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The Light The Light NeutronNeutron--RichRich NucleiNuclei ……

10Li

Structure =Structure =corecore++xnxn

…… driplinesdriplines and and beyondbeyond experimentallyexperimentally accessible, accessible, extremeextreme test of test of modelsmodels
((shellshell model, model, shellshell model in continuum, model in continuum, ““ab ab initioinitio””, cluster, , cluster, etcetc))

9He



Light Light UnboundUnbound NeutronNeutron--RichRich SystemsSystems

•• input for 3input for 3--body body modelsmodels

33--body body systemssystems �� nn--n and n and corecore--nn interactionsinteractions

1111Li Li : : 99LiLi--n interaction  n interaction  �� spectroscopyspectroscopy of of 1010LiLi

1010He He : : 88HeHe--n interaction  n interaction  �� spectroscopyspectroscopy ofof 99HeHe



N=7 1/2N=7 1/2++ –– 1/21/2-- LevelLevel Inversion Inversion ……

PG Hansen et al.PG Hansen et al.

…… 1010Li Li && 99He ??He ??



ExperimentalExperimental ApproachApproach

…… ““knockoutknockout”” or or breakupbreakup + + inflightinflight decaydecay
projectile structure projectile structure knownknown
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SelectionSelection ““RulesRules”” -- SuddenSudden ApproximationApproximation

(i)(i) 1 1 && 22--proton knockout proton knockout �� DDllnn=0 =0 projproj. valence neutron config.. valence neutron config.

C(C(1111Be,Be,1010Li)X ,C(Li)X ,C(1111Be,Be,99He)XHe)X ®® nnss1/2  1/2  [ [ 
1111Be  CBe  C22S (S (nnss1/21/2)) »» 0.8 ]0.8 ]

((iiii)) fragmentation (fragmentation (--xp,xp,--xnxn) ) �� valence neutron config. + valence neutron config. + othersothers

C(C(1414B,B,1010Li)X , C(Li)X , C(1414B,B,99He)X  He)X  ®® nnss1/21/2 + + nnpp1/21/2 + + ……

NB:NB: EEdd lineshapelineshape dependentdependent on initial stateon initial state (esp. for (esp. for broadbroad final states)final states)



““backgroundbackground”” �� nonnon--resonantresonant continuum continuum «« eventevent--mixedmixed distribution *distribution *

*  *  ieie., ., uncorrelateduncorrelated fragmentfragment--neutronneutron pairspairs

EErr = 85 = 85 ±± 15 15 keVkeV

GGspsp << 100 << 100 keVkeV

uncorrelateduncorrelated
1515B+n distributionB+n distribution

++++++++

BACKGROUNDBACKGROUND:  C(:  C(1717C,C,1515B+n)X B+n)X –– singlesingle--proton knockoutproton knockout

JL JL LecoueyLecouey et et alal, , nuclnucl--exex/0802.4225/0802.4225



““backgroundbackground”” �� neutrons neutrons evaporatedevaporated fromfrom PLF + continuumPLF + continuum

BACKGROUNDBACKGROUND :  C(:  C(1414B,B,66He+n)X He+n)X –– fragmentationfragmentation

JL JL LecoueyLecouey, LPCC T 04, LPCC T 04--03.03.



ScatteringScattering/Virtual /Virtual ss--wavewave StatesStates

aass = 0 = 0 fmfm no FSI ; ano FSI ; ass << 0 << 0 fmfm strongerstronger FSIFSI



1010Li :  Li :  LowLow--LyingLying LevelLevel SchemeScheme **

* * ““ PartialPartial”” –– alsoalso d(d(99Li,p) Li,p) etcetcss--virtual virtual EEr r ~~ �� 2 2 / 2a/ 2ass



1010Li :  C(Li :  C(1111Be,Be,99Li+n) Li+n) @@ 35 35 MeV/MeV/nucleonnucleon

H Al H Al FalouFalou LPCC 07LPCC 07--0303

uncorrelateduncorrelated / / eventevent--mixedmixed distribution distribution **

** normalisednormalised for for comparisoncomparison atat highhigh EEdd



1010Li :  C(Li :  C(1111Be,Be,99Li+n) Li+n) @@ 35 35 MeV/MeV/nucleonnucleon

ss--wavewave [a[ass = = --1414±±2 2 fmfm]  +  ]  +  nonnon--resonantresonant continuumcontinuum

H Al H Al FalouFalou LPCC 07LPCC 07--0303



1010Li :  C(Li :  C(1414B,B,99Li+n) Li+n) @@ 35 35 MeV/MeV/nucleonnucleon

ss--wavewave [a[ass = = --14 14 fmfm] +  ] +  pp--wavewave [[EErr = 0.51, = 0.51, GG00 = 0.50 = 0.50 MeVMeV]  + background]  + background

H Al H Al FalouFalou LPCC 07LPCC 07--0303



99He :  He :  LowLow--LyingLying LevelLevel SchemeScheme **

** 99Li IAS Li IAS exptsexpts notnot shownshown ; ; [[Set87, Boh88, Oer95]Set87, Boh88, Oer95] assignmentsassignments tentativetentative



99He :  C(He :  C(1111Be,Be,88He+n) He+n) @@ 35 35 MeV/MeV/nucleonnucleon

uncorrelateduncorrelated distribution/distribution/eventevent mixedmixed distributiondistribution

H Al H Al FalouFalou LPCC 07LPCC 07--0303



99He :  C(He :  C(1111Be,Be,88He+n) He+n) @@ 35 35 MeV/MeV/nucleonnucleon

ss--wavewave [a[ass = = --3 ~ 0 3 ~ 0 fmfm (3(3ss )] + )] + nonnon--resonantresonant continuumcontinuum

H Al H Al FalouFalou LPCC 07LPCC 07--0303



99He :  C(He :  C(1414B,B,88He+n) He+n) @@ 35 35 MeV/MeV/nucleonnucleon

uncorrelateduncorrelated distribution/distribution/eventevent mixedmixed distributiondistribution

H Al H Al FalouFalou LPCC 07LPCC 07--0303



99He :  C(He :  C(1414B,B,88He+n) He+n) @@ 35 35 MeV/MeV/nucleonnucleon

ss--wavewave [a[ass == --3 ~ 0 3 ~ 0 fmfm]  + ]  + pp--wavewave [[EErr = 1.2, = 1.2, GG00 = 1.0 = 1.0 MeVMeV]   + background]   + background

H Al H Al FalouFalou LPCC 07LPCC 07--0303



Conclusions Conclusions && Perspectives Perspectives 
•• spectroscopyspectroscopy beyondbeyond the the driplinedripline usingusing breakupbreakup//knockoutknockout of RNB of RNB ……

®® 1010Li :  Li :  lowlow--lyinglying ss--wavewave strengthstrength (a(as s = = --1414±±22 fmfm))

lowlow--lyinglying pp--wavewave resonanceresonance ((EErr = 0.5 = 0.5 MeVMeV))

�� N= 7 inversion N= 7 inversion confirmedconfirmed

[ [ but but …… pppp3/23/2ÄÄnnss1/2 1/2 ,,nnpp1/2 1/2 ,,nndd5/25/2]]
®® 99He :  He :  lowlow--lyinglying ss--wavewave strengthstrength (a(as s »» 0 0 fmfm) + E) + Exx»»1.2 MeV1.2 MeV

(l>0)(l>0) �� N= 7 inversion N= 7 inversion …… ????

[ [ FSI << FSI << 99Li+n  ??Li+n  ?? ]]

·· validityvalidity ofof ss--wavewave virtualvirtual states (states (egeg., ., deformeddeformed 99Li Li corecore) ??) ??
·· more more realisticrealistic structurestructure + + reactionreaction modellingmodelling neededneeded ……
…… includingincluding nonnon--resonantresonant continuum + continuum + otherother backgroundsbackgrounds
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DEMONDEMON

90 modules (90 modules (NE213NE213)           )           

�� ToFToF && positionposition

eenn ~ 10%~ 10%

KinematicallyKinematically ““CompleteComplete”” MeasurementMeasurement



dEaFWHM

ResolutionResolution
ExperimentalExperimental ResponseResponse FunctionFunction

EfficiencyEfficiency

FWHM ~ 0.3 EFWHM ~ 0.3 Edd
1/21/2

eenn

JL JL LecoueyLecouey LPCC 04LPCC 04--0303

modelmodel distributions distributions mustmust bebe ““ filteredfiltered”” throughthrough thethe simulationsimulation



SuddenSudden ApproximationApproximation

SuddenSudden--typetype calculationcalculation* for * for removalremoval ofof pp--wavewave proton, proton, SSpp = = --23 23 MeVMeV

* * F F CarstoiuCarstoiu et et alal., PRC (2004)., PRC (2004)

Px (16B) MeV/c
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Initial State Initial State DependenceDependence of of UnboundUnbound StatesStates

G G BertschBertsch et al., PRC (1998), L Chen et al. PLB (2001)et al., PRC (1998), L Chen et al. PLB (2001)

•• suddensudden approximationapproximation

��� ���� � neutron configuration of projectile neutron configuration of projectile preservedpreserved ((DD��nn = 0= 0))
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Initial State Initial State DependenceDependence of Virtual sof Virtual s--StatesStates

aass = 0 = 0 fmfm no FSI ; ano FSI ; ass << 0 << 0 fmfm strongerstronger FSIFSI

H Al H Al FalouFalou LPCC 07LPCC 07--0303



Virtual Virtual ss--statesstates && resonancesresonances

aass = 0 = 0 fmfm no FSI ; no FSI ; aass << 0 << 0 fmfm strongerstronger FSIFSI

EErr ~ ~ �� 22/2/2mmaass
22

H Al H Al FalouFalou LPCC 07LPCC 07--0303



1010Li,Li,99He : He : BeBe((1111Be,Be,99Li+n)  Li+n)  && BeBe((1111Be,Be,88He+n)He+n)

MSU L Chen et MSU L Chen et alal., Phys. Lett. B (2001)., Phys. Lett. B (2001)



Neutron Neutron AngularAngular AcceptanceAcceptance EffectsEffects ……

H Al H Al FalouFalou LPCC 07LPCC 07--0303



99He :  d(He :  d(88He,p) He,p) @@ 25 25 MeV/MeV/nucleonnucleon

MS MS GolovkovGolovkov et et alal., PRC76 (2007)., PRC76 (2007)


