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Physics of neutron-rich helium isotopes

Few-body, effective scale separation, continuum couplings, exotic states...
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at are the options to describe *He?

Practical vs. fundamental:

= Well bound core of *He.
A — Core approximation justified (SM, EFT).
= Dilute neutron matter above the core.

— Residual interaction genuinely residual
shell model

= Decent CSM/GSM descriptions of >~1°He
""""""""""""" Explicit 3-body forces available (small spaces, truncations).

— Different phenomenological descriptions are
in agreement, it must be a miracle or there

is a good reason behind!

Practical

Fundamental
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at are the options to describe *He?

Practical vs. fundamental:

= Well bound core of *He.
A — Core approximation justified (SM, EFT).

@ = Dilute neutron matter above the core.
— Residual interaction genuinely residual
shell model

= Decent CSM/GSM descriptions of >"1°He
""""""""""""" Explicit 3-body forces available (small spaces, truncations).

— Different phenomenological descriptions are
in agreement, it must be a miracle or there
is a good reason behind!

Can we find a practical alternative, without ex-

plicit 3-body forces, and beyond the SM (with
> . . 2
Fundamental continuum) for He isotopes?

Practical
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Effective interactions inspired

A simple model:

= Core potential fitted on n-*He phase-shifts.
= Contact 2-body central term (3 Gaussian func-

tions) for (L even,S =0) channels.
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Effective interactions inspired

UQ beyond a sensitivity analysis:
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Questions: S He 87 e
= Why does the core need to be fitted on phase-shifts? -1p o
= |s there a proper EFT for all He isotopes behind this -2t

simple scheme? 3l ot — 1a* -
= Can it be generalized to other isotopic chains? 4

5 6 7 8 9 10

— Parity inversion in °He, structure information on 8 °He.
— Powerful approach with full continuum couplings, tens of

keV uncertainties.
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Gamow-SRG

Similarity renormalization group:

[ Hamiltonian: H ]

SRG evolution:
dH(s)

% HO

Berggkgn
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Gamow

The Berggren basis:

= Single particle basis including bound states, decaying resonances and scattering states.
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Gamow-SRG

Proof of principle: e _n ) ,
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Gamow-SRG

Some technical observations: Re (H) I (H)

> 1.0
= Non-Hermitian Hamiltonian:

~ ~ A 1 - As 1 - ~
Fi = Fy+ = S (A + AT+ 5(H—H*)
= Wegner flow generator for a non-Hermitian Hamiltonian:

W ex = [th + Hang, Fnod + Han od]_ (unstable)
= flg = [th,Hod] I:th7Hhod+Hahod:|

0.0

= Wegner flow generator for the real part only:

fGh = [I:Ih,dy I:Ih,od]i

— Not yet clear how to extract the anti-Hermitian part
(key for continuum).

fG,h = [/:/h,d, I:Iah,od]i (not similarity)
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Thank you for your attention!

Michigan State University:
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= S. Bogner.

= W. Nazarewicz.
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