IRIS & ISOLDE: laser ion source
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ISOLDE: beta-delayed fission (2010-2012)
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IRIS & ISOLDE: shape coexistence study

K. Heyde and J.L. Wood, Shape coexistence in atomic nuclel,
Rev. Mod. Phys. 83, 1467 (2011)

Understanding the occurrence of shape coexistence in atomic nuclei
Is one of the greatest challenges faced by theories of nuclear
structure. We suggest that a major revolution is underway.

At present, no region of manifestation of coexistence has been
thoroughly studied. Surprise occurrences continue to be discovered.

The neutron-deficient isotopes at and near Z = 82 exhibit the most
extensive manifestation of shape coexistence known anywhere on

the nuclear mass surface.

However, the study of this region has been challenging because it is centered on
iIsotopes that lie far from stability. Consequently, experimental investigations
demanded the use of some of the most extreme methods ever developed for far-from-
stability nuclear structure study.



IRIS: examples of experimental hfs spectra
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ISOLDE & IRIS: in-source spectroscopy
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Lead region: shape coexistence study
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IRIS, Bi isotopes: radii
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IRIS, Bi isotopes: deformation
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ISOLDE & IRIS: comparison of T1, Pb and Po
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IRIS, Bi: intruder states (isomers IP=1/2%)
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IRIS, Bi: intruder states (isomers IP=1/2%)

i 1 I 1 1 1 1 I I i
027F - _ ]
[ I Isomer shift between )
0.24 intruder (isomer) =
[ and normal states ]
0.21 A i
~N [ ]
e 0.18 | i
e [ u - ]
o - 1 .
2 o5t |
o~ o012k | . ° |3
Vv - e Bi IRIS -
2o s ) % i
0.09 m Tl literature _
| A TILIRIS ]
006 | v TI,ISOLDE .
0.03 L e Bij, ISOLDE b

| " | 1 | " 1 N | 1 1 1 1 1 |

102 104 106 108 110 112 114 116 118
N



ISOLDE: in-source spectroscopy

MR-ToF + MCP

S Windmill

Faraday cup a, B, y- decay spectroscopy

B. A. Marsh et al., 20013 EMIS conference, NIM B317, p.550 (2013)
WM: A.N. Andreyev et al, Phys. Rev. Lett 105, 252502 (2010)
MR-ToF MS: R. N. Wolf et al, NIM, A686, 82 (2012)



ISOLDE, At isotopes: radii
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IRIS & ISOLDE: shape coexistence study
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* IS/charge radii for 29 At and 20 Bi nuclei were measured

* Magnetic/quadrupole moments were deduced

« Large amount of by-product nuclear spectroscopic
information on At and daughter products



IRIS & ISOLDE: laser ion source — conclusions

1. N3amepeHo MmaccoBoe pacnpeaerieHne OCKOMKOB B 3anasfbliBaloLLeM
aeneHumn 1P419At n 202Fr, YctaHOBNEHO, YTO Nepexod OT aCMMMETPUYHOIO
K CAMMETPUYHOMY AESNTIEHUIO OCYLLECTBSETCS Yepes obnacTtb
MYIbTUMOAANbHOIo AENEHNS.

2. VNlamepeHbl nsotonuyeckme caBuri N CBEpPXToHKOe pacluenneHune (u, Q,
0<r2>) ona 29 nsoTtonoB (M3omepoB) At Ha ABYx nepexodax, 216 nm u
795 nm. [NokasaHo, 4YTO 3PP EKT «paHHEro BO3HUKHOBEHUS
nedopmauunmny, obHapyXeHHbIN paHee ans Po, coxpaHseTtcs n ans At,
npuyem, B otnnyme ot Po, npmn N<111 y agep At npomcxoauTt nepexon K
pexumy curbHou gedopmauun.

3. UN3mepeHbl nsotonnyeckme caBuri N CBEPXTOHKOe pacluenneHune (u, Q,
6<r2>) ansa 20 nsotonos (M30MepoB) g;Bi Ha nepexoae 306.77 nm.
OBHapyXeH «NPOMEXYTOUYHbINY (MO OTHOLLEHUIO K 4,Pb 1 ¢,P0) xapaktep
N3MeHeHNda gedpopmMmaunm y YeTHO-HENTPOHHbIX n3oTtornos Bi. [Mpu aTom
X0, pagnycoB AOS19 HEYETHO-HENTPOHHLIX N30TOMOB Bi HE OTKITOHSETCS OT
COOTBETCTBYIOLLEro xoga ans Pb.

4. [okasaHa AedopMUPOBAHHOCTb MHTPYOEpP-COCTOAHUNA (197mM.195m,193mBj
195,197m.139mMAL): 06HapyXeHO pa3nn4yHoe NoBeAeHNe N30MEPHbIX COBUIOB
ONna 9TUX COCTOSIHUW B Pa3fnnyHbIX N30TOMNYECKUX LIENOYKaX.




Beta-delayed fission
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IRIS, Bi: magnetic moments
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IRIS: laser ion source
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IRIS, TI1: intruder states (isomers IP=9/2)
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Annular Si Si

Pure 60 keV
beam from
RILIS+ISOLDE

60 keV beam
from ISOLDE

C-foils
20 mg/cm?

Annular Si

\ Si detectors

Setup: Si detectors both sides of the C-foil

e Simple setup & DAQ: 4 PIPS (1 of them —annular)
* Large geometrical efficiency (up to 80%)

e 2 fold fission fragment coincidences

e ff-gamma coincidences

e Digital electronics

MINIBALL Ge cluster

C-foil

A.N. Andreyev et al., PRL 105, 252502 (2010)



MR-ToF at ISOLDE

Multi-reflection time-of-flight mass separator (MR-ToF MS)
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Shape Coexistence in the Pb region
*Pb (Z=82) g.s.: n(0p-0h) — spherical

Proton pair excitations across
/=82 shell gap (neutrons are
spectators):

Energy (MeV) .

1 pair excitation: n(2p-2h) -oblate
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Potential Energy Surface for 186pb 2 palr excitation: n(4p-4h) -prolate

A.Andreyev et al. Nature, 405, 430 (2000)
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