ISOLDE LIEBE review: 21t March 2019
Interesting beams for physics
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Proton Number

Open Questions

* How a nucleus is formed from their constituents

» Strong force in nuclear medium
e How to explain the collective properties from the individual
behaviour

» Collective versus individual Properties
* Why do we have regular patterns in the behaviour
nuclei?

» ldentification of Symmetries
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Studying nuclear structure

The atomic hyperfine structure gives you information on:

Nuclear spin ;
Magnetic moment — 0 u
Quadrupole moment (\j\f' 50r2)
Relative charge radii Y r

Method: (laser spectroscopy)

The mass of the nucleus gives you information on:
Binding energy
Proton and neutron separation energy

Method: (mass spectrometry)

Spectroscopy of the nucleus gives you information on:
Life time
Decay mechanism
Branching ratio
Nuclear reactions, ...

Method:
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Penning-trap mass spectrometry
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Versatile ISOLDE Decay Station (IDS)

Life Time Measurements High efficiency Gamma Spectroscopy Charged Particle Spectroscopy

Implantation on Tape - Implantation on Tape

4 Ge Clovers at Backward * 4 Ge Clovers at Backward
angles

angles
e 2LlaBr3 & . , * Implantation on C foil
* 1Miniball Detector (triple
L * 4 Ge Clovers at Forward angles
* 1 plastic scintillator cluster) « Si box
* Dataon 12°In, 34Mg, 34Al.. * 3 plastic scintillators

° 207,208|_|g Mn 7
7



Z, Number of Protons
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Characterization of the shape-staggering effect in
mercury nuclei

B.A.Marsh©"™, T.Day Goodacre'*%, 5.5els 3% ¥, Tsunoda*, B. Andel 05, A.N. Andreyev®’,

M. A. Althubiti?, D. Atanasov®, A.E.Barzakh?, ). Billowes?, K.Blaum?, T.E. Cocolios®®, ).G. Cubiss 0,
J.Dobaczewski®, G.).Faroog-Smith™*, D.V.Fedorov®?, V.N.Fedosseev®', K. T.Flanagan?, L. P. Gaffney @30,
L. Ghys®, M.Huyse®, 5. Kreim®, D. Lunney”, K. M.Lynch', V.Manea®, Y. Martinez Palenzuela®, P.L. Molkanov®,
T.Otsuka®*'22M A Pastores, M.Rosenbusch™=, R.E.Rossel’, 5.Rothe'?, L.S5chweikhard™, M.D. Seliverstov®,
P.Spagnoletti’®, C.Van Beveren®, P.Van Duppen®, M. Veinhard', E. Verstraelen®, A. Welker™, K.Wendt",

F. Wienholtz®, R.N. Wolf®, A. Zadvornaya® and K. Zuber™

Neutron deficient Hg
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Neutron deficient Sn
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* Shell evolution around N=Z=50 [Faestermann et al., Prog. Part. Nucl. Phys. 69, 85 (2013)]

* Heaviest self-conjugate doubly magic nucleus? [Guastalla et al., PRL 110, 172501 (2013)]

* Proton-neutron correlations, pairing correlations [Dean and Hjorth-Jensen, RMP 75, 607 (2003)]
* Superallowed beta decay [Hinke et al. Nature 486, 341 (2012)]

* End of the rp process [Schatz et al. PRL 86, 0031-9007 (2001)]



Open questions

o Shell evolution towards N=Z=50 ?
o Ordering of shell model orbits ?

o Robustness of N=Z=50 shell closures?

@:50 shell closure)
/ \

Robust ? Sof?
* Super-allowed beta decay of 1%°Sn * Coulomb Excitation of 106-112gp
[Hinke et al. Nature 486, 341 (2012)] [Vaman et al., PRL 99, 162501 (2007)]
» Coulomb Excitation of 194Sn * Microscopic shell model studies
[Guastalla et al., PRL 110, 172501 (2013)] [Coraggio et al. PRC 91, 041301(R) (2015)]




EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

Proposal to the ISOLDE and Neutron Time-of-Flight Committee

Laser Spectroscopy of neutron-deficient Sn isotopes
January 11, 2016

Ground state properties of
neutron deficient Sn towards
100Sn.

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

Letter of Intent to the
ISOLDE and Neutron Time-of-Flight Experiments Committee
for experiments with HIE-ISOLDE

Transfer Reactions and Multiple Coulomb Excitation in the
1%Sn region

J. Cederkall', D. Di Julio', C. Fahlander', R. Hoischen', J. Gellanki', P. Golubev',
D. Rudolphl, S. Siemz, A. Goergenz, G. Tveten’ ,P.A. Butler3, D.T. Joss3,

M. Scheck3, A. Blazhev*, J. Jolie* , N. Braun®, P. Reiter®, N. Warr4, D.G.J enkinss, R.
Wadsworths, S. Freemané, L. Iwanicki7, P. Napiorkowski7, M. Zielinska7, M. Huyses, P. van
)uppenS, R. Krucken9, J.van de Walle'’, T. Davinson' 1, Th. Krolllz, J. Leske"” , N. Pietralla'?,

T. Grahn", D. Voulot14, F. Wenander"

Excited state properties of
neutron deficient Sn towards
100Sn



GPS schedule 2018
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ISOLTRAP : experimental campaigns in 2018

April 2018 — LaC, + RILIS: high-quality Indium beam:s.
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i Physics campaign (2018)
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MB: 1S562 - *°Sn

Transfer Reactions and Multiple Coulomb Excitation in the °°Sn Region,

A

J. Cederkall et al.

e Study discrepancies of B(E2)s in light Sn
isotopes (textbook seniority scheme

0.3F
example!) B {
! ﬁ |
Experiment 8.-13.8.2018: Bo.2l- /Eﬂ
e 1055n @ 4.404 MeV/u on 2°®Pb target & | //‘
T
e Contamination from %In o L /
od / —4— Adopled Values
. - + + w 0.1~ / ®  REX-ISOLDE
e (Obtained very good statisticson 2°->0" @ | / ° as
e 4°->2* overlaps with *°°Pb transition but -/ =T T R

may be recovered using more careful Qe ———TC—
particle selection by reaction kinematics

o
o

Sn Mass Number

110 120 130



Sensitivity, yield and impurities

All the aforementioned techniques have their own specific
limitations/requirements:

* CRIS sensitive to ~100 ions / s

* Requires bunched beam (i.e. HRS)

* |SOLTRAP sensitive to ~0.5 ions/s (if clean)

* Coulex requires at least 100 ions/s at setup i.e. at least 1000/s yield (ideally
x10 more both ends)

* Impurities can always be a problem either isobaric, double-charged etc etc
from target or products of ion source

* Release information can be crucial for experiments: detailed yield analysis
required.



