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Introduction
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Characteristic features of chiral nuclei
Partner bands: 1z

I~

» ,,almost” degenerate
levels (200 — 300 keV) with the same
parity, Al =1

o
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> similar EM properties inside bands

» staggering of M1 transitions (also E2
with A = 1)

I

©
I~

©

Chiral bands in nuclei, NORDITA, Stockholm, April 2015 3/38



Introduction

Experimental stimulus: '#Cs, '*°Cs, '**Cs
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> E. Grodner et al. 128Cs as the Best Example Revealing Chiral Symmetry Breaking,
PRL 97, 172501 (2006)

> E. Grodner et al. Partner bands of 126Cs - first observation of chiral electromagnetic selection
rules, PLB 703, 46 (2011)
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126-128 G5 nuclei, EM transitions
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Why y-softness of the core
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P. Moller et al., Global Calculations of Ground-State Axial Shape Asymmetry of Nuclei, PRL 97,
162502 (2006)
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Core-Particle-Hole Coupling model

lodd — odd, iy =
Ho—o = Hcore _XQQp _XQCIH _X/qpqn + hp + hn

0, g, ,— quadrupole operators

r.k,m ;km|COI‘C, ’”>|p’ k)ln» m>

Cores:
> Bohr Hamiltonian (FQ, full quadrupole); (8, v, <) or (a,)
e given by analytic formulas
e calculated microscopically
» rigid rotor (DF, Davydov-Filipov); (Q); [B,% — fixed ]

Proton-neutron part:
phyy, @ ki), A~ 130
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The Bohr Hamiltonian

Hepu(B,v,) =Ty + T, + 'V

1 1 r r
TiwB,y) = W { E [‘913(54 \/;Bw)aﬁ - ‘913(/33 \/;Bﬁy)ay]‘L
1 ro. 1 ro.
+ﬁsl—n3’y|: - (97( \/;SIH:S’)/Bﬁ.},)aﬁ + E(’)y( \/; s1n3yBﬁﬁ)87]}
= .
TuB.y.Q) = 5 ) L@ JiB.y) = 4BB.y)B sin’(y — 2k /3)
k=1

_ 2.
w = BﬁﬁBw - Bﬁy, r= BxBsz
Simplest form of the kinetic energy

1 .
Tin = 5B, lé,? © By =B, =B, =B, By, =0
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S symmetry, core part

§ = Ps(core)C,, (proton-neutron)

» FQ core
LAB system

Psa, = —a, a-parity of the core

INT (principal axes) system
R(Y) PPV

la,) —— @,y =a_, =0,a, = a,} g/

l’i,o — B CcOS ,)/’ B Bosy0)
@, = &_, =Bsiny/ V2 ' v

PS (ﬂ’ e Q) = (B? Y + T, Q) ) $ P 9 Q.
P5(B,7.Q) = (B,7/3 —y,R(7/2)Q) P

» DF core
P5 - Rx(ﬂ/z)
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S symmetry, pn part

Proton-neutron part: C,,,
» "Almost” the same (naturally isomorphic) spaces for proton and neutron

Conl(p, (0, K)) = |(p, k)(n, 1))

» Proton and neutron at the same j level

Conl((P. )M 1))") = (=D 1((p. (0. )"

General property
Pg = Icore’ an = I
§* = (PsCy) =1

For the DF core cf. T. Koike, K. Starosta, |. Hamamoto, PRL 93 (2004) 172502
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Ps symmetry. The Bohr Hamiltonian

Conditions imposed by the Ps symmetry

JB.n/3=y)=f(B.y) forf=Bg.B,,.B,
B\ (B, 7/3 =) = =By, (B,7)

By(B,7/3 ~y) = B.(B,7)

V(B.7/3 =y) = VB,y)
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S symmetry S. Quadrupole operators, angular momenta. H,_, Hamiltonian

0—0

Quadrupole operators and angular momenta

PSQVP; = _Qv
PSIkP; =1

+ —
Cpn qv,p,n Cpn - _QV,n,p

. +
Cpn ]k,p,n Cpn - .]k,n,p

Odd-odd nucleus Hamiltonian  H,_, = H,e = X0, = X4y — X p4n

H,. is Ps—symmetric — SH, ,S" =H,

0—0

New additional label s = +1 for eigenstates of H,_,
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S symmetry. E2 & M1 transition operators

E2
T(E2) = kQ + €ydp + €ndn
SOS* = -0 — (L sIT(E2\,5) = 0
€,qp» €ndy — small
M1
3 . .
TM1) = | v 8ileore + 8p/p + 8nln)
P5]corepg = [core
8 — (8, +8,)/2=0 — (L sITMD sy =0, J#J

Example (reasonable values): g, = 0.44, g, = 1.22, g, = —=0.21

T(M1) ~ (8] +(8p — &R, + (8on — 81)Sp)+
+(gln - gR)ln + (gsp - gl)sn)
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Selection rules

M1
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Selection rules
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Schematic core Hamiltonians

» Simple kinetic energy, B const
» Potential energy
1
V= 5vcﬁz +[G + h, cos 3y + hy(cos® 3y — 1)] x (exp(—B*/d*) — 1)

> Properties

E27) ~ 0.35 MeV
Beq 025
B(E2,2, — 0,) ~ 0.28 eb’
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S symmetric Hamiltonians

Wilets-Jean, potential well (PW), potential barrier (PB). Simple kinetic energy

WJ
V(B

30 V(3,0)

25 w
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W w0 % e
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S symmetric cases, energies, E2
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S symmetric cases, intraband transitions

M1 transitions E2 transitions, AI = 1
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S symmetric cases, s—(g transitions

9 0 11 12 13 14 15 16 17 18 19 20
I [7]
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Deviations from the S symmetry. Non-symmetric core

» Non-symmetric core (potential or/and kinetic energy)
» Different one-particle spaces for proton and neutron

Case 1. Non-symmetric potential energy

V(3=02.)

0 20 30 40 50 60
7 [deg]
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Non-symmetric core
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Non-symmetric core, cont.

g— g transitions s— g transitions
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Deviations from the S symmetry. Different orbitals for proton and neutron

Case 2. Proton Ay, ,; neutron gg/, or f55
core — WJ potential (P5 symmetric)
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Different orbitals for proton and neutron, cont.

Intraband transitions s—g band transitions
—08 —038
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Microscopic cores

Bxe+pon! — '%Cs
12884 +p® n!'— 1%La

v

Mean field:
Skyrme SlIl and SLy4
RMF NL3

» Pairing: seniority force

v

Calculations with constraints to get required deformation

v

Kinetic energy — ATDHFB type formulas
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ATDHFB, some formulas

» Deformation variables

Beosy = cqy = (PIQI¥) = (| T, (327 — rDIP)

Bsiny = cq, = «(¥|0,|¥) = (Y| Tk, V30 —yDI¥); ¢ = Va/5/Ar
» HFB with constraints

6<lP|Hmicr - /lOQ() - /12Q2|T> =0
(WIQIY) = g9, (FIQI¥) =g, — Y (B,y)

» Potential energy
V = (Y(B. VIH e Y (B )
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ATDHFB, some formulas, kinetic energy

HF+BCS case

» Mass parameters (inertial functions)

2,0-1 -1
B,y = (S1)S380)y

WOHVVIQ) )
(S(n))ij = Z —_—

2
(E# TE) (upvv + uvvﬂ)

M

Then Bq,-qj - Bﬁﬁ’BﬁV’Bw

» Moments of inertia

=1 Z KO (1,0, = w,v,)°

e (E,+E,)
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Microscopic cores, potential energy

128Xe

128¥g, SllI, sen

V[MeV]

V[MeV]
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12883, NL3, sen 12883, SLy4, sen
6p-
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Inertial functions, 128Xe, Skyrme Il

29 /38
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Odd-odd nucleus with '*®Xe core
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Odd-odd nucleus with '*®Xe core cont.

AI = 1 M1 and E2 transitions
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Odd-odd nucleus with '**Ba core
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Odd-odd nucleus with '**Ba core cont.

AI = 1 M1 and E2 transitions

In-band Inter-band
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Conclusions

» Existence of the partner bands do not require rigid deformation of the core

» The S symmetry — useful in model studies. Not much probable to exist in
real nuclei (?)

» It is possible to obtain partner bands with microscopic cores
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114-144%e. Selected energy levels cont.
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114-144%e. Selected energy levels cont.

114116 118 120 122 124 126 128 130 132 134 136 138 140 142 144
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114-144xe. Selected energy levels. Comparison with SLy4 results
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E2 transition probabilities
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E2 transition probabilities

=}
S

B(E2) [W.ul]

o
S

114 116 118 120 122 124 126 128 130 132 134 136 138 140 142 144
A

Comparison with SLy4 results
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More details on '?®Xe. Energy levels

Low energy, positive parity levels in 128xe

128Xe
E[MeV] Exp Th, UNEDFO
2
2 - -8 -4 =2
£ 4 5 -
3 —
4 2 _0
il =2 2
_2 —2
0 0
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More details on '?®Xe. Energy levels

Low energy, positive parity levels in 128xe

1 28Xe
E[MeV] Exp Th, UNEDFO
a1z 2 205 6 5000 42001 2
2 1737_6 md T
T 1603 44583 0
14283
1220 4 1190 2 1207 0
1 1o 4 09692
0443 2 osy 2
og_0 og_0
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