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Impact of continuum for nuclei far from stability

Light drip line nuclei
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Closed quantum systems Open quantum systems
( nuclei near the valley of stability) ( nuclei far from stability)
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nucleons in bound shells — potential

-> Woods-Saxon,
Hartree-Fock

. potential.....

€p -> usually HO basis | | .. }-ooooofooond -> bound, resonant,
-> exact treatment of ,

the center of mass, confinuum shells

analytical wavefunctions...

bound states

see also talks by G.Hagen, P. Navratil, M Caprio,
M. Hjorth-Jensen



Gamow States

G. Gamow, Z. Phys. 51 (1928) 204




Gamow states and completeness relations

T. Berggren, Nucl. Phys. A109, 265 (1968); Nucl. Phys. A389, 261 (1982}
T. Lind, Phys. Rev. C47, 1903 (1993}
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capturing states decaying states
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particular case: Newton completeness relation
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Bound, resonant state

u(r) — C+Hﬂ;? (k)

normalization of resonant states
with external complex scaling :

R 4o
N; = // u2(r)dr + [ u(R+z-e?) e dx
\/ Jo Jo

- Im[r]

Complex scattering state

u(r) — CLH; (kr)+ C_H;_ (kr)




‘ Gamow Shell Model (GSM) ‘ N. Michel et a/, J.Phys. 636 (2009) 013101

Im(k
(k) resonant states:
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"Shell Model in the Berggren basis"

"poles approximation”
—0 — — >

---------- )

Many-body resonance states :
max { [(W|PP*)|}

i) discretization of continuum contour

Z ’ures><ures| + Z ]um><ukzl ~ 1

ii) construction of many-body basis

|SD,)=

uil.........uiA>

iii) construction of Hamiltonian matrix
(SD;|H|SD;)

(complex-symmetric matrix)

iv) -> many-body bound,resonant and
continuum states




Helium chain (*He core plus valence neutrons )

G5SM: N. Michel et al., Phys.Rev.Lett. 82, 042502 (2002)
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Pole approximation :
P,,, P/, resonance (*He g.s and 1" excited state)

i) Woods-Saxon potential
for (*He-n)

ii) Two-body zero-range
force for (n-n)




Density Matrix Renormalization Group (DMRG)

quantum system

environment

GSM-picture
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> continuum shells

> poles

S. R. White, PRL. 69 (1992); PRB 48 (1993)
T.Papenbrock et al J.PG 31 (2005)
S.Pittel et al PRC 73 (2006)

* separation into a "medium”
and “"environment”

* truncation of degrees of
freedom in the environment

) =30, [|p>Jp|;>Jc]J

DMRG

I,

truncation among states with
hucleons in the continuum

~— largest contribution to the GSM wave function



IWarm up phase |

Construction of 2" quantization operators
and states in Pand C

=

S g C

‘z = block states with 0.1,...n nucleons

; é ;-b. ............ : OC" T 1‘ "‘ "' "‘ K~ L

= 3 _O_ a;, ( a, j) [(aza’j) ak’]
i — = states with O,1,...n nucleons
O | —

Q9 —] T (LT, T\K fo VK5, 1L

o & o P a,,(a; aj) | (a; a;) arl™ ...

* diagonalization in the superblock —» o)’ Z Wpe(|p) )rle) )’

* singular value decomposition <

|t} : eigenvectors of density

Je  _
Pe,ct = E :‘I’pcq’pd
p

() Z‘I’pa Ip Tl ’e)”

) w7

N0|DT eigenstates of density with “largest”

eigenvalues are kept:

Nopt
i) fixed Nopf orii) |1 — Re (Z wa) | <e

a=1




In the warm up phase, continuum shells are added one
by one until they all have been included.

| sweeping phase |

Sweep-down Sweep-up
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Convergence of the energy as o ,
a function of DMRG iteration GSM description of “He

| | | | I ! I 4
58l t Vops Re(E) - He core + 3 neutrons
|| - "He *Woods-Saxon potential + Gaussian V
] L *resonance : 0p,,,, Op,/,
5 T *complex-continuum shells: p_ ., p, ,
z [ He (J™=31) - (62 shells)
SRR m(E) -
| |l T Full GSM dimension = 83,948
0,071 F - DMRG dimension = 1,143
T
N. (J.R et al, PRL 97 (2006) 110603)



* All nucleons are active
* Expansion in the Berggren basis
* Density Matrix Renormalization Group technique

Ab Initio description of light nuclear systems at
and beyond the drip lines

"No Core Gamow Shell Model"




No Core Gamow Shell Model (NCGSM)

A — — \ 9
H = l Z (pi — pj) LV . G. Papadimitriou et al,
A o, NN, arXiv:1301.7140
1<J

i) NN potential:

* AVI8 (R.B. Wiringa et al PRC 51 (1995) 38) coftened by v with A= 19 fm-1
) low-k )

* N’LO (D.R.Entem et al PRC(R) 68 (2003) 041001

(For comparison with Faddeev, Faddeev-
Yakubovsky and Coupled Cluster)

(S. Bogner et al, Phys. Rep. 386 (2003) 1)

resonant states:
O bound
© decaying

i) single particle states: '””‘”!Ewe.l_mmm

a) s- and p-shells from Hartree-Fock po’ren‘rial<—>lmm

narrow ** =
X O fesonance Lot Re(k)
s, _ broad { . -* L+
resonan e
e, . © state = _a.==" {muum

----------

b) for I>1, shells of the -«
Harmonic Oscillator

iii) Numerical resolution with DMRG  Calculations of *H, “He and °He
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J-scheme dimension
* Full NCGSM space: 96,883 —>Eexad=—7.840 MeV
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DMRG

130 shells

G. Papadimitriou et al,
arXiv:1301.7140




*H binding energy *spdfg shells

*full NCGSM dim: 123,835

Evolution of energy with iteration
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HF poles

* 0p3/2 (n): E= (1.194,-0.633) MeV
* 0s1/2(p) : E= -23.291 MeV
* 0s1/2(n) : E= -23.999 MeV

Inclusion of p, , complex-
continuum contour for

neutron
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Ab initio description of light nuclei in the
Berggren basis

* coupling with the continuum states taken into account by
expansion in the Berggren basis.

* application of the DMRG technique to the Gamow Shell Model and
the No-Core Gamow Shell Model.

In development:

* implementation of truncations
"N-particle N-hole" in DMRG

* Monte Carlo technique to select
continuum shells

Happy Birthday James !
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