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Overview

* Introduction

* Basic shape evolution

* Energy systematics A~90 region
* Isomer Decay Spectroscopy

* New data on °%°4Se

* Complementary to in-beam SEASTAR
* In-Beam Spectroscopy

* Ge Isotopes up to N=56

* Discussion on triaxiality

Volker Werner | TU Darmstadt | AG Pietralla | INPC 2016 | 13 September 2016 | y-spectroscopy into the n-rich A~90 region 2



TECHNISCHE

E(21+) SyStematics UNIVERSITAT
DARMSTADT
A
g 7=872
iy
- h=1 26
Z=50 '_ .
h=52
from NNDC

M, number of neutrons
-

Volker Werner | TU Darmstadt | AG Pietralla | INPC 2016 | 13 September 2016 | y-spectroscopy into the n-rich A~90 region 3



TECHNISCHE

E(21+) SyStematics UNIVERSITAT
DARMSTADT
A
g 7=92
=
- h=126
M=832
from NNDC

M, number of neutrons
-

Volker Werner | TU Darmstadt | AG Pietralla | INPC 2016 | 13 September 2016 | y-spectroscopy into the n-rich A~90 region 4



TECHNISCHE

E(21+) SyStematics UNIVERSITAT
DARMSTADT
&
g 7=52
=
M=126
from NNDC

M, number of neutrons
-

Volker Werner | TU Darmstadt | AG Pietralla | INPC 2016 | 13 September 2016 | y-spectroscopy into the n-rich A~90 region 5



TECHNISCHE

E(21+) SyStematics UNIVERSITAT
DARMSTADT
F 3
g =82
=
AN=1EE
(semi-)magic
from NNDC

M, number of neutrons
-

Volker Werner | TU Darmstadt | AG Pietralla | INPC 2016 | 13 September 2016 | y-spectroscopy into the n-rich A~90 region 6



TECHNISCHE
UNIVERSITAT
DARMSTADT

E(2,*) Systematics

well-deformed

rotors \

=82

L, number aof pratons

: M=126
A

(semi-)magic

from NNDC

M, number of neutrons
-

Volker Werner | TU Darmstadt | AG Pietralla | INPC 2016 | 13 September 2016 | y-spectroscopy into the n-rich A~90 region 7



TECHNISCHE

E(21+) SyStematics UNIVERSITAT
DARMSTADT
F Y
E well-deformed
: rotors |, T
E gamma-soft -
=
from NNDC

M, number of neutrons

>

Volker Werner | TU Darmstadt | AG Pietralla | INPC 2016 | 13 September 2016 | y-spectroscopy into the n-rich A~90 region 8



TECHNISCHE

E(21+) SyStematics UNIVERSITAT
DARMSTADT
F Y
E well-deformed
: rotors |, T
=
from NNDC

M, number of neutrons

>

Volker Werner | TU Darmstadt | AG Pietralla | INPC 2016 | 13 September 2016 | y-spectroscopy into the n-rich A~90 region 9



TECHNISCHE

E(21+) SyStematics UNIVERSITAT
DARMSTADT
F Y
E well-deformed
: rotors |, T
=
from NNDC

M, number of neutrons

>

Volker Werner | TU Darmstadt | AG Pietralla | INPC 2016 | 13 September 2016 | y-spectroscopy into the n-rich A~90 region 10



TECHNISCHE

E(2,*) Systematics at N=56-60 UNIVERSITAT
DARMSTADT
2500 —— Weak coupling (p-n) was shown
sKe for Z~40, N<56 in prev. works
L e
2000 Sroveem -
zr Assume it here -> E(2,*) depends
~ 1500 | | mainly on SPEs
W 500 | -
o N=56 N=58
200 .
No 2*
0 1 1 1 1 1 1 1 1 1 1 eeee———— s
46 48 80 HZ2 54 H6 L8 60 62 64 66 68 112
N
Zr: clear peak at N=56,58 in Zr filled at 56 d
Sr: ,peak” N=56, drop past 58 T N >/2
Kr: small peak at 56, smooth after J * e
Se: ?2? '~ —w-——u. - Forz>40vg,, fills and is lowered
Ge: 777 () = L ' because of mg,, -> gaps disappear

Volker Werner | TU Darmstadt | AG Pietralla | INPC 2016 | 13 September 2016 | y-spectroscopy into the n-rich A~90 region 11



TECHNISCHE

E(2,*) Systematics at N=56-60 UNIVERSITAT
DARMSTADT
2500 —— Weak coupling (p-n) was shown
sKe for Z~40, N<56 in prev. works
L e
2000 Srowen 4
zr Assume it here -> E(2,*) depends
~ 1500 | | mainly on SPEs
W 500 | -
}\' N=56 N=58
500 | \ ]
\. No 2*
0 1 1 1 1 1 1 1 1 1 1 eeee———— s
46 48 50 52 54 5H6 58 680 B2 64 66 68 112
N
Zr: clear peak at N=56,58 in Zr filled at 56 d
Sr: ,peak” N=56, drop past 58 K T Y TR 312
Kr: small peak at 56, smooth after J * o
Se: ??? slow drop — S. Chen g v - ForZ>40vg,, fills and is lowered
Ge: 7?7 () == ' because of mg,, -> gaps disappear

Volker Werner | TU Darmstadt | AG Pietralla | INPC 2016 | 13 September 2016 | y-spectroscopy into the n-rich A~90 region 12



TECHNISCHE
UNIVERSITAT
DARMSTADT

RIKEN-RIBF Overview
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Isomer Spectroscopy

Se Isotopes
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In-Beam Spectroscopy

Ge Isotopes
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Tentative Level Scheme
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* Triaxiality at least in the y-band
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Mean Field Potential,
Wave Functions
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v-Band Odd-Even Staggering

[E(/)—EUI —-D]—-[EU - 1)— E( —2)]
E2))

For example: S(4) determines whether 3* is closer to 2* or 4*
S(4) <0 — closerto 4*; S(4) > 0 — closer to 2*

Zamfir, Casten, PLB260, 265 (1991)
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S(J) large, minima at even J
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7 L . —A—120

n f 2 A ] Typical y-soft nuclei:
S ol @-\?ﬂﬁaﬂ ﬁﬁsj;f,@ 126 ] S(4) negative _
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1k \&/ .
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3L Xe 1
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McCutchan, PRC76, 024306 (2007)
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For example:
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S(4) <0 — closer to 4*;

%Ge rigid triaxial, identified at Argonne

- (a)

6 8 10

Y. Toh, PRC87, 041304(R) (2013)

S(4) determines whether 3* is closer to 2* or 4*

S(4) > 0 — closer to 2*
Zamfir, Casten, PLB260, 265 (1991)

5Ge:

* staggering opposite to all
others in the region

* S(4) =0.09 >0 > some
rigid triaxiality

8Ge (this work):

+ S(4)=0.18>0
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Backups
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MINOS + DALI2
AU N

[' ile-’ " In-beam knockout experiments

Position sensitive detector: X,Y
Drift time: Z beam-ams direction

|
cathode

Settings duration : 22.7 hours for Cr, 26 hours for Fe
Intensities : I(67Mn) =1.25, 1(73Co) = 0.49 pps/pnA
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Intensities : I(67Mn) =1.25, 1(73Co) = 0.49 pps/pnA
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Initial goal: vertex resolution ~4 mm FWHM, detection efficiency > 80%

A. Obertelli et al., EPJA 50 (2014) 8
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°Co(p,2p)°°Fe @ 200 MeV/u TECHNISCHE
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Particle ID / Reaction Channels
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Coincidence spectra 3Ge
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Significance of 4* in 38Ge
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Results 81Ge
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Results 81Ge
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Isomer In °4Se

= No spectroscopy information reported for this before.

= |someric state observed for the first time in this work.

= Level-scheme not built yet: statistics of isomer decay data is significantly lower than 9%2Se
(since T;;,~0.5 ps, so most of the decays occur before it reaches AIDA, and the production of %Se
itself is lower)

= 4 transitions with similar life-time dependence and in coincidence between them were found:
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Counts | 2 keV

99Ge — Level Scheme to be decided
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Triaxiality in %¢Ge ?

Tentative Level Scheme
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Triaxiality in %¢Ge ?

Tentative Level Scheme IBM — y-soft O(6)
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Triaxiality in %°Ge ? UNIVERS TAT
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