Shape parameterization
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Quadrupole deformation (A=2)

R(0,4)=R,- 1+i i% Y, (6.9)

A=0 u=-1

There are five independent real parameters,

@ 0, indicates the stretching of the 3-axis with respect to the 1- and 2-axes
@ 0,, determines the difference in length between the 1- and 2-axes

@ three Euler angles, which determine the orientation of the principle axis system (1,2,3)

with respect to the laboratory frame (X,y,z)

Hill - Wheeler introduced the (B, y) — parameters:
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Quadrupole deformation (A=2)

R(‘91¢): Ro ’{1+ﬁ'0037'Y20(9’¢)+%’,B'3in 7'[Y22(9’¢)+Y22(‘9’¢)]}

R(6,¢)=R, '{1+ﬁ',/%[003y-(3-0052 49—1)+\@-sin y-sin?0-cos 2¢]}
T
Consider the nuclear shapes in the principal axis system (1, 2,3)=(x",y’, 2")

T 5 )
R =R, =R|—0[|=R,-1+f8-.[—]|—C0Sy +4/3-5SIn
P (2j 0{ ﬂ\/167r[ 7+3 7]}

T 3) :
R,=R, = R(E,E]_ Ro-{1+ﬁ-\/ﬁ[—c05y—\@-sm 7/]}

R,=R, =R(0,0)=R,- 1+,B-‘/i-2-0057/
167
R (0,4)=R, - 1+,B-‘/i-cos(y—ﬂj for k=1,2,3
A 3
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(B,y) coordinates

R.(6,4)=R,- 1+,B-1/i-cos(7—ﬂj for k=1,2,3
4 3

@ At y = 0° the nucleus is elongated cos [y—2nk/3]
along the z axis, but the x"and y axes A

are equal (prolate shape for x'=y") 1-
@ As we increase v, the x"axis grows at
the expense of the y"and z"axes through
a region of triaxial shapes with three
unequal axis, until axial symmetry is
again reached at y = 60°, but now with
the z"and x"axis equal in length. These
two axes are longer than the y“axis
(oblate shape for x'=2")

@ This pattern is repeated: every 60°
axial symmetry repeated and prolate a4
and oblate shapes alternate. \/ y axis, k =2

Z axis x axis
k=3

| » ¥
300° kﬁﬂ"
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(B,y) coordinates

Figure: The (B,y) plane is divided into six
equivalent parts by the symmetries:

the sector 0° and 60° contains all
shapes uniquely, i.e. triaxial shapes

the types of shapes encountered along the
axis: e.g. prolate x"= y“implies prolate
shapes with the z"axis as the long axis
and the two other axis x"and y“equal.

y = 180° < oblate x = y

various nuclear shapes — prolate or oblate — in the (B,y) plane are repeated every 60°.
Because the axis orientations are different, the associated Euler angles also differ.

In conclusion, the same physical shape (including ist orientation in space) can be
represented by different sets of deformation parameters (f,y) and Euler angles!
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Collective excitation

* Rotational (deformed): g
2
EX(I)= (1 +1)7
2-3
— E(4+) / E(2+) =10/3 4+ 1289
» Vibrational (spherical):
E,=n-7o,
— E(4Y)/E@Y) =2 262
4+ 390
2" 126
0F 0 0t 0
108Te 160Er
E(4"
( +) = 2.1 3.1
E(27)
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Classical collective Hamiltonian of Bohr-Mottelson for quadrupole deformation

H vib T Trot

= ZB‘%‘ += de o += ZC‘%‘

coll —

Quadrupole (A=2) motion

H :EB-(ﬂ'2+ﬂ2-72)+EZ i‘sk-a)k2+£C
2 24 2

where (B, v) parameters have been used.

Spherical

Potential
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Moment of Inertia

R(H) = Ro ) [1+ﬂ'Yzo(0)]
0 R(6) \/; R(0°)- R{go0 )~ 1 0s. R_

Rigid body moment of inertia:

1 [ 1 [ I [ 1
spherical
—\ minimum

g = m'r )-r’drsin@dédg
3, = g|\/| R2 (1+0.32/)
Irrotational flow moment of inertia:

3. = % M RZ p?

N
rigid
body
laboratory intrinsic
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Experimental 2, energy and estimate of y-deformation parameter
P 2 gy Y

rigid triaxial rotor model

E(2,) 3+4/9-8-5in%(3y)

E(2,) 3-,/9-8-sin?(3y)

>

Davydov and Filippov, Nucl. Phys. 8, 237 (1958)

2

0
0
¥ 00 50 109 12,50 150 17.50 200 2250 250 27.50 300
E@4)E@R) | 333 | 333 3.32 331 | 3.28 321 | 312 | 299 | 284 | 272 | 267
E(6)/E@R) | 7.00 | 7.00 6.94 685 | 6.69 6.42 607 | 569 | 536 | 509 | 5.00
E@)EE®,) | 1200 | 11.97 | 1183 | 1156 | 11.11 | 1048 | 978 | 913 | 855 | 815 | 8.00
E(10,)/E(2,) | 1833 | 1831 | 17.91 16.42 1430 | 1331 | 1247 11.67
E(2,)/E(2,) w 65.16 | 1594 | 1004 | 685 | 495 | 373 | 293 | 241 | 210 | 200
E(4,)/E(2,) o 67.50 | 18.28 | 1241 | 9.27 744 | 636 | 576 | 551 | 554 | 567
E(6,)/E(2,) o 7117 | 2200 | 1620 | 13.19 | 11.57 | 10.75 | 10.39 | 10.26 | 10.12 | 10.00
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Prolate — oblate shape transition

rigid triaxial rotor model

Q,(2,) 6-cos(3y)

Q  7-9-8-sin?(3y)

Davydov and Filippov, Nucl. Phys. 8, 237 (1958)

Qs(l):\/( -21-1) (1M (E2)]1)
I +

Q, 1)-(21 +1)-(21+3) (2[M(E2)[o,)

Y 0o 100 150 200 | 22.50 | 250 | 27.50 | 300
Q.(2)/Q, | -0.28 | -0.28 | -0.27 | -0.25 | -0.22 | -0.18 | -0.10 | 0.0

/2 -
soft asymmetric rotor model: 7 = Ve = \/F2 +7.  with T = {<O‘(y — % )2‘0>}1 U= 5
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Experimental 2,* B(E2)-values and estimate of y-deformation parameter

rigid triaxial rotor model
1 3—2sin?(3y)
B(E22, >0)  9-8sin(3y)
B(E2;2, — 0) N 3—2sin*(3y)
J9-8sin%(3y)

1

20 sin®(3y)
B(E2;2, >2,) 7 9-8sin?(3y)

B(E22,>0) ,, 3-2sin’(3)
J9-8sin?(3y)

Y Qo 50 100 159 200 250 300
B(E2;2,—0)/B(E2;2,—0) | 0 |.0075| .0288 | .0560 | .0718 | .0445 0
B(E2;2,—0)/B(E2;2,—0) | 0 |.0111 | .0525 | .1510 | .3826 | .9058 1.43
B(E2;2,—2)/B(E2;2,—0) | 1.43 | 1.49 | 1.70 2.70 5.35 20.6 0
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Triaxiality and y-softness in 19pt

298pp beam .1 %Pt target

150> 208pp —, 196pt
4.8 AMeV
position-sensitive
parallel plate counter
879<0,;,;<93°

(Doppler correction)

- 75%<0,,,,<150°

] ] ]

A. Mauthofer et al., Z.Phys. A336, 263 (1990) _300 MI}O 500 600 700 800 900
E (keV)
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Level scheme of 196pt

B Coulomb
excitation g-band
sl B5Pt(n,y) 0 (10" —
8, 8,")
8" 8¢"
— 62+ 62+ '
% 2
Z 51: % By*
Ll 61 6
i ks i
3 3¢
1 B 41+ ‘14-
2, 2,
N 2 2¢
0y 0"
0L
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Comparison with Comparison with
rigid asymmetric rotor model soft asymmetric rotor model

) m
N Or Sy,
L Lol

& 4y

3_

2_

2,

f

0 1 1 | 1 1 01

0 5 10 5 20 25 30

Y (deg)

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



Spin dependence of the spectroscopic quadrupole moment

Q1) _ J -y (IME)
(1+1)-

Q, (21+1)-(21+3) (2M(E2)[0,)
3-Z-R)
=3.87(7) [b = <. =0.135(2
Q, =3.87(7) [o] Q=" s B )
0.4 T ‘ T T T
0.3 — <]
02| B Il
01 I ::§ ——— _I (-35° Il
- o it Ja S|
= s s --—-11—27.? -
= -01f e == =250 -
o T - ¥=22.5°
-0.3 j NS~ - =15 T
-0.4 | O
051 ground band T+
_08 1 | I 1 L | 1 | 1 |
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Spin |
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Transition quadrupole moment in the y-band

(21 -2)-(21 -1)-1

167
Q)= 5 T | (-2 (E2)

6 1 1 I I
5 |- _
nu=0.4 soft ARM

4l _ i
o % H=0.3 rigid ARM
g S~ — =00
= 3r i
= .1 1=32.5°

196Pt

s i

0 | | | ]

2 4 6 8 10

Spin [
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B(E2)-values connecting the y- and gs-band

0.08 |

0.06

0.04

0.02

B(E2 1,->I,=1,-2) / BE2,2,->0,)

0.00

o o1

B(E2,L,->I=1,) / BE2,2,->0,)

!

=

o
T

B(E22, >0)

1

_ 3-2sin*(3y)

\J9—-8sin?(3y)

B(E2;2, —»0)

1

— i 2
N 3-2sin°(3y)

\9-8sin*(3y)

Spin |

20 sin*(3y)
B(E22, »2,) 7 9-8sin’(3y)

B(E2;2, —0) . 3-2sin?(3y)

1
J9-8sin?(3y)

10
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Interpretation of the collective properties in 196Pt

14 energy levels and 22 E2 matrix elements can be described by the soft asymmetric rotor model
assuming the following parameters:

hz — = = 0 -
43_40.2 ke  B=0135  »=325" 4=0.35

a., | 196 =600
2 |-78Pt ! a,=/[-Ccosy

9.3

azz%ﬂosiny

0.2 | =88

0.1

Ry —_—_—_———=
S ENASET
\\\ :"A“'_\.ﬁ-."r:':h -~ g=

P.O. Hess et al. J.Phys. G7 (1981), 737

01 0.2 0.3
dg
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Potential energy surfaces of the chain of isotopes

general collective model
P.O. Hess et al. J.Phys. G7 (1981), 737

—
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Spectroscopic quadrupole moments in the ground state band of  -isotopes

1-(21-1)

_ {mE2))

Q, (1+1)-(21 +1)-(21 +3) (2,|M(E2)[0,)

0.3 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
02t 1t 1L 190 1L 192 _
. Os - Os
1T SN 11 Y
01 ar 1r ‘~. i e o AR s e 1=35° 7
S m =325° 1| S — 1=825°
- 0.0 -4 F - 1=30° 4| 1=30°
& =275 {1 e 1=27.5°
= -0.1 4k - 1=25° - T e m———- 1=25° -
a 1=22.5° | | /’5 1=22.5°
0.2 1t . 1=20° - 1=20° -
03 1F 7 =150 ] N =150 ]
ik 11 4 L =0° |} =10° |
0.4 {=‘DQ, Lt
0 2 4 6 8 0 90 2 4 6 8 0 0 2 4 B 8 I 0 0 2 4 6 8 10
Spin I Spin 1 Spin I Spin I
C.Y.Wu, D. Cline et al.; Ann. Rev. Nucl. Part Sci 36 (1986), 683
. . i} _ o
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Spectroscopic quadrupole moments in the ground state band of  -isotopes

Q.(1) \/ -(21-1) (M E2))

Q, (1+1)-(21 +1)-(21 +3) (2,|M(E2)[0,)
0.0 - | | | I | | | I | | I T=3I[]" 4
] e 7=27.5°
o1l o - §=25°
i B 1=22.5
-02 - = §=20°
<)
~
g: P e e O I e I =10 |
o -
-0.4 1=10° |
______ =
-05 | i
-0.6 ' ' - ' 1 L L J ] - -
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Spin |4 Spin I Spin [
Q,=7.10 (38) b ,=6.72(35) b ,=5.87 (29) b
B=0.274 - 0.193 B =0.258 B=0.223

R. Kulessa et al.; Phys. Lett B218 (1989), 421
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Spectroscopic quadrupole moments in the gamma band of

-isotopes

QS(I):J 21—y (m(E))
(1+12)-

(21+1)-(21+3) (2,|M(E2)|o,)

0.4 |

02 -

0.0 |

Q.(1,)/Q,

-0.2

-0.4 |

-0.6 |

Q,=5.8 (5) b
B =0.227

R. Kulessa et al.; Phys. Lett B218 (1989), 421

Qp=56(3) b
B=0.219

Spin 1,

Q,=6.3(4) b
B =0.239
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Collective properties in

A B(E2;2,-0,)

198 29 spu
J 200 25 spu
202 17 spu
204 12 spu

soft (u=0.3) asymmetric rotor model:

R s T IBM — O(6) limit:

7 ) B(E26, >4,) 5(N-2)-(N+6)
g [ =6 i B(E2i2, 50,) 3-N-(N+4)
] A A B(E24, »2,) 10-(N-1)-(N+5)
= s ) B(E2;2, »0,)  7-N-(N+4)

ik \ - boson number N=51t0 2

=4 l for Hg-isotopes with A=198 to 204

Y W vp T I B 26RO I ED C. Glnther et al.; Z. Phys. A301 (1981), 119
mass number Y.K. Agarwal et al.; Z. Phys. A320 (1985), 295

. . ] ®
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Parameter of the asymmetric rotor model

iIsotope | P Y Y n

1829 | 0.274 | 11.40 | 11.20 | 0.17 i
184 B(E2;01—>21):i‘ ozez‘i‘ 1+ 3-2:sn (%)
W | 0258 13.80 | 13.7° | 0.15 167 2| Jossn’(3)
186\ | 0223 | 15.99 | 15.8° | 0.05 A

_ 0 .
18605 | 0.196 | 16.5° | 16.1° | 0.26 Q==

1880s | 0.185| 19.2° | 18.8° | 0.26
190s | 0.184 | 22.3° | 22.0° | 0.26

19205 | 0.168 | 25.20 | 25.2° | 0.10 E(2,) _ 3+4/9-8:sin’(3y)
192pt | 0.146| - |325°|0.35 E(2) 3-/9-8:sin”(3y)
14pt | 0.134 | - | 3250 | 0.35
196pt | 0.135| - | 3250|037

19%8Hg | 0.106 | 36.3° | 38.0° | 0.44
200Hg | 0.098 | 39.1° | 41.0° | 0.44
202Hg | 0.082 | 33.4% | 34.4°% | 0.35
204Hg | 0.068 | 31.5° | 31.5° | 0.19
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