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Motivation

To maximise the discovery potential of APV measurements
* Push state-of-the-art atomic calculations to 0.1% precision
* Development of precision atomic theory
* Improved benchmarking of atomic theory

* Remove nuclear structure uncertainties to enable atomic theory
tests below 0.1%
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Atomic parity violation

Cs 6S-7S APV amplitude,
0.35% uncertainty

Carl Wieman group (1997)

Image: T. Andrews, University of Colorado
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Atomic parity violation

Cs 6S-7S APV amplitude,

Epv = (751 151D.16S; /0
0.5% uncertainty pv = (751/2|D:[651/2)

_ Z (751 2| D |nPy j2) (NP 2| Hpv |65 /2)
n E651/2 _ EnP1/2
+ ...

- Dzuba, Flambaum, Ginges, PRD (2002); =& Qw
Flambaum, Ginges, PRA (2005)

Most precise calculations:

Dipole operator Weak operator  Energies

- Porsev, Beloy, Derevianko, PRL (2009); D — oT. Hpy = hev); 5
Dzuba, Berengut, Flambaum, Roberts, zz: ¢ Z( )i

PRL (2012)

7

Recent calculation: Sahoo and Das [Sahoo, Das, Spiesberger, PRD(L) (2021)]*

Working towards 0.1-0.2% precision:

e Precision Atomic Theory group @ UQ
e Derevianko’s group [Tran Tan, Xiao, Derevianko, PRA (2022)]

Roberts and Ginges, PRD (2022)
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Experiments in
preparation/progress
include:

e Cs (Purdue)
e Fr (TRIUMF; Tokyo)

Bat (Seattle)
 Ra+ (Groningen)

Atomic parity violation

PERIODIC TABLE

- - National Institute of
Group Atomic Properties of the Elements N Y
|1\ U.S. Dezariment of Commerce V}I?A
e FREQUENTLY USED FUNDAMENTAL PHYSICAL CONSTANTS§ < : o
R ; R S Physical Measurement Laboratory www.nist govipmi 2 ‘ s,
H transifion between the two hyperfne leveis of fhe ground state of 'Cs Standard Reference Data wwwnist govisrd He
1 HHI speed of light in vacuum c 200702458 ms™ (exact) i::::'mt:‘m Hﬁl
2 Planck constant h 6.626070x 107 *Js e okl el 13 14 15 16 17 4-;;.”
19 3 18"
e | NA Shumeridury chergs e il e pimList gviconsiants. WA IVA VA VIA  VIA | 245874
- electron mass me 9.109384 x 10 " kg T T 7 ~ — = -
23 sn|d 'Sy mec® 0.510 280 MeV . 5 L6 AT *S5i|8 B9 P10 'S,
Li Be proton mass m, 1.672622x 107 kg L] Solids B C Ji () F | Ne
iR S fine-structure constant a 1/137.035 008 [ Liquids 2 ; bty
804 9_6'122 Rydberg constant R, 10 973 731.560 m"s Gases 1’2.’31; Carbon Hﬁ!m; ,‘7“
% 222 R,c 3.280 841 060 x 10" Hz i 1 ettt |
5317 s.307 R,hc  13605683eV (| smﬁc'zzy 82080 ! 17:.% _ 215045
311 ,.[12 s, electron volt ev 1602177 x 1075 repan 13 %, AT
M Boltzmann constant k 1.38085x 10" JK r :
Na g molar gas constant R 83145 mol K Al CI Al
Sodium Magnesium Aminum Chiorine Argon
22800 24 3 4 5 6 7 8 9 10 1 12 26852 e e
- PR || Bel= B VB VB VB VIB | Vil 1 1B B | MR ﬁ;’ i
24 19Kzsm 20C 'S, 21SZDn 221__3|=1 23 V‘F,2 24C 75 25M SSes 26F D, 27C *Fan 28N-‘F. 29C PR 3OZ 15 3‘IG P, 35 *Pg |-
@
a d C I r n e (o] | u n a r
Potassium Calcium Scandium Titanium Vanadium | Chromium | Manganese fron Cobailt Nickel Copper Zinc Galium Bromine
39.008 40.078 44.956 47.887 50.942 51.906 54.938 56.845 58.933 58.603 63.546 85.38 60.723 72.630 Y 70.004
[Arj4s (Anes” aoes” | A’ | anscss’ | (aps’ss | pansa’ss? | pagsass’ | pansdlss® | pagsd’ss’ | ansa’ss | pamsa"ss” | pansa™ss’ap | ansa®es’ep® | jansa®asep® |iansa®as’ap’ |jarsa®esep® par
4.3407 81132 6.5815 8.8281 6.7462 6.7685 74340 7.9025 7.8810 7.6329 7.7264 93042 5.9003 7.8094 27886 9.7524 18138 |

37 .(38_ 5,[39 0,40 7|41 0,42 7S, |A3 5,44 .45 .46 ', |47 |48 's,|49 ;|50 P, |51 ‘s, |52 °P,|53 Py,
Rb | Sr| Y | Zr |[Nb |[Mo|Tc |[Ru|Rh |Pd | Ag|Cd | In | Sn|Sb | Te | |

5 Rubidium Strontum Yitrium Zirconium Niobium Technetium it F i Silver Cadmium Indium Tin Antimi Tellurum lodine
Molybdenum ony
85.488 87.62 £8.008 291.224 02.906 9505 10107 10201 106.42 10787 1124 114.82 1871 121.76 127.60 126.90 Wb 20
ejeass | rpea'®ss? | krpeasssp | poea®ssZsp? |wea’ss’sp” | krjsa'sssp | Ikrpea s sp” | ss
57884 | 7.4% | 86084 Y

.(6.&41 l&7589 7.0024 7.1194 g . v
72 F,[T3_ |74 Dy|75 *5;[76_ D,|77 ‘%[ 78_0,(79 5,[B0 5,81 _;,(82 %, |83 ‘S, |84 °F,[85 oy, |
Ta Re | Os | Ir | Pt |Au|Hg | Tl | Pb | Bi | Po | At

Hafnium gs A Osmium Iridlium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine
178.49 180.85 18384 18821 180.23 19222 19508 186.97 20050 20438 2072 20888 (200) (210)
Deper**sa’ss” | preper™*sa’ss” | prejer'sa'ss” | prejer™'sa’es” | Ixepar**sa’ss” | xeper*'sa’ss’ | prejar*'sa’ss |peersa’’es [ejesa'’es|  mowe | paep’ | M’ | e’ [Hal6p’

6.8251 7.5408 7.8640 7.8335 84382 8.8670 8.0588 0.2256 104375 6.1083 74167 7.2855 8414 83175

104 =, (105 +,.[106 ,[107 (108 (109 [0 (111 (112 [113 [114 (115 |16 |17
Rf |Db | Sg| Bh|Hs | Mt ([Ds |[Rg|Cn [ Nh| FI [Mc| Lv | Ts

(278) (281) (282) (285) (288) (289) (289) (283) 94)

57 .58 'G;Vss ;] 60 75[!61 ‘H;E'sz ’F,,Vss s, |64 ’0;6554‘;,2766 %67 T[68_ |69 w70 [T1 b
La| Ce | Pr | Nd [Pm|Sm | Eu | Gd (Tb | Dy | Ho | Er | Tm | Yb | Lu

Lanthanum |  Cerium i y Promethium i opi i Terbium | Dysprosium | Holmium jum Thuium | Yderbium | Lutetum

. 138.01 140.116 140.91 14424 (145) 150.36 15108 15725 15803 162.50 18493 16726 168.83 17305 17497
Ce | mepoes® | pemisass” | prepsres’ | prer'ss” | prejares’ | pejacss’ | preflss® | preper’soes’ | preperss” | prepres’ | preper”s” | preperss® | prejarss” | prejer’les” | pejarsoss®

Name — Cetium 4 5.5768 5.5386 54702 5.5250 5.577 5.6437 5.6704 6.1408 5.8838 5.8301 6.0215 6.1077 6.1843 82542 54250
Standard__|— 140.12 89 ,,(90 (91 (92 2|93 %,../94 (95 °s5,(96 b3(97 S,|98 L[99 I, |100 °n (101 =, (102 'S [103 ‘P,

pitomic © L [XeJf5dbs’ ¢f] Ac| Th | Pa| U |[Np|Pu|Am |Cm Bk | Cf | Es | Fm | Md | No | Lr
o 55386+ Acfinium Thotium | Protactinium | Uramium | Neptunium | Plufomium | Americium | Curum | Berkefum | Califomium | Ensteinium | Fermium |Mendelevium | Nobelium | Lawrencium

@

X (243) (247) (247) 251) (252) (257) (258) (250) (268)
[Rnjsars’ | [Ruea7s’ | Repsfears’ | Rsfears” | Rojstsars® | Rnjs7s® | Rupsers® | Rusfearst | Ropserst | mosers® | Ropserst | mepsest | Repse st | meseirst |wRepsitrste
62855 6.0258 5.0738 5.0014 68.1978 82817 6.3876 6.50 6.58 6.66 4.96
*Based upon e () indicates the mass of the § t-lived i For the most precise values and uncertainties visit ciaaw.org and pmlLnist.govidata.
NIST SP 966 (Julv 2018)

Ground-state lonization
Configuration  Energy (eV)
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Benchmarking atomic theory

//\\ {P\ 10/ 50

106 104 1072 N/ \b/ 0

Upper radial component, Cs 6s:

radius (a.u.)

751 /9|DnP nPy 0| Hpv|6S 751 /9|Hpv|nP nPy 5| D|6S
Epy = Z { 1/2| | 1/2>< 1/2\ PV| 1/2> X Z { 1/2! PV| 1/2>< 1/2! | 1/2>
E651/2 T EnP1/2

= {Qw

E7S1/2 - Enp1/2

n n
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Benchmarking atomic theory

Upper radial component, Cs 6s:

hyperfine structure E1 amplitudes
< > /\ “ >
>
10/ 50

radius (a.u.
10~° 10~ 102 \/ \ /1 \ @u.)
< > <€ . \/ >
weak matrix elements energies
hyperfine structure, few 0.1% - 1%
- energies, 0.1%
- E1 amplitudes, few 0.1%
By =Y (7512|D[nP j2) (nPy jo| Hpy |65 /2) Ly (75172 Hpy [Py /2)(nP1 /2| D651 2) 0w

n E651/2 _EnP1/2 n E7Sl/2 _EnP1/2
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Benchmarking atomic theory

Upper radial component, Cs 6s:

hyperfine structure E1 amplitudes
< > /\ “ >
>
10/ 50

radius (a.u.
10~° 10~ 102 \/ \ /1 \ @u.)
< > <€ . \/ >
weak matrix elements energies
hyperfine structure, few 0.1%-1% <+—
- energies, 0.1%
- E1 amplitudes, few 0.1%
By =Y (7512|D[nP j2) (nPy jo| Hpy |65 /2) Ly (75172 Hpy [Py /2)(nP1 /2| D651 2) 0w

n E651/2 _EnP1/2 n E7Sl/2 _EnP1/2
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Hyperfine structure

NIST-F2 Atomic clock

Primary standard for the Sl unit
for time, the second

Hyperfine splitting in cesium

F =14

6 *51 /2

< 9192.63177 MHz

F=3

THE UNIVERSITY
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Hyperfine structure

Modelling the hyperfine structure nuclear magnetic moment
T I
Interaction hnegs = — H F(r) .
c r3 +Z describes the nuclear

magnetization distribution

For a point-nucleus F(r) =1
Ball, F(r) = (r/rp)’ Fermi distribution

Pm 4 Pm 4

Standard ways to model
| F(r), until recently:
> T

'm

> T

I'm

Hyperfine splitting quantified by hyperfine constant A

A= Ag(l+e)+ AP

)
Many-body result,

finite nuclear charge effect included
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Hyperfine structure

Modelling the hyperfine structure nuclear magnetic moment
T I
Interaction hnegs = — H F(r) .
c r3 +Z describes the nuclear

magnetization distribution

For a point-nucleus F(r) =1
Ball, F(r) = (r/rp)’ Fermi distribution

Pm 4 Pm 4

Standard ways to model
| F(r), until recently:
> T

'm

> T

I'm

Hyperfine splitting quantified by hyperfine constant A

A= Ag(l+¢)+ AP

)
Bohr-Weisskopf (BW) effect —

finite nuclear magnetization contribution
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Hyperfine structure

Modelling the hyperfine structure nuclear magnetic moment
T I
Interaction hnegs = — H F(r) .
c r3 +Z describes the nuclear

magnetization distribution

For a point-nucleus F(r) =1
Ball, F(r) = (r/rp)’ Fermi distribution

Pm 4 Pm 4

Standard ways to model
| F(r), until recently:
> T

> T

I'm

Hyperfine splitting quantified by hyperfine constant A

A= Ag(l+e)+ AP
t

Quantum electrodynamics
radiative correction
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Hyperfine structure

Modelling the hyperfine structure nuclear magnetic moment
T I
Interaction hnegs = — H F(r) .
c r3 +Z describes the nuclear

magnetization distribution

For a point-nucleus F(r) =1
Ball, F(r) = (r/rp)’ Fermi distribution

Pm A Pm 4

Standard ways to model
| F(r), until recently:
> T

'm

> T

I'm

Hyperfine splitting quantified by hyperfine constant A

A= Ag(l+e)+ AP

1 | 4\

contains factor
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Hyperfine structure

Hyperfine comparisons

APPY v Ap(1+€) + AP

Provides test of atomic many-body theory in the nuclear vicinity only if
* Nuclear magnetic moments [

e Bohr-Weisskopf effect €

e QED radiative corrections §A<FP

are known well (contributing < 0.1% uncertainty to hyperfine constants)
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Hyperfine structure

QED corrections

Self-energy and vacuum polarisation
corrections evaluated for:

e |owest states of alkali-metal atoms:

i {4 1=

O =

e ground-states of Rb, Cs, Fr, Bat+, Ra+ W@"4

- O

QED corrections (%) to ground state hyperfine constants

Cs Ba+ Fr Ra+

Reference

-0.38(6) -0.37(4) -0.60(1) -0.55(8)

-0.42 -0.6

Ginges, Volotka, Fritzsche, PRA (2017)

Sapirstein and Cheng, PRA (2003)

THE UNIVERSITY
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Hyperfine structure

QED corrections ¢

Self-energy and vacuum polarisation
corrections evaluated for:

e |owest states of alkali-metal atoms:

(_ {4 1=

O =

e ground-states of Rb, Cs, Fr, Bat+, Ra+ W@"4

- O

QED corrections (%) to ground state hyperfine constants

Cs Ba+ Fr Ra+

Reference

-0.38(6) -0.37(4) -0.60(1) -0.55(8)

-0.42 -0.6

Ginges, Volotka, Fritzsche, PRA (2017)

Sapirstein and Cheng, PRA (2003)
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Hyperfine structure

: F(r)/r2 for francium
Bohr-Weisskopf (BW) effect 0.05 -
S Pointlike
T & 0.04 . Ball — ]
_ fo ™ drf(r)g(r)[F(r) —1]/r? . . S1ng2llel—partlcle: _
Jo~ drf(r)g(r)/r ~ 212% ________ \
| \
= 0.02 f l
Single-particle model: i/ 001 L / ]
gs found from measured nuclear 0 E— —
magnetic moment using Lande factor 0.1 1 10
r (fm)
T T\ N 21 — 1 21 — 1
POy = () [r-am (D) (- Htgs+ 2t )| rorietene
133 135 + 211 225 +
nuclear model Cs Ba Fr Ra BW corrections
ball -0.71 074 27 -2.8 | (%)tos-state
hyperfine
single-particle -0.21 -1.0 -1.3 -2.8 constants
single-particle (WS, spin-orbit) -0.19(14) -1.3(4) -1.4(5) -4.3(13)

OF QUEENSLAND Ginges, Volotka, Fritzsche , PRA (2017)

AUSTRALIA

THE UNIVERSITY Expression for F(r): Volotka et al., PRA (2008)



Hyperfine structure

: F(r)/r2 for francium
Bohr-Weisskopf (BW) effect 0.05 — .(.) S— R
S i Pointlike
Fm & 0.04 - Ball — ]
_ fo ™ drf(r)g(r)[F(r) —1]/r? . . S1ng2llel—partlcle:
Jo~ drf(r)g(r)/r ~ 212% ________ \
| \
= 0.02 l
Single-particle model: i/ 001 L / ]
gs found from measured nuclear 0 E— —
magnetic moment using Lande factor 0.1 1 10
r (fm)
T T\ N 21 — 1 21 — 1
POy = () [r-am (D) (- Htgs+ 2t )| rorietene
nuclear model 133Cs 135Ba+  211Fr  225Ra+
BW corrections
ball -0.71 -0.74 2.7 -2.8 (%) to hyperfine
single-particle -0.21 -1.0 -1.3 2.8 constants
single-particle (WS, spin-orbit) -0.19(14) -1.3(4) -1.4(5) -4.3(13)
Difference 0.5% 1.3%

OF QUEENSLAND Ginges, Volotka, Fritzsche , PRA (2017)

AUSTRALIA

THE UNIVERSITY Expression for F(r): Volotka et al., PRA (2008)



Hyperfine structure

F(r)/r2 for francium

Bohr-Weisskopf (BW) effect X 0.05

Pointlike — o
Tm & 0.04 - Ball — -
_ fo ™ drf(r)g(r)[F(r) —1]/r? . . S1ng2llel—partlcle:
Jo© drf(r)g(r)/r? SO aep \\
=~ \
= 0.02 l
Single-particle model: =001 / |
gs found from measured nuclear 0 E— T
magnetic moment using Lande factor 0.1 1 10
r (fm)
T T\ N 21 — 1 21 — 1
POy = () [r-am (D) (- Htgs+ 2t )| rorietene
nuclear model 133Cs 135Ba+  211Fr  225Ra+
BW corrections
ball -0.71 -0.74 2.7 -2.8 (%) to hyperfine
single-particle -0.21 -1.0 1.3 -2.8 constants
single-particle (WS, spin-orbit) -0.19(14) -1.3(4) -1.4(5) -4.3(13)
Difference 0.5% 1.3%

OF QUEENSLAND Ginges, Volotka, Fritzsche , PRA (2017)

AUSTRALIA

THE UNIVERSITY Expression for F(r): Volotka et al., PRA (2008)



Hyperfine structure

Calculations of hyperfine intervals and comparison with experiment. Units: MHz

133Cg 135B g+ 211Fr 225R g+
Many-body 9229.5 7286.8 45374 -29113
BW -17.0(131) -91.8(275) -641(244) 1267(380)
QED -35.1(58) -27.1(30) -273(56) 159(23)
Total theory 9177.4 7167.9 44460 -27687
Experiment 9192.6 7183.3 43570 27731
Difference -15.2 -154 890 44
Difference (%) -0.17(16) -0.21(38) 2.0(6)(20) -0.2(14)

THE UNIVERSITY
v/ OF QUEENSLAND

AUSTRALIA

Ginges, Volotka, Fritzsche, PRA (2017)



Hyperfine structure

Nuclear magnetic moments

How well do we know p? 133Cs, 13°Ba, Frisotopes, 225Ra

\ 7 ! !

uncertainties: negligible 1-2% 0.2%

. , , A(7s)/A(7p1/2) vs atomic mass for francium
Our atomic theory uncertainty is | | l l l l l

: 7.7 ¢ Ball —+«— Experiment
better = can find p(Fr)! - Single-particle

SP (corrected)

ASPE oy A (paen) (1] ) : j
7.6 l

A?s / A?p

Test/control BW effect using:

e ratios of A for different states : -
 Empirical BW value extracted T |
from H-like 209Bj

NE.
N

N A V3
% N
| |

207 208 209 210 211 212 213
Determined p with an uncertainty of 0.5% A

THE UNIVERSITY Roberts and Ginges, PRL (2020)
OF QUEENSLAND
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Hyperfine structure

Nuclear magnetic moments ¢/

How well do we know p? 133Cs, 13°Ba, Frisotopes, 225Ra

\ 7 ! !

uncertainties: negligible 1-2% 0.2%

. , , A(7s)/A(7p1/2) vs atomic mass for francium
Our atomic theory uncertainty is | | l l l l l

: 7.7 ¢ Ball —+«— Experiment
better = can find p(Fr)! - Single-particle

SP (corrected)

ASPE oy A (paen) (1] ) : j
7.6 l

A?s / A?p

Test/control BW effect using:

e ratios of A for different states : -
 Empirical BW value extracted T |
from H-like 209Bj

NE.
N

N A V3
% N
| |

207 208 209 210 211 212 213
Determined p with an uncertainty of 0.5% A

THE UNIVERSITY Roberts and Ginges, PRL (2020)
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Hyperfine structure

Nuclear magnetic moments ¢/ X

How well do we know p? 133Cs, 13°Ba, Frisotopes, 225Ra

\ 7 ! !

uncertainties: negligible 1-2% 0.2%

. , , A(7s)/A(7p1/2) vs atomic mass for francium
Our atomic theory uncertainty is | | l l l l l

: 7.7 ¢ Ball —+«— Experiment
better = can find p(Fr)! - Single-particle

SP (corrected)

ASPE oy A (paen) (1] ) : j
7.6 l

A?s / A?p

Test/control BW effect using:

e ratios of A for different states : -
 Empirical BW value extracted T |
from H-like 209Bj

NE.
N

N A V3
% N
| |

207 208 209 210 211 212 213
Determined p with an uncertainty of 0.5% A

THE UNIVERSITY Roberts and Ginges, PRL (2020)
OF QUEENSLAND

AUSTRALIA



Bohr-Weisskopf effect

Properties
Jo " drf(r)g(r)[F(r) —1]/r?
Jo drf(rg(r)/r?

In the nuclear region, the electrons see the unscreened Coulomb field of the nucleus.
Since the binding energies ¢ < V(r) , wave functions with the same angular
dependence are proportional.

6s radial wave functions for H—like and neutral Cs
|: V(l’)—&‘ C(K/r_ar) i||:fn/<i|:()

Relative BW correction € =

[Large radial component

clk/r+9,) V(r)—e—2c*||gnu 7

030 ¢

BW effect is independent of 05

principal quantum number! 020

— €nk — €En/k 0.15¢

0.10 ¢

Also, in the nuclear region, for 0.05
heavy systems: / - Radius (a.u.)

0.005 0.010 0.015

f31/2 chpl/z ) fp1/2 OCg81/2

BW effects in atoms related to BW matrix element for 1s state of H-like ion

THE UNIVERSITY Skripnikov, J. Chem. Phys. (2020)
OF QUEENSLAND Roberts and Ginges, PRA (2022)

AUSTRALIA



Bohr-Weisskopf effect

Correlation corrections (%) to hyperfine intervals for states ns

To remove or extract?

35[ I I | CS —
Ratio method 30 |
25 +
By taking a ratio of two states with |
different principal quantum N
15 F
number, the dependence on the ;
BW effect may be removed! 10
5 L
th
Anm — AO,TLH: (Aqe;/(z/AO,n’ﬁ;) 0 L
§
Principal quantum number n
Ants (MH2Z)
Experiment Theory This may be used to make
State This work Prior expt. Ref. [37] Ref. [16] high-precision predictions of
the hyperfine constants!
12s 26.318 (15) 26.31 (10) [24] 26.28 26.30 (2) yP
13s 18.431 (10) 18.40 (11) [25] 18.42 (1)
Ratio method: Ginges and Volotka, PRA (2018)
THE UNIVERSITY _
OF QUEENSLAND Ref. [16] Grunefeld, Roberts, Ginges, PRA (2019)
W L usraria Experiment: Quirk et al., PRA (2022)



Bohr-Weisskopf effect

Differential hyperfine anomaly

Ratio of hyperfine constants of different isotopes of the same element,

AWM/ AR) = g}l)/gf)(l A2y

and typically for nuclei of different spin,

IA2 o (D) _ (2)

Gives the difference in the BW effect for different isotopes.

Isotope 1 Isotope 2 Differential anomaly ! A? (%)
A " €gan (%)  €sp (%) A I" €gan (%)  €sp (%) Ball SP Expt. [59]
37Rb 5512 85 5/2~ —0.306 0.044 87 3/27 —0.306 —0.278 —0.001 0.323 0.35142(30)
86 2" —0.306 —0.139 0.000 0.183 0.17(9)
47Ag 5812 107 1/2~ —0.497 —4.20 103 7/2F —0.493 —0.347 —0.018 —3.88 —3.4(17)
109 1/2~ —0.498 —3.78 0.007 —0.431 —0.41274(29)
55Cs 6512 133 7/2% —0.716 —0.209 131 5/2* —0.716 —0.596 —0.001 0.389 0.45(5)*
135 7/2F —0.716 —0.247 0.002 0.039 0.037(9)°
134 4+ —0.716 —0.371 0.000 0.163 0.169(30)
seBa’ 6512 135 3/27F —0.747 —1.03 137 3/27F —0.747 —1.03 0.001 0.001 —0.191(5)

THE UNIVERSITY
OF QUEENSLAND

AUSTRALIA

Roberts and Ginges, PRA (2021)
Expt. data from: Persson, At. Data Nucl. Data Tables (2013)



Bohr-Weisskopf effect

From H-like experiments to heavy atom calculations

Accurate empirical BW effect from H-like ion measurements,
Alfp = AP (1+€) + 5 Algen

: . Magnetization radius from H-like ion BW
BW effect with ~ 1% precision from effect and neutral atom differential anomaly

measurements with H-like 203,205T| 207Pp 209B;,

1.095

H-like ion result may be used to determine [
the BW effect in many-electron atoms! 1.09 ¢ ]
1s _1.085 - 1

A:Ao(l—I_xsch ) +5~AQED =

f T 1.08 - ]

electronic = :
screening factor £ L7 _

For s states, xs.r = 1, the uncertainty is l H6-like
negligible, and Zs; is independent of the 1.07 | Tsilm - ]
nuclear model! o6 : ]
. 1065 1.07 1.075 1.08 1.085 1.09 1.
Nuclear structure uncertainty is entirely o LT LT N ?§03T1§’85 09 1.095

removed from atomic calculations!

Roberts and Ginges, PRA (2022)
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Summary

Accurate modelling of the finite magnetization distribution
In atomic nuclei is important for

* Hyperfine comparisons

- Tests of atomic wave functions in the nuclear region
- Reducing APV theory uncertainty to 0.1%
* Nuclear structure theory

e Determination of nuclear moments
* Probing the neutron distribution

e Tests of quantum electrodynamics
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