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Overview

* Shape (Phase) Transitions ...

* ... and Coexistence
* Spherical and Deformed Shape in Zr Isotopes
* G.S. Collectivity in the transitional °Zr

* Experiment: GRETINA & CHICO2 @ ATLAS / CARIBU

* New, more stringent Limits on B(E2)
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Shape (Phase) Transitions

Shape Transition with Strong Mixing / Low Barrier

* Within one valence space
X(5)/ E(5)/CBS

F. lachello, PRL 85/87 (2000/2001)
N. Pietralla, PRC 70 (2004)

>

0 B, B
Shape Transition with Weak Mixing / High Barrier

Vi * Two valence spaces (normal + intruder)
* High-Barrier case
A. Leviathan, PRC 74 (2006)
>

0 B, B
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Type | Shell Evolution : different isotopes
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Togashi et al., Phys. Rev. Lett. 117, 172502 (2016)

Volker Werner | TU Darmstadt | AG Pietralla | NUSPIN 2017 | GSI, 27.07.2017 | 98Zr B(E2), GRETINA/CHICO2 4



TECHNISCHE

EQ2T)
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%Zr — Type II Shell Evolution
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Electron Scattering at the
S-DALINAC

C. Kremer, PRL 117, 172503 (2016)
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%Zr — Type II Shell Evolution

DARMSTADT
I ' ' { ' ' ) ' ' .
9l Pl qfl i - Electron Scattering at the
o Em- ' ff-rﬁ _ S-DALINAC
Z 3 g L)
— =y - — [ A5
SR i IR +-'-*-H-‘-‘i&:ﬁ} C. Kremer, PRL 117, 172503 (2016)
= RN H
. 3708 ! o
=z LT 7140 2160 2180 2200 2
c.é; Excitation Ener iy
T, | ot
< 0.5 24 k JLW 1750 Q?‘
(]L—.,}W | Lhmﬁ“m b Yrissgeah &
2.0 2.5 3 2

Excitation Energy [M

Well-separated spherical and
Deformed minima
=> weakly mixing structures 0/}
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Shape Transition in Zr Isotopes
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« Closed d, -shell in **Zr — Spherical ground state
* Deformation in '%Zr — Deformed ground state
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Shape Transition in Zr Isotopes
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« Closed d, -shell in **Zr — Spherical ground state
* Deformation in '%Zr — Deformed ground state

Volker Werner | TU Darmstadt | AG Pietralla | NUSPIN 2017 | GSI, 27.07.2017 | 98Zr B(E2), GRETINA/CHICO2 @



TECHNISCHE

Coulex Experiment UNIVERSITAT
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Coulex Experiment

» 252Cf fission source
* Gas catcher
* ECR charge breeder
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Kinematics Reconstruction

CoulEx of P/T

Detection of Ejectiles
(P/T) with CHICO2

Calculate y-angle 0
& velocity B

Correct for Doppler-
shift in energy:
E'=E (1+)cos(0)

— use of CHICO2 for
Doppler-correction
& safe CoulEx
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Spectra
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Analysis - no °2Zr in-beam UNIVERSITAT
* Beam composition analysis
* Calibration with standard sources
* Reaction partner selection
* Doppler-correction using CHICO2
Counts
20¢
L 98 MO
- 3,-2
i (no) 9%87Zr 1230 keV
15 '-2+1_)0+9.s.
1223 keV
10}
No
— %Zr 2°, —>0+ — transition
Energy observed

1200 1220 1240 1260 1280 1300 eV
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Analysis = no °2Zr in-beam

counts  But we know beam composition

* Beam composition analysis 3000
* Calibration with standard sources
* Reaction partner selection 2500

Y-98 NDb-98 Nb-98 Y-98 K-40 Y198 Y-98

Doppler-correction using CHICO2
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New Stringent B(E2) Limits IR
* Stopped Beam Analysis —152(64) pps Zr in beam
* Transition would have been observed with >40 transtition counts
* GOSIA: Expected ~460 counts with B(E2) = 10 W.u. and 2400 pps
Cz%“_"ts « %Mo only
. * With 40 %%Zr
[ transitions:
Sr significant Count - B(E2) <17 W.u.
[ difference

significant FWHM

1:; "" . _ difference
1T o,

1200 1210 1220 1230 1240 1250 1260 keVv
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- s, likely low

* p-n interaction relatively weak
- Little n scattering froms,, —d,, /g,, 112

—p Zr is spherical, weakly collective filled at N=56
QPT to deformed occurs past %Zr
(between N=58 and N=60)

5/2
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Comparison to Shell Model
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Togashi et al., Phys. Rev. Lett. I}117, 172502 (2016)

T. Otsuka et al., J. Phys. G: Nucl. Part. Phys. 43, 024009 (2016)
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Summary

Investigated shape transition in Zr
Determined 17 W.u. > B, __(E2; 2*1->0+g_s_) > 0.7 W.u.

Zr-98

Phase transition after N=58
Good agreement with theory

Precision & higher-lying transitions missing
to proof shape coexistence in %Zr
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