barely unbound 

extra (1-2) neutrons or protons

Å 9ȄǘŜƴŘŜŘ ƴǳŎƭŜƻƴ ŘƛǎǘǊƛōǳǘƛƻƴΣ ƭŀǊƎŜ άǊŀŘƛǳǎέĄάhaloέ

Å Very few excited states ςif any.

Å Unique exotic structure: Insight into slow degrees of 
freedom (Sn=0.5 MeV, t = 10-21S;  For Sn = 8 MeV t = 10-23s

PDescouvemont .  Nucl . Phys. A 615 (1997) 261
Interplay betweenNuclear Structure & ReactionMechanism

S2n = 0.265 MeV

Sn = 0.5 MeV



1x S3 dssd 24p+32n = 56 ch Ą 1x MPR64-1   forward E Dynamic: 200 MeV 

1x S3 dssd 24p+32n  = 56 ch Ą 1x MPR64 -2   forward DE Dynamic: 100 MeV 

1x S5 dssd 24p+16n  = 40 ch Ą 1x MPR64 -3 backwardDynamic: 20 MeV 

5x telescopes (W1 dssd+PAD) 165 ch: Ą 3xMPR64 -4,5,6   pentagon  Dynamic: 100 MeV   

IS690

SEC upgrade
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00     01       02     03

MMR64: 32p+32n
2x 25  + 1x 20 MeV

p n

DSSD

p n

DSSD

3x

p n

S5-65

5x Si- PAD 

GAGG

8x

SiPM

USB3
mvme

DAQ

p n

S5-300

MMR64: 24p+16n
Dynamic: 10 MeV

1x

PENTAGON

1x

p n

S3-1000

MMR64: 24p+16n
Dynamic: 100 MeV

1x
MMR64:24p+32n
Dynamic: 100 MeV

VME

MESYTEC mvme -DAQ
https://www.mesytec.com/dow

nloads/mvme.html

MSI-8

35 

MeV

Beamdump
MSI-8

150 MeV

MSI-8

1 GeV
MPR1X1-4

Diagonstics

14

Compact Electronics 420 ch

2850 detector elements
2-4 degrees angular resolution

https://www.mesytec.com/downloads/mvme.html


IS690: 11Be(t,p) Study of  13Be resonances

Å 13Be is interesting as subsystem of  the 2 -neutron halo nucleus 14Be. 

Å 13Be is critical to establish the 12Be-n interaction in the 3 -body modelling of  14Be.

Å The relative positions of  the  1/2 + and  1/2 - resonances are debated. 

Å The 1/2 - state extracted from the breakup  of  14Be breakup ( 13Be) appears at a 

surprisingly low energy compared with its analogue in 15C (14C+n).
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IS690 11Be(t,p) Experiment
Å 3H-Targe t : 12 × 5 mm, 1 µm-thick Ti foil loaded with tritium (³H/Ti å

0.4)
Å activity of the source is 3,38 GBq.
Å study the angular distribution of the protons, and the

gamma spectrum to characterize the high excited states .
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Contaminant in the  11Be beam, of   22Ne, 

reduced to about 2 ð10% using the C -foil 

stripper.

Ą also run experiment with only 22Ne beam (no 

C-stripper foil in the bend to XT03)

beams @ 5,4 MeV/u
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9Li @ 7 MeV/u 
11Be @ 5.4 MeV/u

Pentagon& 
GAGG 

1st to be 
analyzed

Upgraded SEC setup

Forward S3 6º -20º Ą
Forward S5 8º - 27º Ą 5% of 4p

Pentagon 38º - 79º Ą 29 % of 4p

Backward S5 115º - 148º Ą 19 % of 4p 

GAGG  8x 15x15x30 mm3 scintillators 16% of 4p

pentagon

GAGG



22Ne (d,d) 22Ne*

Ed spectrum in Pentagon (d,d)Kinematic Curve of d in Pentagon

d kinematic Curve in Pentagon  in coincidence with 
the 1274 keV gamma

gamma in coincidence with d 
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Background

Mainly 3357,2 (4+) 

State. Some

contributions from

4456,2 (2+)



11Be (d,d)11Be*

Deuteron Kinematic Curve
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elastic  -- inelastic

11Be Excitation Spectrum



11Be (d,p)12Be*

Proton Kinematic Curve

12Be Excitaation Spectrum
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n-pickup

11Be(d,p) 12Be



10Be Excitatation Spectrum

11Be (d,t) 10Be*

Tritium Kinematic Curve
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1n-transfer



11Be (t,p) 13Be*

Kinematic Curve of Protons from the Pentagon

3H target 
Ti target

2530 ( t,p ) -
State ?
or the (p,p ) 

11Be(t,p ) 13Be* (2530 keV) |5/2+

11Be(p,p ) 11Be 1/2+
11Be(p,p ) 11Be (390 keV) 

2n-transfer
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IS690 summary

23

1st RUN 2024 :
Å 9Li( t,p ) suffered very low 9Li yield and a CERN blackout , some data recoverable but

difficult the análisis, (Thesis Daniel Fernandez Ruiz daniel.fernandez@csic. es )

2nd RUN 2025 : changed experiment to 11Be beam (1-2% 22Ne )
(Thesis Sebstian Gomez Garcia sebastian .gomez@csic .es )

Å The upgraded detection system worked successfully

Å Inverse kinematics is a powerful tool to study weakly -bound light nuclei , including

excited and resonant states .

Å The results obtained for the 22Ne and 11Be on the ὅὈ establish a basis for exploring

the 13Be structure . (Ne data to be published soon)

mailto:daniel.fernandez@csic.es
mailto:sebastian.gomez@csic.es


Ʒ Is there an òIsland of Stabilityó in superheavy nuclei?

Ʒ Is this òIslandó located at the predicted shell closure Z = 120, N = 
184? 
Ʒ Why we cannot just synthesize the isotope 304 120

Cross-sectionsשׂ extremely small (< 100 fm)

Stableשׂ beams not neutron -rich enough

Radioactiveשׂ beams too weak
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IS550: Probing the Island of Stability with ISOLDE beams; pave the way towards SHE

IS550: Sophie Heinz GSI  &  Emanuele Vardaci Univ. Napoles



The Indirect Strategy

Use quasiשׂ -fission (QF) and fusion -fission (FF) reactions

Shell closuresשׂ leave fingerprints in QF and FF fragment mass distributions

QF and FF crossשׂ -sections are large: (10 ð100) mb

feasibleשׂ with radioactive beams
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RIBs at ISOLDE: 66Ni + 238U (Z=120, N=184) 

IS550: Sophie Heinz GSI  &  Emanuele Vardaci Univ. Napoles
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Measured parameters:

Å ToF, X, Y of each fragment

Extracted parameters :

Å Velocity, energy,  angles and 
primary massof each fragment

Å TKE

Look for peaks near
132 Sn and 208 Pb 

in fragment mass spectra
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TOSCA 
setup inside SEC  
E. Vardaci Univ. Napoloi

Time -Of-flight Spectrometer for Charge and Mass

Analysis



IS550 summary
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not scheduled before the start of LS2, covid , original setup from Dubna

RUN 2025 :

Å Changed isotope from Ru to Sn Ą les radioactivity

Å TOSCA experimental setup : Univ. Napoles E. Vardaci

fitted perfectly inside SEC

Å CERN blackout Ą waterleak in the Target region Ą no p-beam

Å RUN with stable Ni, to prove the concept, however , need more
time and flexibillity to scan the energy to find the barrier
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What was planned, what was achieved with

Ą Upgrade of the XT03 done as planned: detectors, electronics, solid 4He target & solid 3H target 

what problems were encountered, what needs to be done.

Å Backlog experiment that was not scheduled
IS716  Y. Ayyad Ŭ decay width of near-threshold proton-emitting resonance in 11B using TPC

Å Experiments changed the beam due to lack of production Ą clarify the beam production (yellow book 

with present production of the different nuclei) and detail the losses expected to HIE-ISOLDE

Å REX instabilities in all elements, exchange of amplifiers Ą large losses of beam time due to 

absence of piquet Ą two solutions: 

1) Negotiate 35-40 days of piquet for RF. This is approximately the real beam time of REX /year 

i.e. counting only user beam time

2) Much more interesting and educatingĄ train some of the operator team on the modules of REX+HIE 

Now is a good opportunity with 2 full years of training.



XT03 upgrades:      LS3 and future
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