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Shell Model for Open Quantum Systems

- Formulation of the problem

- Shell Model for weakly bound and unbound states
- Salient continuum-coupling phenomena b few examples

"H#B96" & H" () (*+,-+. (1", )J#,0(1/2-".23(45&)0(6789:3(6:;:3(<=>7(



4-$.@("0"#-&%$'(2%0'002

\—-4f
6s
) © a3
<88
) ©®
3d

@ 1s

Shell Model of Atoms!
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Shell Model of Nuclei!
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No shell closure for N=8 and 20 for drip-line nuclei;
new shells at 14, 16, 32EOmonopole migrationO

Old paradigms, universal ideas, are not correct: near the drip lines,
nuclear structure may be dramatically different



If continuum space is not considered, !
the system becomes closed (Shell Model,...)!
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When can we talk about "existence” of an unbound system?
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Instability of a single-particle

S ‘ ) : Instability of SM eigenstates at
motion in a potential with a pair

channel threshold !

deformation
Pairing correction to! Continuum coupling correction!
single-particle eigenstates to shell model eigenstates
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Admixture of single-particle! Admixture of many-body !
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Resonances are genuine intrinsic properties of quantum systems but

they do not belong to the Hilbert space
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bound, anti-bound, and
resonance states!

non-resonant
continuum!
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SM respecting unitarity in
weakly-bound/unbound states

Is built on a skeleton of the S-matrix

and the many-body completness relation

N. Michel, W. Nazarewicz, M. Ploszajczak, T. Vertse,
J. Phys. G: Nucl. Part. Phys. (Topical Review) 36, 013001 (2008)



Rigged Hilbert space: the natural framework to formulate quantum
mechanics

V(%" H#23(,( &)JI"F(W)0G"&-(2SF 0aE, F(-&)50"3("2-"F(W)0G"&-(25,#"3($&((
"R+)55"F(W)0G"&-(25,#"U()2(, (#$'2-&+#H$'(F"2)J"F(-$(0)'D(-%"(F)2-&) G+H$'(,'F(
2R+,&"8)"-"J&,G0"(,25"#-2($E(E+#H$',0(,',0/2)21(1+#9%6(25,#"2(C"&"()'-&$F+#"F (-$(

S"JI"O"#-$&a(, F(0#SH'+$+2(25"#-&+.a3()'($"(50,#"1(>%"(,02$(5&$0)F"(, (,-+&,0(
E$&.+0,HS$' (SE(-%" ()& #(D"-8E$&.,0)2.(,'F(H."8,2/.."-&)#(,25"#-2(SE(R+,"-+.(

C$&OFI(

Q,-%".,H#,0(E$+F,H$'2()'(-%"(; Y 7:2(G/(T"0aE, F("-(,01(C%$(#$.G)""F(W)0G"&~((

25 #"(C)-%(-%"(-%"$&/(SE(F)2-&) G+H$ 21 (W™ #"(-%" (&) JJ"F(W)0G"&~(25,#"3(&,-%"&(-%,’
96" (W)0G"&-(25,#"(,08"3()2(-%" (" -+&,0(.,-%".,H#,0(2"C' I(SE(*+,'+.(Q"#%, )#2I(

IQI(T"0aE, 'F(,'F(AI]I(d)0"'D)'3(T""&, 0)\"F(e+#H3$'23(0$0I(f@ (1$."(4550)#, H$'2(
(CCCCceeeeeeeeerreeeerreeereerrrrrrrrrUsEMW, .59 #(41,012)21N)IJ"F(W)0G " &-(15,#"2(
(CCCcceceeereeeereeereereeerreerreerreeerrerrrreerrerreerereeas Py (P& 223(A C(gsébs



Salient continuum-coupling phenomena
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Continuum-coupling correction to binding energies !
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Anti-odd-even staggering of E__,
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Configuration mixing in weakly bound/unbound many-body states
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Energy [MeV |

Alignment of near-threshold states with decay channels
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Halo and cluster states close to the threshold
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Phase rigidity and configuration mixing
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Exceptional strings close to the threshold
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Physics of open nuclei is demanding !
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Quantum tunneling in the driven many-body system
P. Kaminski, M.P., R. Arvieu, Nucl. Phys. A579, 144 (1994)

Tunneling is a non-perturbative phenomenon of purely quantum origin

Static SU(2) model
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Classical limit
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The time-dependent SU(2) model
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For each k there exists an infinite number of quasi-energies €, , however number of
independent quasi-energy classes is always equal to the number of eigenenergies in the
corresponding stationary case
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Tunneling of wave packets

In the absence of time-dependent driving:
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the wave packet oscillates coherently with the frequency: T, =2" |E? # E{)]

Evolution of the wave packet in the presence of time-periodic driving depends on
the spectrum of quasi-energies
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The quasi-energy spectrum depends on the external environment and can be tuned



Coherent suppression of the tunneling
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Outlook:

-ITunneling in systems with GOE (GOU) and Poisson guasi-energy spectra statistics
-IFast, incoherent transitions in OchaoticO time-periodic driven many-body systems

Could we control nuclear decay rates in a foreseeable future?



