Shape coexistence along Z=82 and
the stability of the N=126 shell closure
studied using laser ionization spectroscopy
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e Basics of laser spectroscopy

* Shape coexistence in the neutron-deficient mercury isotopes studied with “In
Source Laser Spectroscopy”

e Comparison with Mean-Field and with Monte Carlo Shell Model calculations

* ‘“In-gas jet Laser lonization Spectroscopy™: stability of the N=126 shell closure_|; -~
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e Conclusion
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Laser Spectroscopy: basics
lonization = selectivity
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Laser Spectroscopy: basics

Isotope Shift
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Laser Spectroscopy: basics

Measured: Isotope shifts  Isomer shifts Hyperfine splitting

Deduced observables:

(modelindependent) g5 Quadrupole Mom. Dipole Mom. Spins

4 _ _ \ )
Inferred information:

(model dependent) \

11
g Shapes/deform. parameters  Single-particle configurations )
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« Shape coexistence in heavy nuclei: initial indications

32013 14"
Hg (Z=80)

[25.0]

isotope shifts — charge radii 26197

R

* Oroundisiate [2.7]! 575.1 R

o isomer . [57.5]
& droplet model 1676.6 § (6")

1588.8 |

[73.3)
1164.6
[~gi] .
807.9
675.2 —
ElMev) g D‘ry 620.7
S A e
i w 185Hg 2 5 o
T 105
ar —T——_ 644 . =] leng
- sy 68 _*Ml wr T 80 7106
S 312t
) 0(3512) =t T ety
- =] 623 332 ois 647
547 312 ! 32+
_{ e B 539 2t N
585 3 292 f'\m 536
526 532
zr 3 i e S TN U ad
X g BT .;{373 538
e M_.\ 505 23,2,,5 25/2¢ .
a5 ars 2Ty § oz <% g SN
e § 8 452 329 izlm . (21r2¢
' _3’32 = 40%‘2:3 Voo 22 ¥ 6 : NEUTRON NUMBER
- - 194 358 g 482 iz
I T B2 g L2730 (15r24) 2+ { i . T T I
_3404 5 . 2 ”:g,Jr 13/2 Lﬂ ™ /2t oL W6 108 10 M2 ML 16 ME %0 2 14 12 1
_Eif' 5/2- }F!?_(%ﬁ? 9/2- e 20w (5724 3'3! ! E 13/2+
ol T e ET 103 keV 285
555
i72-(521) 7/2-(514) 9/2+(624) iR

Bonn,- PLB 38 (1972), Hannachi,- ZP A370 (1988), Ma,- PLB167 (1986)

O Janssens.- PLB131 (1983), Cole - PRL37 (1976) KU LEUVEN



« Laser ionization spectroscopy of mercury isotopes
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Non-resonant

/ ionization step
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Alpha Counts/2 keV
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« Charge radii of mercury isotopes
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* DFT-UNEDF1

Energy surface Charge radi

Neutron number
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« Monte-Carlo Shell Model calculation (Y. Tsunoda & T. Otsuka)
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Leuven Isotope Separator On-Line (LISOL) facility:
In-Gas Laser lonization and Spectroscopy of RIBs (IGLIS)
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Production & first laser spectroscopy tests of Ac
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Limitations of in-gas cell laser spectroscopy:
» Pressure shift and broadening
» Doppler broadening
* |on-gas interactions
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In-Gas Jet Laser lonization Spectroscopy

» stopping in the buffer gas cell

« formation of a gas jet through a ‘de Laval’ nozzle

 homogenous, low-density, cold get

e transport of the ions in Radio Frequency lon Guides - detection system

SpaceX Testing - SuperDraco Engine Firing

lon guides

in-flight separator

Radioactive Beam from

in-gas-jet /

< ionization

Ay

R. Ferrer et al, Nature Commun. 8, 14520 doi: 10.1038/ncomms14520 (2017)
KU LEUVEN
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LISOL’s famous last action (*)

*1/5/1974 - 1 6/12/2014
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Nuclear Moments of Ac??"}

Mark FrRED AND FRANK S. Towmxins, Chemistry Division,
Argonne National Laboratory, Lemont, Illinois

AND
Wirriam F. MEGGERs, National Bureau of Standards,
Washington, D. C.
(Received April 11, 1955) Phys. Rev. 98, 1514

The values derived for the moments from the con-
ventional treatment of hfs in intermediate coupling
are +1.1 nm and —1.7X107% cm?. The experimental
error 1s believed to be less than 10 percent, but it is
difficult to estimate the total error because of the con-
figuration interaction and the large relativity correc-
tions. No correction for closed shell distortion was made.

It 1s hoped that improved values can be obtained,
but meanwhile it appears useful to offer the present
results. We should like to acknowledge helpful dis-
cussions with Dieter Kurath and R. E. Trees.
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Multi-Monfiguration Dirac Fock atomic physics calculations:
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Magnetic dipole moments and electical quadrupole moments
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« Shell model calc. are in good agreement with experimental quadrupole moments (using
atom. physics input) and magnetic dipole moments

e 208Pph good core for shell model predictions (N=126)

20 C. Granados,- PRC96 (2017) 054331 KU LEUVEN




measuring
station

21

L

-

dipole magnet

/

beam optics

/4

beam diaghostics

pumping sys -- __

front-end vacuum 'ehamber
' -jgas cell

-RFQion guides
=

IGLIS @ KU Leuven KU LEUVEN



22

—

ST s\

VAo, LA} I “ ..:--. e . r
e f-l‘k‘_ N —-L | "?:D“‘w "’fnﬁ : ' kD
; = I‘. | -
Sl

LY > ﬂ',.

- S .ﬂnxl‘?rh'_%

IGLIS @ KU Leuven

KU LEUVEN



e Planar Laser Induced Fluorescence (PLIF) - technique

—> temperature, velocity and density jet ‘maps’
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« ‘de Laval' nozzle: Mach 5> vand T jet ‘maps’
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Existing
experimental

* High-intensity heavy ion beams:
e.g. “8Ca: >10 ppA

* Production of exotic nuclei using heavy-ion
fusion evaporation reactions

Experimental ha

with exotic nuclei

e Super Separator Spectrometer: S3

| « Coupling with the In-Gas Laser lonization
Spectroscopy concept

€ = 40 MeV for deuterons
E =33 MeV for protons

IGLIS @ S3LEB - SPIRAL2 - GANIL
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S3-LEB general layout
/ GAS CELL \ R. Ferrer et al., NIM B 317 (2013) 570

Y. Kudryavtsev et al., NIM B297 (2013) 7
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IGLIS @ S3

L . . _ 20 N\ eHHER
» High intensity heavy-ion LINAC: >10 ppA N
» Super Separator Spectrometer (S3) \ . 10
» N=Z nuclei (towards 1°°Sn) and heavy and 230py l i
Super Heavy Elements 25(] 98
- N
25T
208 A\c \ Tf N Fm
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Conclusion N=126 N=152

* Shape coexistence in the neutron-deficient mercury isotopes
e local phenomena
 Monte Carlo Shell Model calculations: nhg, and vi,5, orbitals

* In-gas jet Laser lonization Spectrosopy
« stability of the N=126 shell closure
e Improved spectral resolution and efficiency

« Exploration of the N=Z line and the heavy element region with the S3 — Low
Energy Branch project at GANIL — SPIRAL2
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