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Some unbound nuclei are sub-costituents of two-halo bound nuclei



IntroductionIntroduction
.   Present and future most.   Present and future most

challenging problems inchallenging problems in
reaction theory forreaction theory for
unstable beamsunstable beams

• Nuclear (both stripping and
diffraction) and Coulomb
breakup @ all energies.

• Two nucleon breakup (two-n
halo & proton radioactivity,
pairing effects)

• Elastic scattering including
above channels… optical
potentials

Observables measured & calculated  ---> structure information extractedObservables measured & calculated  ---> structure information extracted.

              Fundamental ProblemFundamental Problem

    Determination of dripline position    Determination of dripline position

          Unbound Nuclei (...10Li 13Be)
http://www.df.unipi.it/~angela/Pisa08.html

• Transfer to the continuum vs. projectile
fragmentation
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11Be+12C @ 67A.MeV

11Be: a simplesimple test case

from bound s-state to d-resonance: 
inelastic excitation to the continuum?



Transfer to the continuum vs. Projectile fragmentation: aTransfer to the continuum vs. Projectile fragmentation: a
model for diffractive model for diffractive breakup breakup in which the observable studiedin which the observable studied

is the n-core relative energy spectrum and its resonancesis the n-core relative energy spectrum and its resonances

S off-shell
S on shell

diffraction + stripping

Knockout

Fragmentation

inclusive breakup

diffraction

exclusive breakup



Initial states chosen to fit known separation energy,
s & p components for 11Li with known spectroscopic factors.
For 14Be s-p-d components with unit C2S.
Final states determined by S-matrix via n-core interaction

Potential corrections due to the particle-vibration coupling  
(N. Vinh Mau and J. C. Pacheco, NPA607 (1996) 163.
 also T. Tarutina, I.J. Thompson, J.A. Tostevin NPA733 (2004) 53 )
…can be modeled as: can be modeled as: 

n+12Be: d3/2
2s
d5/2
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threshold

U( r ) = VWS + Vso + δV

δV ( r ) = 16 α e2(r-R)/a / (1+e(r-R)/a)4



Pacheco & N. Vinh Mau, 
PRC 65 (2002) 044004 
Labiche et al. PRC 60 027303 (1999)



s-state potential p-state potential



Sudden vs. time dependent

sudden for
s-states

     |1-S|2

see G.F. Bertsch, K. Hencken & H. Esbensen et al: PRC 57, 1366 (1998)



1010LiLi:
1) virtual state: sudden approach OK;

 2) evidence for a d5/2 resonance

as=-17.4fm 

*

see also Progress of Theoretical Physics
119 (2008) 561-581



•GSI (U. Datta Pramanik)( 2004).

•Unpublished

••1414BB fragmentation on C

JL Lecouey LPCC 02-03; Few-Body Systems 34 (2004) 21JL Lecouey LPCC 02-03; Few-Body Systems 34 (2004) 21



• transfer to the continuum: 12Be (d,p) RIKEN (Korsheninnikov)
(1995).

•• 1414C+ C+ 1111BB    multinucleon transfer: (Berlin Group ,1998).

•• 1414BeBe nuclear and Coulomb breakup: GANIL

     (K. Jones thesis, 2000).

•• 1818O fragmentationO fragmentation MSU (Thoennessen, 2001) n-core relative
velocity spectra.

•• 1414BB fragmentation: GANIL (Lecouey, Orr) (2002).

•                                               GSI (U. Datta Pramanik)( 2004).

•• 1414BeBe frgmentation , GSI (Simon, 2007), 287AMeV, n-core angular
correlations

•• 1414BeBe nuclear  breakup: RIKEN (Kondo,Nakamura et al.) (2008).

ResumeeResumee::

1313Be Be has been obtained from:has been obtained from:



as=-0.8fm







effective range theory to 10 order:
 higher orders needed or 

k cotan δ = - 1
as 

+ 1
2 

ro k
2

Peak positions of possible continuum s-states in Peak positions of possible continuum s-states in 1313Be Be 
are not close enough to thereshold to make accurate are not close enough to thereshold to make accurate 
predictions by thepredictions by the

not a simple single particlenot a simple single particle
 state state

as & rs from fit to exact phase shifts



Nucl. Phys. A791 (2007) 267.Nucl. Phys. A791 (2007) 267.

d5/2

p

s 80%as =-3.5fm

14Be T1/2=4.35ms±0.17

see also Kondo , Nakamura et al, in preparation

as =-0.8fm



G. Blanchon, N. Vinh Mau and A.B. in preparation
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ConclusionsConclusions
A time dependent theory for projectile fragmentation reaction has been 
   established which contains the sudden approximation and R-matrix theories
   as limiting cases.

2p correlations and particle-vibration couplings play a fundamental role.

Importance of coupling to core excited states.

For the first time the shell ordering of 13Be has been established theoretically
   on a firm basis and parity inversion across threshold has been proved to persist
   for N=9 isotones

Much care is needed in analyzing experimental results in order not to draw misleading
   or unphysical conclusions: sudden approximation vs.time dependent, use of 
   Breit-Wigner resonance form (vs. exact S-matrix or R-matrix),importance of 
   various initial state components.

Japan is playing a leading role in this type of researchJapan is playing a leading role in this type of research


