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INTRODUCTION

MOTIVATIONS
e Aim: spectroscopy of odd-mass deformed nuclei, including
isomeric states in the Higher Tamm-Dancoff Approximation
(highly truncated shell model based on the Hartree—Fock
solution)
e Unified Model for axially deformed odd nuclei

e collective degrees of freedom (d.o.f.) coupled to intrinsic
d.o.f. in a symmetry-preserving way that depends on the
discrete symmetries of intrinsic deformation

o for odd nuclei with time-reversal breaking one-body
hamiltonian:

Wik o< (1 + Ry) Dy x bk

with R, = y-signature operator (symmetry axis = z axis)
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INTRODUCTION

MOTIVATIONS

e First step here: single-particle spectra within Hartree-Fock
approach (including polarization of the underlying
even-even core but no pairing) and physical consequences

OUTLINE
@ Theoretical framework:

self-consistent one-body hamiltonian in the time-reversal
symmetry breaking Hartree-Fock approach

@ Results for deformed odd nuclei:

o Effects of time-reversal symmetry breaking on single-
particle spectra

e Core polarization contribution to single-particle magnetic
moments
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THEORETICAL FRAMEWORK:

HARTREE-FOCK APPROACH TO ODD NUCLEI
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HARTREE-FOCK APPROACH TO ODD NUCLEI

DESCRIPTION OF THE EVEN-EVEN (N, Z) CORE

Hartree-Fock-BCS calculation for even-even nucleus around
A=100:
e Skyrme SllII effective interaction (good spectroscopic
properties)
e constant pairing matrix elements in BCS
e axial and intrinsic parity symmetries assumed
= BCS ground state with realistic deformation
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HARTREE-FOCK APPROACH TO ODD NUCLEI

DESCRIPTION OF (N +1,Z) AND (N, Z + 1) NUCLEI

e Extract lowest-energy Slater determinant |®g) from BCS
ground state of even-even core

e Create one neutron or one proton in the lowest-energy K™
unoccupied single-particle state on |®y) = Slater
determinant |®) (no pairing)

e Some arbitrariness:

e choice of K™ (possibly also experimental J/P')

o description as one-particle state over (N, Z) core instead of
one-neutron-hole state in (N + 2, Z) core or
one-proton-hole in (N, Z + 2) core

28th IWNT. Rila Mountains. June 2009 6/30



HARTREE-FOCK APPROACH TO ODD NUCLEI

ONE-BODY HAMILTONIAN

e One-body density matrix from Slater determinant |®x) no
longer time-reversal invariant

e Currents
. 1 « .
lg = 5 Z(q) (¢kv¢k - ¢kv¢k)
ke|dk)

and spin-vector density matrix components

Pq = Z(q) <f>720¢k

ke|dk)

for each charge state g (n or p)
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HARTREE-FOCK APPROACH TO ODD NUCLEI

ONE-BODY HAMILTONIAN
e Skyrme-Hartree-Fock hamiltonian in r-space

2
WY = vty v+ Uy 9V X 9)

1,
+§Iﬁ(aqV+Vaq)—hSqa
with

herg = 2(Bsi + Balg) — Bo(V X p+V % py)
hSq = By(V x j+V xjq) — 2(Biop + Bi1py)
—2p"(Bi2p + Bi3pg)

j = iq + g (same for p); B; = functions of Skyrme parameters

28th IWNT. Rila Mountains. June 2009 8/30



HARTREE-FOCK APPROACH TO ODD NUCLEI

ONE-BODY HAMILTONIAN

e Spin-vector densities p, and spin fields S, are in a plane
containing the symmetry axis

e Currents j; and oy fields are perpendicular to a plane
containing the symmetry axis z
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HARTREE-FOCK APPROACH TO ODD NUCLEI

PERTURBATIVE EXPRESSIONS OF POLARIZING FIELDS

e Perturbatively, adding one nucleon to the even-even core
creates charge-dependent polarizing fields.

e For a neutron-odd nucleus (q = n, g = p) with SlII:

hag ~2(Bs + By)jn — 289V x p,
hag ~2Bzjn — BV x pp,

and

hSq ~ — 2ByV x jn = 2(810 + B11)pn
hSg ~ — ByV X jn — 2(Bio + pBi2)p,
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RESULTS:

SINGLE-PARTICLE SPECTRA OF
DEFORMED ODD NUCLEI
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SINGLE-PARTICLE SPECTRA

LIFTING OF KRAMERS DEGENERACY

o Perturbative character of time-odd fields « and §
= “quasi Kramers-pairs” of opposite-K states (|}, |/)):

hueli) = eili)  Jz|i) = Kili) with K; >0
huell) = efll) L)) = K[i) with K: = —K; < 0
(1132} ~ —(i[8,]i)

e Energy splitting between partners of a quasi-Kramers pair:

ei| — |i) & — |2)
B de; >0 de; <0
GGl ei| —L——1i)
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SINGLE-PARTICLE SPECTRA
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SINGLE-PARTICLE SPECTRA

CORRELATION BETWEEN ENERGY SPLITTING AND SPINS

e General trend across nuclid chart: correlation between
e energy splitting between quasi-Kramers partners, de;;
e expectation values of s, for odd nucleon, s,q4, and for
positive-K partner of quasi-Kramers pair i, s(/)

> 0 for g charge state (same as odd nucleon)
< 0 for g charge state

SoddS(1)de€; {

In the (s.4aS(i), d€;) plane, results lie in

e upper right and lower left quadrants for g charge state
e lower right and upper left quadrants for g charge state

For better visual representation, spread results upon multiplying
abscissa sign(Seaas(i)) by [A(i)| = [{ilLz]i)]
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SINGLE-PARTICLE SPECTRA

CORRELATION BETWEEN ENERGY SPLITTING AND SPINS

Calculated results:

Nucleus (J™)exp (K™)tn  Sodd
49Cr 5/2= 5/2= 0.429
®Mn  5/2= 5/2= 0.429
RSy 3/2F 5/2= 0.386
9y 5/2t 5/2+ 0.432
%Mo 3/2t  3/2t  0.366
18Tc 52+ 3/2= 0.486
7yp  7/2=  7/2=  -0.421
oLy 772t 772t -0.479
794f  9/2t g9/2+ 0.437
79Ta  7/2%  9/2=  0.479
eI 7/2= 7/2= 0.364
25Np  5/2t  7/2- -0.386
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SINGLE-PARTICLE SPECTRA

CORRELATION BETWEEN ENERGY SPLITTING AND SPINS
e Mass region A =50
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SINGLE-PARTICLE SPECTRA

CORRELATION BETWEEN ENERGY SPLITTING AND SPINS

e Mass region A= 100
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SINGLE-PARTICLE SPECTRA

CORRELATION BETWEEN ENERGY SPLITTING AND SPINS
e Mass region A= 180
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SINGLE-PARTICLE SPECTRA

CORRELATION BETWEEN ENERGY SPLITTING AND SPINS
e Mass region A =235
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SINGLE-PARTICLE SPECTRA

CORRELATION BETWEEN ENERGY SPLITTING AND SPINS

e Interpretation: “spin-alignment” core polarization
Upon integrating over space the spin-field component along
symmelry axis z

Sq = /dr Sg.e;,
we find an “anti-alignment” for (S).qa and Sq:
S0ddSq < 0,
hence
s(i)0eiSq < 01,

which translates into the “alignment” of spin-field S and (S)iow
for lowest partner of quasi-Kramers pair (since s(i)s(i) < 0).
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SINGLE-PARTICLE SPECTRA

For g charge state: Sy and (8;)iw have the same sign

s(1) >0 = de; >0

s(1) <0 = de; <0

s(i) >0 = de; <0

s(1) <0 = 0e; >0
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SINGLE-PARTICLE SPECTRA

CORRELATION BETWEEN ENERGY SPLITTING AND SPINS
e Forq charge state: “alignment” of 8,44 and Sz

SoddSg < 0,

hence

s(i)éejSq <0

=- same conclusion for q charge state as for q charge state
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RESULTS:

SINGLE-PARTICLE MAGNETIC MOMENTS
OF ODD DEFORMED NUCLEI
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SINGLE-PARTICLE MAGNETIC MOMENTS

MAGNETIC MOMENT OPERATOR

= (QE2 + 9sS)un
with uy = 2,“;’7’20 (nuclear magneton) and following values for
orbital and spin gyromagnetic ratios

Particle | g¢ Js
neutron | 0 -3.826
proton | 1 5.586
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SINGLE-PARTICLE MAGNETIC MOMENTS

MAGNETIC MOMENTS IN INDEPENDENT-PARTICLE MODEL
In the Slater determinant |®k):

K .
Mind = m@K’MzN’K)
K oa g
= (ilfiz] i)

i€| k)

= (ﬂint)sp + (,U«int)core
Single-particle model: neglect core contribution

K

= find ~ (Kind)sp = 741 (g£<é\z>odd —+ QsSodd)
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SINGLE-PARTICLE MAGNETIC MOMENTS

MAGNETIC MOMENTS IN INDEPENDENT-PARTICLE MODEL

e Good approximation for light nuclei with spin-saturated
magic core (up to '0)

e In nuclei with spin-unsaturated core, quenching of spin
contribution, especially in deformed nuclei:

e K

(Mind)sp BEE] (gf< z)odd + gs Sodd)MN

with g™ ~ 0.7gs to account for discrepancy with

experimental values
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SINGLE-PARTICLE MAGNETIC MOMENTS

SPIN QUENCHING OF MAGNETIC MOMENTS
e Origin of the quenching: spin core polarization effect

Mind = (/«Lind)sp + (Nind)core

K 5 D 9ol z| D) cor
9e(lz)oad + Gs (1 - R+ (Or|gets| K>Coe> Sodd] BN

T +1 JsSodd

with R
<¢K|gssz‘¢K>core

9sSodd

and for low spin-mixing in odd-particle states (|Sodaa| < %)

R=-

<¢K‘g€é\2’¢K>core < ’gssodd|

hence fiing = (ina) " with g™ ~ (1 - R)gs
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SINGLE-PARTICLE MAGNETIC MOMENTS

SPIN QUENCHING OF MAGNETIC MOMENTS

Calculated results: g™

/gs close to empirical value ~ 0.7

Nucleus (J™)exp (K™)m  Soaa  Spin quenching factor
49Cr 5/2= 5/2= 0.429 0.695
49Mn 5/2= 5/2= 0.429 0.835
993y 3/2t 5/2= 0.386 0.670
9y 5/2t 5/2t 0.432 0.835
103Mo 3/2t 3/2t 0.366 0.786
G 5/2t 3/2- 0.486 0.803
175Yp 7/2= 7/27 -0.421 0.656
1751y 7/2t 7/2T  -0.479 0.775
794t g9/2+  9/2t  0.437 0.649
919 7/2+  9/2~  0.479 0.815
285y  7/2=  7/2 0.364 0.673
B5Np  5/2t  7/2  -0.386 0.784
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CONCLUSIONS

e Hartree—Fock hamiltonian for odd-nuclei breaks
time-reversal invariance = Kramers degeneracy removed

e Perturbative character of time-reversal symmetry breaking
+ axial symmetry = quasi-Kramers pairs with opposite
K-values

e Correlation between energy splitting and expectation
values of S, in a given quasi-Kramers pair and for the odd
nucleon, interpreted as alignment of spin of favored partner
and spin field (“spin paramagnetic” core polarization)

e Spin core polarization quenches the spin contribution to
magnetic moment in independent-particle model
(reproduction of empirical quenching factor)
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PERSPECTIVES

e Further tests of the polarization rule (more nuclei, other
Skyrme forces)

e Include pairing correlations within the Higher
Tamm-Dancoff Approximation (highly truncated shell
model based on the Hartree—Fock solution)

e Study extensively in the Bohr and Mottelson Unified Model
the influence of core polarization on spectroscopic
properties (magnetic moments, transitions; Coriolis
coupling...)

e Extension to a more general class of time-reversal
breaking intrinsic solutions, as K-isomers
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