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Triaxial Rotor Model (TR)

R® R R’
Hpp=——+—+ Ci
25, 23, 23,

| RRK > of good angular momentum R, projection R on the z-lab axis

, 1s diagonalized in the discrete basis of axial-rotor states

and projection K on the /- body axis, —-R=<=K < R.
R*IRRK >= R(R+1)|RRK >, R |RRK >= RIRRK >, R, | RRK >= K | RRK >,

TR eigenstates: | RRv >= %Ecg) |IRRK >, K even,c™ =(=)*c{”: D, symmetry
K

\/_
(v)

represented by the discrete probability amplitudes < RRK | RRv >=c,

K — plots show the probability distributions P(K) = (cg) )2




Triaxial Rotor - classical

Angular momentum vector R with respect
to the axes of the triaxial nucleus

Angular momentum
conserved

Classical orbit



2001 - 2005

Terminology: =

Bohr and Mottelson
introduced ““wobbling" in Nuclear Structure Il, p.190 ff.

Koordinate [m]

0 . °
They describe the mode as ¢ 2 ]
... the precessional motion of the axes with 4 Green

respect to the direction of I,
for small amplitudes this motion has
the character of a harmonic vibration ...”

20 118 1I6 1I4 1I2 1I0 é ('3 4l1 é (IJ

y-Koordinate [m]
wobbling of the
rotation axis of
the earth

-Specify the mode by the axis that the angular momentum
vector revolves in the body fixed frame.

medium axis wobbling: W-m

/Q m




Triaxiality enables collective rotation about all three principal axes.
Classification of the TR States be based on
correspondence with classical orbit.
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Classical orbits
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Precession with respect to the principal axes.



E. A. Lawrie ,1,2,* O. Shirinda ,1,f and C. PHYSICAL REVIEW C 101, 034306 (2020)
M. Petrache 3,

New terminology: Tilted precession — TiP is the same as
“Wobbling “ in the original Bohr Mottelson definition
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Keep 1t simple! The original “Wobbling™ 1s appropriate.

See Q. B. Chen’s talk for more concerning the particle-rotor system



An instructive representation: Spin Coherent State maps

Re-express TR state in the continuous non-orthogonal normalized basis of
Spin Coherent States (SCS),

which are generated by rotating the state of maximal projection on the /-axis |RRK =R >.

10 >= e ™0 | RRR >= Y Dy (0,6,¢)| RRK >
K

Classical expectation values:

<09 R 109 >= RcosH, <Op|R 10¢>=RsinOcosg, <Op|R 10¢>=RsinOsing

Finite widths: AR, = \/< 0| R> 10¢ > - < 0p | R, 104 >> ~ 2R

corresponding to an angle uncertainty: A0 = A¢ =1/V2R ]
ISCS maps of TR states: probability distributions of the SCS basis states I 0;¢/
2R+1 . v *
P(O.$)= = 5in0 > ol DI (0,0,$)Df, (0,6,9), B
4 XK' R
density matrix: p\y.=cct AG. AP

[dodep©.¢)=1




Spin Coherent State maps: Distilling the classical
underpinning from quantal Triaxial Rotor states (TR)

-introduced/unpublished:

S. Frauendorf, Chirality: from Symmetry

to dynamics, Nordita workshop on Chiral bands in
Nuclei, Stockholm, 20-22 April 2015, slides from talks,
https://www.nordita.org/

events/workshops/list_of workshops/index.php (2015)

-published:
Q. B. Chen & S.Frauendorf, EPJA 58 (2022) 58:75

-introduced as “azimuthal plots”:
F.Q. Chen, Q.B. Chen, Y.A. Luo, J. Meng, S.Q. Zhang,
Phys. Rev. C96, 051303(R) (2017)

and used in a number of later papers
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Even-even nuclei that classify as triaxial rotors are rare.

Static triaxiality according to staggering of the y band:
Odd-I-down relative to the even-I neighbors or

Even-l-up relative to the odd-I neighbors S(6)>0.015
Most nuclei have S(6) <0.015: axial or y soft.

E()-2E(I-1)—E( —2) __S(I) —S(I+1)
E(2) - SU)= 2

S(I) =

- E(2+)
S(6) E(4-21F)

6Ge 0.12 0.78
| 112y 0.31 1.10 | good fit with y = 19° and hydrodynamical Mol
H4Ru 0.31 0.98
114pd 0.13 1.15
170Ey 0.42 3.59 no, axial
19205 0.37 0.84
192pt 0.39 0.78
232Th 0.22 4.61 no, axial
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One particle (or one hole) + Triaxial
Rotor

High-j orbitals:

f7/20 89720 N11/25 113720 1572
particles tend to align their j

with the s-axis,

f7/20 89720 N11/25 113720 1572
holes tend to align their j

with the l-axis,




Particle Triaxial Rotor model (PTR)

~Y) N2 N2
R R

Hpypp=h, +——+—"—+ (i,
238, 23, 23,

1s diagonalized 1n the discrete basis | [IKk >=| IIK > jk >

R? =(J,- J,)°, coupling to the triaxial potential & (j,)

of good total angular momentum 7, projection I on the z-lab axis
with projection K on the /- body axis, -/ <K <1, and
of good particle angular momentum j with projection k on the /- body axis, — j <k < J,
1
V2
(v)

represented by the discrete probability amplitudes < IIKk | IIv >=c,,

PTR eigenstates: | IIv >= Ecgk) | IIKk >, K -k even, ¢, = (=)
Kk

Deformation parameters &,y are input parameters.
They control how strongly the particles are coupled to the triaxial core.
Taken from mean field calculations for the non-rotating particle+core system.



Core moments of inertia are further input parameters.
They control the ertial forces.

Quantum mechanic requires that 3, =0 if i is a symmetry axis.
Excludes rigid body ratios of ..

. . Y . 2 Ziﬂ
Irrotational flow ratios <3, o« sin”(y — T) obeys the symmetry.
However the ratios may deviate from the irrotational-flow ones.

The stronger pairing the closer the <5, approach the irrotational values.

For realistic pairing deviations are expected -> freedom to fit the ratios.

(See e.g. Ratios between J; of e-e system by cranking model.
S. Frauendorf, PHYSICAL REVIEW C 97, 069801 (2018))

Pauli principle acting between the core and the valence particles
(exchange terms) may further modify effective core Mol



Simple Wobbler Longitudinal Wobblin g

strong E2, |->]-1,

(¢)

strong E2 |->]-1

wobbling and signature

partner band classification
Doenau, S. F., PRC 89(2014)

Transverse Wobbling

(d)

weak E2 [->1-1

Signature partner band




To account for the strong reaction of the valence particles
to the inertial forces use the less restrictive

topological classification by the orientation of the precession cone of J.

m-axis has maximal moment of inertia

Transverse Wobbling Longitudinal Wobbling
topological total J revolves total J revolves
Q. B.Chen, S. F. around s- or |- axis around m- axis
EPJA 75(2022)
original particle j aligned particle j aligned

F. Doenau, S. F.  with s- or |- axis > with m- axis >
PRC 89(2014) total J revolves total J revolves

around s- or |- axis around m- axis
wobbling energy wobbling energy
experimental decreases with |, increases with |,

strong E2 I->I-1 strong E2 I->I-1



Example 13°Pr

Example

S. Frauendorf, F. Doenau, PRC 89 (2014) 014332
J. Matta et al. PRL 114, 082501 (2015),

N. Sensharma et al. PLB 792, 170 (2019)

QTR: one h,,, low-shell quasiproton + Triaxial rotor

nucleus e (deg) model Jm Js

Ji

135Pr 0.16 26 fit 21 13



Correspondence with classical orbits:

The TR is one dimensional in the R=const space.

— One to one correspondence between classical orbit and
guantum states.

The PTR is two, three, ... dimensional in the J=const space.

To apply topological classification by correspondence
we introduce the adiabatic classical energy .

Minimize the classical PTR energy

. R R K
EPTR(9,¢’19’(;0) = hp(]i)+ Z%S + 2%”1 + 2{(\%1 )

with respect to orientation of the particle angular momentum j, (17, @)

R =(J,- j) = E,(0.¢)

for fixed orientation of total angular momentum J,(60,¢).
Minimum of E _,(6,¢) classical yrast line.

Setting E_,(0,¢) = E, — the classical orbits corresponding to the PTR states.



Classical adiabatic energy E_,(6,¢)
20F / i T N\ . . . .
| : Classical adiabatic orbits
1.8} /
[ c 050||||
18y} . o | Minimum of E_,(6,¢) 0
{ = J
® 16,2, 6-2
0.25F 2 g-0
0.00 | . o | .
4 8 12 16 20 24
Spin | (h)
45 <10 =05 00 05 10 A5 Transverse Wobbling TW
20 e S ——— = J revolves around the s-axis that is
18] ! transverse to m-axis with the maximal
16} | moment of inertia
14] ’ Flip Mode FM
12| , Longitudinal Wobbling LW
215 -10 -05 00 05 10 15 J revolves around the m-axis with the

/2 ¢ /2 maximal moment of inertia



Distilling its classical underpinnings from a PTR state

J -SCS maps : total angular momentum probability distributions of the SCS basis states

21+1 V) ]
POF), == sm@Ep“ D} (0,6,$)D;(0,6,4),
density matrix: pgr. = Y ¢t

k
J-SCS maps : particle angular momentum probability distributions of the SCS basis states

27+1 Y
P(09),, == sm@Ep;k)Djk (0,6,$)D’,.(0,6,),
W _ \ .
density matrix: p,,. Ech Crr

K
R -SCS maps : rotor angular momentum probability distributions of the SCS basis states

2R+1 , R
PO9)n, =5in0 Y, = —— ik, Die, (0.0.0)D3 (06,9,

RKpKp'

density matrix: o\, k.k, 10 weak coupling basis | I[IKk >—| I[jRK >



TW regime n=0, 1: J revolves around the s-axis

n=0
n=1
n=0
|21/21
0.0

-10 -05 0.0 05 -10 -0.5 00 05 -1.0 -05 00 05 1.0
¢ (1) ¢ (1) ¢ (1)

j stays close to the s-axis -> original definition of TW
13/2,: ) precession harmonic, 21/2,: unharmonic



TW regime higher excitations

n=2

1.0 -05 00 05 -10 -05 00 05 -1.0 -05 00 05 1.0
@ (m) @ () @ (1)
11/2,,19/2,° ) has still n=2 TW topology, highly perturbed,

j somewhat dealigned,
13/2,, 21/2,: different from n=3 TW topology



Transitional Flip regime

] even

| odd

Q-_(31.0 -05 00 05 -10 -05 00 05 -10 -05 0.0 05 1.0
¢ (m) ¢ () ¢ ()

27/2,,29/2, : even and odd combinations of states localized at the

classical energy minimum indicated by the dots -> FM

signature restored branches of tilted axis rotation

27/2, : FM between the saddle points of the classical energy



LW regime

()

@ ) «< ) (<

""«@H[CQ)» "((@EKQ)‘>> -

5 EOFONC S RONC

0,0: . i .
-10 -05 00 05 -10 -05 00 05 -10 -05 00 05 1.0

@ () ¢ (1) ¢ (1)
J revolves around the m-axis in a squeezed cone.
J, R, j are entangled.
43/2,,45/2, 43/2,: the ¢, distributions look like the ones
of the n=0, 1, 2 states of a harmonic oscillator.



TW regime signature partner band

¢ (1) ¢ ()

J rotates about the s- axis, j precesses around the s-axis
13/2; some admixture from TW n=2 state 13/2,



Ew

Ew | Transverse wobbling

S —

Longitudinal wobbling

/
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J. Matta et al. PRL 114, 082501 (2015), N. Sensharma et al. PLB 792, 170 (2019)

experiment and

QTR: one h,,,, low-shell quasiproton + Triaxial rotor interpretation
TPSM: Triaxial projected shell model interpretation

& 8 10 12 14 16 18

1ol - QTRTW1 —— ExpTW2 |;

« QTRTW2  —#— Exp Yrast

0.8 & Exp TW1 0.8
0.6 0.6

> 04 0.4
S 0.2 0.2
? 0.0 0.0
5—0.2# : —-0.2
j@ 1.0 ) - QTR Yrast —#— Exp Yrast [1.0
= 0.8  "u.Q TR SP., —4— ExpSP |08

©

. 0.6/ 0.6
g 0.4) 0.4
0.2 “~ 0.2
0.0 0.0
-0.2 T -0.2
-0.4/ -0.4
0637—%6 8 10 12 12 16 18"

I (n)

yrast: zero-phonon TW band
TW1: unharmonic one-phonon TW band
TW2: highly unharmonic two-phonon TW band

SP: unfavored signature band

10w o Twr e QTR TW1 — Yrast|'°
o8 0 e TPSM 0.8
[
M 0.6 t— Exp 0.6
3
S .
S 0.4 0.4
B v, BT
M 0.2 T, T 0.2
0.0 o —m 0.0
0.05 W2 — Yrast 10.14
Z004 0.12
] 0.10
z 0.03 0.08
30.02 0.06
@\
N 0.04
= 0.01 0.02
0.00 N B B 0.00
9 10 11 12 13 14 15 16 8 10 12 14 16 18 20
I (k) I (n)
QTR vs. PTR:

Inclusion of pairing
enhances unharmonicities



Evidence against the wobbling nature of low-spin bands in 13°Pr, B. F. Lv et al., PLB 824

(2022) 13684

Table 1

The experimental polarization value P, angular correlation ratios Rgc, miXing ra-
tios &, and ratios of out-of-band and in-band reduced transition probabilities of the
connecting transitions between bands 3 and 1, and between bands 4 and 3.

B(M1 B(E2)au
Ey (keV) P Rac 8 e e
7473 0.04+8, 0.37(4) -0.4713,
813.2 -0.0313, 0.48(6) -0.37+]% 0.4(3) 0.12(8)
755.1 0.50(6)
450.2 -0.071],  049%4)  -031%)9

One proton + triaxial rotor &, = 0.16 y = 26°

nucleus €  (deg) model In T T
135Pr 0.16 26 fit 21 13 4
0.16 26 hydrodyn 20 6 4
0.16 26 cranking 17 7 3 L6
1.4
Strong parameter dependence:
Fitted Mol give transverse wobbling. 7
. . . . P
Hydro Mol give longitudinal wobbling. g0
508
:
[Rd}

o
)

e
=

e
[N

e
o

8 T g T T T b Jo
. o g (b) |
~ 6 g
& T 3 g
v = 4 -
= 4 e Thi 1,
= s work 2.8
B [ = Matta et al.(l8{<1){ %
E 2 ¢ Matta et al.(1§]>1) 4.3 =
S — QTR ]
0 S S TS R
8- (d) 1.2 g
= E 3 _ =
?’l, 6_ -O.SQ
— = g
Y o4r 1045
2-_ e — _0 /M
0 [ ISR RO [RYWIrs] PP [0 ey | | | L |
6 8 10 12 14 16 8 10 12 14
Spin (h)
----- TW1 (QTR) —.- TW2 (Lvetal.)
—.- TWI1 (Lvetal.) —— TW1 (Exp)
----- TW2 (QTR) —#— TW2 (Exp)

8 10

12 14

I(h)



105pd the mirror of 13>Pr: hy,/, proton replaced by a hy;/, neutron

0.7 ]

m(1ggs2) v (1hys2)! .
e P

06 (a) e ]
; S F —.’:".;- ’ 3 -:
Favors the large-|§| g o i
‘é’ 04 B BandB (Exp) |
measurement for 13>Pr. = ot Rt d AE
0.2 sz ot
PRM calculation with s 00F
=S 1.0
£ = 0.25,y = 28Y, hydro Mol S 20
gives transverse wobbling, [§|~2 & <o}
See Q. B Chen’s talk = 40

0 . P L
11/2 19/2 2712 35/2 4312

J. Timar et al, PHYSICAL REVIEW LETTERS 122, 062501 (2019)

TABLEI The experimental and theoretical multipole mixing ratios & as well as the transition probability ratios B(M1)_,,/B(E2);, and
B(E2),,./B(E2),, for the transitions from band B to A in '%Pd.

6 [B(Ml )ou[/B(Ez)in] (#}ZV/eZbZ) [B(Ez)out/B(Ez)m]
F-F E, (keV) Expt PRM Expt PRM Expt PRM
17/2- - 15/2~ 991 1.8+ 0.5 2.38 0.162 + 0.097 0.105 0.66 +0.18 0.736
21/2- - 19/2- 1034 23+03 2.30 * 0.089 £ 0.026 0.069 0.60 = 0.09 0.465
25/2- - 23/2~ 994 27+0.6 1.99 0.029 £ 0.016 0.057 0.34 + 0.07 0.329

“Normalization noint. see text.



Ewobp (MeV)

The ¥7Au hg/, band: longitudinal wobbling (LW)
N. Sensharma et al. PRL 124, 052501 (2020)
QTR calculation

hy,, quasiproton coupled to the triaxial potential f=0.23 , y=23°, somwhat below midshell

and the triaxial rotor with 3

0.8

0.6

LW = Yrast

== PRM

- Exp

6 (deg)

¢ (deg)

Spin I (h)

Yrast:1=65 |=85 I 105 I 125
8180 "l"l"l"""l"l"l".
0 F P
§ 0p - fc,\-;@@@ @
o) AT TN AT A

180-90 0 90-180:90 0 90- 180-90 0 90 180-90 0 90180
LW:1=7.5 1=9.5 =115 |= 135

90 f

i@@

0 alaalaaly alaalaaly
-180:90 0 90- 180-90 0 90- 180-90 0 90 180-90 0 90180

0 (deq)



® S1(Exp) W S1'(Exp)

Triaxial rotor + two hy;/, neutrons =~ —siean ----svemm

T "
> :
TABLE 1. Experimental and theoretical mixing ratios § as g 04F -
well as the transition probability ratios B(M1)uy/B(E2);, and ~ . 1
B(E2)out/B(E2);, for the transitions from band S1’ to band S1 of 3 03F -
1304 = [ y
02:‘ " ().()---I...l...l...“I
s B Dow ( wk B(E2)out ! . 12 16 20 24)]
B(ED), b7 B(E2)in - A L. . Spinl(h) ,
> 0.1 ——t—t—t—t ettt}
I (h) Expt PRM Expt PRM Expt PRM g r
13 —0583 —067 03672 L1l 0328 051 = | n= AC_ . -
o~ 4 5 - Dl -
15 —0.62110 —0.68 0.38f?é 0.90 0.36ﬂg 0.42 ‘;_ 2 | - |
17 —0.62110  —0.68 023822 076 222 9as —g 1
<« 4
19 —0.60 —0.66 9252 - meT 0.2221 029 o -
21 —060 —063 043'% 063  041*% 025 < '
-
I1]
180

90

Transverse wobbling
Instability at [>22

. 1ransverse wobbling in an even-even nucleus
6 : 1 . i Q. B. Chen®,"* S. Frauendorf,>" and C. M. Petrache®*
=0 0 20 g " PHYSICAL REVIEW C 100, 061301(R) (2019)



B35pr . ACM **Ce as core

Weichuan Li, Thesis,University Notre Dame
and W. Li at al. Eur. Phys J.LA58 (2022) 218

08-

0.3

0.2

E[1]-0.02:](J+1)

0.7F o _

-1.2F -°- Yrast
-o- Wobbling
-o- Signature —Partner

-1.7F

ACM '“CL as Core Coupled to be “Pr o

—]

1 1 L
359 95 135

J

coupling to a "y soft core" ( Bohr Hamiltonian H )

by quasiparticle coupling model
+k[qQ],+AP-AN+H,

sph

Band(D): Quasi y-band 134Ce
even-lI-down pattern of y softness

8+ 3017.6
() 2768.0
714 | M
68 4 o 7‘18 2303.8
5t | 254 | 2050.0
660 ] v
at W 6|68 1643.47
3+ | 261 v 13827
678 y

\2+ ik 417 965.66

4+ y  1048.68 |
|

640 f
i v 409.20},?
0+ 4&'9

0.0

Fit to the 4 parameter Bohr Hamiltonian

Inclusion of core softness
always destroys the TW
pattern and leads to LW
behavior.



Triaxial Projected Shell Model

For even-even systems, the TPSM basis space is composed

of projected 0-qp state (or gp-vacuum | @ > ), 2-proton, 2- 0Odd-A
neutron, and 4-qp configurations, ...
A p
P,{IK | @ > ; Pyxa, |P),

234 I ; 1 N +oF
I;’AIIK a,‘;la,")‘z :z> . Pykar,a,,a,,|®),
MK 9n Qn, >3 i + A
MK Om A Pyxal al al |®),

mYm s

D : T T ¥
P;\IIK a;ﬂ“p:“uﬂh: | D>, vee
aps
where the three-dimensional angular-momentum operator Pyxa, a,.a,.a, a,
is given by
5 . 2041 A
4 - 1
Pyx = e /d-Q Dy, (£2) R(£2),

The vacuum |® > is the BCS ground state with the deformations € and y as model parameters.
The Hamiltonian is of the paring + quadrupole-quadrupole type.

H=H->x) 010,-GuP'P-Go) PlP,
o 7] H

The coupling constants are determined by the self-consistency conditions
A= Gy <P >, Gp=0.16Gy, 0.66hwoe = y < Q_0>.
A is adjusted to the even-odd mass differences.
€ is taken from B(E2, 2§ — 07)systematics or mean field equilibrium deformations.
y is adjusted to reproduce the y band head energy E(23).

Mol are microscopically fixed by the triaxial mean field.

al at a a |®) ...

Step 1:

The triaxial angular momentum
projected basis incorporates
the correlations that generate
3D rotational behavior.

Step 2:

Diogalization takes care of the
details, as small- vs. large- scale
shape fluctuations.

Few parameters:
B(E2,27->07) fixes ¢

E(23) fixes y.

Hamiltonian couplings constants
from self-consistency.

Pauli Principle between valence particles and core obeyed.
Sufficient large configuration space incorporates dynamical effects.



N. Sensharma et al. PLB 792, 170 (2019)

First and second transverse wobbling states in 13°Pr are well reproduced by TPSM

6 8 10 12 14 16 18

1.0/ (@ === TPSMTW1 —4 ExpTW2 1.0 o e | Jio
. TPSMTW2 —4— Exp Yrast r TW2 - TW1 QTR : TW1 - Yrast
08 + Exp TW] 8 O 8 """ TPSM 08
0.6 & 0.6 t— Exp 0.6
E:, 0.4 Lol g +\ 0.4
= 0.2 = 0.2 s TomsEra 0.2
S 00
:". 0.0 E— 0.0
202 : . _ 0.05/ TW2 — Yrast 0.14
;‘ 1.0/ (€) «+es TPSM Yrast —#— Exp Yrast ?;:0_04 : 0.12
= 0.8 TPSM SP —+— Exp SP i ¥ . 0.10
IIU 0.6 éo’o'& ......-__... Il  Tteeae,, .\‘ "'.. 0.08
g 0.4 50.02 o " S ! b of ggi
o = 001 o M R : _ 0.02
e 0.00 N ——, || SRR 10.00
g 9 10 11 12 13 14 15 16 8 10 12 14 16 18 20
-0.4 I (h) I (h)
~0.6.;
4 T T .
I} ; Even-l-down pattern of y softness in 134Ce
o ] reproduced by TPSM.
i ] Apparent contradiction with
S 5 TW in 135Pr resolved.

i Exact antisymmetrization of TSPM states
is crucial.




Egonp(keV)

A. MUKHERIJEE et al.,
PRC 107, 054310 (2023)

o-ol51Eu(TPSM)| "~ T T T
@@ 151Eu (Expt.)
200
ob—— v 1 1
4.5 6.5 8.5 105 125 145 165 185 205
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Impressive reproduction of the
wobbling bands without explicit
adjustment of the Mol.

y is the only adjusted parameter.

TABLE IV. The axial deformation parameter (¢), triaxial defor-
mation parameter €', and (y) employed in the calculation for odd-A
nuclei. The axial deformation € is taken from Ref. [53]. The asterisk
# shows € for positive parity in ' Au nucleus.

ISlEu 187Au l35pr 133La 127xe 133Ba IBJAU ISBAU

e 0200 0220 0.160 0.150 0.150 0.150 0.280 0.270*
e 0110 0.100 0.110 0.110 0.100 0.100 0.110 0.100
y' 27 24 34 36 33 33 21 20
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Summary

Wobbling is a new collective mode: precessional motion of the charged
triaxial body = enhanced E2 transitions

Wobbling is specified by the corresponding classical orbits

Transverse wobbling (TW): J revolves around the s— or |-axis transvers to m-
axis of maximal moment of inertia, particle j approximately transverse - its
excitation energy decreases with I.

Longitudinal wobbling (LW): J revolves around the m-axis, particle j has
transverse and longitudinal components - excitation energy increases with |.

With increasing |, TW changes to LW via the Flip mode (FM), which represents
flipping between tilted J directions, = excitation energy small, | independent
Spin Coherent State maps display the topology of the quantum states.

PTR well describes energies and E2, M1 transition probabilities, however
sensitive to Mol input, ambiguities

TPSM well describes energies and E2, M1 transition probabilities in both the
valence particle + rotor type nuclei and y soft e-e neighbors.

Promising tool, further development: more instructive visualization of physics
content, better foundation on (cranked) mean-field theory, octupole
correlations, shape coexistence, ...



