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ldentical bands 23 years ago:
recognized but not understood (and abandoned)
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“In particular, the reduction of the BCS pairing correlations due to the blocking
of one and two orbitals implies large changes (up to 30%) in the moments of inertia
and cannot be reconciled with these [identical band] systematics.”



Symmetric-top model:
quantum numbers

Z R: collective angular momentum

the z-axis and the 3-axis
are not in a rigidly
J oriented relationship

J: intrinsic spin

I: total spin / angular momentum

M: laboratory-frame,
z-component of I

K: body-frame (symmetry axis),
3-component of I; K = Q

“Coriolis” interaction:
RR=(I-J)(I1-J)
= Jel-21eJ +JeJ
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The key concept for modeling deformed nuclei:
the symmetric-top + Nilsson model
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H = 5 - h,  “coupling” = add Hamiltonians
N (wave functions will be direct products)
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Nilsson model plus rotations

“Coriolis” or
I-j. rotational-particle coupling
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Quantum mechanics of particle-rotor coupling:
K =% bands and “Coriolis” decoupling

E(keV)

Er=Eo+ AI(I+1) + (—=1)™"2(I + 1) adx.y,] |4=10.0keV
13/2 17/2  19/2 21/2 15/2
1000| / 11/2
800 [ 9/> /
- 1/2 [541]--183Re
600 | ‘ 7/2
200 572 '
- ‘ 3/2
200 |
= -
0 / '
-200 & A NN R NN MO TN AN NN TN NN N NN N | M
10.0 5.0 0.0 +5.0 +10.0



(17/2) 1023

(7/2) 892
(3/2)_829
(13/2)_759
(1/2) 701

(9/2)_618
(572) 599

NnAS — 541%

15/2_1085

13/2__861

11/2 664

9/2 496

5144

17/2 1127

15/2 871

13/2 639

11/2 435

9/2 260

7/2 115

520
4024

(11/2) 1184

(9/2) 1003

(7/2)_852

404V

(5/2).1000
(3/2)_955

1/2 879

]jBE;F{‘a

4001




“Strong coupling” of single nucleon to deformed core:
Nilsson model plus symmetric-top model
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“Strong coupling” of single nucleon to deformed core:

Nilsson model plus symmetric- top model
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183Ra Rotation alighment plots—
E (keV) vs. |,

E,(keV)
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Simplicity demands attention—
especially in a many-body problem
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Identical bands

Al = 2 transitions

Constant “alignments”
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Identical bands (odd and even
neighbors) can persist
independently of “backbending”
--not recognized
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“Standard” alignment plots (for 33Re): obscure
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NE;, ,= 84

MISCONCEPTION: commonly, use
A=AE;,,/(4]1-2)

--yields an odd-even staggering and conclusion that
the unpaired nucleon blocks pairing which is
important for magnitudes of moments of inertia.
CORRECTION: use

A=40E;, /8
CONCLUSION: no influence of pairing on
moments of inertia
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“Coriolis” contribution to energy differences

[+AI I+AI
NAI=AR Al = AR
R L
A vectorial difference
effect
| S
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S J
- > = >
K=Q=1/2 K=Q = max
<Al *J> large <Al *J> =0

Philosophical point: simple effects necessitate simple explanations




CONCLUSIONS

* 0dd-mass nuclei exhibit bands that differ from the neighboring even-even
nucleus ground-state bands by an “alignment” term described by lej.

Except for this difference, the bands are identical*.

CONSEQUENTLY, there is no evidence for:

e odd-particle “blocking” of correlations involved in the even-even core
collectivity;

 “deformation-driving” effects caused by the odd particle;
* “Coriolis” alignment effects (which should scale with increasing rotational
frequency).

*There are small differences which can probably be attributed to band
mixing.



So why are “moments of inertia”
varying with spin?
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No variation of intrinsic quadrupole moments with spin

L E avg. 7.36
® Q, 7.48(4)

175lu K=7/2

avg. 7.67

)
% 169Tm K=1/2

sggt ﬁ i

Q. 7.16(4)

8S

159Tb K=3/2

I+1

1+3 1+5 1+7 1+9
1+2 1+4 1+6 1+8 I1+10

B(E2; I > I,) = <I|M(E2)|| I>2/ (2L + 1)

<L |M(E2)|| I[> =

(2L + 1)"2 (5/16m)2 <I. K 2 0 | I, K> eQ,

Data:

1751y Skensved et al., NP A366 125 1981
165Tm Ward et al.,, NP A289 165 1977
159Th Chapman et al., NP A397 296 1983



Failure of a simple model

Rotor models require moment(s) of inertia
“Moments of inertia” change with spin--data

Intrinsic quadrupole moments do not change
with spin--data

Pairing does not play a role in magnitudes of
moments of inertia—data (present message)

SO WHAT IS CHANGING?
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SU(3) quasi-dynamical symmetry as an organizational
mechanism for generating nuclear rotational motions
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“A particularly interesting challenge was to learn how a model, without pair correlations,
could give correct moments of inertia when it is known that the cranking model is

only successful when pairing correlations are included. The early calculations of Park et
al. indicated that the dominant contribution to rotational energies came from the
potential energy part of the Hamiltonian, thus calling into question the very concept of
the moment of inertia as an inverse coefficient of the L2 term in the kinetic energy. The
results of the present calculation indicate that the inclusion of only stretched states, as in
the calculation of Park et al., tends to exaggerate this effect. Nevertheless, it confirms
that the dominant component of the rotational energies comes from the potential energy;
for the self-consistent value of x only about 20% of the rotational energy comes from
the kinetic energy in the present calculation.”




Models with I (I + 1) spectra,
but without rotational kinematics

e Elliott model:

Hetiott = Hshell model T K Q°Q
* |Interacting boson model:

Hboson = I_Ione-body boson t Vboson-boson (= Q°O~)
e Symplectic shell model:

Hsymplectic = HSU(3) T K O~°Q T VAN=2 (GMR; GQR)

GMR= giant monopole resonance
GQR= giant quadrupole resonance



A new universal model perspective:
shell, SU(3) and multi-shell, Sp(3,R) structure

D.J. Rowe, A.E. McCoy, and M.A. Caprio, Phys. Scr. 91 (2016) 033003

A
4ho 4ho 4ho i 4ho
A A A A
3ho
\ / \ 4 \ 4 - A
2hm 2hm 2ho | No+2| 2ho
A A A
No+1| 1hm
Y Y Y
Ny 0hm 0hm 0hw
1 1 2) (2 3) 3 “4) 5) 5
s @) e TR G

Work in a Cartesian harmonic oscillator basis: {n, n, n,}

X'y 'z

— ~ ~ — - " ”
N=nc+n,+n,, A~ 2n,-n,-n , "~ n—n, -- SU(3)shell “cores”.

Allow 2 hw admixtures of L =0, 2 [GMR, GQR] configurations.

The spin-orbit and pairing interactions are perturbations.



CONCLUSION

* We are at the end of the beginning
* Now begins the middle

(of the study of the nuclear many-body problem)



