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Shape determination in Coulomb excitation of 7?Kr
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Preliminary results indicate prolate confisurations for the 2, state

|Background and results from 2012| |Remaining 13 shifts|



IS478: The original beam time request

Condition Desirable | Manageable
Energy (MeV/u) | 3.1 2.9
Yield/uc 5000 2000
Assumptions Transmission 8% 5%
CD coverage: 16.2° to 53.3°
g = 7% at 1.3 MeV Yield@target/2uc | ~800 ~200
Beam time 4 +4days |4+ 4 days
Yield(710 KeV) | ~1600 ~400
Accuracy inCS | 7% 8%

7kr at 3-3.1 MeV/u, ~108 pps at target position for 1+1 days
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Shape coexistence is expected for Kr, Se isotopes
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Moments of inertia, B(E2) %Se,””’Kr —oblate low-lying and prolate high-lying states
S. Fischer et al., PRC 67, 064318 (2003), PRL 84, 4064 (2000), A. Gade et al., PRL 95, 022502 (2005),
W. Nazarewicz et al., NPA, 1985, E. Clement et al, PRC, 2007




Experimental studies — >Kr

B-decay

A comparison between the calculated and the experimental B(GT) indicate
oblate dominated ground state -prolate mixtures > 10% cannot be excluded.

> B(GT) for "?Kr decay measured with TAS
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Experimental studies — >Kr

Level structures, EM, E0 strengths

2Kr (g. s.): 90% oblate and 10% prolate components from
an analysis of unperturbed and experimental 0™ states
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Calculations do not reproduce data of "?Kr

Symmetry Conserving Configuration Mixing (SCCM) Method + Quantum number
restoration + shape mixing of axial and triaxial states + GCM + Gogny D1S
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Experimental studies — >Kr

Lifetime measurements
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B(E2:4,">2,%)/B(E2:2,">0,9)=3.36, away both from rotor (1.43) and vibrational (2) limits, also
indicate weak coupling between 2," and 0,” compared to that for 4,” and 2,*

This is based on the prolate nature for the 4* state, but no direct information ....
A. Gade et al., PRL 95, 022502 (2005). H. Iwasaki et al., Phys. Rev. Lett. 112, 142502 (2014)



Present Interest — 72Kr

72Kr: Shape coexistence expected with oblate low-lying states

Discrepancies between data and calculations for EO strengths. R, ,
and our results indicate that the 27 state 1s prolate etc...

A medium mass access point for models

o 70Kr: The second 2" and 4" states observed in "’Kr two neutrons

away from 7°Kr suggest shape coexistence and isospin symmetry —
K. Wimmer et al. PLB 785, 441 (2018)

* A waiting point nucleus 1n the rp process

With the remaining shifts confirm or dispute the previously seen
evidence for prolate nature for the 2" state and obtain properties
of the second 27 state to provide further understanding of shape

coexistence in Krypton isotopes



2012: 1S478 with Miniball + CD + PAD Setup

Y,0; nano-material target

Beam development:
T. Stora et al. NIMB 2013
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y-rays CD-PAD 08 I o 10,)=38 (3) ns
electrons )
2Kr beam, ~2.84 MeV/u Beam
Dump 04 b=
104 . 671(2) keV
Pd target | lw Ge electrons
0 +
Scattered| 1C-Si y-activity - 1
particles beam 2Ky
telescope

Electron detection from the decay of second 0, state in 7>Kr using a CD-PAD detector



CD gated gamma spectra
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Comparison with calculations — Preliminary

First Direct Evidence for the prolate 2,* state

Prolate Spherical Oblate
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B.S. Nara Singh et al. to be resubmitted

Theory (EDF): by J.M. Yao



For remaining 13 shifts

* Thicker target and higher energy (3.1 MeV/u)— improves statistics
by a factor of 3.

* Definitive conclusions on shape, confirmation of excited 2" state (by
confirming the presence of 0.44 and 1.150 MeV gamma rays), better
understanding of the ground and excited 0 states.

* Additional ME involving this 2, state that will provide insights into
the shape coexistence in 7?Kr and in general shape dynamics in the
A~70 region of open shell nuclei.



IS478: The original beam time request

Condition Desirable | Manageable
Energy (MeV/u) | 3.1 2.9
Yield/uc 5000 2000
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7kr at 3-3.1 MeV/u, ~108 pps at target position for 1+1 days




Status report on 1S478:Shape determination

in Coulomb excitation of 7?Kr

Rare shape dynamics at low excitation energy in the nucleus “Kr
Submitted to Nature Communications — to be resubmitted
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Some points on why we need new measurements

* Having the direct and indirect evidence on the prolate nature for the 2*
state, can we take help from existing mean-field/shell model based theories
to look into the true nature of the ground state ?

 If B(GT),B(E2), T(EO) and level structure data indeed helps concluding
shape configurations of the 0* and 2+ states in 72Kr — Can we expect
predictive power of theories for a) nearby nuclei and b) beyond ?

* What role the proton-neutron interaction plays in this region? — can we
clearly attribute the shape co-existence phenomena to this interaction?.

* Does triaxiality play a role beyond the 2*, state?

 (Can we pin-down the change in the mean-filed that occurs as we go from
Br to 7>’Kr



A~T70 region

Moments of inertia, B(E2) values on %Se,””Kr
—oblate low-lying and prolate high-lying states

S. Fischer et al., PRC 67, 064318 (2003), PRL 84, 4064 (2000)
A. Gade et al., PRL 95, 022502 (2005)

Coulomb energy differences, ’Se,”’Br
— prolate (,=0.18) to prolate (0.33) shape change

B.S. Nara Singh et al., Submitted to PRC Rapid com.

Re-orientation effect in low energy Coulex on 7’Se

— prolate 2*state for °Se
A.M. Hurst et al., PRL 98, 072501 (2007)

> No excited 0" state found in 93 70Se

» No direct evidence for oblate ground/low-lying states



Comparison with calculations — Preliminary
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Contaminations
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2Kr beta decay at Miniball

TAC: Drop by a factor of 10 not understood
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Zakopane Conference on Nuclear Physics 31Aug-7 Sep 2014

Target degradation during the experiment
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2Kr beam development

- e.g. see T. Stora et al. NIMB 2013

TAC: Molten target versus Y203 nano-material target
5~ ZrO2-MK7 FEBIAD unit, not sufficient to reach 800 pps at Miniball

5~ ZrO2-MK7 FEBIAD new unit 2 times improvement, Nb380 -MK7 FEBIAD
new unit 9 times improvement, (2008)

5~ Y203 456 — VD7 FEBIAD unit further improvement
New targets based on nano-materials and new ion sources (VADIS) FEBIAD type
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Isotope | My, (eb) | M, (eb) M., (eb) | p?(EO) T(E2)/T(EO)
78Kr 0.80(4) 0.047 (13) | 3360 (150)
76Kr 0.849 (6) [-0.490 (1) [-0.9(3) [0.079 (11) | 490 (19)
T4Kr 0.782 (7) [0.68 (4) -0.7 (3) |0.085 (19)
2Kr 0.71(9) |7?? ?? 0.072(6) |0
Unllkely ?? M., < M,
n ™ M

Likely
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Rotational value for M.,
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— Second 2* would be observed
— Re-orientation effect and the
depletions at similar levels.

— More accurate B(E2) value
1.43 eb

12

An independent B(E2) value +
Angular distributions

1.13eb — determination of the shape
Interpretation may have to be
o done for two possible
scenarios ??.
0.70 eb



