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NEUTRON-RICH ZR ISOTOPES

Shape transition at N = 60 from spherical to prolate

Coexistence of deformed shape: Theoretical prediction

Prolate (Zr, deep minimum) Skalski ct al., NPA617, 282 <1997>
Oblate 14 4 PN;’ 7? o

Triaxial

Tetrahedral at £ = 40, N = 70

I-process

1L

Neutron drip line

Deformed magic number

N
>
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SHAPE EVOLUTION OF ZR, MO & RU ISOTOPES
Shape evolution beyond N = 60

/.t 1sotopes: prolate shape with axial symmetry

Mo & Ru 1sotopes: triaxial deformation or y soft
Aim

| | N =64
Bo: v(21), E25'): y softness, Skalski et al., NPA617, 282 (1997)
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SHAPE EVOLUTION OF ZR, MO & RU ISOTOPES
Shape evolution beyond N = 60

/.t 1sotopes: prolate shape with axial symmetry

Mo & Ru 1sotopes: triaxial deformation or y soft
Aim

| | N =64
B2: 7(217), E(22"): y softness, Skalski et al., NPA617, 282 (1997)
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[SOMER SEARCH AROUND '"°ZR

Previous
Long-lived 1somer 1n even-even nucleus (620%

Energy > 1 MeV, Spin > 4

Tetrahedral shape 1somer

magic at z -~ 40? ‘N = 70 D Isomer was ObSCfVCd

: D No isomer was observed
K 1somer

2 quasiparticle states | ® 7 isomer

Awm
Level scheme of '%Zr L

Searc;lfbr isomer Z.n 6vgn_€ven nuclgi 0 il |\ Ll oo naloo Lo oonll wng 0l clen g

Energy (keV)

BeSienials,
PRL 106, 202501 (2011).
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Decay spectroscopy using

EURICA and LaBrs(Ce) at

RIBF
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SECONDARY BEAM PRODUCTION

2381 J86+ 345 MeV/u
~I5pnd  BigRIPS ZeroDegree

Be Target
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EURICA

EUROBALL Array (y ray detection)

WAS3ABI (Implantation S1 array) . negp, 60x40x1 mig

2 Plastic Sci. (2mmt)
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FAST TIMING ARRAY

12 Clusters + 18 LaBrs (Ce)
LaBrs(Ce) from UK (Surrey & Brighton)

1.57x2” size

Deformed even-even nucleus
Lifetime of 1st 2" state

longest case: 3 ns around '"*Zr
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Lifetime measurements of

21 104 IOGZI.

¥ Brewnie, A M. brice, 15 epal. Plib 7o) 443 (20 |4
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Life-time measurement of 27 states in V%1907

¢ y-ray spectra using LaBrs detector for 195197y

AT = 1(y:LaBrs) - T(f5:Plastic) Browne et al., PLB 750, 448 (2015)
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Life-time measurement of 27 states in V%1907

¢ y-ray spectra using LaBrs detector for 195197y

AT = 1(y:LaBrg 72 ™ =" T mT™ T30, 448 (2015)

(a)
Pb X-rays

0.4 |
o3 e 10677
0.2 .
0.1} 12 =0)

|« ¢ TBS

B(E2;2/— 0;,) [¢’b’]

0
0.5/ = —_—— i24keV;4;—>2]

[—
b
-

.
—
-
—

.

-
_—
.

.
—
.
-

0.4

— FRDM
— HFB-prolate
... ----HFB-oblate

Counts/'0.4 ns

Counts/4 keV

| Rigid rot. limit

LN W N AT o
200 400 : 600 300
Ene 54 56 58 60 62 64 66 68 70 72 [keV]
Neutron number

E(4l' ).v"E(?.; )

1.Sumikama INPC2016 2016/09/13




SHELL MODEL CALCULATION

Shape transition of Zr isotopes at N = 60

50 5,2 54 56 58 60 62 6'4 66 68 70
2°, (a) 2" levels .
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Isomer search for even-even

nucle1 in the vicinity ot
10877
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[4)]
o

Counts per keV
2888 o

o

1087R ISOMER

New gamma rays were observed.

Small peaks??

Prelin

\inary

(b) 1087¢ jsomer

*
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Sumikama et al.,

1082, PRL 106 052502
(2011)
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ISOMER SEARCH

= Isomer search for even-even nucleus (up to 10ps )

102Sr isomer search 104Sr isomer 106Zr isomer search 108Zr isomer

102G, 104Gy | 1067 1 (|| 1087y
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SHORT LIFE?

How about prompt-flash region

C Py

w_ 1l ._._._




PROMPT FLLASH REGION

¢ Gamma-ray spectra 1n prompt-flash region

* Blue: background

108Zr (prompt-flash region)

2t of 1087y
174 keV
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SUMMARY

Decay spectroscopy 1n the neutron-rich Zr region with EURICA:

Statistics was much 1improved by a factor of more than 100.

Lifetime of 1941067y wwas measured and shows the maximum
deformation at N=64.

Search for 1someric state 1n even-even nuclel. But no 1somer was

found.

Future results from EURICA data

Isomer structure of 98Zr

3 Decay spectroscopy of even-even Zr and Mo 1sotopes

Odd nuclel etc.
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TETRAHEDRAL SHAPE IN ''"ZR

Doubly magic for the g

O ——

NN
—

FEITICEES SUIBIS 58535533

tetrahedral shape.
< =410 N= 70

J. Dudek et al., PRL 88, 252502 (’02).
N. Schunck et al., PRC 69, 061305(R) (‘04).
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LEVELS OF TETRAHEDRAIL SHAPE

Case of 197y S. Tagami, Y.R. Shimizu,
J. Dudek

PTP Supl 196 334 (2012)

PRC 87. 054306 (2013).
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HIGH K ISOMER?

Example

Nuclide K*  Configuration B v° Bi E(MeV) Shi et al.,

sz. o+ vacuum 0353 1.0 —0.03 0.0 PRG 85, 027307 (2012).
.
6+

[523]® 17[411] 0357 1.5 —0.03 1414
[523]® 3 [532] 0.333 0.0 —0.04 1.997
[402] ® 1 7[411] 0327 5.6 —0.02 2.165
[402] ® 3 [532] 0.309 0.1 —0.03 2.561
[301]® 3 [422] 0322 0.0 —0.03 2.326
[303] ® 3 [422] 0.313 1.2
[301] ® 5 [431]

T
T
T

vI~
V2
pI”
V2
pa’
V2
y3*
V2
3~
2
37
2
3~
2

7/2[404]

Xu et al.,
PRC 65, 021303 (2002).

Single-neutron levels (MeV)




SHAPE EVOLUTION OF ZR, MO & RU ISOTOPES
Shape evolution beyond N = 60

/r 1sotopes: prolate shape with axial symmetry

Mo & Ru 1sotopes: triaxial deformation or y soft

N =64
Skalski et al., NPA617, 282 (1997)
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EVOLUTION OF 2ND 2+ STATE IN ZR ISOTOPES

106771 case

(@) B decay of 'Y _

6l ke 25 = [

<
N
o

Prediction (IBM) WM /
Bib s tha ke WMWMMJWWMWMWMMMMMM

E(2:%) = 618 keV B e ol G e e G

Energy (keV) :
S. Lalkovski and P. Vanlsacker, &Y T. Sumikama et al.,

E (keV) PRC. 79, 044307 (2009). E (keV) PRL 106, 202501 (2011
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H. Watanabe et al.,
T.Sumikama INPC2016 2016/09/13 PLB 704, 270 (2011).




EVOLUTION OF 2ND 2+ STATE IN ZR ISOTOPES

106Zr case 120

Zr (Z=40) | | |
1000} \ 2+ v band) - @@ B decay of %Y |

A ¢ E(K_2)

607 keV: 3 = \ '
X2 ol He e+

i Prediction (= ——
400 L ——a

e N. Hinohara, i
E<41 ) 45\ 200 - \_ . 21 + p?”i?}dl‘@ communication. EHJ%&ULDHMMJ

Energy (keV)

E(2") = 61 o

0 - - o v n . | rgy (keV) T. Sumikama et al.,

S. Lalkovski a 60 62 68 70
PRL 106, 202501 (2011
E (keV) PRC 79, Ox1ous cuuo). e I (ke V) (2011)

1200 1200
1000 2o+ Lx 1000 Vo Mo
2
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400 s 400 *
200 ‘ 21+ | | 200 +
0 — 0
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N H. Watanabe et al.,
PLB 704, 270 (2011).
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