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Outline

Physics motivation
-General physics motivation in Ni region
-Physics cases for neutron rich 81-82Zn

Experimental method
-CRIS method
-Ionization schemes for Zn

Beamtime request
- Beam production 
- Beam time request
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Physics motivation: Ni region in general
N = 40 N = 50
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Laser spec. Planned This Proposal

81Zn 82Zn

(Zn) PRL 116(2016)182502; PLB 771(2017) 385-391;
PRC 97(2018)044324; PLB 797(2019)134805;
(Ga)PRC 96(2017)044324; (Ni)PRL 124(2020)132502; 
(Cu)PRC 93 (2016)064318; PRC 96(2017) 041302(R);
Nat.phys 16(2020)620; (Ge) PRC(2020) accepted;

Physics                                                                               Achievements
• N=40 subshell? N=50 magicity?
• Shell evolution, shape coexistence
• Theoretical developments (SM, DFT, ab-initio)

https://doi.org/10.1103/PhysRevC.96.041302
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Physics motivation: 78Ni?

R. Taniuchi, et al. Nat. 569(2019) 53

Spherical

Deformed

F. Nowacki et al., PRL 117(2016) 272501:           G.Hagen et al., PRL 117(2016) 172501

Continuously theoretical investigation is progressing

• Doubly magic nucleus have spherical and deformed faces！
• Deformed g.s. for more exotic nickel isotopes are suggested！

SM:  shape coexistence in 78Ni  CC:  Doubly magic of 78Ni

78Cu(p, 2p)78Ni
80Zn(p, 3p)78Ni



• Ab-initio calculation: ½+ become g.s. in 79Ni   
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Physics motivation: neutron-rich 81,82Zn

PRL 117 (2016) 172501

• N = 51 isotones:  energy drop of the ½+ state 
• SM calculation (jj45pna) : ½+ become g.s. in 81Zn 

Tensor effect of the 
monopole interaction

Continuum effect

½+ ½+
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Physics motivation: neutron-rich 81,82Zn

• g.s. spin assignment of 81Zn is highly motivated
• Laser spectroscopy can provide a firm spin assignment
• 81Zn is currently accessible with laser spectroscopy at ISOLDE

• Experimentally, β-decay of 81Zn have been performed several times 

PRC76(2007) 054312 PRC82(2010)064314 PRC102(2020)014329
⁄(𝟏𝟏 𝟐𝟐+) g.s. ⁄(𝟓𝟓 𝟐𝟐+) g.s. ⁄(𝟓𝟓 𝟐𝟐+ or ⁄𝟏𝟏 𝟐𝟐+) g.s.

½+ ½+
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Physics motivation: neutron-rich 81,82Zn

• Configuration of g.s wavefunction : [𝒔𝒔𝟏𝟏/𝟐𝟐
𝟏𝟏 ]𝟏𝟏/𝟐𝟐+ or 𝟐𝟐+⨂𝒅𝒅𝟓𝟓/𝟐𝟐

𝟏𝟏 𝟏𝟏/𝟐𝟐+ ??

• Single-particle state or configuration mixing?
• Spherical or deformed?

• Require the magnetic and quadrupole moments measurement of 81Zn
=>providing stringent test for the nuclear theoretical models

[Zn-Moments]C. Wraith et al.,PLB771(2017)385;  [Cu-Moments]R. P. De Groote et al., PRC96(2017)041302(R)

½+ ½+
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• Approaching Z = 28, charge radii data above N = 50 are limited！
• N = 50 magic effect in the charge radii of isotopes closed to Ni？
• Magic effect can be better observed as a local inversion of the OES！

△𝟏𝟏𝟏𝟏
(𝟑𝟑) 𝒓𝒓 =

𝟏𝟏
𝟐𝟐 (−𝟏𝟏)𝑵𝑵+𝟏𝟏[𝒓𝒓𝑵𝑵+𝟏𝟏 − 𝟐𝟐𝒓𝒓𝑵𝑵 + 𝒓𝒓𝑵𝑵−𝟏𝟏]

Physics motivation: neutron-rich 81,82Zn

• Require the charge radii measurement of 81,82Zn.
=>providing test for the state-of-the-art nuclear theories

[Zn-Radii]L. Xie et al., PLB797(2019)134805;  [Cu-Radii]R. P. de Groote et al., Nat.Phys16(2020)620
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We propose to perform laser spectroscopy measurements of  81-82Zn isotopes,
aiming to address the following questions: 

N = 40 N = 50
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81Zn 82Zn

Physics motivation:

1. What is the g.s. spin in 81Zn (evolution of 1/2+ level in N = 51 isotones)? 
2. Is the g.s.of 81Zn a single-particle state? 
3. How does the charge radii trend and the local OES behave above N = 50?

Provide a compelling test for theory models (SM, DFT, ab-initio)  

Laser spec. Planned This Proposal
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Outline

Physics motivation
-General physics in Ni region
-Physics for study of 81-82Zn

Experimental method
-CRIS method
-Ionization schemes for Zn

Beamtime request
- Beam production
- Beam time request
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Removable

Experimental method

• Using current standard CRIS setup

• High resolution (Fr, In, Sn, Cu, K….)

• High sensitivity (demonstrated for 78Cu)

• Collinear resonance ionization laser spectroscopy

Fr: K.M.Lynch et al., PRX 4(2014)011055.
In: R.F.Garcia Ruiz et al., PRX 8(2018)041005 2018.
Cu: R.P.de Groote et al., Nat.Phys 16(2020)620.
Sn: F.P.Gustafsson et al., Accepted to PRA(2020)
K:   Á.Koszorús et al., PRC 100(2019) 034304
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Zn isotopes
Contamination

Removable

Experimental method

T1/2(s) β(MeV)

81Zn 0.303 11.428

82Zn 0.228 10.617

• Collinear resonance ionization laser spectroscopy
+ β-decay tagger (demonstrated for 52K)

A. Koszorus et al., submitted to Nature Physics (2020)
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• 8 transitions have been easily tested with CRIS.
• Other transitions will be tested before the experiment.

-- some has been studied at COLLAPS [PRL116(2016)182502] and Manchester[J.Phys.B 30(1997)2351]

• Higher sensitivity field ionization [Sci. Rep. 10(2020)12306] has been tested preliminary for Zn
--further test with high resolution is planned.  
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• Ionization scheme & Experimental feasibility
Experimental method

50% for triplet states 

Al=532 MHz, Au=185MHz
Bl=36MHz,  Bu=-135MHz

15 ns
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Outline

Physics motivation
-General physics in Ni region
-Physics for study of 81-82Zn

Experimental method
-CRIS method
-Ionization schemes for Zn

Beamtime request
- Beam production
- Beam time request
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• Production yields and beam time request

Beamtime request

• 81-82Zn are produced at ISOLDE with >100 pps yield
• We suggest to use the quartz transfer line only

=> giving the best compromise of contamination and the production

AIP Conf. Proc. 798(2005)315;   Eur. Phys. J. Special Topics 150(2007)277
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• Production yields and beam time request

Total:  16 shifts of radioactive beam
2 shifts of stable beams for setup optimization

Beamtime request

Number of shifts are estimated by considering:
• Beam production yield 
• Estimated efficiency for Zn measurement at CRIS

-transmission and detection (40%), neutralization and population(5%), ionization(5%)
• HFS frequency scan range

-spin, isomeric state, hyperfine structure A,B values (~10/0.5 GHz for 81Zn/82Zn)
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Thanks for your attention!!
CRIS Collaboration:
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• TAC Comments

Beamtime request

The TAC notes that 82Zn may be less produced than quoted in the 
proposal which may affect the shift request. The other aspects of 
the proposal do not seem to present any feasibility issues. 
Response:
The yield quoted in the TAC comments is from the quartz line with neutron 
convertor. We requested to use quartz line only, which results in a higher 
production for 82Zn than that using quartz line with neutron-convertor.
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