Shape parameterization

R(6,¢)= 1+Z Z% 2(6,9)
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Octupole collectivity
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Oscillator 12 Ls
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0 20 40 60 80 100 120 140 180 some subshells interact via the r2Y 5, operator

Ll S e.g. in light actinide nuclei one has an interaction between
J15/2 @nd gg/, Neutron orbitals
I,3pand f,, proton orbitals

R.H. Spear At. Data and Nucl. Data Tables 42 (1989), 55
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Octupole collectivity

Octupole correlations enhanced at the
magic numbers: 34, 56, 88, 134

Microscopically ...

Intruder orbitals of opposite parity and
AJ, AL = 3 close to Fermi level
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Octupole collectivity
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I 0 R In an octupole deformed nucleus the center of mass
and center of charge tend to separate,

DCT”PC’lE deformation creating a non-zero electric dipole moment.
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The double oscillator
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octupole deformed octupole vibrational

Merzbacher ‘Quantum Mechanics’
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Coulomb excitation
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Scattered a-spectrum of %%°Ra

‘He — 2%%Ra
E_=16 MeV
0, = 145°
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226Ra-target beam direction
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isf — =
dGel dGRuth

5 (AM(EA)O) [e0*?] B, (exp) B, (theo)

2 2.27 (3) 0.165(2)  0.164
3 1.05 (5) 0.104(5)  0.112
4 1.04 (7) 0.123(8)  0.096

Indian Institute of Technology Ropar Hans-Jiirgen Wollersheim - 2017 =1



&1 >

N
R

oo mu At
o
N——L || -

Scattered a-spectrum of %%°Ra

‘He — 2%%Ra
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0, = 145°
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Experimental set-up

PPAC ring counter
15%<@, <45°, 0%<¢p, <360°

4 PPAC counter

53%<@,<90°, 0%<q, <84°

226RaBr, (400 pg/cm?) on C-backing (50 pug/cm?) and covered by Be (40 pg/cm?)
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Coulomb excitation of 22°Ra
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y-ray spectrum of 22°Ra

208Pp —s 226R g
E,,, = 4.7 AMeV

150 < 0, < 45°
Qo < Dlap < 3600

counts
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R(Q): Ro '[1"':32 ’Yzo(‘g)"'ﬂs 'Y30(‘9)+:B4 'Y4o(0)]

18*
16
14
E2
10t Y1278
10*
Single rotational band with spin sequence: a+u
| =0% 1,23, ...
excitation energy E ~ I-(1+1) 6*
competition between intraband E2 and g
interband E1 transitions ¢

0-‘-

E1 transition strength 102 W.u.
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W. Nazarewicz et al.; Nucl. Phys. A441 (1985) 420
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Electric transition quadrupole moments in %?°Ra
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H.J. Wollersheim et al.; Nucl. Phys. A556 (1993) 261 W. Nazarewicz et al.; Nucl. Phys. A467 (1987) 437
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Static quadrupole moments in %?°Ra

O negative parity states
@ positive parity states

rigid rotor model:

Qs(l)_\/ -(21-1) (M (E2))

Q  V(+1)-21+1)-(21+3) (2]mM(E2)o,)

Q,(1)/Q,

_08 1 1 1 1
0 5 10 15 20
Spin [ rigid triaxial rotor model:
Q(2)_  6-cos(3y)
Q, 7-4/9-8-sin?(3y)
H.J. Wollersheim et al.; Nucl. Phys. A556 (1993) 261 Davydov and Filippov, Nucl. Phys. 8, 237 (1958)
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Electric transition octupole moments in ??°Ra
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H.J. Wollersheim et al.; Nucl. Phys. A556 (1993) 261 G. Leander et al.; Nucl. Phys. A453 (1986) 58
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G. Leander et al.; Nucl. Phys. A453 (1986) 58
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Center of mass conservation

J./OO'X°dT\ H di ( ) , l E'Z m=0 \
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The dipole coordinate is not an independent quantity. It is non-zero for nuclear shapes with both quadrupole
and octupole degrees of freedom.

ﬂlz_\/%'%'ﬂz'ﬂs ﬁl:_%[&;gr(é g ;Jz'{ﬂz'ﬂ3+ﬁ3'ﬁ2} (5 g ;j:_ %
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Intrinsic electric dipole moment

QlLD :e'jz'pproton dr = \/%e.“,“pp .rs.dr'Y10(9’¢).dQ

The local volume polarization of electric charge can be derived from the requirement of a
minimum in the energy functional. (Myers Ann. of Phys. (1971))

P proton Preutron 1 3 1 = Ze
=— eV V.(r ——— N
pproton + pneutron 4CLD ° ‘ (r) : ( ) {2 2 [ j Z { 0 j IBI } R0

l

where p, and p,, are the proton and neutron densities, C, j, is the volume symmetry energy coefficient
of the liquid drop model and V. is the Coulomb potential generated by p,, inside the nucleus (r < Ry)

P, 1
pp =7 o—eVc(r)+p, Po =Py Py py =01 e eVe(r)

4.C, 4-C,

3 1 " 3(r) 3 r Ze
Vallil=mg==m0| = | 4| = |81V r=0| = | /8o g r=r| = —
C(){z Z(Rj (Rojﬂl 105(R0j & 207 R }R
Keeping the center of gravity fixed, the integral 0=[[py-r®-dr-Y,-dQ Bi=y o 'T'ﬂz P
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Intrinsic electric dipole moment
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Summary
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» single rotational band for | >107

» no backbending observed

> B,, Bs, B, deformation parameters are in excellent agreement
with calculated values

» octupole deformation is three times larger than in octupole-
vibrational nuclei

» equal transition quadrupole moments for positive- and negative-
parity states

» static quadrupole moments are in excellent agreement with an
axially symmetric shape

> electric dipole moments are close to liquid-drop value (I >10#%)

» octupole deformation seems to be stabilized with increasing
rotational frequency
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Coulomb excitation of 22°Ra

226Ra target broken after 8 hours [l Christoph Fleischmann

Indian Institute of Technology Ropar Hans-Jiirgen Wollersheim - 2017 =1



	Shape parameterization
	Octupole collectivity
	Octupole collectivity
	Octupole collectivity
	The double oscillator
	Coulomb excitation
	Scattered α-spectrum of 226Ra
	Scattered α-spectrum of 226Ra
	Experimental set-up
	Coulomb excitation of 226Ra
	γ-ray spectrum of 226Ra
	Signature of an octupole deformed nucleus
	Signature of an octupole deformed nucleus
	Electric transition quadrupole moments in 226Ra
	Static quadrupole moments in 226Ra
	Electric transition octupole moments in 226Ra
	Intrinsic electric dipole moments in 226Ra
	Intrinsic electric dipole moments in Ra / Th
	Center of mass conservation
	Intrinsic electric dipole moment
	Intrinsic electric dipole moment
	Intrinsic electric dipole moment
	Summary
	Coulomb excitation of 226Ra

