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Motivation

= Magnetic dipole observables can be used
4+ to detect magic numbers
+ to test ab initio calculations.

= For more precise calculations, one needs to add 2BC effect.
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- 2BC effect is well tested in light systems.

= What about heavier systems?

S. Pastore et al., Phys. Rev. C 87, 035503 (2013). SCHE
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A. Klose et al., Phys. Rev. C 99, 061301 (2019). A. R. Vernon et al., Nature 607, 260 (2022).
@ Experiment —e- VS-IMSRG 1.8/2.0(EM) —e- DFT HFB without time-odd fields - - - DFT HF without time-odd fields
O Experiments in VS-IMSRG N?LOg, —— DFT HFB with time-odd fields —— DFT HF with time-odd fields
literature
VS-IMSRG, 1.8/2.0 (EM) b A
107 111 115 119 123 127 131
A Z =120 N =20 l . l l l l
p g CH1.148 D 50124 D Schmidt limit ==
39 Expt. +1.0217(1) [23] +0.3915073(1) [24] .
sp g +0.930 +0.469

VSIMSRG (1349 D 0035 >

37 Expt. 0.7453(72)> 0.6841236(4) 251>
USDA-EMI +0.770 +0.677
USDB-EMI +0.754 +0.675
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of 3°Ca. Compared to the USDA/B-EM1 calculations, the
VS-IMSRG agrees with the dominance of the (620) partition [* =9/2* Aln (Z=49 i
for 3°Ca. However, the amount of the (522) partition that i i n ( T ) i . i

gives the core-polarization correction is a factor of 2 larger.

The deviation is likely due to meson-exchange currents [39], o8 62 66 70 74 78 82
which are not included in the present VS-IMSRG calculations, N

but are included indirectly through the effective g factors in the 4
USDA/B-EMI1 calculations.




Nuclear ab initio calculations
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Weinberg, van Kolck, Kaiser, Epelbaum, Gléckle, Meiner, Entem, Machleidt, Esktrom,...
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*Methods used in this work

Nuclear many-body problem

Green’s function Monte Carlo

No-core shell model

Nuclear lattice effective field theory
Self-consistent Green’s function
Coupled-cluster

In-medium similarity renormalization group*

Many-body perturbation theory
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Weinberg, van Kolck, Kaiser, Epelbaum, Glockle, Meil3ner, Entem, Machleidt, ...
= Lagrangian ConStI’UCtion Two-nucleon force Three-nucleon force Four-nucleon force
: (\ )
+ Chiral symmetry Lo @) >< H _ _
+ Power counting
. . NLO (Q2) X {:1:: |-1 [jxjj [1 — —
= Systematic expansion
4+ Unknown LECs NELO (@9 +;;;;| + (+ X >K) o
+ Many-body interactions
. . o | YA B = 1 BH X TR LR
+ Estimation of truncation error L’ ) ' B
N4LO (QS) +:j +xt #-. L.j oo ,", ‘\‘ +.. X... »-+-~:'," X‘ oo

Figure is from E. Epelbaum, arXiv: 1510.07036
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Nuclear currents from chiral EFT

* Nuclear observables (EM properties, beta decay, ...) are measured through the interaction
between a nucleus and external field.

« Chiral EFT allows us a systematic expansion for charge and current operators.
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X R | s>< Ao X
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7

E. Epelbaum, arXiv:1908.09349.
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Nuclear currents from chiral EFT

* Nuclear observables (EM properties, beta decay, ...) are measured through the interaction
between a nucleus and external field.

« Chiral EFT allows us a systematic expansion for charge and current operators.
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DN : frozen core
@ [ '\ —:valence
1 1 I :
L y . outside " 1
e ——=1(s)! Z[! (s),!(s)] + &¢
5= )1 S0 (9), ()] + Al
Core Valence Outside Core Valence Outside 1 (s) = ' I 1o(s){a,az} + o 1224 (5){a,8,8483}
o evolution 12 1234
o
O
3 1 2f
§ * 1o = zarctan ' 1|2 .
g 2 pfal faa+ Diogp + "
E ' = 1arctan. 2! 1234
- - 1234 — A "
2 2 frg+ foo! fa3! fas+ Agoas +
O
L , A = | + ! Il Il Il Il
Similarity transformation 1234 1212 3434 1313 2424 1414 2323
| 11
H H (S) = ¢ (S)He. I (s) | | .
, 1 f12,! 1234 : matrix element we want to suppress
H(s)! E(s)+ fi2(s){ajaz} + 2 I 1234(s){a;a,a483} | . - 1
12 1234 O(s)= ¢ P01 &1 OFl(s)+ O (s{aa} + 7 Oizs(s){ad,asa)
12 1234 9

s: flow parameter



; TECHNISCHE
UNIVERSITAT
DARMSTADT

() : frozen core

—: valence
@ - : outside "
— = 1(s)! :I' (s),!(s)1+ aé
| | | | | | | =
Core Valence Outside B IT-NCSM
o evolution . © MR-IMSRG(2) 1
3 _sob O VS-IMSRG(2)
3 * ; vV CCSD ]
9 > 100} ooxd A A-CCSD(T)
s = ool ¢ ADC(3) :
5 —120F O Lattice EFT 1-
3 - 140: orE :
L -140F o O ]
Similarity transform [ o I 123
-160f Two-body approximation ]
H \ A few % error in gs energy and radu‘oz. 002. o H OOZ 3
H(s)! E(s)+  fio(s){aa} + ~180f | | | | | | 1 | | -
12 12 14 16 18 20 22 24 26 28

s: flow parameter A "



i
Magnetic dipole moments

= Magnetic moment from IMSRG.

= Single-particle analytical limits do not always
explain the experimental data.

= A better agreements with IMSRG, but not perfect.
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Magnetic dipole moments

Magnetic moment from IMSRG.

Single-particle analytical limits do not always
explain the experimental data.

A better agreements with IMSRG, but not perfect.

2BC globally improves the magnetic moments.

The magnetic transitions are next target.
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= 2BC makes agreement worse.
= Activating 40Ca core explains the magnetic moments better.
= The radii are not explained. Further investigations are needed! —0— S1d32f72P32(B = 3) —— pf
—V— S12032f72P32(B = 4)
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TM et al., in prep.
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Importance of Sachs contribution in heavier systems

riz! 1-2 fm

= The size of 2BC effect becomes larger in heavier systems.

= The simplest configuration limit is 0+ core + 1 particle (or hole)

JIMET# f(pda )Pz Ikllpg: 1
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Summary

= The magnetic moments is a useful tool to investigate 2BC effect.

The 2BC globally improves magnetic moments.

The magnetic moments indicate weak magic in 40Ca

The 2BC effect tends to be important for heavier systems due to the two-body CM dependent
Sachs contribution.

Future works
+ Uncertainty quantification
+ M1 transition,

+ form factors

+ ...
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E3smax convergence in heavy nuclei
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TM, S. R. Stroberg, P. Navratil, K. Hebeler, and J. D. Holt, Phys. Rev. C 105, 014302 (2022).
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Dominance of Sachs term

- Expectation value: !J||Usachs||J"
- The simplestlimit: [IM ! =[[ji...Jar 1: 07 Hjama!llj, 0! mam

= The expectation value depends a particle in the core and last unpaired particle.
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