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Atomic spectra
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The IGISOL facility

Recent additions to the collinear laser spectroscopy beamline:
« Charge-exchange cell*
* New laser system

cw Matisse DS laser + WaveTrain-2

Telescope system MCP FC ‘HV Cage ! Quadrupole triplet steerers

/ a - - I
= ‘o = ! v
] ] e i B : — - B
Reference cells /HeNe Laser Retractable _electrostati Sl T C
- € Segmented detector F
MagneTOF mini  deflector PMT :

cw Matisse TS laser + WaveTrain-2
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Motivation

« Gap in optical spectroscopy data: Tc,
Ru, Rh, Pd and some Ag isotopes
‘missing’

» Refractory elements
« Complex atomic structure

» Accessible at IGISOL thanks to
chemical insensitivity and installation of
charge-exchange cell

« Measurements of charge radii powerful
for testing nuclear Density Functional
Theory (DFT) and ab-initio approaches

P. Campbell, I. D. Moore and M. R. Pearson,

Progress in Particle Physics 86, 127 (2016)
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Motivation

« Charge radii and nuclear moments needed to clarify various phenomena in region
« Rapid changes in deformation, shape coexistence,...

« Ground state and isomer properties important to underpin decay spectroscopy studies
« Firm spin assignments missing: important to understand evolution of shell-model orbits
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Preparation
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Overview

* |sotopes in the range A = 98-118

« 98-101: fusion-evaporation reactions; 102-110: stable, spark source;
112-118: fission on Th target

« Even-A: spin zero gs, no isomers — only one resonance

« Odd-A: high nuclear spins, some isomers — complex structure, analysis ongoing
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Charge radii

King plot technique for calibration of atomic factors

» Charge radii from muonic X-rays
 F=-2.9(5) GHz/fm? M = 845(669) GHz amu

ﬁ(FZ)IOB‘A [fmZ]
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No sign of sudden change(s) in deformation,
electric quadrupole moments needed to verify
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Charge radil

« Comparison to nuclear DFT calculations
« Skyrme EDF SV-min, two forms of Fayans EDF which feature particular pairing functional
* Fy(Ar, HFB) exhibits strong pairing correlations — larger charge radius, enhanced OES

/ AAr
§r2yA4r = 52yt + (r2)g = 5(p2)
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Fayans DFT calculations by M. Kortelainen KU LEUVEN

SV-min: J. Erler et al., Nature 486, 509 (2012)



Charge radii In the region

5(’.2)N,60

N & 28 L& Bl

Sn

Sn (new)

In

Cd

Pd

Ag

Ag (prelim.)

Preliminary results
from IGISOL

Sn, In, Ag: P. Campbell, I. D. Moore and M. R. Pearson, Prog. Part

Sn: C. Gorges et al., Phys. Rev. Lett. 122, 192502 (2019)
Cd: M. Hammen et al., Phys. Rev. Lett. 121, 102501 (2018)

More pronounced parabolic
curvature down from Sn

Fayans EDF used for Sn and Cd
previously

First optical spectroscopy of Pd,
first application of Fayans EDF to
deformed nuclei

Fy(Ar, HFB) performs well, but
overestimates OES

. Nucl. Phys. 86, 127 (2016) and refs. therein
KU LEUVEN




Outlook at IGISOL

» Push towards n-deficient (Pd) isotopes using hot-cavity ion source

* Development of RAPTOR (Low-energy, medium resolution RIS) which will give higher
sensitivity — more exotic nuclei

« Plans to continue studies in the refractory region and otherm
‘blind spots’

£} W Re Actinides
@)

e N=152

And at CRIS (ISOLDE): recent results on/
=126 plans for Sn, In, Ag,...
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Measuring spins

* Some cases quite easy » Other cases a bit more tricky
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* In general: higher nuclear spins are harder to tell apart
« Higher atomic spins make the assignment easier, but measurement harder
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Fayans EDF calculations

« Soft deformation predicted

* Fy(std) follows parabolic trend, Fy(Ar,HFB) doesn't.
» Also seen in calculated pairing gaps, a good measure of the pairing correlations.

« Strong pairing correlations in Fy(Ar,HFB) modify nuclear mean-field more at surface —
larger charge radius and enhanced OES
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Hot-cavity ion source

An inductively-heated hot cavity graphite catcher for in-source laser ionisation
spectroscopy

. . . Rotating
e Laser-ionisation target

« High efficiency

 Broadband conditions

Lasersin /

* Injecting beam into Penning traps ions out

Primary beam

 Ultra-clean (bkg rate <<1/hr)

« Use PI-ICR for identifying resonances

Based on an upgraded design of M. Reponen et al.,
Rev. Sci. Instrum. 86 (2015) 123501.

KU LEUVEN




