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Exploring the low Z-shore of the Island of Deformation at N=60 g AGATA and VAM

Introduction

What are the limits of this N=60 island of deformation

e The Z=40 and N=60 region gives a remarkable example of sudden nuclear shape transition:

e This effect seems to start at Z=42 (Mo) and ' with \,Z
e N=58 : quasi-spherical shape = N=60 : rigid rotors with large deformation (5, ~ 0.4)
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Introduction

$°Krg, in the literature

N. Marginean et al., Phys. Rev. C 80, 021301 (R) (2009)

e Energy of the 2]Jr excited state measured at 241 keV:
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= Sudden drop of the E2;") from **Kr to *Kr

= Possible rapid change in the ground state deformation
as for Mo, Zr and Sr isotopic chains

600 800 1000

S. Naimi et al., Phys. Rev. L 105, 032502 (2010)

© Mass measurement of *°7Kr:

=> Contrary to the heavier isotopic chains, S, still decrease
after N=58

Sy, (MeV)

=> Result in contradiction with Marginean et al.

e Energy of the 2]Jr excited state measured at 554.1 keV (no ~y at 241 keV):
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Exploring the low Z-shore of the Island of Deformation at N=60 using AGATA and VAMOS
Introduction

B(E2), R4/, : main indicators of collectivity
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Introduction

Systematic in the region

Standard increasing of collectivity

= Ry, = E@1)/EQT) vs B(E2: 2T — 01): Ryyy /7, B(E2) /°

— Kr does not follows a standard smooth increase of collectivity
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Introduction

ystematic in the region

» Quid of **Kr N

@ How can we resolve this contradiction on the 2?’ state energy ?

= New high resolution «-ray spectroscopy with isotopic identification

@ Does this unexpected trend between Ry /> and B (E2) persists at N=60 ?
@ What are the consequences on the nuclear *°Kr structure?

= Need spectroscopic measurements beyond the 2?‘ state
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Experimental setup

Experimental setup

AGATA @GANIL: E680 experiment (May 2015)

@ Spokesperson: Gilbert Duchéne (IPHC Strasbourg)

@ Reaction : Transfer and fusion induced fission:
— 283U@6.2 MeV/u + ?Be (1.85 mg/cm?), I~ 6 x 10° pps
@ Setup : VAMOS++ and AGATA spectrometers

VAMOS++ AGATA
A
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Experimental setup

VAMOS++ isotopic identification

Mass identification : Q vs M/Q
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Experimental setup

VAMOS++: Conclusions on VAMOS analysis

= Very precise Doppler correction — Agata FWHM = 5.0 keV@1.2 MeV (*%Zr, 5 ~ 0.1)
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Experimental setup

VAMOS++: Conclusions on VAMOS analysis

= Very precise Doppler correction — Agata FWHM = 5.0 keV@1.2 MeV (*%Zr, 5 ~ 0.1)

= A set of 205 “well identified” nuclei has been obtained
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Spectroscopic results for Kr isotopes: **Krgg

%Kr spectrum

z = Known ¥ placed in level scheme from -y coincidences
= s New ¥ placed in level scheme from Y-y coincidences
e o
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Results

Level scheme of the N=
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ng the low Z-shore of the Island of Deformation at N=60 g AGATA and VAM
Results

The *°Kr case : low Z boundary of the A~ 100 island of deformation

= Sharp transition at N=60 when moving from Sr to Kr

= Ry, value confirms previous observations: 9Kr seems not highly deformed
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Exploring the low Z-shore of the Island of Deformation at N=60 using AGATA and VAMOS

Results

The strange behaviour of Kr nuclei

ng of collectivity

= Ry =E@1)/EQT) vs B(E2: 2T — 01): Ry)r /', B(E2)
< Kr follows an unexpected trend between R, /> and B(E2) upto N = 58
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Results

The strange behaviour of Kr nuclei

ng of collectivity
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The strange behaviour of Kr nuclei

New measurements on very neutron rich *~!®Kr

= Recent results on *8~190Kr suggest a delayed onset of deformation at N=62
< B(E2 : 2T — 0T) not measured
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ing the low Z-shore of the Island of Deformation at N=60 using AGATA and VAN

Results

Comparisons to theoretical calculations

@ To understand these phenomena, theoretical calculations needs to reproduce:
= The sharp transition at N=60 for Z>36,
= the absence of transition at Z=36,
= the decreasing trend of the Ry, ratio.
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Exploring the low Z-shore of the Island of Deformation at N=60 using AGATA and VAMOS
Results

Comparisons to theoretical calculations

@ Predictions from mean field calculations not able for the moment to reproduce this transition

@ New Monte Carlo Shell-Model calculations performed along the Zr isotopic chain reproduce
for the first time the N=60 transition along the Zr isotopic chain

@ Could such a model help to understand this strange behavior in the Kr chain ?
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Conclusion

Conclusions

Experimental results

@ The powerful coupling between AGATA and VAMOS allowed to add new spectroscopic
information to the Kr isotopic chain.

(] 41Jr level established for the first time in “°Kr.
= Ry, value confirms the non observation of sharp transition at N=60 in Kr
= contradicting trend between Ry /> and B(E2; 2+ — 01) evidenced

Interpretation

@ Mean-field approaches fail to reproduce the observed phenomena.
= Opposite Ry, and B(E2;2F — 071) evolution still puzzling. Could be related to a shape
coexistence phenomenon affecting the R /, ratio.
@ MCSM calculations give the first microscopical reproduction of the N=60 transition in Zr nuclei.
= Z>36: transitions generated by a strong 7gg /»-/g7 /5 coupling.

Colloque GANIL: 16-20 October 2017



Les deux infinis
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Exploring the low Z-shore of the Island of Deformation at N=60 using AGATA and VAMOS

Conclusion

Annexe : Spectroscopic analysis

Possible attributions: systematic on Kr isotopes

(*] 3r : Energy ? — Intensity (~ 0 — 30%) ? 1(621)/1(554) = 90(25)%
) 22‘ : Energy ? — Intensity (~ 0 — 20%) ?
o 4?‘ : Energy ? — Intensity (~ 50 — 100%) ?
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J. Dudouet et al., Phys. Rev. Lett. 118, 162501 (2017) N

Colloque GANIL: 16-20 October 2017



Exploring the low Z-shore of the Island of Deformation at N=60 using AGATA and VAMOS

Conclusion

Annexe : Spectroscopic analysis

Possible attributions: systematic on Kr isotopes

@ 3| : Energy X—Intensity (~ 0 — 30%) X 1(621)/1(554) = 90(25)%
® 27" : Energy /- Intensity (~ 0= 20%) X > 6] keV : 4 (1175 keV)— 27 (554 keV)
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Exploring the low Z-shore of the Island of Deformation at N=60 using AGATA and VAMOS

Conclusion

Annexe: The strange behaviour of Kr nuclei

Usual increasing of collectivity
= Ry =E@1)/EQT) vs B(E2: 2T — 01): Ry)r /', B(E2)
< Kr follows an unexpected trend between R, /> and B(E2) up to N = 60
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Conclusion

Annexe: The strange behaviour of Kr nuclei

Usual increasing of collectivity
= Ry =E@1)/EQT) vs B(E2: 2T — 01): Ry)r /', B(E2)
< Kr follows an unexpected trend between R, /> and B(E2) up to N = 60
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Conclusion
Annexe: The strange behaviour of Kr nuclei
Usual increasing of collectivity

= Ry =E@1)/EQT) vs B(E2: 2T — 01): Ry)r /', B(E2)
< Kr follows an unexpected trend between R, /> and B(E2) up to N = 60
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Conclusion

Annexe: The strange behaviour of Kr nuclei
Usual increasing of collectivity

= Ry =E@1)/EQT) vs B(E2: 2T — 01): Ry)r /', B(E2)
< Kr follows an unexpected trend between R, /> and B(E2) up to N = 60
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Conclusion
Annexe: The strange behaviour of Kr nuclei
Usual increasing of collectivity
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< Kr follows an unexpected trend between R, /> and B(E2) up to N = 60
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Conclusion

Annexe: The strange behaviour of Kr nuclei

Usual increasing of collectivity
= Ry =E@1)/EQT) vs B(E2: 2T — 01): Ry)r /', B(E2)
< Kr follows an unexpected trend between R, /> and B(E2) up to N = 60
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Conclusion

Annexe: The strange behaviour of Kr nuclei

New measurements on very neutron rich *~!®Kr

= Recent results on *8~190Kr suggest a delayed onset of deformation at N=62
< B(E2 : 2T — 0T) not measured

:j R,, (*Kr) =2.51(8)
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