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Coulomb break-up to all orders

J Breakup amplitude in perturbation theory
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J Sudden approximation for all orders
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Non-perturbative Coulomb + nuclear breakup

J BBM amplitude
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Results
J Energy distribution
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X Non-perturbative treatment of breakup

Eikonal approximation
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Halo Nuclei : Core + Valence space

GS(MBe) : ['"Be(0") + n(2s%2)]+...

The orbitals of the core
are Pauli blocked...

Projector method : p=1- ) <l>1-><<l>1-

lecore

Schrodinger eq. : j?f‘f_i?‘cb( t)>=jh%‘cl>( t),

Quantum Mechanics SuperSymmetry ...
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From Toy Model to Nuclear Physics

Short History
Early 80ies: Theoretical model (Witten, Sukumar,...)
Link between Deep and Shallow Nucleus-Nucleus Potential

100} | V!{MeV)  D. Baye, PRL 58 (1987) 2738
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(Buck, Friedrich andWheatley) ’ \/ Shallow potential
1 273 6 ) -10 (Ali and Bodmer)

Recently...

Application to Coulomb breakup of ''Be:
Capel , Baye, Melezhik, PLB 552 (2003) 145

Comparison between projection method and SUSY
Thonpson et al., PRC 61 (2000) 24318

Descouvenont et al., PRC 67 (2003) 44309 J. Margueron



Quantum Mechanics Supersymmetry

Spherical coordinates: “// ‘(l)]> ®‘ Yzm>

o ROI1+1) .

Radial Hamiltonian: ]Ai’{):i?z/ 2 m+ f’(l) with Vo= om + Vy

Introduce the operators: @y = > m

. b A4 A
Factorize hl=a; a, +€

-~ Ground State Energy

From : Schrodinger eq. destruction operator

hy|pyo(eh) =6l o)) & & |poleh) =0

— W (I)= lnd)o(eolr)

dr

Ground State w.f. J. Margueron



Quantum Mechanics Supersymmetry

] A4 A
h _ag a "'eo with Wolr)= drlncbo(eo/r)
NN
s f_\+ dy ‘¢o(eo>>—0
Let's define h;=a, a, +90
i 2
h h,
N Operators ilg :
~Ho~ -
e~ B, () =11, |po(e)]
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Uy === d
/ ]
N h,—e¢,
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Quantum Mechanics Supersymmetry

SRP: State Removal Potential PEP: Phase Equivalent Potential
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Quantum Mechanics Supersymmetry
h=a" a +e

ST A At A
m=a a +e, projector: p:1_|¢o<eo)><¢0<60>‘

At
Operators U :

A+ .
Uy are pseudo-unitary :

u, i, =1

SuSy [ u, i, = _f?JPROJECTION

SuSy < PROJECTION

1 to the frozen core
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Quantum Mechanics Supersymmetry
h=a"a +é€

]1] 5 4 4 eo Time dependant processes :
o . Excitation operator: f,
t u . b 7
PEFALOTS =0 Perturbed Hamiltonian : h=h, +1
e)=1u, e a7
‘4)1 < >> 0 |Cl)0< >> Valence space Hamiltonian : hv:p hp
e 1 e
Uy == d
/ 0
h,— & h,|do(t)=1 “/)0 )
]31:% lAlO il:)r A4 A A
- - Uy Uy =p
h, h, : d
u' o by hig Uy | (8))=i—b(t),
¥ N d
U 2 .
e h, ¢1<t)>:1_‘¢1(t)>
dt
$ole)) by (e))
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Quantum Mechanics Supersymmetry
h=a" a +e
h=a & +é Excitation processes :

At Excitation operator: f 0
Operators U :

Perturbed Hamiltonian : h= o T f, 0
e)=1u, e a7
‘4)1 < >> 0 |¢O< >> Valence space Hamiltonian : {1,=DAP
. 1 "l
Uy =—7——
h,—e, SuSy transformation :
]Ajl — iza ]Af’o izg 1. Remove the Ac orbitals of the core :
AC
Bl Bl =] 1
i=1
/‘+\ 2. Transformation of the Hamiltonian:
Yo _~ h, =u, hu, =h,+f,
% k= il;{ f, 0 illt
‘¢o<e)> ‘¢1<e)>
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‘hO

Quantum Mechanics Supersymmetry

A4+ A —

=a" a +e,

7.0 a— At I
hi=a a +e¢,

At
Operators U :

lly =——— 4,
0 j]l—eg 0
j11 =i16 j10 ilg
hg h,
P
Yo~
‘¢o<e)> ‘¢1<e)>

Excitation processes :

Excitation operator: f 0
Perturbed Hamiltonian : h=h, +1

Internal approximation :

A

h, ~h+1,
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Quantum Mechanics Supersymmetry

Electric excitation: [, (A,L, M):F S/L, M

I'm\f (A, L, M|Im|=£'A) 1'm1Y, ,/Im)

f’;](A)Z ilz:l r il?_l non diagonal in the r-space

) ¢,(2,00;r) ) 9,(2,00;r)
28 —r—r—r——————

Doorway state:

5d(A,1-10=F1(2)|oph

Internal approximation: ===--
1-1=F"(A)|]
‘6¢k<A/ — >>— 0 (A) d)k>

Diagonal approximation:

5,7, 1-1")=diag(

A
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Quantum Mechanics Supersymmetry

U Sy
Electric excitation: fi (?\)—Uk_l-’A Up_4

rrrrprrTrprrT T T e T 3""""""""I""
. . 'h é b
Transition probability : | (a) _ (b) _
. | A1 i .. E
B,(EN,i—f)=|¢4 £(a)|¢ % | )
i 1€
Y o
\\\;\ 5
\:‘\ 4 2
\\:.\\ ; aa] { |
Energy weigthed sum rule : \‘
m,(EA)=[ dww'S(EA, w) I
10 20 30 40 50 % 16720730 40 50
Energy @ [MeV] Energy @ [MeV]

(my — my)/my (m; — my)/m, (m, —m,)/m,
E0 1.4% 3.9% 17.4%
F1 -6.8% -33.3% -93.1%
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Quantum Mechanics Supersymmetry

. . . T 2
Gaussian excitation: £ —exp—r’/u
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D Strong effects if the excitation operator overlap the core

potential
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Quantum Mechanics Supersymmetry

v We have introduced new operators : ilg
v We propose a new framework for SuSy transformations :
¢ It is equivalent to the Projection method

¢ It contains the usual internal approximation
Results :

v The internal approximation is no longer accurate if the
excitation operator overlap the core potential
v Or in the case of 2 particles in the valence space
D 2body interaction has to be transformed !
u (Vu 2)Vin-n)u (1)u (2)
Outlooks :

Apply SuSy to 2-body n-n interaction (°*He, ''Li, ...) :
¢ Structure

¢ Reaction mechanism
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