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The observation of a strong EO
component in the 2*->2* transition in
184Hg from the p-decay of laser-
ionized thallium isotopes: a strong
signhature of shape-coexistence

Elisa Rapisarda
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A.N. Andreyev et al., Nature 405(2000)430

o Shape coexistence = proximity of spherical and/or deformed shapes(s) at
low energy (E < few MeV)

o 186Ph: most dramatic examples where the three lowest lying states are
0+ states of three different shapes within less than 700 keV.
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Evidence for shape coexistence in systematic
energy levels: flat behaviour of the spherical
states against parabolic intrusion of the
deformed states with @ minimum at mid-

shell N = 104.

Common indication of shape coexistence in nuclei

Energy [keV]

e Shape COe
lesotopes

excited prolate
band

slightly oblate
ground state band

Even Hg systematics

3 T T T T T
O

3000, + .
10 |5 Mid-shell L N =126
b 10” e 8
2500 F ¢t >, o Y SS 7
& 6—
2000} 4* i o/ e .
\ o Ground state band: slightly oblate
+ deformation B,=-0.15 :
1500 -
AR 0t Excited band: prolate
deformation B,~+0.25
1000 s <
2 3
500 . i
0 0 & . & . & - & b & b & & & & & .
174 178 182 186 190 194 198 202 206

Mass number A

EURORIB 12, 20t -25% May, Padova

% |
B ;
G KATHOLIEKE UNIVERSITEIT |

Elisa Rapisarda, KULeuven



B-d eC ay [1]K.S. Bindra etal., @

Phys. Rev. C, 51 (1995) 401 51126 (20
spectroscopy s msfw ® O
1200 - X — 4867 [
s ©  mela e . 0
<1000 o o* — 4424 (17 BT aoes Y 4099
2 Rk 7076 |3 w —
% S0 X :
2 x_ ./
o g0 X
*ﬂ/
400 -
1 | T | 1
178 18 186
MASS NUMBER
(15%)
t,,=21.1s
178pt
KEY FEATURES

- Decay dominated by selection rule:
Al=%1,0

-low-lying non-yrast coexisting states
-EO component of intraband transition

oblate 'prolate

6+

PR [ T
SA=
0* 2,;_
N

EO component

EURORIB 12, 20t -25th May, Padova Elisa Rapisarda, KULeuven féiW&ﬁ B



§peétroscopy meth

What are the observables (”Shgpe coexistence in atomic nuclei”,
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} technique based on in-source laser spectroscopy
(U. Koster et al., NIM B, 160, 528(2000); L. Weissman et al., PRC65, 024315(2000)).

> set the laser frequency to select and maximize the production of the isomer of interest.
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Result I: extensive decay scheme of ﬂf;l—f g
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0, state: 375 keV'

- identified by looking at Si-y coincidences
-y rays coincident with this Si energy: 608 keV

N
wn
(4*)%3 oo"’ 1086.5
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) S Sr— 653.7
2+ / wn L\Q ~
534.7
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2* 366.7
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o* 0
184|_|g

+
2; s

tate: 983.5 keV

- based on unambiguous coincidence relations
- band-head of y vibrational band on top of prolate band

transition: 168.5 keV |
- important EO component (ICC = % =23 (5))
y
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Result ll: to be more quantitative -

v'Complementary informations are needed ...

? ?
ICC > N,(EO) + N,(M1) + N(E2)
From Coulomb excitation of ¥4Hg E [keV]
(Nick Bree, PhD in KULeuven) A
+
— 2 534 2",
-0.072 (M1) T 1.36 (E2)
-0.95 (E2)
367 2+ 57 +
O -0.22 (E2)
|W(OI)>:a|¢prol>+b|¢obl> 0 o 184Hg
| v (OZ)) =-Db | Dorol y+a | ¢obl> Gosia2 calculations made by Kasia Wrzosek Lipska, KULeuven

We can get the strength of the EO transition| p?(EQ) x 103= 41| EXP
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Systematics of even Hg isoto%{ﬁ'&

J. Elseviers et al. PRC84
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* 3 decay of 180.182,184T| populating levels in 180.182184Hg was studied as part of a systematic study

Conclusions & Outlook

... What we have learned

* Many new low-lying energy states were observed
0 which confirms minimum of prolate band occurs in 182Hg

» 2*—>2* transitions observed with large EO component
* the largest in 18*Hg. Next steps

* More firm ground state spin assignment of Tl will follow from a hyperfine interaction study:
Laser Spectroscopy

* Coulomb excitation of 182-188Hg will complement the known data with the direct measurement of
the static quadrupole moment

Although we have already many different experimental probes at our disposition,
we still do not have a full picture of phenomena such as shape coexistence

But new possibilities arise:

- high resolution electron spectroscopy

- multiple Coulomb Excitation

- transfer reactions

- spins, moments and radii measurements in previously hardly accessible regions
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Simple two-level models consist of two configurations corresponding to, in general,

two shapes with different quadrupole equilibrium values in the appropriate
deformation (B) space.

p?%(EO) = a? B2 A<r?>27?/R*

Co2=% g
J gr=y, S0S0mixing [ 5o(F0) x 1032223 | Expected

A<r?>=0.55 fm from Isomer Shift in odd-masses Hg

o
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Coulomb Excitation of 182,184,186,18

SHg.
WA A,

e

2

Complement to each other! ———
\/energy of excited O"" Coulomb excitation to
v'EO strengths; =) determine the nuclear
vconfiguration mixing shapes DIRECTLY
1,4E-1 -
: . —<2+| [E2||2+> >0 -+
o Particle .| 1e2112> =0 O
i detector <2+||E2||2+> <0
1,0E-1 A \\ d
= o
ES,OE-Z ! & \&\\\ > B(E2 : O+ —> 2+) D CE
S6062 7 %\ . "
§ ,,, \\ The cross section for exciting the 2*
4,062 { / e — state DOES NOT only depend on its
reduced transition probability B(E2:
£i952" 0* -> 2*), but also on the diagonal
0,040 matrix element <2*| [M(E2)| | 2*>.
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eCM

=) Obtain sensitivity on the diagonal matrix element of the
first excited state by scanning the center of mass range!
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Coulomb Excitation of 182.184,186,188p44 5;;

&l

— )+

O+
Miniball Ge detector

184Hg 2,85
MeV/u @—

/
\‘

target 120Sn

2.3 mg/cmz)@r

Double Sided
Silicon Strip
detector

EURORIB 12, 20t -25th May, Padova Elisa Rapisarda, KULeuven



Physical Motivation
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182Hg 184Hg 186Hg 188Hg

Ground state band: slightly oblate deformation 3,~-0.15

Excited band: prolate deformation B,~+0.25 =

Coulomb excitation: the transitions observed reveal information on:

f'

e Mixing between the different bands (transitional matrix elements)
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B(E2) = 19500+4500 e?fm*
N. Rud et al, PRL 31, 1421, 1973
+ life time measurements
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- 184
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'S 200/
E B 200
= B
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100
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Particle detector annular strip
The detected y yields of the photo peaks can be used to extract:
¢ transitional matrix elements (B(E2) values)
e diagonal matrix elements (quadrupole moments) -
This is done by the program GOSIA by fitting the matrix elements to produce the obtained y yields by a x2 minimization. ke %
(T. Czosnyka et al, GOSIA2) ¢ 5
"."%%lus‘g'
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Since the B(E2) value is known, the sign
and magnitude of the quadrupole
moment of the 2* state can be
measured by calculating the excitation
cross section out of the intensity of the

3s
detected y photo peak of the 2*->0* g 1/2
transition. 2 3/2
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4071.5
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* In- beam y-spectroscopy

- heavy ions fusion-evaporation reaction
- population of high spin states up to 1=20
- dominantly yrast states
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intruder states:
/=82 Excited band: 2p-4h proton excitations across the Z = 82 closed shell
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Reorientation in Coulomb
Excitation

Transitional matrix element Diagonal matrix element
5 +2
<21+||E2||09+S > o B(Ez) /’,“I +1
24" 2% @ (Y
\\\ _1 +
k. -2
<2{||E2||2{"> o ©,
og+s og+s

@ negative <2,"||E2||2;"> => prolate shape

@ positive <21"||E2||2{"> => oblate shape

v’ Coulomb excitation excites low-lying collective bands with cross sections that
are a direct measurement of the EA matrix elements involved in the excitation.
v’ Collectivity and deformation can be inferred.

v’ Reorientation effects can provide the sign of Q
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Systematics of even | :
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Silicon Spectrum Time Gated..
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Result:0; , 2! and level mixing \‘

0, state: 335 keV
- identified by looking at Si-y coincidences
- already placed at 328 (12) keV from o.-decay of 186Pp (1l
-y rays coincident with this Si energy: 639 keV

[1] JWauters et al., Phys. Rev. C, 50 (1994) 2768 2; state: 973 keV
- based on unambiguous coincidence relations
8+ i 1358 - band-head of y vibrational band on top of prolate band
(éi))'a“' S§ 1124 - 2;—> 2; (621.9 keV): no EO component
. o3 4; state: 1124 keV
- suggested in [2] but the 772.6 transition could not be seen
- from the energy systematics of the even-even Hg
4l -oate 612 isotopes is a good candidate for 4* member of the oblate band
2 1 N@ 548 [2] M. Scheck et al., Phys. Rev. C, 81 (2010) 014319
%+ — %3% 2; —> 27 transition: 197 keV .
- important EO component (ICC=—= =4.2(8))
EO - the two levels are mixed; I
o+ 0 - the two levels have different deformation
182Hg Evidence for shape coexistence: transitions with EO components are a
model-independent signature of the mixing of configurations with different %%
mean-square radii g
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- identified by looking at Si-y coincidences
-y rays coincident with this Si energy: 608 keV

o 4129 2, state: 983.5 keV
' - based on unambiguous coincidence relations
- band-head of y vibrational band on top of prolate band

o
A 1086.5 ]
Rt 993.9
(2*) 983.5
4+ N
¥ o 653.7
+ ™M n g
Y ods 5347
(A 2 375 N N
2 366.7 2, —> 2" transition: 168.5 keV |
EO - important EO component (ICC = % =23 (5))
4
Q 0
184Hg
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