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The nuclear problem
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Exploration of the drip lines
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Low-energy nuclear physics: emergence of a new paradigm
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Low-energy nuclear physics: emergence of a new paradigm
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Low-energy nuclear physics: emergence of a new paradigm
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Continuum couplings: a general problem

Physics close to the threshold: "
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Neutron-rich helium isotopes as open quantum systems

Few-body, emergent effective scales, continuum couplings, exotic states...
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at are the options to describe °

Practical vs. fundamental:

A

shell model

Practical

shell mode

Explicit 3-body forces
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Fundamental

=
>

What do we want to describe and with which

precision? s our description accurate? (UQ)

= Shell model approaches with continuum give
very decent results, but they suffer from sys-
tematic uncertainties (CSM, GSM).

= Halo effective field theories require three-
body forces at LO in ®He, not so practical.

= Ab initio methods are limited by the quality of
their input (forces) and computational cost.

Adding continuum couplings increases the com-
putational cost dramatically.



at are the options to describe °

Practical vs. fundamental:

A

2 >

shell model

Practical

shell mode

Explicit 3-body forces

FRIB, MSU - Kévin Fossez

Fundamental

=
>

What do we want to describe and with which

precision? s our description accurate? (UQ)

= Shell model approaches with continuum give
very decent results, but they suffer from sys-
tematic uncertainties (CSM, GSM).

= Halo effective field theories require three-
body forces at LO in ®He, not so practical.

= Ab initio methods are limited by the quality of
their input (forces) and computational cost.

Adding continuum couplings increases the com-
putational cost dramatically.



He: complex made simple

Problem:
= Experimentalists need about 100 keV precision on energy spectra of exotic nuclei.
Strategy:

= Decrease systematic uncertainties in an effective approach by doing a parameter reduction.

1) *He is a good core. 3) n-n = n—n (dilute, weak binding).
— Fit Woods-Saxon potential on n—*He phase-shifts. =~ — Dominant central term in the channel
(§=0,L=0) (halo EFT).

Qoﬁ Qoo Q09— O

4) Simple, but not too simple.
2) In the valence space: N-N — n-n (T =1 only). — Three Gaussian functions for n-n.
90— — Fixed ranges from FHT interaction.

— L even channels in n-n.
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He: complex made simple

How precise can this approach be?

= Only one prefactor V. in the interaction = One obtains a series of values of V..
to fit on ®8He. = V() (mean), o (standard deviation).
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Basis expansion for continuum couplings

The Berggren basis:

= Single particle basis including bound states, decaying resonances and scattering states.
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Many-body method

Density matrix renormalization group for open quantum systems (Gamow-DMRG)
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— ~ 1000 cores vs. =~
J. Rotureau et al., Phys. Rev. Lett. 97, 110603 (2006), J. Rotureau et al., Phys. Rev. C 79, 014304 (2009)
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He: complex made simple

Predictions:
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Can we learn something useful for halo EFT?

A crude connection with halo EFT:
% ‘jH“/ 13 = At LO, halo EFT has one central two-body
(T > 2.5MeV) e contact term in the channel (§=0,L=0),

12 regularized by a Gaussian function whose
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ﬁ J1 £  and p3/2) model space.
2= = (1> 28Mev) =
/I&? = We have fixed-range Gaussian functions and
% a fixed Woods-Saxon core.
Bp— :
" ‘/Our model Toward 'LO’— [ﬂ . .
7 -1 = Changing the range of the medium-range
o (EEIOREIORE] (<1 s Py Gaussian function in our model by £20% and
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From nuclear structure to reactions

As long as the physics is
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From nuclear structure to reactions

Structure (under control):
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Conclusion

The spectra of 3 1°He can be precisely described in a *He-plus-valence neutron picture.
— Phenomenology guided by effective scale arguments.

= Achievements:
— Largest ever continuum space for predictions on °"1%He spectra using Gamow-DMRG.
— Prediction of energies within tens of keV.

= Open questions:

— Can halo EFT be done differently?

— What is the structure of 1°He?

— Can this approach be applied to other neutron-rich isotopes (different core)?

We developed an effective approach that provides a reliable alternative to ab initio methods
for energies and widths.
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