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Structure of odd-odd nuclei
in the interacting boson
fermion-fermion model



The IBFFM is able to give an accurate description of the structure of odd-
odd nuclei. Odd-odd nuclei constitute a very stringent test of the model:

# A detailed knowledge of even-even cores and odd-mass neighbours is re-
quired

# Odd-odd nuclei do not provide the same sort of smoothly varying system-
atics as do other types of nuclei



IBFFM vs other models ?
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FIG. 7, IBFFM negative-parity energy spectrum of "“La compared with the experimentally known energy spectrum and with the
three previous caleulations performed using the odd-odd quasiparticle model (OOQM) (Ref. 10), the parabolic rule (PR} (Ref. 2), and
the weak-coupling shell model in the proton-neutron formalism (WCPN) (Ref, 111




Level energies
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Transfer properties
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IBFFM is successful
in describing and
predicting

FIG. 8. Classification of the IBFFM levels into multiplets on the basis of largest components in the wave functions. The experi-
mental levels of "*"La are compared with the theoretical spectra on the basis of level energies, electromagnetic deexcitation, and
transfer properties. IBFFM and experimental levels are presented by solid circles and tnangles, respectively.
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The IBFFM Hamiltonian for an odd-odd nucleus is:

H=Hp+ H,r+H;r+Vupr+ Vapr+ V5

Hp is the boson Hamiltonian of IBM-1 describing a system of N interacting
bosons (correlated S and D pairs) that approximate the valence nucleon pairs:

R 1 L
Hy = &N + 5 () ([dT X dﬂ(o) X [S X 5](0) + hc)(o)
1 ~
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H.r and H,r are the fermion Hamiltonians containing quasiparticle energies of
protons and neutrons, respectively. The quasiparticle energies and occupation
probabilities contained in the fermion Hamiltonian, and other terms, are ob-
tained in a BCS calculation with some standard set of single fermion energies.
For protons (a = 7) and for neutrons (o = v).

H,r = E Eay ali&aé
i

V,er and V,pp are the IBFM-1 boson-fermion interactions containing the dy-
namical, exchange and monopole interactions. For protons (a = 7) and for
neutrons (a = v).

Vabr = Vapvyn + Vaexc + Vamon
—_ n _\/_ . o ) ) . . -[- - ' (2) (2) (0)
Vapyn = 10 Y V5 (tajiajy = Vaj,Vagy) (et | Ya || agz) ([al;, X Gasn]® x Q5
ajraga

g) is the standard boson quadrupole operator

QY =[st x d+d' x 3@ + x[d" x 4@
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V.., is the residual proton-neutron interaction taken in the form of spin-spin,
surface-delta, spin-spin-delta, tensor or multipole-multipole interaction.

Hyo = —V3 Vg [Gr-5)]
Hs = 47 V5 (7 —7,) 8(rx — Ro) 6(r, — Ro)
Hoos = A7 Vops [0n - 0] 6(Fr —T0) 0(rx — Ro) 0(r, — Ro)
Hr = V. (3 o T e Tl (g, a;])
Ty
Hynv = 4Am 5(?“;1?%%) &Z” Vi Y (m) Yieu(v)



The electromagnetic operators have the form (for protons (o = 7) and for
neutrons (o = v)):

M(E2) = Mp(E2)+ M, (E2)+ M, (E2)
3 - ~ B ~
Mp(B2) = — Rje'!” ([sf x d+df x 5@ + y[df x d]<‘2>)

R2 =0.0144 A3  barn
3

Ma(E2) = ¢ R? e, Ys(a)

M(M1) = Mp(M1)+ M (M1)+ M, (M1)
— 3 —~
Mp(M1) = 1/4— V10 gg [dF x d]V
T

Va0t = /2 e ) + o) @) + gre) (o) x e )i ]



Spherical nuclei



Parabolic rule for proton-neutron multiplets
in the particle-vibration model

Exchange of the quadrupole phonon

The particle-quadrupole vibration interaction is

H, = 20“ﬂ2|yz{b£+bz)lu

l +
a, = {4n)* ZR2 CkY[B(E2; 27 — OF )y

2

0
For the quasiparticle, we also include the usual blocking factors-U and V in the
interaction strength a,. The symbol b} denotes the creation operator ofthe quar:impal;

p h Onoil. ‘3}; in 1 n

VR

i L k&
{a) (b} :

‘Second-order dinprams for exchange of the quadrupole (fig. a) and spin-vibrational phonons
{fig. b). :




The contribution to the splitting of the multiplet s iaM = lip=Juls -« Jo 4+
coming from the exchange of quadrupole phonons (fig. a) is

SE, = _Hl_ﬁ_.Ef{H‘”“{_,.Un"‘”'ﬂp“p"'1]] + LU+ 1) —folia + 1) —jplip + 1]

2jnl2n+ 222, +2)

oy ¥

12
'12 = lﬁﬂgfhmz

Here hw, is the energy of the quadrupole phonon. We assume the coupling strength
a, to be equal both for protons and for neutrons.
We rewrite the /-dependent terms |

SE (I} = A[I(I+1)]*+ BI{I + 1)

where A and B stand for the factors which multiply [I(I+ 1)]? and I(f+1)
respectively. - - |
The quantity ¥” is the occupation number defined as ¥ = 1 if li,> and |j,> are
both particle-like or both hole-like: ¥ = —1 if |7.) 1s particle-like and H,> 15 nole- -
[l1Ke, or vice versa, '



Inclusion of the spin-vibrational 17 phonon

The particle-spin-vibration interaction reads
H, = 3a,[o, x(b]+b))]o

Here a, is the coupling strength defined as a, = i (hew /2¢ ), &, is the spin operator
and b the creation operator of the 4 = 17 spin vibration

We derive the expression for the contribution to the energy shift of the |(j j.)I>
states due to the exchange of the 1™ phonon

Faldat D+ +1)
SEAD = B, {1+ 1)+a . —
) = B D e N G),+2)
. : .
= —q - - =4 —-
: IEEJ.,JrE]l[EJ“-I-E] ' hw
: . 2f ] -
I it e -1, Gt N
B 2.2,
% +2 2
- o it A=, =t o
2j, 2j,

jﬁ"‘ is the Nordheim number delined as

For 4" =0, we use the labels — and +. The symbols A#"=0" and 4" =0*
denote the situations j,—!, = —4, j,—{, =% and j I =3, j,—I, = —3, respec-
tively. i



lllustration of energy contributions coming from the exchange of the quadrupole phonon (a)
and the spin-vibrational phonon (b) for the mulllplel'. (, = §.J. = 1), for four p-DEEIHE combinations of
the pair (¥, 4.
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For spherical nuclei, with only the dynamical 4

interaction and x =0 fo=a 5N

%Y
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FIG. 1. Experimental ([1) and caleulated with the mrem (@)
enerpy splittings of the wds0l 2 and weq00 8 2 multiplets of
R Mg In the case of wd ool multiplets also the theoreti-
cal spliftings calculated with the assumption of best fits for the
m@qarly; multiplet ¥ values are shown as dashed lines. The
abscissa is scaled acconding to JiJJ+ 1), where J is the spin of the
state,

Occupation probabilities
for neutrons depend on
the isotope

In the whole sequence of nuclei
it have been used the same:

Cores

Dynamical, exchange and monopole
interactions for protons

Dynamical, exchange and monopole
interactions for neutrons

Occupation probabilities for protons

Residual proton-neutron

delta interaction

Parabolic like structures are present

in spherical nuclei even in cases when
other interactions (not the dynamical)
dominate.



Sb isotopes
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FIG. 6. IBFFM energy spectrum of ''"5b in comparison with experimental data. The solid lines connect the members of the given
multiplet. The leading proton-neutron configurations for several multiplets were identified on the basis of the (*He.d) proton

transfer resulis [4].




TABLE NI. Compatison of 1 and culenlabed TABLE 1V, Comparison of measured and caleulated in IBFFM spectroscopic factors for the

: 5 122 : 5
n THEEM spectroscnpkc Bactors for the '2151){;, dj“ﬂﬂb oms=neutron transfer reactions leading to ***Sb. The first two columns comtain the energy, spin,

. . and parity of the final states involved in the reaction taken from Hef. [13].
one-neutron transfer resction. The first two columns con-

tain the energy, apin, and parity of the final states involved Energy (ke Jm F; < ) ) F, & .
st wbeV) T b Seo® b Seo Sweew® I Sun® Swee
Energy (keV) I £, Bna® Sarrm * ?; ;* g Eﬁﬁ (0 045 g ;2 (2 0.06 0.00
& 3 '
;,g ?ﬂ g g‘i; gi; 121 1+ (2 0.30 0.47
i : ‘ 137 Bt 2 (.38 f2)  0aT 0020
149 3 0 0.06 0.02 e & . 05D 048
166 3,, 3 0.5 904 167 2t 2 0.10 0.14 (2} 0.08 0.08
194 2 0 .11 0.08 s o . Bl o
. | 2 b 0.0 210 4% o 030 (0) 034 .11
233 P ] 0.06 0.03 Fivs o - s .
2 012 0.05 b i 5 b : .
334 4t 2 0.10 0.19 i :r' . 06 i 57
343 4l=! 5 0.54 0.90 o & : 1o
38T {3 54} 5 0.44 0.61 . (5} 240 04D
i a4 - oo g0y 31 AT (5) 0.0 0.43
43 (2) 1 am 0.02 323 2% 0 0.50 0.40
2 o2 g1 884 & 2 oor 0.00 0.22 2 0.16 0.01
04 4t 2 0.45 0.46
“Reference [9]. 97 2 2 D03 0.10 2 0.45 0.35
BN s + 1) 414 e B.EE
=420 T 5 0,08 0.16 }(a} L.70 .43
425 5 0,49
481 4t 2 019 (2} 030 0.22
484 3t b 0.51 0,60

“Heferencs [9].
®Reference |7].
“Reference [13].
G Brarger + 1)




TABLE VI. Magnetic dipole (g in ux) and electric quadrupole (@ in eb) moments of some

1-1Mgh ciates.

Nucleus E" J* [ —— HIBFFM Quaopt Qisrrnm
l30gh 0 keV 1 +2.34(22) +2.25 ~0.10
T8 keV 51 +2.584(8) +2.67 +0.41(4) -0.47
B~ +2.34(4) +2.45 ~{.61
135k 0 keV a- ~1.905(20) -2.33 +0.85(11) =008
61 keV 3+ +2.983(12) +3.07 +0.41{4)} ~00.48
137 keV 5 +3.06(10) +3.07 -0.62
l34gh 0 keV 3= +1.20(2) -1.23 +1.87(38) +0.35
41 keV 3 +2.070(33) +3.01 ~0.46
125 keV 6~ +0.384(12) +0.36

+0.16
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State (keV) Tin
Exp The

37(30) 424(8)ns 52ns
2; (800) 0.28(4) ps 023 ps
5 (891) 087(14) ps 06ps
2; (2047) 0.34(4) ps 03ps
3; (2070) 047(10) ps 0.1 ps
1; (2104) 0.52(10) ps 0.4 ps
4;(239) 0.035(14) ps 0.03 ps
07 (2626) 021(4)ps 02ps
[ (2290) 0.083(14) ps 0.25 ps
31 (278) <004 ps 007 ps
6y (2879) 0.27(10) ps 06 ps




WK

Transition* E,/keV CGamma-branching
E:r.p-“ The*®

27 (B00) —4, (0} BOO 015 0.17

— 37 (300 770 100 100
5 (891} —47 (00 Bl L o9

3730 BE&2 1 a1
25 (2047) — 47 {0} 2047 29 128

— 35 (3] 2018 29 100

— 27 (RO 1247 41 a1l
33 (20700 —d (D) 20000 3 56

— 37 (30) 2040 49 49

— 2 (RO} 1270 9 &

— 57 [BE1) 1178 T 3
17 (2004) — 37 (30) 2074 LM 0

= 2 (B0 1304 0 Of

— 25 [(2047T) 37 — 0.1

— 35 (20T0p 34 — oo
43 (2397) —4; (0 2397 26 7

—3, (30} 2367 67 67

27 (BOO) 1597 - 0.4

5 (B} 1506 = o1

—25 (20447 350 — 0.0

— 37 (2070) i 7 1

— 35 (2291) 1065 - 0.01
05 (2626) — 2, (BO0) 1826 30 41

=+ 23 [2047) 579 - 0001

— 15 (2104 522 T T

— 25 (2419) 207 _ 0.0
17 (2200) —0F (1644) G446 56 56

=2 (1959) im ] 10

-3 (22600 30 - 0.0
12 (2787 — 2} {1959) R2R 174 17.4

— 3 (22608 527 — 0.5

— 17 (22900 497 = 0.0

—+ 27 (2576) 211 .- 0.0

23 (2757) 30 = 0.0




The structure of

106Ag is very complex.
The ground states of
odd-mass Ag nuclei are
7/2+ states based on

the proton g9/2
configuration. The IBFFM
is successful in the
description even of such
nuclei.



Deformed nuclei
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IBFFA-calculated eacitation energies for states in odd-odd "Re compared with experimental data. Because the experi-
mental separation hetween the 7 triplet and 27 singlet couplings is not known, the figure is divided into two parts, using each cou-
pling as the reference point. Otherwise, the triplet coupling is shown on the left of a pair of bands, the zinglet coupling on the right.
Faor example; 97 triplet, 0~ singlet,
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IBFFA-calculated excitation energies for states in odd-odd ""“Re compared with cxperimental data. The bands are plot-
ted in pairs, with the triplet coupling on the left, the singlet coupling on the right of each pair.
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Quadrupole moments for odd-odd Re isotopes.

o c———

Isotope I Qs (& B Qo leb)
MR e 6 6,50
- 6,45
'BlRe 7+ 5.66 < 6.4
2t 5. 40 = 6,6
'MRe 3 %06 7.9+0.7
gt 483

_ Magnetic moments for odd-odd Re isolopes.

[sotope ST Hama () Heap ()
"R e 6 2.41
|~ 2,33
i e 77 2.33 2.76x007
2+ 3.28 3.07x0.24
'R e i 319 2.50=0.19

B 2.09 2.8910.13




The investigations of odd- A nucler have revealed the
following decoupled —strongly coupled rule:

(i} The strongly coupled band pattern arises if the odd
fermion is a particle coupled to an oblate core, or a hole
coupled to a prolate core.

(ii) The decoupled band pattern arises if the odd parti-
cle is coupled to a prolate core or a hole to the oblate
core.

This rule was extended to odd-odd nuclei in the case
of counling two quasiparticles to the asymmetric ro-
tor.

Rules (i) and {ii) can be expressed in terms of quadru-
pole moments of the odd particle and the core  Taking
into account the si{m:- of quadrupole moments @ () <0,
Qi ")>0, QI2[™™) <0, and Q(2{"**)>0, the rule
reads

_ - core: | <02 the band is strongly coupled
iFQUIQ(27) ) L0, the band is decoupled ,

where j denotes the odd quasiparticle coupled to the
core.

This rule is of more general character, independent of
the particular nature of the core. It applies as well to
the IBFM and IBFFM.

We note that the case of two particles or holes cou-
pled to the core, referred to as the “peaceful” case in the
particle—plus—asymmetric rotor model, corresponds to
the inverted parabola of the parabolic rule for odd-odd
nuclei;’ this yields the bandheads with angular momen-
ta J=j +j, and J=|j. —j,| as the lowest states on
two branches of the parabola.

By coupling the proton particle j, and the neutron
particle j, to the SU(3} boson core, there arise
2(j,++Mj;++) bands, based on the states of angular
momenta J=J +J,, with J,=j,,j,—1,...,; and
Jy=jy, ja—1,.... 3. For the particular interaction
strengths 357 and ['SYSY the band based on the lowest
J =j, 4+ j; state exhibits an exact J(J 4 1) energy rule,
with the same moment of inertia as for the ground-state
band of the boson core. Furthermore, the states of this
band are characterized by the exact quantum numbers
K,=j.K;=);)K =j,+j; defined according to the
IBFFM relation . The other IBFFM bands in the
odd-odd system deviate from the J(J + 1) energy rule; in
general, more so with increasing energy (decrease of
K ,,K;). Simultaneously, the IBFFM wave functions ex-
pressed in the KR basis are a mixture of different K
values. However, in each state a particular KR basis
state dominates. In this way we can attribute approxi-
mate quantum numbers (K, K; IK to each state.



15 6 17 i)

Twelve ground-state bands calculated in the IBFFM for the odd-odd system with j, = ¢ proton hole and j; = 3 neutron
hole coupled to the SU3} prolate boson core. The J{J + 1) scale is employed for the angular momentum anis.




13 14 15 i 17 18
J

The IBFFM ground-state bands for the odd-odd system with j, = 5 proton particie and §; = £ neutron hole coupled to
the SU(3} pralate boson core,
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Lowest bands in the odd-odd system with j, = 1 proton haole and j, = £ neutron hole coupled 1o the SU{3) prolate boson




Realistic case: Dynamical and exchange interactions different
from zero and not limited by supersymmetry constraints




The head of the lowest high-spin
band is
J=j‘+jv_3=9 for 0%3!250.2,
J=jy+j,—2=10 for 025vZ;,50s5,
J'=j’+j‘,—l=11 f{]l’ 0.550%3,250.8

and
J=jytiy=12  for 08<vly,.

A pronounced feature is rather broad region with
J=j,+j,—1=11 level as the lowest high-spin state.
This resembles the J=j~ 1 anomaly for rather broad
region around v? =0.5 in odd-even nuclei
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Caleulated 1BFFM yrast states {0, 14, ...,20,) for J,=h 3. f,=T3, coupled to an SU{3)} core, as function of vj3;.
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E/J plots for the lowest-lying high-spin bands
for v, =0a and pi;.=1b



Transitional nuclei
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Experimental and theoretical IBFFM energy spectru of the low-lying states in *®As. Up 1o 0.6 MeV
the positive parity levels 37, 4%, 5% are shown, In addition, the high spin isomer 97 is shown, For nogative
parity the calculated states with J™ =47, 57, 557, 67, 65, 677, 7. 75, Ty B 85, 97 are shown,




Calculated in IBFFM branching ratios for ' As compared with the experimental data
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The Af=2 positive-parity band 4

In the present IBFFM calculation we obtain two positive-parity high-spin bands, based
on awpyapfy e and TReargy; Iwo-quasiparticle configurations, respectively
These bands are clearly formed above the 107 state, while for lower spins there 15 a
stronger configuration mixing. The two lowest 107 states are based on  the
(it ratfly 2 36, 2 4 10 (30%) and { meg e )8, 1 27 10 (59%:) configurations
- Thesc two calculated bands appear close lying and they cross at angular momen-
tum f==15f. Contrary to the experimental band 4 which is of AT = 2 type with signature
a = 1, the calculated bands show doublet-type structures. The arpy aehy o configuration
is associated with a much larger signature splitting than the mgowgr;; configuration
and exhibit a pronounced tendency towards decoupled band | Om this basis we
attribute the mp, a0hy, ;; configuration to band 4.
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B(EX) and (M|} reduced transition probabilities calculated bebween states of the wpy 21y, 2 configuration
with & = 7 in "E“Rh and comparison of the intensities of y-rays observed in band 4 with those calculated for
the above configuraton

e . e

Transition R{E2)(#hF) B{MI1)y{u3) I,
IBFFM IRFFM Exp. IRFFM

12+ - 1t 00016 0.0073 0.0
124 — 1t 0.4295 100 100
14+t — |3t 0,002 1 00,0001 0.0
|4t — J2t 0, 1003 100 100
167 — |5t 00005 {00049 0.1
167 — 4% 00418 10 100
187 — 17* 00010 00019 0.0
187 — 16% 0. 1076 140 100
ant — |9t 0001 1 000461 0.1
0t — |8t 00,0634 100 100

The two remaining experimental bands, bands 2 and 3, are expected to be based
on four-quasiparticle states involving broken neutron pairs, in
particular the whj, ,, broken pair, 50 that four-quasiparticle states should be coupled to
the hoson core. The model including broken pairs of fermions has not been
applied yet 10 odd-odd nuclei and therefore the corresponding theoretical states are
missing in the present IBFFM calculations.
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124Cg

Wave functions are
very complex llll

There is a strong
configuration mixing

IBFFM is able to
properly predict
the structure of
high spin states
in a multy-j case

on the basis of the IBFFM analysis we propose that the negative-parity
bands presented have a w(ds 207,21 vh 112 configuration in their low-spin part
and, starting from 7 = 12, are almost pure whyj2v87,2, with band 2 being the yrast
structure and bands 3 and 5 the yrare structures. Thus the collective band structures start at
spin f == 12,



Level scheme of 2Pr deduced from the present work. The transition intensities are proponional o
the widih of the arrows. The inset show the TBFFM identification of levels populated in the decays of bands
| and 2.




Mixing of configurations with different parity
both for protons and for neutrons (high with low spin states)

Positive parity proton and positive
parity neutron configurations



Transitional SU(3) - O(6) !2Pr nucleus
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FIG. 13, The yrast sequence of high angular momentum positive
parity states based on the =& & vl configuration is compared
with its experimental counterpart in "Pr. The assignmert for the
band head, ie., the lowest observed state is 8.
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The IBFFM prediction for low angular momentun
states in "““Pr. These states are based on positive parity proton and

neutren configurations.

The IBFFM analysis predicts the existence of another iso-
mer in “Pr: 5% at =150 keV excitation enersy. lts iso-
meric character depends strongly on the choice of the proton-
neutron interaction. In the present calculation, 3, is below
4/ and therefore it 1s an somer with a possible
decay to EI' . This transition s slow enough to allow for a
decay that has been reported



198Au

The first odd-odd nucleus calculated in IBFFM




Chirality in nuclei

I call any geometrical figure, or group of points, chiral,
and say it has chirality, if its image in a plane mirror,
1deally realized, cannot be brought to coincide with itself.

Lord Kelvin, 1904.



Numerous examples :
Chemistry
Biology

Pharmacy

»® 5 B N

Particle physics

Atomic nucle1 ?
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Chirality in molecules is static

Chirality in nucle1 has (?) dynamical origin

It relates to the orientation of angular momenta in respect

to some well defined axes

The three angular momenta can be arranged to form
a left-handed and a right-handed system
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Candidates ?

Three angular momenta = odd-odd nuclei
(rotational core + proton + neutron)

Three axes rotational core has to be triaxial
(angular momentum aligned along the intermediate axis)

Angular momentum of one fermion aligned along the short axis >
The fermion has to be of particle type (BCS occupation < 0.5)

Angular momentum of the other fermion aligned along the long axis :
The fermion has to be of hole type (BCS occupation > 0.5)

The angular momenta of both fermions have to be big enough






The system is chiral if it is not symmetric to
mirror-reflection S in any plane. For nuclear
rotation, instead of S, the operator R! (the
product of time reversal and rotation through
180°) has to be used (angular momentum is
an axial pseudo-vector).

+) = —= (L) + |R))

\/_

RY|Ly = |R)

RY|4) = |+)

For a given spin, the two states of the doublet
in the laboratory system are |4+) and |—), while
the left-handed and right-handed states in the
body-fixed system are |L) and |R).

=)= —(!L> )

The Hamiltonian H is invariant under RT

(LIH|L) =

(R|H|R) =

(LIH|R)| = A # 0

(+|H+)=E+ A

(=|H|-)=E-A
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Models

Tilted axis cranking model
Particle-core coupling model
Two quasiparticle + triaxial rotor model

Interacting boson fermion fermion model
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Comparizons  be-
tween energies of ohserved
whypy ‘hyp stales in La
{top) and ''Pr (botom) with
those calculated for
whyyv " thyy, particle-hole con-
pling with u rigid triaxial rotor.
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odd-even “staggering”




All odd-nucle1r 1n which chiral (?) bands have been observed
are 1n regions of masses:

A ~ 105
A ~ 130
A ~ 190 (7)

where even-even nuclei are y—soft and
NOT rigid triaxial



The Interacting boson fermion fermion model
IBFFMI1 (based on one type of boson) cannot
describe stable triaxial nuclei, specially not
rigid triaxial rotors !!!

BUT !!!!

!




INTERACTING BOSON MODEL

Ue6) > UB)DOB)DOB)D0((2) wibrational limit
Uue) o> SU(3) D 0(3)D0(2) rotational limit

U6) D 0O6)DOB)D0B)D0(2) ~—softlimit




Hipy = €aia+p P-P+F L-L+kQ-Q+0s[(d ah), dfl,- [(

2

\-._/'!
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| I |
o

The first four terms represent the standard Hamiltonian of the Interacting
Boson Model (IBM-1). The cubic interaction in the last term, with the strength
parameter O3, introduces a degree of triaxiality.

With the inclusion of the three-body term in the boson Hamiltonian, the bo-
son quadrupole operator appearing in the dynamical boson-fermion interaction
and in the E2 operator should also be extended to higher order. The standard
boson quadrupole operator is modified by including the additional term

n|(d d)s (@ djs|



The yrast and yrare whyy o @ vhy /o bands in **Pr calculated in the IBFFM
for the **Ce core without triaxiality (left panel, ©3 = 0), and with stable
triaxial deformation (right panel, ©3 = 0.03 MeV).
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IBM +CUB EXP

— Coupling to:

F—= Rigid ground state band
: “Static chirality”
=g, (Realized ?7?)

@ Soft ground state and y band
Full dynamic chirality

Soft ground state and y band and

higher lying core structures
Weak dynamic chirality

IBM +CUB EXP



