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Beta-delayed fission, laser spectroscopy
and shape-coexistence studies

with radioactive g-At beams

IS 534 (addendum):
Laser spectroscopy
and shape-coexistence studies

with radioactive ,,Au beams
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Laser Ion Source

non-resonant excitation of field ionization of
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eScanning the laser frequency of the first/second step of the selective
lonisation scheme for a particular isotope (or an isomer)

sIsotope shift (IS), hyperfine structure (HFS) measurements

‘Measuring FC current, a/y or ToF spectra while scanning the frequency



Beta-Delayed Fission
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Beta-Delayed Fission
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Fragment mass distribution in BDF of Tl isotopes

(experiment)

. ions/uC/s, 8 fission events

Paor (78T1)=0.15(6)%
b) 180T

180T]: 1111 fission events

Paor (19T1)=3.2(2)%10-3%
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Fragment mass distribution in BDF of Tl isotopes

and fission barriers for Hg isotopes (theory)
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Development and use of laser-ionized

At beams at ISOLDE
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* Determination of optical lines and efficient
photoionization scheme. First measurement
of the ionization potential of the element At

« Beta delayed fission of 194.196A¢t

* Charge radii measurement for At isotopes



Photoionization scheme

for the radioactive element At

(@)  (b) (c) (d) (e)
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-QOptimal photoionization scheme.
Narrow band lasers for 1st and 2" transitions



Precise determination of the Ionization

Potential for the radioactive element At
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IS534, May 2012: Mass Distributions Measurements for BDF
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Shape coexistence and charge radii in Pb region
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2012: Additional nuclear spectroscopic information
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Astatine HFS spectra
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IS534 October 2012:
Charge radii of At isotopes
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October 2012:

IS534 experiment at ISOLDE - Au isotopes
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ISH34.

Charge Radii of Au isotopes
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Summary: Charg
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in Pb region

 IS/charge radii for 10 At nuclei were measured
» “Back to sphericity” in the lightest Au isotopes
» Magnetic/quadrupole moments will be deduced
» Large amount of by-product nuclear spectroscopic
information on At and Au and their daughter products
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3aknoyeHume

3mepeHOo acMMMETPUYHOE MacCOBOe pacrnpeneneHne oCKONKoB
3anasabiBatollero genenust 8Tl n onpepeneHa BEpOSATHOCTb TaKOro
pacnaga. lNony4yeHsbl 3Ha4eHNa bapbepoB aenexHna ans 178.180Hg,

. [Ana nccnegosaHna aaep At HangeHa sdpdpekTnBHas cxema
dooTomoHmn3zaummn, obHapyxeHo okono 20 paHee He U3BECTHbIX aTOMHbIX
nepexoaos, BNepBble onpeaeneH noTeHumnan noHmnsauum At.
OOHapyeHo 3anasabiBatollee geneHue 19:194At. MNpenBapuTenbHbIN
aHanma CcBMOETENLCTBYET O €ro CUMMETPUYHOM XapaKTepe.

3mMepeHbl n30ToNn4YecKkmne COABUMM U CBEPXTOHKOE pacuiensieHre anga 10
n3otonos (M3omepoB) At Ha ABYX nepexogax, 216 nm n 795 nm, 4to
NMO3BONUT NOMYYNTb HOBblE AaHHbIe O U, Q, O<r’> n geopmaumm 3TUX
N30TONOB (M30MEPOB).

N3mepeHbl N30ToNM4Yeckne COBUIM U CBEPXTOHKOE pacluennenue (u, 6<rz>)
anga 9 nsortonos (M3omepos) Au Ha nepexoge 267.6 nm. Bnepsble
oOHapyXeH «obpaTHbIN ckavyok gedopmauumy — BO3BpaLLEHNE K
chepuyHocTn saep ¢ N<101. OBbHapykeHbl ABa N30MeEpa C CYLLECTBEHHO
pa3Hon gedopmaumen B sape 178Au.




IS534: Hyperfine Structure Scans for 177.179Ay
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and receive nuclear spectroscopic information for pure g.s.



Windmill System at ISOLDE

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

Annular Si Si MINIBALL Ge cluster

pure 50 keV beam Annular Si

from RILIS+ISOLDE S

50 keV beam
from ISOLDE

C-foll

C-foils
AN Si detectors

20 mg/cm?

Setup: Si detectors from both sides of the C-foil

sLarge geometrical efficiency (up to 80%)
« 2 fold fission fragment coincidences
* ff-y, y-a, y-y, etc coincidences




In-Source Spectroscopy with MR-ToF MS

~1000 revolutions, ~35 ms, m/Am ~ 10°
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— R. N. Wolf et al., Nucl. Instr. and Meth. A 686, 82-90 (2012), S. Kreim et al., INTC-P-299, IS 518 (2011)



King plot for 216 nm and 795 nm lines in At
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Why is 1/2*—1/2* 181T|5177Au o decay hindered?
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Plot from A.Andreyev et al., PRC 80, 024302 (2009)



What is the ground state spin of 7°Au: 1/2*,3/2*or 5/2-?

RITU: A. Andreyev et al., R35 experiment (+ISOLDE data)

GS+FMA: W.F. Muller et al, PRC 69, 064315 (2004)_
633 M. Venhart et al, PLB 695, 82 (2011)
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5.85 MeV Au

Extensive ISOLDE data for g.s. of 83Tl are available, analysis underway



What is the ground state spin of 177Au: 1/2* or

GS+FMA: F.G. Kondev et al., PLB 512, 268 (2001) SHIP: A.Andreyev et al., PRC 80, 024302 (2009)
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Why is o decay of 1/2* gs of 181TI hindered, HF>3?
Extensive ISOLDE data for g.s. of 181T| are available, analysis underway
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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):

Ener_gy (MeV)

1 pair excitation: n(2p-2h) -oblate

10
Bzcos(y +30)

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

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




symmetric valley,
0Zr+90Zy

asymmetric valley, 8°Kr+19°Ru



