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Quadrupole-octupole core plus particle model
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Model Hamiltonian

General Hamiltonian. Collective part

H= qu + Hs.p. + Hpair + HCorioI

h2 82 h2 82
Hepo = *E%*ETB%JFU(@?&J)

do+72—/;2

_ 1 2 1 2
VB2, 5, 1) = 52" + 5 Gfs™ + 5 7333

(T +1.74)

— 2 2
27 (B2, ) T (B2, B3) = (b33 + d333)

Hcoriol = —
@ [, (33 axial deformation variables

@ B,, B; mass; G, C; stiffness; do, d3 inertia parameters

[N. M. et al, Phys. Rev. C 73, 044315 (2006); 76, 034324 (2007)]



Quadrupole-octupole core plus particle model

oe

Model Hamiltonian

Single particle Hamiltonian. BCS pairing

Hsp =T+ VWS(B27ﬁ37 ) + Vs.o. + Vc
Fa=Y CinalNnAQ) RO+ RO
Nn;N\
+ + A A
FopFi) = £FC) (Fep) = (Fi|Fopl i)
—1 < (fsp) < 1, B3 # 0 = parity-mixed s.p. states

Hgp = Hsp. + Hpair  (DSM+BCS) =

= (Bl =22+ a2




Quadrupole-octupole core plus particle model
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Coherent quadrupole-octupole mode (CQOM)

Coherent quadrupole-octupole mode (CQOM) in the even core

X(1)

e depes X0
U(627537l) - 2C252 + 2C3/83 + dzﬁg + d3/8§

X(I)=[do+I(I+1)]/2 (K=0)

B2 =+/d/dmcos¢ , B3 =+/d/dsnsing, d=(d2+d3)/2
Coherent mode: w = +/G/By = /C3/Bs = /C/B

Energy spectrum:

2B
E,,7k(l,7r)_hw[2n—|—1+\/k2+bX(l)], b= 5 n=012..



Quadrupole-octupole core plus particle model
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Coherent quadrupole-octupole mode (CQOM)

Coherent quadrupole-octupole core function

o7 (0, 0) = VL ()i (9)

2cl(n+1)
F(n+2s+1)

c=+VBC/h, s=+/k2+ bX(I)/2
B2 >0 = o(—7/2) = p(n/2) =0

<pk+(¢) = /2/mcos(k¢p), k=1.3,5... - 7= (+)
() = 2/msin(ke), k=246, . — m=(—)

e—cn2/2cs772sL%S(C772)

U(n) =



Quadrupole-octupole core plus particle model
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Coherent quadrupole-octupole mode (CQOM)

Total core plus particle wave function

1 2011
Viumk (1, 9) = 6.2 (14 R1)Dy i (0)(1+ WP)‘D,,k 1(n, 0)Fk
RiDpy = (=1)'7%Djy _x P =t fs

RiFx = Fx = F_k o Fi = F) — F)

qu) core — chpﬂ'c = :l:q)iore <I>71'Cre = (Dn k, [(77’ d))

core

e = (+) = &, = downwards shifted levels

core
e = (—) = PZe = upwards shifted energy sequence

(1+ 7P) — projects out ]-';(j) or ]-';({)



Quadrupole-octupole core plus particle model
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Coherent quadrupole-octupole mode (CQOM)

Total core plus particle wave function, expanded

\U;rkIMK(n; ¢) =
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Case of a good s.p. parity (83 # 0) mep = 7 - 7¢:

) 2751 .
Vi (n:¢) = Wq’nfk,/(naﬁb)

X [Dyk(0)Fk + me(=1)"" Dy (6)F k]

Te =T Tsp = (£)



Coriolis effects

Coriolis interaction, Hcoriol — Hi

1 1
c _ _1\I+1/2 L )
Hic 2..7(52753)( 2 (l * 2> #1/20K.}
1 P2, \aK/K|2
—— _(IFTK) (I £K+1) K
[2*7(527 /83)]2 K’§i1 egp - Gé(p

Pkix = UxUkr + Vi Vi

a1z = dme |1+ mre)al”, + (1= nmo)a)) | = wmoal™)
2 2 2 2 2 2
ak'k = % [(1 + 7r7rc)aK,2< +(1 WWC)QK/K} = a&f,"})(, To = Tgs /bh

Aok = (T T7) = (AU

sk = (Fi Tl 7 = (RO 1F)



Coriolis effects

Final form of the model Hamiltonian

h? 02 292 1

_X()
H« = —— C C
K 2B,00 2B; 0% 2 P+ 5 G 5 T (B2, B3)
v 1 2 I+3 1
X(I,K) = 5 d0+l(/+1)—K +(—1) 2 I+§ 31/25,(’%

P 'K |aK’ 2
AR B K) (1K +1) 0 TP '_’Z,f']
K'=K+1 9P ap

A8, B8%) = 1/[27(82, 89)] — K- mixing constant



Structure of the quasi parity-doublet spectrum

Yrast and non-yrast quasi parity-doublet spectrum

CQOM: E, (I, K) = hw [2n +1+ /K2 + bX(I, K)}

jm=m j(+) =135, ..
[==-m k(=) =2 4.6, ..
= split parity-doublet sequences: k,(,+), k,(,_), n=20,1,2,...
I+ = /r:;ta (In + 1):ta (In + 2)ia (In + 3):|:’
n=1,2 ... — non-yrast sequences

Coriolis decoupling factors (for K = 1/2): a; o = ao, a1, a2
K mixing: ak:k calculated for 39 and 39 within DSM+BCS

Adjustable parameters: w, b, dy and A
k() and k(=) allowed to vary with k(+) < k(=)

Pairing constant: G/, = (go Tg M2 ) /A,
go = 17.8MeV, gy = 7.4MeV



Description of split p:

Split parity-doublets in 2?Ra,
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Description of split p:

Doublet splitting in the yrast levels of *>>Ra
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Description of split p:

3 Decoupling factor a®®)

aM=-0.12

at-0.12




Description of split p:

Split parity-doublets in 2?1Fr, strong Coriolis effect in the yrast band
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Description of split p:

DSM evaluation of agf) in 221F

Decoupling factor at” in 22'Fr




Description of split p:

Split parity-doublets
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Conclusion/Perspectives

Results

o CQOM + DSM+BCS description of yrast and non-yrast split
parity-doublet spectra in odd-mass nuclei
@ Fully microscopic description of Coriolis decoupling and K-
mixing effects
Perspectives

o Calculation of B(E1), B(E2) and B(E3) transition probabilities

@ Extension beyond the limits of the coherent-mode assumption



	Quadrupole-octupole core plus particle model
	Model Hamiltonian
	Coherent quadrupole-octupole mode (CQOM)
	Core plus particle coupling scheme

	Coriolis effects
	Structure of the quasi parity-doublet spectrum
	Description of split parity-doublet bands
	Summary

