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Intr oduction: Halo Nuclel
| Characterisely avery large matterradius
Exhibit alow separatiorenegy of 1 or 2 neutrons

) strongly system:
neutrongunnelfar from the coreandform ahalo
Examples:

Nucleus S, orS,,
1Be 1Be+ n | 0.504MeV
i  SLi+ 2n | 0.300MeV

_




Breakupreaction

Halo nucleiareshort-lved) studiedin indirectways
Breakup= of thecore+ halostructure
by interactionwith atarget

) Needaccuratéheoreticaldescriptionof breakup
coupledto realisticmodelof projectile

Variousbreakupmodelsexist:

SemiclassicalP-T motion trajectory
(perturbatiortheory eikonal,time-dependent)

Quantum fully quantum(DWBA, CDCC)
New model: DynamicalEikonal Approximation

uni es andtime-dependent
D. Baye,P.C.,G. Goldstein,PRL 95,082502(2005)
G. Goldstein,D. Baye,P.C.,PRC73,024602(2006)



INnputs

() modelledasatwo-bodysystem:
core(c)+looselyboundnucleon(f ) describedy
Ho= Tr + Ve (r)

V¢ adjustedo reproduce X
boundstatesand o

some - m
TamgetT seemas - _ s
structurelesgarticle

P-T Interactionsimulatedoy optical potentials
) breakupreducesto three-bodyscatteringproblem:

[TrR+ Ho+ Ver + k7] ( R;r) = Ex ( R;r) |




Dynamical eikonal approximation (1)

Three-bodyscatteringoroblem
| [TR+ Ho+ Ver+ Mir] ( I;R) = Ex ( 13 R)

with condition ( r;R)le! ekZ o)

To suppressherapidvariationin R we
(r;R)= &2l r:R):
- 1
H = eIKZ[TR + vP2z + é |:>‘|'V2

+ (Ho+ Ver + Vi 7)]P

NeglectingTg vsvPz andusingEt = 2 p7rVv2+ Eg

2
i~v§b(r;b;2) = [Hy Eo+ Ver + Vi7]P r;b;Z)|



Dynamical eikonal approximation (2)

i~v@b(r;b;2) = [Hy Eo+ Ver+ Vi7]® r;b;2)

A
IS equialentto a TDSEwith straightline trajectories
BUT hereb andZ are ) notrajectory
Theusual usesadiabaticapprox.Hg Eg O

) neaglectsinternaldynamicaleffectsof projectile
D eik iR Az Ver (I ;0;29+ Vi (1 ;0,29]
(r;b;Z)=e v 1 TR Tl o(r)

) dynamicaleikonalgeneralise§ DSEand

Improves TDSE by includinginterferences

Improves by includingdynamicaleffects
we know how to solve accuratelyTDSE



Breakup crosssection

Breakuptransitionmatrix element:
: 0 :
beiu — I,ElK R E()jVCT-l- VijelKZbi;

whereHq E<) = E E() (Ingoing wave)
: 0 :
TR = R E()J'Ho E + Ver + Vsrjek 2 by
: 0 :
— |,E|K R E()ji~vg+ E, EjelKZbi
Z bZ 1 @
~ q —~=h C)ib
I~v  dbe 1 dz@zh et

assumingy = K OZ K D@ transerseandE  Eo 0
T = i~ dbedPh (iR z1 1) |



Breakup crosssection(2)

After integrationover ,
X | IZ 1
TRY/ Y,™( e ™ g i (0) Skim (B) bdb;
Im 0
whereSym() = h ymie Z! 1)i
containsall breakupinformation
Crosssections,
L d oy d

d py (T bu li’ d by d by
qoa- T | SE3- and-g

) DynamicaleikonalextendsTDSE

to (differentialcrosssections)
takinginto accouninterferencest;)etweertrajectories|




We illustratethetechniquefor *'Be on C andPb
1Beis thebestknown one-neutrorhalonucleus

Its breakupon C andPbmeasuredt RIKEN
Fukudaetal. PRC70,054606(2004)

10Be-npotentialchoserto reproducerst threestates
5/2° 1.274 d5=2

1/2 -0.184 0Opl=2
1/2* -0.504 1s1=2

We usea W-S with parity dependencdepthplus S-O
Optical potentialsV.t andV; + chosenn the

) All parameteradjustecda priori: not tting param.|




Breakup of 1'Beon “C @ 67AMeV

\ Goodagreemenwith
TN experiment(no param)

=4  Diffractionpattern

...............
"~

——f—————t———+—1 in all partialwaves
o . differentpattern

N NS ] Dominance p ato.1MeV,
YA . d at 1.3MeV=E

DynamicaleikonalextendsTDSEto light tamgetsand
differentialobsenables




Breakup of 1'Be on Pb @ 69AMeV

Goodagreemenvith experiment(no parametey
p wavesatsmall , whereCoulombdominates

All wavesatlarge , wherenucleardominates
(theoryslightly underestimategata)

divegesat = 0,
but agreeswith dynamicalatlarge



Comparisonwith eikonal

notright asymptoticg1=bwhereaslyn./ e )
) divegeswhenCoulombdominategsmall )



Relative energy distrib ution

11Be + 208pph @ 69AMeV
LERLEE DL L L DL L L DL L L L L

Goodagreememvith experiment
OK for 1:3 whereCoulombdominates
underestimatedatawhenall included(nuclear?

diverges) needsacutoff atlargeb




Conclusion

| Breakupis atool to studyhalonuclel
DynamicalEikonal Approximation

IS anew reactionmodel
uni es Time-Dependenand

Includesinterferenced®etweertrajectories
Includesinternaldynamicsof the projectile

) extendsTDSEto differentialobsenables
GoldsteinBaye,P.C.,PRC73,024602(2006)

Goodagreemenwith experiment
for bothlight andheavy tamgets
) Onemodelfor all targetsandcros

ssections
atintermediateenepgies
Future improve the




Elastic scattering

Transitionmatrix elementseads
) 0 :
T = rzelK R QiVer + Virjek 2 bj

- dréekz KRy oji~v§ Ho + Eqjbi
SettingSo(p) = h o bz 1 )i, 1gives
1
T8 i~v  dbddPsy) = 2 ~v  Jo(gb)Se(b)bdb
0

USingq: 2K sin :2’ Wegetdd el | ijeiljZ

approx.is obtainedreplacingP 1 bek
TDSEangulardistributionsuseof b.. = é_
) nointerference |




Elastic scattering of 1'Be on 1°C

11Be+2C @ 50A MeV

Goodagreemenwith
experiment
(No tting parameter

Largeinterferences
) TDSEcannotbeused

] Small difference between
“““ dynamical and
[T T eikonal

) little dynamicaleffectsin elasticscattering
(onlight target?)




Elastic scattering of 1'Be on %°%Pb

11Be+208pp @ 20AMeV

Smallerinterferences
TDSEfairly valid at

Smalldifferencebetween
dyn. and elkonal

) little dynamicaleffects
In elasticscattering

Validates for describingelasticscatterin%




Eikonal and time-dependentmodels

| : scatteringévave functionapproximatedy

Z
k= exp i  dZWr(b+ Z2%)

1
+ simpleapproximatiorwith all degreesof freedom
no internaldynamicsof the projectile
no good behaiour
Time-dependentP-T motion= classicalkrajectories
) wave functionsolutionof TDSE:

@? TDSE
| = fHo+ Ver[R(D)]g ™

@

+ Includesdynamicsinsidethe projectile
) nointerferenceeffects




Coherent and incoherent rotations

Two waysof rotating P along
IncohererrtlQ r;b; n,Z) = IQ r;0;0;2)
Coherertt R r:b; ;2) = Mo 12) v y:h:0:2)

Differencen patternif m 6 mg
assumedncoherent



Energy distrib ution

11Be+“C 67AMeV

0.06 I I I I — |
Rikenexp. o
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Goodagreementvith experiment(No parametey
explainedby simple2-bodymodel



