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Ab Initio Nuclear Structure

Systematic expansion of H Systematic many-body expansion

0 0 1 2
H=T+Vio+VNLo+Vagro+-.. ) =0y =10y +[0}) +107) +...
e Chiral expansion e \Wave operator on ref state

e LECfitted on data
e Upto A-body forces

e Many possible methods
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Ab-initio PCCM numerical settings (systematic study in “°Ti)

e Quantities expanded on harmonic oscillator basis (Characterised by Rw, €max, €2max)

Family of chiral NN + in-medium 3N interactions (NLO, N2LO and N3LO)
o T.Huther, K Vobig, K. Hebeler, R. Machleidt and R. Roth, "Family of chiral two-plus three-nucleon interactions for
accurate nuclear structure studies", Phys. Lett. B, 808, 2020
o In-vacuum SRG evolution (a=0.04 fm* a=0.08 fm*)

o M. Frosini, T. Duguet, B. Bally, Y. Beaujeault-Taudiere, J.-P. Ebran and V. Soma, “In-medium k-body reduction of n-body

operators”, The European Physical Journal A, 57(4), 2021
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Studied quantity: multipole response Exact implementation up to m;
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Strategy In the IMSRG framework

OpOh 1plh 2p2h 3p3h OpOh 1plh 2p2h 3p3h

Unitary transformation [Tsukiyarma, Bogner and Schwenk, PRL, 2071]

H(s) =U(s)HU(s)
= HY(s) + H° — HY(0)

[Hergert, Bogner, Morris, Schwenk,
Tsukiyama, Phys. Rept., 2010]

3p3h 2p2h 1plh OpOh
3p3h 2p2h 1plh OpOh

(i| H(0) |5) o (i H(0)[7)

~—

Diagonal Off-diagonal lim

§—> 00

Egs = lim Eo(s) = (®|H(s)|®) .
g K Slater determinant

S— 00

Porro, Schwenk and Tichai, arXiv:2507.20665
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Steps M (Qx) = 2/;(—1)“[@,_“, [H, Qxul

» Start from the moment operator in the HO basis

Porro, Schwenk and Tichai, arXiv:2507.20665
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Implemented within imsrg++ code

[github.com/ragnarstroberg/imsrg]
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«  Evolve moment operators using Magnus

J-scheme expressions of mgand m;
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Implemented within imsrg++ code
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Steps
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Benchmarks

* HF value of m, against TDA
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w

J-scheme expressions of mgand m;
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Porro, Schwenk and Tichai, arXiv:2507.20665

* HF value of m, against RPA
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Add small perturbation to H

m_1(Q) =
H\) =H+\Q
H(A) [T(A) = E(N) [T(A)) =
Steps

Solve the perutbed problem for HF
Then evolve with the IMSRG

Repeat for several lambdas and take the derivative

Disclaimer: only scalar

oerturbations
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IMSRG flow ?
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IMSRG and CC results

L . Application to monopole moments
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Extrapolation to infinite matter
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Model space uncertainty
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Many-body uncertainty

Agreement with accepted values K =240 + 20 MeV

Tension with nuclear matter calculations
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Photoabsorption cross section

Comparison to exp only makes sense for integrated quantities
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Comparison to VS calculation for 4°Ca with 28Sj core
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