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Motivation
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> "new" ab initio many-body methods for the description of ground
and excited states in open-shell nuclei

» No-Core Shell Model (NCSM)
~ limited by basis dimension, scaling with particle number

> In-Medium SRG
~ basic formulation limited to ground states

» idea: combine NCSM with IM-SRG ~~ In-Medium NCSM ==

chiral Free-Space many-body
interaction SRG In-Medium methods
SRG
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In-Medium No-Core Shell Model
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NCSM »> NCSM calculation in small model space defines reference state
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In-Medium No-Core Shell Model
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( NCSM ) » NCSM calculation in small model space defines reference state

[Pret) = Zci |Pi)
i
(|M_SRG) » perform multi-reference IM-SRG aiming at decoupling reference
state from generalized ph-excitations in a magnus formalism
Z T [ee.ae)] . 0w =3 - [26).00)]
k=0 k=0
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In-Medium No-Core Shell Model
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( NCSM ) » NCSM calculation in small model space defines reference state
|lI'ref> = Zci |¢z>
i
(|M_SRG) » perform multi-reference IM-SRG aiming at decoupling reference
state from generalized ph-excitations in a magnus formalism
Z o) . o= > [2().0(0)]
» use IM-SRG-evolved (non-scalar) operators O(s) as input for

(NCSM ) subsequent NCSM calculation

» convergence of NCSM calculation massively improved w.r.t. Nmax
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Interaction Details

TECHNISCHE
UNIVERSITAT
DARMSTADT

» N3LOgwmN,500 + N3LON, 500

» order by order uncertainty quantification

» interaction performs well for oxygen isotopes ~- also for carbon isotopic chain?
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12C Order-by-Order Convergence
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Chiral Order Chiral Order Chiral Order

» spectrum, B(E2)

transition strength and
quadrupole moment vs.
interaction order

error bars indicate |
many-body uncertainties,

error bands interaction
uncertainties

excellent agreement with
experiment regarding
combined many-body

and interaction
uncertainties
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Carbon Chain
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ground state energy, spectra, B(E2)
transition strengths, quadrupole moments
and charge radii as function of A

combined many-body and interaction
uncertainties

ground state energies agree well with
experimental data

underestimation of B(E2) transition
strengths for 1°C, 16C and 2°C ~
interaction or missing higher-body
contributions

charge radius of 12C ~- overestimated
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Epilogue
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» Thanks to my group }

> S. Alexa, T. Hiither, L. Mertes, J. Miiller, M. Kndll, y *j
R. Roth, K. VObIg, T. Wolfgruber Institut fiir Kernphysik, TU Darmstadt /\\S—Fy 45

ﬁ% Bundesministerium
e fiir Bildung
und Forschung

» Special Thanks to
> H. Hergert, R. Wirth Facility for Rare Isotope Beams, Michigan State University DFG

> A. TlChaJ Max-Planck-Institut fiir Kernphysik, Heidelberg

LICHTENBERG

» Thank you for your attention!

March 3, 2020 | Institut fir Kernphysik, TU Darmstadt | Progress in Ab Initio Techniques in Nuclear Physics | Tobias Mongelli | 7



See you at the Poster
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on Isotopes
e In-Medium NCSM

DFGCE
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