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New 3N matrix element storage
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Application to 208Pb
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Large valence-space diagonalization

A TECHNISCHE
UNIVERSITAT
DARMSTADT



Heavy-mass frontier in ab initio methods

Proton number
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Heavy-mass frontier in ab initio methods
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Nuclear ab initio calculation

Non-perturbative

Quarks & gluons
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Nuclear many-body problem
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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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Nuclear interaction from chiral EFT
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= Lagrangian construction
4+ Chiral symmetry
+ Power counting
= Systematic expansion
+ Unknown LECs
+ Many-body interactions

4+ Estimation of truncation error
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H. Hergert, S. K. Bogner, T. D. Morris, A. Schwenk, and K. Tsukiyama, Phys. Rep. 621, 165 (2016).
S. R. Stroberg, H. Hergert, S. K. Bogner, and J. D. Holt, Annu. Rev. Nucl. Part. Sci. 69, 307 (2019).

Valence-space in-medium similarity renormalization group
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Similarity transformation
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Model-space convergence

= NN+3N Hamiltonian (harmonic oscillator basis)

= Parameters:
e=3
+ hw E3=5
+ emax=max(2n+l)* ‘ — e=2
4+ Ezmax=max(e1+eztes). \ ‘
& e=1
hw
= As emax and Esmax increases, the observable e=0
should not depend on all the parameters.

*Equivalent to (number of major shells)+1 8



E3smax convergence in heavy nuclei

File size (GB)
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NO2B approx.

NO2B approximation error ~ a few %

[S. Binder et al., Phys. Rev. C 87, 021303 (2013).]
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EM observables

Magnetic moment (uy)

Quadrupole moment (efm?)
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Convergence is OK.

Disagreement with the experiment
Nuclear Hamiltonian
Many-body approximation
Higher order EM current




Light tin isotopes

Near degenerate single-particle structure

Valence-space IMSRG approach

The valence-space dimension > ~ 1013

+ Exact diagonalization is impossible

Ex energy (keV)

Quasi-particle vacuum shell model

(QVSM)
N. Shimizu et al., Phys. Rev. C 103, 014312 (2021).

Error of QVSM is the order of 10 keV
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T. D. Morris et al., Phys. Rev. Lett. 120, 152503 (2018).



- . - S§&7) TECHNISCHE
nght tin Isotopes S5/~ UNIVERSITAT
9P DARMSTADT
T. D. Morris et al., Phys. Rev. Lett. 120, 152503 (2018).
(a)
—_ 0.2 o
2 DS S
2 00 /’éb .
5 ¢ TN -
S oal o o % . Update QVSM by N. Shimizu and Y. Tsunoda
: A e
Gocear T Smmeme N 200 F ' S ' ' ]
o ~-@- Exp \\\
o1 - © B : . © o o 8_ ————————— O
lolgy  103gy  105g,  107gy  109gy  1llgp . 100 F o----"""""" _G\\\,ﬁ-s ——————————— 0
> ’/” ’o—” ~N\~\
v O Frereeeeeees AT ;.;.;,nf. ........................ Ty @ -
— /” ””’ \\\
+ —100f @ o . -
) o ’// o \\\ ®
E.I/ _200 B //// o \\\ -
| 7 \“G
T~ -300F .7 . > -
& o -©-- Morris et al \\
E’ —400 -0~ E3zmax=24 \\\\ .
O Exp. s
~500 | . Exg N
—-600 1 1 1 1 1 ?
101 103 105 107 109 111
ASn
13

Still difficult to draw a conclusion, but large Esmax calculations are needed.
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208Pph with the new 3N storage scheme

File size (GB)
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Neutron skin of 208Pb and EoS parameters -

. P a B. S. Hu et al., Nat. Phys. (2022)
= 208Pp can connect Finite and infinite systems
+ Neutron skin and nuclear EoS parameter .
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See Christian Forssen’s talk. 16
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Summary & outlook

= Newly introduced 3N storage scheme [TM et al., Phys. Rev. C 105, 014302 (2022).].
= A> 100 region is becoming accessible.

= Neutron skin prediction for 208Pb [B. S. Hu et al., Nat. Phys. (2022)].

= Many possible applications:
+ Energies, radii, EM moments and transitions for A > 100 systems.

+ Ovbb-decay NMEs [A. Belley et al., Phys. Rev. Lett. 126, 042502 (2021)]

+ ...



