Nuclear magnetic moments
In the lead region:
Recent results and perspectives



Magnetic moments in the lead region

1. Hyperfine structure anomaly and the method of HFA study far
from stability.
Example: Au

2. g factor and nonaxiality: 179 177Au

3. Spins and magnetic moments as a fingerprint of shell evolution:
179, 177Hg

4. Shell effect in mhy,, magnetic moments at N = 126 and core-
polarization corrections

5. Striking regularity in the g-factor behaviour:
mhy,, at N > 126;
mh,,, at 82 < N <126



Hyperfine structure anomaly

high accuracy independent
measurement is needed —

y7A a, - I > data was obtained only close
to stability
4 A A
a=a,,,(l+&) =—>"A = (s, —¢,)
usually A ~ 10-3+ 104
] however, ~1% at
U, =, - A . a, large spin change:
= 4 ) a Tl, Fr, Ra; up to
A ~20% for Au!
: 2
Theory:  g(A) £bK 1 >, (A) @
factorization: /
atomic part: independent on A nuclear configuration part

A.-M. Martensson-Pendrill, Phys. Rev. Lett. 74, 2184 (1995)
E. Konovalova et al., Atoms 6, 39 (2018) J.R. Persson, ADNDT 99 (2013) 62



Differential hyperfine structure anomaly
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DHFA == RHFA == 4 correction

y 4 A A
p 1 1A 2 (n l )
mly A nyly _ Tomlnyl A4 A4, A A4 — 171
AIAAZ =%—1— A (”111)_ A (l’lzlz) 77(”1]19”2[2)_ AIAAZ (n l )
ml ,n,l, 272
mh A Ml pure atomic value!
4 AL (n,1,) = 44 Independent on A
22 n—1 due to factorization
determination of HFA without V. J. Ehlers et al., PR. 176, 25 (1968)
independent high-accuracy y J. R. Persson, EPJ. A 2, 3 (1998)

measurements

This approach was used for short-lived Tl and Bi isotopes:

A. E. Barzakh et al. Phys. Rev. C 86, 014311 (2012)

S. Schmidt et. al., Phys. Lett. B 779, 324 (2018)

(Cf. also the “method of specific difference” which yield a conclusive test of
QED in strong magnetic fields: V.M. Shabaev et al., PRL 86 (2001) 3959)
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RHFA in Au is larger than 10%. To extract y properly one needs in
calculation/measurement of n factor. Measurement of n is possible for
196,198,199 Au where precise independent u values are available.



g factor for 1/2* and 3/2* states at N <126

I | | | | | | | g(1/2*) is practically
= 3.5- 1 i
= _ : | independent on Z
© gl Ao Cp e mmm R although 1/2* states
- — 177 / @ Q
c>t<s )5 AU 7 1 have different nature for
= I 4 1 Tl and Bi or At isotopes
o 2.0 * " TL12" o AL12"| (“normal” spherical vs
0 gl * Au 127 O Bi 12" intruder deformed)
o < Ay, 32" » I 327
1.0 - * % N -
0.5 73 §
0.0 > > + +» o 1 i
© 9% 100 104 108 112 116 120 124
7p) N
©
§ HF (181T1, 1/2* — 177Au, 1/2*) ~ 4
&)
e For all other a decays in these region (At — Bi, Bi — TI, Tl — Au
S HF (..., 1/2* — ..., 1/2*) ~ 1 (Sy,, — Sy 5)



g factor as a

g factor for 1/2* and 3/2* states at N <126

| T T T T T T T I 4 HF (179T|, 1/2+ N
3.5+ 175Au, 1/2%) ~ 1
. ", 5 T s B B !
Sl ' e eé & &m = 1 ﬂ
»s] TTAU 112 ]
| x return of 175Au to
2.0- # " TLI2" o At12"| the pure s, state
%) 4 + . +
i 5 7231/2+7rd3/2 * Au 127 © Bi 12 (V ~ Oo)?
_ <« Auy,32" » Ir, 32"
1.0 - % 2.5 '
' 187 €=0.15,0.17,0.19
B3 Au 3 ) »0-
0.0- > o ¢ @ B ] . . .
T T T T T T T T T T T E 1.5
96 100 104 108 112 1l¢ = | 177Au, v ~ 300 >
=
N [_mj—+ -
Admixture of d,, state to s, , | .
state due to triaxiality in ‘ 187AY, | ~ 60O
daughter 77Au leads to the 0.0 N —
moderate retardation of the o 0 10 20 30 40 30 60
T ldeg)

decay

G. Passler et al., Nucl. Phys. A580 (1994) 173



vhy, VS vf,, at N < 100: shell evolution

neutrons (W2 00 35 me+ ide
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vhy, VS vf,, at N < 100: shell evolution

neutrons 180T]
< Configurati /
} 126 onfiguration ’aadd('u N) /aexp(fu N)
o » Y Y >
= 73sy,X 1Ny, | (4) | -0.58 | -0.564(23)
= » >
o 80 3py, 738,,X v2f,, | (4) 0.70 | —0.564(23)
(b
o
o Liyz) _
- 10 u(189Tlye) may be explained
< 100 only with vhy,, assumption for
g neutron configuration
o .29 129/2
o 2
= T e
n



vhy, VS vf,, at N < 100: shell evolution

neutrons 0 7_- 179 neutrons
] " N=83,v, u('"Hg. vizp)
-0.8 4
~ 6 08- \ ] 6 |
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s g W rzZzZZIZZZ72 A ‘
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5 80 3pl/2 1'2: 177 3 |
g 13- # (V7)) w(Hg, Vi) i 9
O i ' - 1i
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+ Z
E_ Quadrupole moments also support f;,, nature of 177.178Hg | .
b .29 hy, /M'Qo 1h7/2
[= T 2f, ), 9/2
=
” 8 The similar inversion (11p5,, <> T1f5;,) was found in Cu Bf
14 and Ga nuclei (K. T. Flanagan et al., PRL 103, 142501 -14

(2009); B. Cheal et al., PRL 104, 252502 (2010))



Au vs Tl isotopes: shell swap

176 A
Configuration § I § #asa(#nN)y “ep(#n) | p(176Aug,) is explained only with
zdg, X v2f,, | (4)| -0.84 | -0.834(9) | Vvfzpassumption for neutron
78X v1hgy | (4)] 020 | -0.834(9) configuration (additivity relation)
wdy, X v1hgy | (4)] 066 | -0.834(9)

7 (181.179Pbg o) = 9/2-: p(189Tlyg) is explained only with

vhg,, assumption for neutron

vhy,, configuration?
configuration



Hg isotopes: shell swap, v

-n tenzor forces between 1Th and vh
neutrons P 1172 9/2

i 1eutrons
H 13/2 ,

— _6 around Ngloo ] > _6
> / .
o 126 126
é J. 77| fermi energy
% 80 3p1/2 -8 °3p1/2
= fermienergy | J
)
5 .’)
® 10 L5 1hy 10 Lij3/; m=+
O
._F_U 1T0 protons heutrons 100 Sub-shell
'R
Q _12° 1h9/2 ><:_12° ﬂ?/z
cEJ: ? 2f, 5 ? 9/2
n change of the spin-orbit splitting

14 due to the tensor forces ; r

Z=54, N=83 Z=80,N=99
T Otsuka and Y Tsunoda J. Phys. G: 43 (2016) 024009



Au vs Tl isotopes: shell swap
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Subshells return to the
“normal” ordering at Z > 80



1thy, g factor: systematics at N ~ 126
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The same slope of the isotopic dependencies of u(zh,),)
The same kink at N =126



1%t order core-polarization correction: Bi
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1thy, g factor: systematics for N > 126
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missing points: 213 215A¢, 215, 217Fr 219A¢ (short lived), %27- 223Ac



1th,,,, g factor: systematics
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Weak Z-dependence; first-order core polarization?

m|SS|ng pOIntS 171, 173, 175, 199, 201, 203, 205Aum
(some of them very short lived)



. HFA: systematic study of the a-constants ratio with the accuracy
~0.1%:

Correction of the u values;

Configuration mixing;

Deformation and HFA

. Striking regularity of the g(mrhy,) and g(mrh,,,,) isotopic behaviour:
Systematics should be extended to short-lived isotopes;
Underlining mechanisms should be revealed

. Evolution of nonaxiality in odd-A Au isotopes:

Whether ""°Au “returns” to the pure s,,, configuration?

. Shell swap at Z~ 80, N ~ 100:

Do 179 181Ph9 belong to the pure vhy,, configuration?
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