Laser spectroscopy on Zn isotopes and isomers

Spin, moments, charge radii
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« Motivation
* Collinear laser spectroscopy
* Spins, moments and charge radii

e Summary
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Investigate the nuclear structure in Zng, isotopic chain (near closed shell Z=28,N=40,50)
by measurement of spins, moments and charge radii
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Laser Spectroscopy Method
Hyperfine structure (HFS)-> link between atomic parameters and nucleus parameters
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-the nuclear spin |
-the magnetic dipole moment p

-the electric quadrupole moment Q
-nuclear charge radius <r?>




Collinear Laser Spectroscopy@ ISOLDE - CERN
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Assignment of the nuclear spins for
Isomers and ground states
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A(S,) I A(P,) =2.383(2)

=>»depends on nuclear spin assumed
in fitting procedure
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g-factor

Information on the orbit occupied by unpaired neutron(s):

€ g-factors-> deduced from the determined magnetic moment

compare data to effective single particle g-factors (0.7 g.®)

-+ Effective single-particle g factor
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The 3/2- gs (53Zn) with mixed configuration

The 5/2- gs (8365Zn) have unpaired particles
in fg;, orbit

The 1/2- gs/isomer from a single neutron in
in p,, orbit

Positive parity for the gs/isomer in 69-79Zn
has unpaired particles/holes in vgg,,
-> 5/2+ isomer in ,3Zn has some mixing !

Confirm the positive parity of the %2 isomer
in 79Zn confirmed

-> only vs,,, has strong negative g-factor
-> some mixing with vdg;, configuration
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g-factors: states with dominant v(gq,)" configuration

Neutron number
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=> the 5/2- state in 73Zn has more mixing !

=> this is reproduced by the JUN45 interaction
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Proton/neutron occupation numbers in the positive parity high-spin levels calculated by JUN45
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As neutrons are added to the gy, the
occupation number in T1f;,, increase but
decrease in TTpg),.

An inversion of occupation occurs in
P53,  Tife, around 76Zn,,(Z=30), which is
consistent with the inversion of the proton
orbit due to tensor effect. It is known to
occur in ™Cuyg (Z = 29) and *Ga,g (Z =
31).

A kink appear around 73Zn, suggesting
an increase of configuration mixing for
the 5/2+ isomer in 73Zn

P-h excitations across N=40 in 69-77Zn
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Highlight points on the 2+ isomer in °Zn

* Long-lived nature of 2+ isomer

» g-factor: the 2h-1p intruder Y2+ isomer with v(lg;fz Zsllzz)[l/z”] configration
->mixing with v(1g5/, 2d5,,)[1/2*] is not excluded

* Large isomer shift gives a large deformation on the isomer

-> evidence for shape coexistence
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Spins and moments are known

+ Nuclear moments are confirmed in this work
+ Spins and moments are confirmed in this work

M. Huhta et al., PRC 58,3187(1998);

S.V. llyushkin et al., PRC 83, 014322 (2011);

S.V. llyushkin et al., PRC 80, 054304 (2009);  R.Orlandi et al., PLB740, 298(2015)
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Quadrupole moment

-> (Agree with the shell model calculation with jj44b/JUNA45)
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Average number of protons
(Normalized)
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Relative Frequency [GHZ]
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Weisskopf estimate
Error on 1/2+ energy
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Mass Number
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