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Laser Ion Source at ISOLDE
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| Target material (neutral)

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



Windmill System at ISOLDE

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

Annular Si Si MINIBALL Ge cluster

pure 30 keV beam Annular Si

from RILIS+ISOLDE S

30 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




Beta-Delayed Fission
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Beta-Delayed Fission
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Five Essential Fission Shape Coordinates Q, ~ Elongation (fission direction)

d a, ~ Mass asymmetry (Ml-MZ)/(M1+M2)
€, ~ Left fragment deformation

&, ~ Right fragment deformation

d ~ Neck
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P. Moller’s calculations (2D projection of the total 5D picture):

symmetric valley,
0Zr+99Zr

asymmetric valley, 8°Kr+100Ry



Fragment mass distribution in BDF of Tl isotopes

. lons/uCl/s, 8 fission events
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Fragment mass distribution i isotopes
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Calculated yields for four Hg isotopes at three excitation energies. For the lighter isotopes
the yields become more symmetric with decreasing energy, an unusual behavior.

P. Méller, J. Randrup, A. Sierk, Phys. Rev. C 85, 024306 (2012)



Fission barriers for Hg isotopes

B;, exp B;, theor

(model), MeV | MeV
180Hg 7.5(1.5) 9.8
18Hg | ~7 9.3

Poor (29T heor= 2%10°% to be compared with
the experimental value 3.2(2)x103%

M. Veselsky et al. Phys. Rev. C 86, 024308 (2012)



Nuclear spectroscopic information for 78Tl
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Development and use of laser-ionized

At beams at ISOLDE

* Determination of optical lines and efficient
photoionization scheme. First measurement of the
lonization 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 75151 em”

532 nm

S5BE05 cm™ 795 nm

ST277 cm”

57268 cm”

312 = 315 nim

216 nm

-QOptimal photoionization scheme.
Narrow band lasers for 1st and 2" transitions

(a) Verification of the two transitions from the ground state at A; =216 nm and 224 nm. (b) lonization
threshold: Scan of the ionizing laser wavelength A,. (c) Development of a three-color scheme: Scan of
A, in the infra-red region for second excited states starting with A; = 216 nm first step. (d) Verification of
the levels found by exciting via the A, = 224 nm first step. (e) Rydberg series: A wavelength scan of the
ionizing laser (A;) in the visible range using the {216, 795, A3} excitation path.



Precise determination of the Ionization

Potential for the radioactive element At
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IS534, 9-14 May 2012: Mass Distributions Measurements

for BDF of 194.196A¢t
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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)




Pre-2012: Charge Radii in Au-Po isotopes
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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)
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Isomer selectivity for 197.198A%
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Isomer selectivity enable us to measure masses of 1979.198gA¢
and receive nuclear spectroscopic information for pure g.s.



Astatine HFS spectra
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King plot for 216 nm and 795 nm lines in At
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IS534 October 2012:
Charge radii of At isotopes
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s5AT vs g,Po charge radii
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October 2012:

IS534 experiment at ISOLDE - Au isotopes

*Are the light Au isotopes deformed?

*What are the spins of ground and isomeric states?



IS534: Hyperfine Structure Scans for 177.179Ay
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Why is 1/2*—1/2* 181T|5177Au o decay hindered?

185
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Plot from A.Andreyev et al., PRC 80, 024302 (2009)



IS534: Charge Radii of Au isotopes, ISOLDE 2012
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A
Deformation jump toward less deformed shapes in the light Au isotopes
*Shape staggering in 1’8Au (large deformation difference between 2 states)



Summary: Char'ge Rad in Pb region

L ] ] | | :" |
30 | im At %
i i% | 85"~ pe 540
25 5 PP
i 1'% 6’ '
g A * * i
2or 10 g g - ** O
i <o ~Po *, - T 1.4 . o |
= o8 - - ** : o
1oF TR TS T  0© 52F 0 |
ZEU’J .C‘GI? i
10 i 00097 | |
Z i 00°° B ]
, ! 0000 0% g !
Wz 051 : 0090 m gu®l | |
o &0° o O _mnm ; ‘.
- 00 g O _ogim : :
% 00 o°mammD 'gun®
EEE?'. nu® MY S
05 mm® | na®" i |2
= B:nm a0 : {E
T y wol? un i 3
mned® pu®®"T AU T @
; m ) !
-15F r ; ‘...n.lﬂ G ™0
o/ ©! 0 Qs
20 - — D Il o
I Z:0
Lo ZG |
25k :
'] I '] '] '] I: I 'l '] '] '] I '] '] '] '] I '] '] L 'l I '] '] L '] I Ii '] L '] I '] 'l j '] I '] ']
100 105 110 115 120 125 130 135

N Neutron number
 IS/charge radii for 10 At nuclel 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
3anasgbiBatollero genexHuns 18Tl n onpegeneHa BEpOATHOCTb TaKoro
pacnaga. lNony4yeHsbl 3Ha4eHNa bapbepoB aenexHna ans 178.180Hg,

. [Ana nccneposaHusa agep At HavgeHa apdekTuBHaga 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
n30TOoNoB (M3omMepoB) At Ha ABYX nepexogax, 216 nm un 795 nm, 4To
NMO3BONUT NOMYYNTb HOBblE AaHHbIe O U, Q, O<r’> n geopmaumm 3TUX
n3otonos (M3omepoB). BrniepBblie ansa getektmpoBaHus OTOMOHOB
ncnonb3oBaHa yctaHoBka MR-ToF.

N3mepeHbl n30ToNM4eckne COABUIM U CBEPXTOHKOE paculennenue (U, 6<rz>)
ons 9 nsotonos (M3oMepoB) Au Ha nepexoae 267.6 nm. Bnepsbie
oOHapyxXeH «obpaTHbIN ckavyok gedopmauumy — BO3BpaLLEHNE K
chepuyHocTn saep ¢ N<101. ObHapykeHbl ABa N30MeEpa C CYLLECTBEHHO
pa3Hon gedopmaumen B sape 178Au.

[TonyyeHbl HOBblE AaHHblE 06 aHOMarMM CBEPXTOHKOW CTPYKTYpPbl ANd
n3otonos Au, YTO NO3BOJSINT, B YACTHOCTU, YTOYHUTb 3HAYEHNS paHee
N3MEpPEHHbBIX MarHNTHbIX MOMEHTOB.




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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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



