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Motivation
Connection between nuclear matter and finite nuclei

Institut für Kernphysik | Jan Hoppe | 2

NN evolved + 3N Hamiltonians fit to only few-body
data reasonably describe saturation point

Hebeler et al., PRC 83 (2011)

1.8/2.0 (EM) reproduces ground-state energies
for closed-shell nuclei

IM-SRG calculations of closed-shell nuclei
indicate connection to nuclear matter

Simonis et al., PRC 96 (2017)
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novel 3N fits to empirical saturation point and 3H binding energy
Drischler et al., PRL 122 (2019)

NN forces by Entem, Machleidt, Nosyk (EMN)
Entem et al., PRC 96 (2017)

→ NN+3N Hamiltonians at N3LO
fit to saturation point
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Impact and predictions of novel 3N forces for finite nuclei in the IM-SRG?



Application to closed-shell medium-mass nuclei
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NLO, N2LO, and N3LO interactions (EMN) with EFT uncertainty estimates

16O 24O 40Ca 48Ca 52Ca 60Ca 56Ni 68Ni
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Epelbaum et al., EPJA 51 (2015)

recent ∆-full interaction at N2LO
Ekström et al., PRC 97 (2018)

underbound ground-state energies

small cutoff dependence at N3LO
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underbound ground-state energies
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charge radii predicted slightly too large
16O 24O 40Ca 48Ca 52Ca 60Ca 56Ni 68Ni
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Comparing trends for nuclear matter
and finite nuclei
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study cD/cE variations constrained by 3H independent of saturation point
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Drischler et al., PRL 122 (2019)

only small changes
of energies and radii
for unevolved potentials

stronger energy
dependence
for consistently
SRG-evolved potentials

→ explore sensitivity to
3N couplings
independently of 3H fit

PRC 100, 024318 (2019)



Conclusion
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I chiral NN+3N Hamiltonians at N3LO
fit to 3H and the saturation point

I underbinding for closed-shell
medium-mass nuclei

I somewhat too large charge radii
I exploratory study for 3N low-energy

constant variations
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Motivation

Applications to closed-shell medium-mass nuclei

NLO, N2LO, and N3LO EMN interactions with EFT uncertainty estimate [7]

include recent ∆-full interaction at N2LO [8] for comparison
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• systematic order-by-order convergence with overlapping bands

• underbound ground-state energies as expected from saturation point

• only small cutoff dependence and at N3LO cutoff variation is within uncertainty band
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• again bands overlap, radii in better agreement than binding energies

• larger than expected from saturation properties

Comparing trends for nuclear matter and finite nuclei

Results indicate that realistic description of only the saturation point
of nuclear matter may not be sufficient to describe medium-mass nuclei

Study 16O and 40Ca for variations of cD, cE constrained only by 3H fit
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• connection between results for nuclear matter and (medium-mass) nuclei
still not fully understood

• lower densities of nuclear matter resemble more closely results for finite nuclei

Sensitivity of medium-mass nuclei to 3N couplings
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• developing chiral interactions with accurate
predictions for finite nuclei and nuclear matter
is key for ab initio calculations

• recent (IM-SRG) calculations indicate strong
connection between results for finite nuclei and
nuclear matter [1, 2]

• novel NN+3N Hamiltonians up to N3LO with
realistic saturation properties [3, 4]

• fit of 3N couplings cD and cE to 3H binding
energy and saturation region

→ Investigate impact and predictions of novel
interactions (and cD/cE variations) for
medium-mass nuclei using the ab initio IM-SRG [5, 6]

• saturation point sensitively depends on cD
with changes ∼ 15 MeV

• ground-state energies change by < 1 MeV

• increased cD dependence for SRG-evolved
interactions

Exploratory study for variations of 3N
low-energy constants by ±1 for 40,52Ca

→ largest sensitivity to cE variation

• consider two modified interactions
with cE + 0.4 and cE + 0.7

3H Expt. cE + 0.4 cE + 0.7 c3+ 1
E [MeV] -8.48 -9.81 -11.18 -8.40
Rch [fm] 1.575 1.469 1.381 1.576

• independent variations break 3H fit
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• explore modified interactions
for closed-shell nuclei

• increased binding energy and improved
agreement with experimental charge radii

• promising results for SRG-evolved interaction
see also Hüther et al., arXiv:1911.04955

Results show intricate connection between
light nuclei, medium-mass nuclei, and
nuclear matter which requires further
investigations.
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• explore modified interactions
for closed-shell nuclei

• increased binding energy and improved
agreement with experimental charge radii

• promising results for SRG-evolved interaction
see also Hüther et al., arXiv:1911.04955

Results show intricate connection between
light nuclei, medium-mass nuclei, and
nuclear matter which requires further
investigations.

Thank you for your attention.
See you at the poster!
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Impact of N2LO LEC variations
on ground-state energies and charge radii
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variations of long-range LECs
c1, c3, c4 by ±1 GeV−1

variations of 3N couplings
cD and cE by ±1

largest sensitivity to cE

two modified interactions
with cE + 0.7 and cE + 0.4


