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Introduction

@ Halo nuclei exhibit a very large matter radius

Compact core + one or two loosely-bound neutrons '0

Ex :!'Be=19Be +n, °C=“C+n

Short-lived : studied through reactions processes
(elastic scattering, breakup,...)
= Need an accurate reaction model to infer reliable
information
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Introduction

@ Halo nuclei exhibit a very large matter radius

Compact core + one or two loosely-bound neutrons OG

Ex :!'Be=19Be +n, °C=“C+n

Short-lived : studied through reactions processes
(elastic scattering, breakup,...)
= Need an accurate reaction model to infer reliable
information
o The eikonal approximation :
@ reduced computational time

® simple interpretation of the reaction

@ Some experimental facilities will provide RIBs at ~ 104 MeV
(e.g. HIE-ISOLDE @ CERN and ReA12 @ MSU)

=ls it valid at these energies ?
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Introduction

o Coulomb dominated reactions :

15C 4 208pp ., 14C 4 n 4 208ph @ 204 MeV
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[T. Fukui, K. Ogata and P. Capel. PRC 90, 034617 (2014)]
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Introduction

o Coulomb dominated reactions :

\/n2
Coulomb correction : b— b = w = valid at low energies

15¢ 4 208pp —, 14c +n + 2%pp @ 20A MeV
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Introduction

o Coulomb dominated reactions :

V12 + B2 k?
k

. + . .
Coulomb correction : b— b =1 = valid at low energies

o Nuclear dominated reactions :
lge + 12(;{) © 20A MeV
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— Eikonal overestimates elastic and underestimates breakup
— Eikonal dampens the oscillations
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Introduction

o Coulomb dominated reactions :

V12 + B2 k?
k

. + . .
Coulomb correction : b— b =1 = valid at low energies

o Nuclear dominated reactions :
lge + 12(;{) © 20A MeV

ChCC — ' ' ChCC —
Eik. —— |

10°

doy, /dSY [b/st]

0 10 20 30 40 50
0 [deg]

— Eikonal overestimates elastic and underestimates breakup
— Eikonal dampens the oscillations

= Can a nuclear correction fix these issues?

Chlog Hebborn (ULB) ECT workshop (Trento) March the 5t 2018 3/24



@ Eikonal model
@ Usual eikonal model
@ Dynamical Eikonal Approximation (DEA)

© Semi-classical correction
@ Implementation
o Elastic scattering @ 10A MeV
@ Generalisation to the DEA

© Exact continued S-matrix correction
@ Implementation
@ Elastic scattering © 10A MeV

@ Extension to breakup

© Sensitivity analyses of both corrections
@ Dependence on energy
@ Sensitivity to the potentials

© Summary
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Reaction model : three-body collision

Reaction model :
@ Assumptions : - Spinless particles
- Central potentials
@ Two-body projectile (P) :
P = core (¢) + fragment (f)
Internal Hamiltonian : h¢r = T+ Vip(1)

@ Structureless target (T)

Three-body Schrédinger equation :
[TR+ hcf+ VcT + Vﬂ"] \P(R, r) = E\P(R, r)

with the initial condition ¥ (R, r) L Rz (1),
——00

where @ is the ground state of P : h®y = €q®
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Eikonal model

Three-body Schrédinger equation :
[T+ hep+ Ver + V] W(R, 1) = E¥(R, 1)

0 Eikonal approximation : at high energy, ¥ = plane wave (e/*?)
Factorization : Y(R,r) = e** U (R, 1) with |AR?P| < k a%‘f"
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Eikonal model

Three-body Schrédinger equation :
[T+ hep+ Ver + V] W(R, 1) = E¥(R, 1)

0 Eikonal approximation : at high energy, ¥ = plane wave (e/*?)
Factorization : W(R,r) = ¢** ¥ (R, 1 with [Ar 7| < k| £
Dynamical Eikonal Approximation (DEA) uses only [J
= ihvZ P (b, Z,1) = [her — €0 + Ver + Vil P (b, Z, 1),

where € is the energy of the ground state @,
[D. Baye, P. Capel, and G. Goldstein, PRL 95, 082502 (2005).]
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Eikonal model

Three-body Schrédinger equation :
[T+ hep+ Ver + V] W(R, 1) = E¥(R, 1)

0 Eikonal approximation : at high energy, ¥ = plane wave (e/*?)
Factorization : W(R,r) = ¢** ¥ (R, 1 with [Ar 7| < k| £

Dynamical Eikonal Approximation (DEA) uses only [J
= ihvZ P (b, Z,1) = [her — €0 + Ver + Vil P (b, Z, 1),

where € is the energy of the ground state @,
[D. Baye, P. Capel, and G. Goldstein, PRL 95, 082502 (2005).]

[0 Adiabatic approximation : hcr = €g
Usual eikonal model uses [1+[1 :

yeikkp 7 r) = eikzei[XcT(bcT)+XfT(bfT)](I)O(r),

i (b)=—L [Z Vb 7 d
with x;(b)) = hvf_oo Vi(bj,Z")dZ
[R. J. Glauber, High energy.collision theory, {1959).]
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Eikonal model : three-body collision

Usual eikonal model ;| Weik(bh, Z, r) = k2 gilterber)+ 2Bl @ (),
. Z
with x;(by) = — 1= [%, Vi(bj, Z)dZ'
[R. J. Glauber, High energy collision theory, (1959).]

byr

@® Simple interpretation : ¢ and f follow straight-line trajectories
© Deflection and couplings between trajectories are neglected !
o Valid only at high energy !
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Eikonal model : three-body collision

Usual eikonal model ;| Weik(bh, Z, r) = k2 gilterber)+ 2Bl @ (),
. Z
with x;(by) = — 1= [%, Vi(bj, Z)dZ'
[R. J. Glauber, High energy collision theory, (1959).]

byr

@® Simple interpretation : ¢ and f follow straight-line trajectories
© Deflection and couplings between trajectories are neglected !
o Valid only at high energy !

= Extension to low energies through corrections to account
for the deflection of P
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@ Eikonal model
@ Usual eikonal model
@ Dynamical Eikonal Approximation (DEA)

© Semi-classical correction
@ Implementation
o Elastic scattering @ 10A MeV
@ Generalisation to the DEA

© Exact continued S-matrix correction
@ Implementation
@ Elastic scattering © 10A MeV

@ Extension to breakup

© Sensitivity analyses of both corrections
@ Dependence on energy
@ Sensitivity to the potentials

© Summary
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Semi-classical correction

. !/ H ! H
Idea : x;(b) — )(j(b}), with b; the complex distances of closest
approach [Analysis of two-body collisions in A. Vitturi et al. , PRC 56, 1511, (1997).]

O Real part of the distances b; .

trajectories at b is nuclear dominated
at b, is Coulomb dominated

- b} computed exactly

[CH, P. Capel, Proc. of the 55th International Winter Meeting on Nuclear Physics, (2017).]
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Semi-classical correction

. !/ H ! H
Idea : x;(b) — )(j(b}), with b; the complex distances of closest
approach [Analysis of two-body collisions in A. Vitturi et al. , PRC 56, 1511, (1997).]

O Real part of the distances b; .

trajectories at b is nuclear dominated
at b, is Coulomb dominated
- b} computed exactly

[CH, P. Capel, Proc. of the 55th International Winter Meeting on Nuclear Physics, (2017).]

O Complex distances b}’ :

— b}’ approximated by a perturbation formula
Im{V;(b)}
2B~ | (RetV))

"3l s

r=b
[D. M. Brink, Semi-classical methods in nucleus-nucleus scattering, (1985).]
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Elastic scattering 'Be+'>C @ 10A MeV
CDCC —
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[CH, P. Capel, PRC 96, 054607, (2017)]

@ More absorption at large angles but not enough
© Overcorrection of the oscillations at large angles
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Elastic scattering 'Be+'2C @ 10A Me
CDCC —

100

1072

1073

Eik. b&e Vfpm-o- ]

Eik. ——

0 [deg]

@ More absorption at large angles but not enough
© Overcorrection of the oscillations at large angles

= Influence of the dynamics of the projectile ?
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ECT workshop (Trento)
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[CH, P. Capel, PRC 96, 054607, (2017)]
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Generalisation of the semi-classical correction to the DEA

DEA : no eikonal phases
= replace b; by b}’ in the computation of the interaction

Vi(bj, 2) — Vj(b),2)
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Generalisation of the semi-classical correction to the DEA

DEA : no eikonal phases
= replace b; by b in the computation of the interaction

Vi(bj, 2) — Vj(bl,2)

11Be—i—lzc @ 10A MeV
‘ @ Small dynamical effects
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Generalisation of the semi-classical correction to the DEA

DEA : no eikonal phases
= replace bj by b}’ in the computation of the interaction

Vi(bj, z) — Vj(b}',Z)
HBe+12C @ 10A MeV

CDE(?kC — ] @ Small dynamical effects
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Generalisation of the semi-classical correction to the DEA

DEA : no eikonal phases
= replace bj by b}’ in the computation of the interaction

Vj(bj, 2) — V(b 2)
HBe+12C @ 10A MeV

CDE(?kC — ] @ Small dynamical effects
0 - 1" ! 7 - H
" Bk ti&bq-- 1 o Same behaviour of the
DEA e Wi correction
101 L ® Accuracy gain
£ © Lack of absorption at
© large 0
10-2 | e Overestimation of the
oscillations
':_i
107 i ‘ ‘
0 10 20 30 40 50

0 [deg]

= Use of another correction ?
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@ Eikonal model
@ Usual eikonal model
@ Dynamical Eikonal Approximation (DEA)

© Semi-classical correction
@ Implementation
o Elastic scattering @ 10A MeV
@ Generalisation to the DEA

© Exact continued S-matrix correction
@ Implementation
@ Elastic scattering © 10A MeV

@ Extension to breakup

© Sensitivity analyses of both corrections
@ Dependence on energy
@ Sensitivity to the potentials

© Summary
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Exact continued S-matrix : two-body collisions

Two-body collisions :

o Partial-wave expansion : F(0) = szz @21+ l)Pl(cos(H))[e2’51 1]
Sl

. _ ix(b) _
o Eikonal model : f(0) = —ik [;" bJo(qb)e 11db
S(b)
o Relation between Legendre polynomial and Bessel function :

lim;_. o, P;(cos(8)) = Jo(gb)
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Exact continued S-matrix : two-body collisions

Two-body collisions :

o Partial-wave expansion : F(0) = szz @21+ l)Pl(cos(H))[e2’51 1]
Sl

. _ ix(b) _
o Eikonal model : f(0) = —ik [;" bJo(qb)e 11db
S(b)
o Relation between Legendre polynomial and Bessel function :
lim;_. o, P;(cos(8)) = Jo(gb)

— Exact continued S-matrix :
use the exact S; in the eikonal framework using I=kb—1/2

f0) = —ik [ bJo(gb)[S;— 11db

[J. M. Brooke et al. , PRC 59, 1560, (1999).]
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Exact continued S-matrix : three-body collisions

Generalisation to three-body collisions :

o Eikonal model : f@(6) = —ik [;"* bdbJo(qb)[S® (ber, ber) — 1]
with S@ (ber, ber) = (@ol S(ber) S(byr) Do)

o Exact continued S-matrix :

[26) = ~ik Jy ™ blo(qb)(S, ~11db

with ng)lf = <<1>0|s; S]l;cldb()) [J. M. Brooke et al., PRC 59, 1560, (1999).]
Cr C
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Elastic scattering 'Be+'>C @ 10A MeV

CDCC —
100 : Bik. ==
Exact continued S-matrix ===
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o
o
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0 [deg]

® Very accurate
o Slight shift to larger angles — due to adiabatic assumption
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Elastic scattering 'Be+'>C @ 10A MeV

CDCC —
10° : Fik. ==
Exact continued S-matrix ===
107
o
o
~
S
1072
1073 : :
0 10 20 30 40 50

0 [deg]

® Very accurate
o Slight shift to larger angles — due to adiabatic assumption

What about breakup observables ?
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@ Eikonal model
@ Usual eikonal model
@ Dynamical Eikonal Approximation (DEA)

© Semi-classical correction
@ Implementation
o Elastic scattering @ 10A MeV
@ Generalisation to the DEA

© Exact continued S-matrix correction
@ Implementation
@ Elastic scattering © 10A MeV

@ Extension to breakup

© Sensitivity analyses of both corrections
@ Dependence on energy
@ Sensitivity to the potentials

© Summary
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Extension to breakup reactions

HBe + 120 510Be+ n + 12C @ 104 MeV
T T 20 T T T T T
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Small dynamical effects in breakup cross sections
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Extension to breakup reactions

HUBe 4+ 12C 510Be+ n + 12C @ 10A MeV
T T 20 T T T T

0.2 ‘ | | |
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Small dynamical effects in breakup cross sections
[0 Semi-classical correction : small correction to the eikonal model
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Extension to breakup reactions

HUBe 4+ 12C 510Be+ n + 12C @ 10A MeV
T T 20 T T T T

0.2 ‘ . . ‘
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E [MeV] ( ' 0 [deg]
Small dynamical effects in breakup cross sections
[0 Semi-classical correction : small correction to the eikonal model

worsens the DEA
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Extension to breakup reactions

HUBe 4+ 12C 510Be+ n + 12C @ 10A MeV
T 20 T T T T

0.2 . . . ‘ ‘ ‘
CDCC — CDCC —
ik, —— Eik. ——
Eik. b& Vjp---- Eik. b)& b=+ -

s pEA —— i DE
0.15 3 DEA V& Wy | 127 DEA bp&e Hfpono
i Exact continued S-matrix -

Exact continued S-matrix ===

= —
z z
s =
< =
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2 =
=
3 ] g
£ R =
0.05 f S 5
0 . . . 0 . . . . . -
0 1 2 3 4 5 o 1 2 3 4 5 6 1 8

E [MeV] 6 [deg]
Small dynamical effects in breakup cross sections
0 Semi-classical correction : small correction to the eikonal model
worsens the DEA

[l Exact continued S-matrix : improves the eikonal description
but is as accurate as the DEA
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Extension to breakup reactions

HUBe 4+ 12C 510Be+ n + 12C @ 10A MeV
T 20 T T T T

0.2 T T v T T T
CDCC — CDCC —

ik, —— Eik, ——

Eik. b& Vjp---- Eik. b b -
DEA —— S

) ~ DEA V& b
Exact continued S-matrix -

0.15 + - ) ) DEA V& % ]
Exact continued S-matrix -

= —
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= =
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{’
A
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% ; : 3 5 Yo T & 3 1 5 5 7 s
E [MeV] 0 [deg]

Small dynamical effects in breakup cross sections

[0 Semi-classical correction : small correction to the eikonal model

worsens the DEA
[l Exact continued S-matrix : improves the eikonal description
but is as accurate as the DEA
How do both corrections vary with energy ?
How sensitive are they to the potential parameters ?
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@ Eikonal model
@ Usual eikonal model
@ Dynamical Eikonal Approximation (DEA)

© Semi-classical correction
@ Implementation
o Elastic scattering @ 10A MeV
@ Generalisation to the DEA

© Exact continued S-matrix correction
@ Implementation
@ Elastic scattering © 10A MeV

@ Extension to breakup

© Sensitivity analyses of both corrections
@ Dependence on energy
@ Sensitivity to the potentials

© Summary
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. elastic scattering

Dependence on en

11Be + 12c @ 10A MeV

"Be + '2C @ 20A MeV
101 : — 104 ‘
CDCC — CDOC —
Eik. —— Eik. ——
10°
S g
= =
S S
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1072 103 . . . .
0 10 20 30 40 50
6 [deg]

6 [deg]
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. elastic scattering

l1Be + 12c @ 20A MeV 11Be + 12c @ 10A MeV
1
' ' (D(‘( — 10 ' LDC‘( —
Bik. __
Eik. b & bip---- Eik. b”&h"
1) o1, QU N (10,
DEA B4& Vg 10 DEA Bj& Vfgvn
100
b N
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1072
;
102 10°3 R S . .
0 10 20 30 140 50
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6 [deg]
[0 Semi-classical correction : more efficient at high energy
Same accuracy in the eikonal model or the DEA
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. elastic scattering

l1Be + 12c ©@ 20A MeV 11Be + 12c @ 10A MeV

10! : o 10! ; 0
C D( ( —_— LD( ( —_—
Eik. b, & h’Z. Eik. v, & %
Db - 0 Db
e 10 DEA By&e B 3
10° Exact continued S-matrix -
. o -
£ £ w0
) )
107"
102
H
1072 103 . E . . .
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0 [deg] 6 [deg]

[0 Semi-classical correction : more efficient at high energy
Same accuracy in the eikonal model or the DEA

[1 Exact continued S-matrix : more efficient at low energy
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do, /d [b/st]

HBe + 12C @ 10A MeV

HBe + 2C @ 20A MeV

: : 20 : :
CDCC — CDCC —
Eik. —— Eik. ——
DEA —— 1 o DEA —— |
|z
=
]
=
1€
8

0 [deg]

@ Dynamical effects more important at lower energies

Chloé Hebborn

(ULB)

ECT workshop (Trento)
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Dependence on energy :

11Be + 12(: @ 204 MeV

“Be + 12c @ 10A MeV

do, /d [b/st]
do, /d [b/st]

(DCC —_—

Eik. b %::

DEA ¥/, e [

@ Dynamical effects more important at lower energies

0 Semi-classical correction

: larger effect at low energy
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Dependence on energy : breakup

11Be + 12c @ 20A MeV . “Be + 12c @ 10A MeV

50 T
(DCC —_— (DCC —_—
Eik. b;g& {7 Eik. b';& .
40 DEA'—— 1 EA_Z
DEA b & U] - T DEA b, & Ve
= Exact continued S-matrix == = Exact continued S-matrix ==
< 30 Y 1L
2 =3
g g 10
< <
2020+ 12
5
10 +
0 . 0
0 1 2 3 ! 5 6 7 8 8

@ Dynamical effects more important at lower energies
[J Semi-classical correction : larger effect at low energy

[l Exact continued S-matrix : larger effect at low energy
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Dependence on energy : breakup

11Be + 12c @ 20A MeV . “Be + 12c @ 10A MeV

50 T
(DCC —_— (DCC —_—
Eik. b;g& {7 Eik. b';& .
40 DEA'—— 1 EA_Z
DEA b & U] - T DEA b, & Ve
= Exact continued S-matrix == = Exact continued S-matrix ==
< 30 Y 1L
2 =3
g g 10
< <
2020+ 12
5
10 +
0 . 0
0 1 2 3 ! 5 6 7 8 8

@ Dynamical effects more important at lower energies
[J Semi-classical correction : larger effect at low energy

[l Exact continued S-matrix : larger effect at low energy

= No significant accuracy gain at both energies
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Sensitivity of corrections to interaction potentials

Ongoing analysis

Main influence of 1°Be-2C potential — test on two potentials

-50 -

.
4100 Potential2_ . #

V(1) [MeV]

-150
Potential

-200

Real nuclear potential
Imaginary nuclear potential

-250
0 1 2 3 4 5 6 7 8

 [fm]

Different absorption parameters :

W

7 but r al1<T i
(VR)potentiaI 1 (VR)potentiaI 5 I,potential 1 I,potential 2
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Sensitivity to interaction potentials : elastic scattering

Elastic scattering of !'Be off '>C at 104 MeV
Izlot. 2 (large r;, Wi ~ Vg/2)

Pot. 1 (small r;, Wy~ Vi)
10
CDCC — CDCC ——
Eik. —— Eik. ——
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g 10! Ky 10!
) )
1072 1072
o L -
10 20 30 40 50
0 [deg]

0 [deg)
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Sensitivity to interaction potentials : elastic scattering

Elastic scattering of !'Be off '>C at 104 MeV
I!)?Ot' 1 (small r;, Wy~ Vg) Izlot. 2 (large r;, Wi ~ Vg/2)

E
10° DEA By g

10°

10°!

afor

107!

ofop

1072 1072

H
10-3 . . . . 10-3 . . . .
10 20 30 10 0 10 20 30 10 50
0 [deg)

0 [deg]
[0 Semi-classical correction : o Sensitive to r;
— undercorrection when ry is small

— overcorrection when 1y is large
o Less accurate when W; ~ Vg
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Sensitivity to interaction potentials : elastic scattering

Elastic scattering of !'Be off '>C at 104 MeV
I!,?Ot' 1 (small r;, Wy~ Vg) Izlot. 2 (large r;, Wi ~ Vg/2)

10°

DEA ¥y& Wiy

10°
Exact continued S-matrix --.-

10°!

ofon

107!

ofop

1072 1072

10-3 . ; . . . 10-3 . . . .
10 20 30 40 50 0 10 20 30 40 50
0 [deg]

0
0 [deg)
o Sensitive to 1
— undercorrection when ry is small

— overcorrection when 1y is large
o Less accurate when W; ~ Vg
o Also sensitive to 1y
@ Same accuracy for each potential

[0 Semi-classical correction :

[ Exact continued S-matrix :
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Sensitivity to interaction potentials : elastic scattering

Elastic scattering of !'Be off '>C at 104 MeV
I!)?Ot' 1 (small r;, Wy~ Vg) Izlot. 2 (large r;, Wi ~ Vg/2)

10°

DEA ¥y& Wiy

10°
Exact continued S-matrix

10°!

afor

107!

ofop

1072 1072

0 10 20 30 40 50 0 10 20 30 40 50
0 [deg] 0 [deg]
[0 Semi-classical correction : o Sensitive to r;
— undercorrection when ry is small

— overcorrection when 1y is large
o Less accurate when W; ~ Vg
o Also sensitive to 1y

0J Exact continued S-matrix :
@ Same accuracy for each potential

= Both corrections are potential-dependent
March the 5t 2018
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Sensitivity to interaction potentials : breakup

Breakup of ''Be off 12C at 10A MeV
Pot. 1 (small r;, Wy~ V) Pot. 2 (large r;, W~ Vg/2)

20 . . , . 20 . . .
CDCC — Eik. ——
Eik. ——
DEA ——
15 DEA —— | 15 ¢
r\
B B N\
= = 1,
= = 1 A\
) /
o g 104y \
= < 1l 2\
H H / W\
£ £ |1 A\
/ A\
5 \\\\
\\\ \\\\\\
0 . . —-“\“"“""“\-
0 1 2 3 4 5 6 7 8
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Sensitivity to interaction potentials : breakup
Breakup of ''Be off 12C at 10A MeV

Pot. 1 (small rr, Wi~ Vg) Pot. 2 (Iarge 1, W1~ VR/2)
2 ‘ ‘ LD(,L — 0 ‘ -=
_ Eik. b”&b” -
Eik. b”r& b” —_—
DE{ —— DEA 8/ -

DEA 04& e ]

doy, /dQ [b/st]
doy, /dQ [b/st]

0 [deg]

[J Semi-classical correction : insensitive to the potential
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Sensitivity to interaction potentials : breakup

Breakup of ''Be off 12C at 10A MeV
Pot. 1 (small rr, Wi~ Vg) Pot. 2 (Iarge 1, W1~ VR/2)

20 T T 20
LDLL —_—

Eik. b”& b” -
DF‘KT

Eik. b”r& b”
DE

DEA b & Ve
Exact continued S- mdtnx mmim

DEA ;& by
Exact continued S-matrix

doy, /dQ [b/st]
S

0 [deg]

[0 Semi-classical correction :

[ Exact continued S-matrix :

insensitive to the potential

insensitive to the potential
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Sensitivity to interaction potentials : breakup
Breakup of ''Be off 12C at 10A MeV

Pot. 1 (small rr, Wi~ Vg) Pot. 2 (Iarge 1, W1~ Vr/2)
20 r r LD(,L — 20 T - k” —
_ Eik. b I’&)LFZXT-“-

Eik. b”r& b”
DE

DEA b & Ve
Exact continued S- mdtnx mmim

DEA ;& by
Exact continued S-matrix

doy, /dQ [b/st]
S

0 [d”og] 0 [deg]
[J Semi-classical correction : insensitive to the potential

[0 Exact continued S-matrix : insensitive to the potential

= No significant accuracy gain for both potentials
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Eikonal model : fast, easy but valid only at high energies
@ Coulomb dominated reactions : use of b shift
@ Nuclear dominated reactions — Can it be corrected ?
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Eikonal model : fast, easy but valid only at high energies
@ Coulomb dominated reactions : use of b shift
@ Nuclear dominated reactions — Can it be corrected ?

J Semi-classical correction :
Use of 1" € C computed with the whole optical potential
Reproduces well the elastic scattering
@ More accurate at high energies
o Sensitive to the potentials
o Fails to reproduce breakup observables

®
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Eikonal model : fast, easy but valid only at high energies
@ Coulomb dominated reactions : use of b shift
@ Nuclear dominated reactions — Can it be corrected ?

J Semi-classical correction :
Use of 1" € C computed with the whole optical potential
@ Reproduces well the elastic scattering
@ More accurate at high energies
o Sensitive to the potentials
o Fails to reproduce breakup observables

U Exact continued S-matrix :
Use of each fragment’s exact phase shifts
@ Reproduces well the elastic scattering
® More accurate at low energies
@® Similar accuracy for different potentials
o Fails to reproduce breakup observables
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Eikonal model : fast, easy but valid only at high energies
@ Coulomb dominated reactions : use of b shift
@ Nuclear dominated reactions — Can it be corrected ?

J Semi-classical correction :
Use of 1" € C computed with the whole optical potential
@ Reproduces well the elastic scattering
@ More accurate at high energies
o Sensitive to the potentials
o Fails to reproduce breakup observables
U Exact continued S-matrix :
Use of each fragment’s exact phase shifts
@ Reproduces well the elastic scattering
® More accurate at low energies
@® Similar accuracy for different potentials
o Fails to reproduce breakup observables

= Need to improve the couplings between the « trajectories »
within the eikonal model
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Convergence of CDCC computations at 10A MeV

102 ‘ ‘ 0.25 : : :
CDCC I,y 1-- CDCC Ly
CDCC Ly ) » CDCC lyas
" r\% CDCC s = A ] . a
i, .
— o 5y
£ 100 \ 12
£ Ty =
S 9
2 B =
K 10~ \ 1z
e
~ %ﬁ._ ~
102} ]
1073 L L L
0 5 10 15 20
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nsitivity to the potential at 67A MeV

Elastic scattering of ''Be off °C at 674 MeV

Pot. 1 (small r;, Wy~ V) Pot. 2 (large r;, Wy~ Vg/2)
1 ‘ ‘ ‘ ‘ me J— o ‘ ‘ ‘ ‘ cn(C J—
Eik. ?)”7& l) [-__- Eik. b"T& o
pEA —Z .
| 10t DEA 1, PE A

10k DEA ;& -

Exact continued S- mdlnx i Exact continued S- nnlu‘c —mim

100

o/or

100

ofog

10! 1071

10 15 20 25 30
0 [deg]

1072
0 [deg]

o Sensitive to r; — undercorrection when r; is small
— overcorrection when ry is large
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Dependence on energy of breakup distribution

HBe + 12C @ 204 MeV HUBe + 12C @ 10A MeV

50 20
(DCC —_ (‘D(( —_

Eik. 17"7& i

o7 G

Eik. z,”,& b

DEA b, & (7”

DEA b} & b
Exact continued S- Iud(r]‘( v

Exact continued S-matrix

708 o 1 2 3 4 5 6 7 8
0 [deg]
0.2
CDEC —
Eik. ),,7& & U Eik b",& 1,2 .
0.15 DEA U/}, & [‘// 0.15 + DEA Ml& b//
Exact continued S-matrix ~m Exact continued S-matri
0.1 4 0.1 F

Aoy, /dE [b/MeV]

oy /dE [b/MeV]
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Sensitivity of both corrections to interaction potentials

Breakup of '!'Be off '2C at 10A MeV
Pot. 1 (small r;, Wy~ V)

Iarge r, Wy~ VR/Z)

Exact continued S-matrix

Exact continued S-matrix ===

doy,, /)

20
151
&
s 10
5
0
0
0.2
0.15
=z
=
,i 0.1
2
EE

Exact continued S-matrix =
Exact continued S-matrix -

IeV]

doy,/dE [b
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