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Outline

 REX-ISOLDE overview

* Miniball and its ancillary detector setups
o CD chamber — Coulex
o TREX - Transfer
o SPEDE - electron spectrometer

* Examples of shell-model physics experiments
o 2-neutron transfer into 8N

* Examples of experiments studying collectivity and shapes
o Coulex of 182-188Hg

e HIE-ISOLDE outlook

KU LEUVEN




REX-ISOLDE Rf‘X-_I_s_OL_Q@

A : prlmary target
"‘7l :

£

‘ el B o ~ecied

-— O\ .
-l'h: GPS e

ot = R et = B - Jh
! i Post acceleratlon . :
REXTRAP —
upto3 MeV/u +EBIS |

Mlnlball

< KU LEUVEN



eV/

7

L |
i

AlQ -
2.83 M



* Particle ID in a Double-
Sided Si Strip Detector.

* Event by event Doppler
correction.

* 17" < Biab < 54°
MINIBALL Ge Array

Projectile -*'Ra
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 Array of HPGe of 8 triple clusters
* 6-fold segmentation for positioning

« £€>7% for 1.3MeV y-rays
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N. Warr et al., EPJ 49 (2013)



Detector array: TREX

« Charged particle detection in T-REX: « 8 AE-E,, barrel detectors
+ ldentification (proton, deuteron, alpha...) * 1 AE-E,.; CD detectors
* energy

» Covered 6,,, range: 28° to 78° (Forw. Barrel)
102 to 152° (Back. Barrel)
152 to 172° (Back. CD)

« angular distribution

Barrel

Miniball Cluster
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Miniball: Warr EPJ 49 (2013)
T-REX: Bildstein EPJ 48 (2012)
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Detector array: SPEDE RO

0

Ge-det gy = « Electron detector placed in backwards direction

» Detection of EO transitions and conversion electrons
 Key for shape-coexistence studies and odd-mass

octupole systems

24 segments

V- Si-deteciels ‘ : 1
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. I i

[}

* New chamber required

e Similar to TREX

» Building/testing begun
in Jyvaskyla/Liverpool
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Shell Model Physics with MINIBALL@REX-
ISOLDE

“Island of inversion” N=20
Coulomb excitation &
transfer reactions
(Darmstadt, Cologne, Munich)

26,28,29,30\ 3
293031,32Mg

Towards the doubly magic 78Ni
with Coulomb excitation, nucleon
transfer reactions and g-factor
measurements around ©8Ni
(CERN, Leuven, Munich, Madrid)

66,67,68\j

Phys. Rev. C 89, 054316 (2014)
67,68,69,70,71,73Cy | Phys. Rev. C 84, 064323 (2011)
Phys. Rev. C 82, 064309 (2010)

8 - 72,74,76,78,79,8071n | phys. Rev. C. 79, 014309 (2009)
, Phys. Rev. Lett. 100, 112502 (2008)

. Phys. Rev. C. 78, 047301 (2008)
transfer reactions at N=28 Phys. Rev. Lett. 99, 142501 (2007)

Phys. Rev. Lett. 98, 122701 (2007)

(Darmstadt, Munich)

46Ar

The lightest nuclei, transfer
reactions (Aarhus)

Phys. Rev. C, 88, 044619 (2013)

10,11,12Ba
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Shell Model Physics with MINIBALL@REX-
ISOLDE

7
Towards the doubly magic 190Sn
(Lund, CERN) A0
Pk e
106,107,108,109,110G /
107,108]:n 7
Phys. Rev. C 87, 017301 (2013) 100,102,104( (] 7 = [
Phys. Rev. C 86, 031302(R) (2012) o
Eur. Phys. J. A (2012) 48: 105 -
Eur. Phys. J. A 44 (2010) 355 - . .
PE;S. R)(lasv.CSO, 0(54302) (2009) o g-factors in Te isotopes
Phys. Rev. Lett. 101, 012502 (2008) b7 s :
ths. Rex. Lett. 98, 172501 (2007) ,,’ (DarmStadtr Mad”d)
20 e 132,134,136 Te
8 50 B(E2) measurements around 132Sn
28 (Darmstadt, Munich)
2 20 122,123,124,128Cd
138,140,142,144Xe
2 8 Phys. Rev. C 89, 014313 (2014) 140,142,148B3

Phys. Rev. C 88, 021302(R) (2013)
Eur. Phys. J. Special Topics 150, 127 (2007)
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Coulomb excitation of neutron-rich Na nuclel
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2930Na: Mapping the borders
of the island of inversion

Gradual transition from normal to
deformed ground-state configurations
in Na confirmed

1588

1249

72

B. Siebeck et al., PRC, in preparation

(5/2")

3/2*

L 5/2*
A ., 1 Y 5
2Na: B(E2;5/2; — 3/2;,) =18.9(25) W.u.

25)Pd£1 3()Pdfi

925 4"

M. Seidlitz et al., PRC 89, 024309 (2014)

424 v 3*

B(E2; (5/2}) — (3/2.)) < 8.8(50) W.u.

Na: B(E2;3; — 2;,) = 31.3(52) W.u.
B(E2;(4;) — 2;,) =11.2(35) W.u.

Verification of shell-model calculations using new USDA/USDB interactions
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Experimental information around 68N

socu7ocu’icd72cu3cu4cul’scu 76(JES7LTCU

jl—'\/’)

73Zn 74Zn 75Zn 7GZn 77Zn 782n

|

aAnisod

Z = 235\l ®°Ni ' ' 69N | 7ONi [7Ni |2Ni |"3Ni ["4Ni 75NL76Ni

oo

68CO 69CC 70CO 71C0 72C0 73Co 74(:9 7]\"?/2CO

o
< 1f5/2
Il Jo2 2Pg — ]

R

N

@

(53
Ared annebau

1f7/2 =T
TU A%

68Ni

it

68Ni (Z=28, N=40)

Y2
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* Local minimum in B(E2)
* No 'kKink' in S,
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Broda,- PRL 74, 868 (1995), Sorlin,- PRL 88, 092501 (2002), Bree,- PRC 78, 047301 (2008),
Bernas,- PLB 113, 279 (1982), Rahaman,- EPJA 34:5 (2007), Perru,- PRL 96 232501 (2006), Langanke,- PRC 90, 044314 (2003)
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Riccardo Orlandi (Madrid , Leuven, Paisley, Tokai)
Submitted to PRL
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Multiple Coulomb Excitation of 7?Zn T

Technische Universitat Minchen

> Doppler corrected y-ray spectrum with
2 %g%; respect to "2Zn detected in the forward CD
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One- and two neutron transfer reactions

around 68N 2H (55N, 67N
3H(56Ni,58Nii)1H
Q =5.12 MeV
5 592 0.86 ms
(2)+ RE:O_;Q 27438
0+, EE 28119
2+ v l %.‘ﬁ 2034 1
0+ S 17700 276 ns
o Y, Main aim of experiment:
68N « Study the ground state structure (°8Ni x v1)
Main aim of experiment: » Determination of spin and parity of excited

: . . states (angular momentum - transfer)
* Confirm and characterize the 0* states

* Identification of d;, positive parity states
(across N=50)
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Monte Carlo Shell model calculations 98Nj

spherical prolate (B, = -0.2) oblate (B, = 0.4)
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- Type Il shell evolution (within same nucleus) r i

- Full pf + 194, + 2d5, for both neutrons and N .

rotons Op o — i T
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68Ni
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SH(®°Ni,p)°®Ni : Backward CD

Energy in keV
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(t,p) E¢, = 6 MeV
CD data only (before beam tuning)

* Population of 0,* and 2*; states (relative to gs)

E=1621(28) keV - 4.8(16) % of gs
E =2033(10) keV - 29(3) % of gs

* Non-observed direct population of 0;*, 2,* and 2*; states

0*; (2512 keV) <2% based on 478 keV transition
2%, (2744 keV) < 4% based on 709 keV transition
2*; (4026 keV) <3% based on 1515 keV transition

Jytte Elseviers (Leuven) PhD Thesis

Backward CD (153-173°)
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[1] Recchia et al PRC 88 041302 (2013)
[2] Sutchya et al PRC 89 021301 (2014)



%Ni(3H,p)°®SNi : Angular distributions
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NuShell calculations with jj44pna interaction

Jytte Elseviers (Leuven) PhD Thesis
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Conclusions:

* Reasonable agreement th/exp for 0*, , states

Th: o(0*,)/c(0%)in[3:;7]%
Exp: o(0%,) / 5(0*,) = 5.4(11) %

* Important: no scaling of theory to experiment

» Shape very sensitive to intermediate state
properties

KU LEUVEN



ISOLDE

Shapes and collectivity
in the rare earth region
(Darmstadt, Saclay, Oslo)

138,140Nd
140,142Gm

Collectivity near Z=50
(York, Darmstadt)

116,118Tg

Shapes and collectivity between Kr and Sr
(York, Cologne, Munich, Orsay,
Liverpool, Grenoble, Saclay)

72Kr | Nucl. Phys. A 899 1-28 (2013)
88'92’94’96Kr Phys. Rev. Lett. 108 062701 (2012)
93,95,97,99Rh

96Sr

KU LEUVEN




ISOLDE

Shapes and collectivity
in light Po, Rn nuclei
(York, Jyvaskyla)

206P0

202,204RN 82
208,210RN

EPJ Web Conf. 63, 01009 (2013)

Octupole collectivity
in heavy Rn, Ra isotopes
(Liverpool)

220,221Rn

224Ra

Shapes in Hg, Pb, Po nuclei
(Leuven, Liverpool, Jyvaskyla)

182,184,186,188Hg
188,190,192,194,196,198ph
196,198,200,202pq

KU LEUVEN




Shape coexistence

* Different types of deformation at low
excitation energy

* Interplay between two opposing
tendencies

4

O<r—>

o Stabilizing effect of closed shells
o Residual proton-neutron interaction

Heyde and Wood, Review of Modern Physics (2011)

FITTTITTTI  TIT T I I I T IT T T I I T T I T ITTIT I T T T TTT
LR RRALY LRLEN RLRRS LR RRLL LR L

1 | 1 H L 1 ] 1 1 1 1 ] 1 1 L | L L 1 L ] 1 1 1 1

100 110 120 130 140
Neutron Number N

T.E. Cocolios et al, Phys. Rev. Lett. (2011)

* Evidence across the light lead region
* Lack of experimental information

o Nature of deformation

o Degree of mixing

o Also appears in other regions of the nuclear chart, e.g.

asln(;*e‘;)-; o, ,o 15 o

B,008(1+30) \ 72Kr > Nara Singh'’s talk next!
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Experimental program in the Pb region
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188-196pph: Janne Pakarinen (Jyvaskyla) 2 196-202pg: Nele Kesteloot (Leuven)
206pq, 208.210RNn: Tuomas Grahn(Jyvaskyla) 182-188Hg: Nick Bree (Leuven) & Andrew Petts (Liverpool)
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N. Bree et al, PRL 112 162701 (2014)



Interpretation with two-level mixing model

(@)

207 = 0] —e— 27 = 0] —A—
L 27 =07 - 27 — 05 —K—
25 — 2] —@— z

——
s

AN

N

“concealed” configuration mixing
of the 2*, states of 182-188Hg

un-mixed ME2’s:
-4.0eb

+ 1.8 eb _,P_2+II
Z'ﬁP_e 3.3eb 0",

0+I 1.2eb

calculated E2 matrix element [eb]
o

1 1 1 1 1 1 1

2 0 2 4 6

6 -4

measured E2 matrix element [eb]
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N. Bree et al, PRL 112 162701 (2014)



Comparison to theory — IBM and BMF
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BMF: J.M. Yao, M. Bender, P.-H. Heenen PRC 87, 034322 (2013)
IBM: J.E. Garcia-Ramos, K. Heyde PRC 89, 014306 (2014)




HIE-ISOLDE jlfgg‘_ggl

* High Intensity and Energy upgrade

* CERN Shutdown = fallow year for
ISOLDE experiments
* HIE-ISOLDE upgrade synchronised

2015

v
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Summary

Miniball physics case covers nuclei from Berylium up to Radium

Detector array “on tour” to Munich and Orsay

Recent physics results presented:
Deformation of shape-coexisting shapes in neutron-deficient Hg
Characterisation of 0* states in 58Ni with 2-neutron transfer

The next step: HIE-ISOLDE !!

Multi-step Coulex around 68Ni - 4-5 MeV/u
* Higher-lying B(E2), also non-yrast

« And spectroscopic quadrupole moments, Q.| A ‘-‘ y |
12%41d

Transfer reactions in the Pb region - 10 MeV/u -
« Limited so far to A~80 at current beam energies @REX -ISOLD%
* 5 MeV/u expands this range | e Ll

« 10 MeV/u gives angular distribution sensitivity for e.g. 185Hg

KU LEUVEN




Thanks to spokespersons,
analysers and contributors
to this talk...

- Peter Reiter (KdlIn)

- Michael Seidlitz (K6In)

- Piet Van Duppen (Leuven)
- Thorsten Kroéll (Darmstadt)
- Freddy Flavigny (Leuven)
- Jan Diriken (Leuven)

- Jytte Elseviers (Leuven)

- Nele Kesteloot (Leuven)

- Kasia Wrzosek-Lipska (Leuven)
- Nick Bree (Leuven)

- Tuomas Grahn (Jyvaskyla)

- Janne Pakarinen (Jyvaskyla) BriX P s
- Jacob Johansen (Aarhus/Darmstadt)
- Denis Micher (Minchen) /Ff”‘

- Steffi Hellgartner (Miinchen)

- Riccardo Orlandi (Leuven/Tokai)
- George O’Neill (Liverpool)

- Steffi Hellgartner (Munich)

- Malin Klintefjord (Oslo)



Extra slides

11Be transfer
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The gamma and excitation energy spectra
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The gamma and excitation energy spectra

Long lived 03
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Differential cross sections
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Differential cross sections over a large angular range is determined for all the
identified states:

12Be results published: J. G. Johansen et al., PRC 88 044619 (2013)
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Reaction model

Two-neutron transfer :
Direct pair transfer + Two sequential one-nucleon transfer

7 N
6N \

68Nj

Reaction code website :

Parameters of our FRESCO!! calculations:
http://www.nndc.bnl.gov/codes/

* Finite-range DWBA
* Optical potentials : 3H+%¢Ni and 'H+%8Ni
* Two nucleon overlap amplitudes (TNA’s) — contain the structure properties

* calculated with NUSHELL (A. Brown, MSU) [2]

* interaction jj44pna from [3]

¢ f5/z,p3/z,p1/z,g9/2 model space
* Calculated ®8Ni energies ( E(0*,) = 1593 kev, E(2*,) = 2077 keV )

KU LEUVEN

esco.org.uk [2] B. A. Brown and W. D. M. Rae, Nushell@MSU 2007 [3] A. F. Lisetskiy et al., PRC 70, 044314 (2004)




Calculated occupations 2ds),

68Ni gs | 5,19 +0,66 | 3,59 +0,25 | 1,73 +0,66 | 1,49 +0,43

y 50
6 ¢ ®Nushell o2
e — EMCSM 3 @ (40)
S 5F ALNPS ] 2Py, e
% - Pa/o E 1y, ————— —sos000—
g 4-‘; 1 ﬂ 2p3/2 @ @
= F ) ]
T ,F _
o 3 - 00000000 00000000
Q n . 1f7
S 2 o TU AY%
c -k -
S ¥ —= Py/2 . : ,
= B § —2- Interaction: jj44pna[1] LNPS [2] MCSM [3]
Zz FE _
C ds)» 1: Mod. space (n) pfs,g pfs,/,gd pfed
4 ' _
* * Mod. space (p) -- pf pfgd
O1 O2 2:
8 ® Average number of neutrons in a given state
£ 7
é Interaction: jj44pna [1]
6 @®Nushell .
= BVCSM Model space: fs/,,p3/,,P1/2,89/2
S 5 ALNPS
S 4 fsio P32 P12 Qo2
3
3 3 66Ni gs | 4,53 3,34 1,07 1,06
c
g 2
a

68Ni 0*, | 5,01 +0,48 | 3,44 +0,10 | 1,14 +0,07 | 2,41 +1,35

KU LEUVEN

[1] A. F. Lisetskiy et al., PRC 70, 044314 (2004)
[2] S. Lenzi et al., PRC82 054301 (2010) [3] Y. Tsunoda et al., PRC89 031301R (2014)



66Ni(3H,p)%8Ni : Angular distributions

Direct transfer only

Ground state (0*,) Fireci total

o2

Pz
— Py
*ET

Transfer to gs dominated by (p)?
configurations

Content of wf with gy, empty: 42%

Transfer to 0, dominated by (gy,,)?
configurations

Content of wf with gy, empty: 14%

—
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C>II|UI1 T IIIIIII| T Illlllllull
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66Ni(3H,p)%8Ni : Angular distributions

Direct transfer only Direct + sequential
% Ground state (0*;) 7 - (a) —_— Pireci otal
K] 1 F= 1E& 52
.E. -E- = Pz
'll]:|% E P2
-1

Kl = — 10
5 &
SIg10 g|g10”
=I|IZ
107 10°%
107 10'4;—
10657"' T e e ) N T T T R I T T I T
0 20 40 60 80 100 120 140 1500 [3130 0 20 40 60 80 100 120 140 160 180
om 0 ]

Significant effect of sequential transfer = Shape changes
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66Ni(°H,p)%8Ni : Angular distributions

— 1 = (c) — Direct Transfer Full pfg
jg - §§+ —— - Direct + Sequential pfg
£ = ﬁ W+ ------- Direct + Seq. pure gg ,
olc [ $5.
© "G 1 0-1 2 ++ %+++
10'2; P P
= .
Eo T TN N Conclusions:
W] ST
2 L TP
7
| | P | | o b by ° 1 1
02020 80 B0 00 e e e e0 First calculation far too low
Oom [°]
F ' ' ' ' | ] » Work in progress
E = NuShell ]
r = ¢oherent ]
i i » Phase conventions are crucial
g o o E
: \/
= 7 1
ae]
0.01; =
| Calculation from G. Potel [1] 1

0.001 | | 1 | 1 \ 1 \ 1 | \ | 1
0
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1 600 T T T T T T T T T T T T T T T

Neutron-rich Cd Isotopes .| = .

1200 - .
. % 1000 | -
« Coulomb excitation indeed confirms E(27) drops from 2 -
N 126Cd to 128Cd! " - .
646 keV to be 2* - 0* transition Ry -
. . . = 600 | .
« 128]n contamination also excited Not reproduced by SM = _
400 4
Is 128Cd prolate 200 | ]
Data segmented into angular ranges deformed!?! _
0 o _Dqta:l npdq.bql.g_ovl
to extract B(E2) and Q; 70 72 74 76 78 80 82 84
Neutron Number N
100 ! ! ! ! ! . ' T T T T T LI T T
(c) . Projectlle DC 12604 Phys. Re?élltlas.gué.imznm 1:2 : . prog:;;el gg : LE\ICIUENngﬁ:_E
80 + 24!3nke\f ‘ 652 keV - o0 324 keV | J DARMSTADT
3 | . ] o |
[ 2 80 | 128 Zn_ o .
é 60 3 ek 646 kev 992 ke ]
w
L @
5 40 | = -
O | I O N wm J
20 _I. | %Zn AT U
‘ '|, } m M‘ﬁ» NHQQE keV |
0 i H Hﬁur’p W 1 ' .H.uIL oo s—h 1 1 i
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Analysis of 128Cd/*?8In: Sabine Bonig (PhD thesis, TU Darmstadt, 2014)
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W. Watanabe et al., PRL 111, 152501 (2013)
T. R. Rodriguez et al., Phys. Lett. B668, 410 (2008)



Mp(eb)

: : - : 126,128 |
Maximum likelihood fit — 14%:12eCd
find optimal M,,-M,, combination « limited sensitivity to M,, (Q.)
If available, additional information like
L - * M,, (B(E2)) stable under
lifetimes is included . .
. analysis conditions
projection of 16 contour on axes
I T T T T .' T T T T T T T T T T T T T T T T T T 12'6 T I- 55 ™T ™7 T ] 3.7
0.6-"/ without t (¢) '“°Cd _ | 1283 ¢
0.5" . : : -
______ ~—— Exp. value, N.V. Zamfir et al. [Zam95]
0.6 | —— Exp. values, S. Ilieva et al. [Ili14] o
""" SM jj45a, G. Simpson (priv. comm.) _
0.4+ * + = SM Napoli, G. Simpson (priv. comm.) \‘ !
. . =/ 05 } == BMF ., T. Rodrigflez [RodflS] s £z
: Lifetime N; ¢ . : 'l;ll:/ll:;;,;:;: ;l"c l::sdrlguez (priv. comm.) : ~ |
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10 -05 ‘=™ 11 2 3 4
o
= 02 | |eb)
[=2]
0.1 F i
0.0 1 1 1 1 1

74 76

Neutro

*Michael Thurauf (Master thesis, TU Darmstadt)
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123Cd — first odd Cd isotope
222
» Coulomb excitation of both 123Cd and 123mCd 927) 520
» Level scheme of 123Cd well known in literature ...???
598
£ 600 1 i
c I - .
3L X DC wrt projectile 376
- DC wirt target recoil 9/27) 267
500 —
— 123mCd 123
: o> 112~ ' 144 _
400 (— RS \AQ’Q T,,=1.82s
m Q’,"° Y N
: o bv Qé §° 64Zn
300 — ) N & 52" 672
— 592
200 —
- 125 529
B +
100 = 3/2 466
H 1 1 I
200 400 600 800 1000 412 672
) ) Energie in keV 592 349
Anna-Lena Hartig (Master thesis, TU Darmstadt, 2014)
466
» Mainly single-step excitation 12" 117
* Very few y-y coincidences 1239C 117
* Revisions to level scheme requied 327 | o+ si0s
............ =2

KU LEUVEN

H. Huck et al., PRC 40, 1384 (1989)
A. Kankainen et al., PRC 87, 024307 (2013)
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Neutron-deficient trans-Pb region
V2[5,

L\ 4

M

_________ _______________ T D A—Rn ______________

B(E2;2*—0%) values previously unknown!
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Neutron-deficient trans-Pb region

Relative high-j proton single-
particle orbital (jJ=9/2) dominates
the structure - seniority v can be

regarded as a good quantum 2 8 _
number. 2 67
In the trans-Pb nuclel with 2 4+
120 < N < 128 the neutrons Y __ Av=0

occupy high n, low ¢ orbitals and
therefore they should have .
weaker interactions with the 1hg, 22 o —
protons. This implies that the
seniority can be preserved.

Motivation: to map the Av=2
boundaries of seniority regime 0 o
and collectivity

B ) o




100

% Two-particle

gated y-ray
spectrum Doppler
corrected for the
projectile and
target nuclei
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v* +1 surface resulting from the GOSIA2 minimization
procedure as a function for the diagonal (ME(2,2)) and
. transitional (ME(0,2)) matrix elements of the 2* state in *°Rn
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Shape coexistence Miniball @ REX-ISOLDE

Z = 84:196-202pg

Z = 80: 182-188H¢g Outlook

Z = 84: 196-202Ppg: Quality of the data

6+ 1390 1388 4t
 Data analysis
) . 4+ 891 859 o+
o Py coincidences e
. . 428 396 .
o Population of 2+, state inall ~ 2* i 463 854 y o
. /
Isotopes 463 / (558)
o Multi-step coulex observed R S +%°Po on 1™*Pd
. 196.198 B ¢ Doppler corrected for 196Po
IN ' PO | Doppler corrected for 104Pd
800 ° ® 19pg
[ ® 195T]
: : S 600 ® 104pd
e Extraction of matrix elements;
o Gosia 4Ty
. . o [
o X2 fit of experimental data 2001
i ® o
0 | | | - | - | | | | | |
0 200 400 600 800 1000 1200 1400 1600 1800 2000

&aesnyka et al, Am. Phys. Soc. (1982)

ARIS 20ph g 9b5¥a, Tokyo

Energy [keV]
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Z = 84: 196-202pg: Kinematics

Demand particle particle gamma coincidences
—> Separate projectile and target

500 — — R —
: I ppe— | z
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»
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ARIS 2014, Tokyo



Z = 84: 195-202Pq: v spectra

py + ppy events, Doppler corrected for projectile/target

- 600
: 463 keV 196Pg on 194P( : 198Po on %4Mo
800— 2+=>0* 196pqg 500— 605 keV/
Eeoo:— 3,4002— 2+>0* 198pPg
E:’ : :'%3005—
£ 400 g f
3 [ 3200F
- keV n
200_ 5?6 ?104 100: 871 keV
x 2*>0" 1*Pd - 2+>0* %Mo
0 - o
0500 7006005001000 1200 140018001800 3000 0500400600500 400012061400 1600 18002000
S . Energy [keV] 5001 Energy [keV]
2000 C
5o 200pg on 194pPd : 202Pg on 1%4pPd
“%500:_ 556 keV 400:_ 556 keV
- 104 C
L 27207 2Pd Esoo:— 2*>0* 104p(d
1000/ :,',' -
] 666 keV 200
500;— H2+90+ 200pg "’100; 677 keV
I " - 2*9.0j’. 202pgo
0200 400 600 800 1000 1200 1400 1600 1800 2000 00‘- T T T L

Energy [keV]

ARIS 2014, Tokyo

Energy [keV]
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Extracting matrix elements

* Only 2%, state is populated
o Extract <0*||E2||2*> and <2*,||E2||2* >
o X2 surface to look for best solution
o Example: 2°°Po on 1%4pPd

* Multi-step coulex observed
o First step in analysis

=106

s x2min = 7.9
e = <0*,||E2|[2*,> = 1.03(3) eb
<‘:;1,04 8 <2+1”E2”2+1> = 01(2) eb

0.3 0.4
<2+1||E2||2+1> (eb)
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Shape coexistence Miniball @ REX-ISOLDE Z = 84:196-202p¢g Z = 80: 182-188Hg Outlook

Comparison with Beyond Mean Field

= 3C
z _F o Qs, expt
L . £ *°F
Lifetime experiments 2 LB = Qs, BMF
194po: T. Grahn et al PRL 97, 062501 (2006) s E s
196pg: T. Grahn et al PRC 80, 014323 (2009) g 150
g 250 e B(E2;2+-->0+), expt _‘S 15_
5 —e— B(E2;2+-->0+), BMF 3 0.5;— \
= o B(E2i4+-->2+), expt S S, ]
q) f—
200| o B(E2;4+-->2+), BMF &
- o ) |
150 — 3
— = | | | |
— 196 198 200 202
— Mass
100—
0T @ i
o
0 | | | | |

194 196 198
a0, M. Bender, P.-H. Heenen PRC 87, 034322 (2013)

ARIS 2014, Tokyo
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Shape coexistence Miniball @ REX-ISOLDE Z = 84:196-202p¢g Z = 80: 182-188H¢g Outlook

Comparison with Beyond Mean Field:*®%Po

4+ 2104 N
J.M. Yao, M. Bender, P.-H. Heenen PRC 87, 034322 (2013) 2
B(E2) down [Wu]
O+
4+ 1158 2"
I 1039 27

P ——
180(50) | [ 230(130) 816l(9%+
o+ * 605 ﬂ300(300)

1.8(6)

o+ § 0 ot
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Shape coexistence Miniball @ REX-ISOLDE Z = 84:196-202pg Z = 80: 182-188Hqg Outlook

Comparison to theory — IBM and BMF

5 4 2J +3
B, = T~ 0,00

167 3ZR* J
05 BMF2+1 IBM 2+1 ¢ unmixed 2+1 [] |
BMF 2+2 @ IBM 2+2 A unmixed 2+2 O
04+ i
W -
o3+  WWTTEe—. ,
|
+(\l 02+ ’ A‘\ .................. ,,A 1
;.EJ ‘. -\I“\, /’.(,
01 B . \_\'\ f.,_/ |
_..f"-'-.___ W
0 B A / '\\ 4
g ’
-0.1 ,.f i
Q- __ . ’,
O 2 ID .hl-.g !
e 102 104 106
neutron number Courtesy of K. Wrzosek-Lipska

BMF J.M. Yao M. Bender, P.-H. Heenen PRC 87, 034322 (2013)
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ISOLDE yields
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