Effects of coupling to breakup channels in reactions
induced by weakly bound and halo nuclei.

Juan Pablo Fernandez Garcia
Istituto Nazionale di Fisica Nucleare

LNS

Istituto Nazionale
di Fisica Nucleare

J. P. Fernandez-Garcia - fernandez@Ins.infn.it Nucleus Nucleus-15 1/24



Contents

Introduction.
6.7Li4+-54Zn reactions.

6He+%4Zn reaction.

> o=

Summary and Conclusions

J. P. Ferndndez-Garcia - fernandez@Ins.infn.it



Introduction

Weakly bound nuclei (®7Li): Low  Halo nuclei (°He): Low break-up

break-up threshold. threshold.
So=1.47(2.47) MeV S,,=0.98 MeV
Cluster structure (®7Li— a-+d(t)) Halo structure (*He— a+-n+-n)
44 44
Coupling to breakup channels Coupling to breakup channels
expected to be important. expected to be important.
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Introduction

Continuum-Discretized Coupled-Channels (CDCC)
formalism

@ Uses Coupled-Channel (CC) method to solve the scattering problem.

@ For weakly bound/halo nuclei it is important to introduce the continuum (unbound)
states of the projectile.

@ Unbound states of the projectile included by means of a discretization procedure (binning).

@ Describes the reaction using an effective 3-body model.

@ The breakup process is treated as an inelastic excitation of the projectile.

Unbound continuum states Unbound continuum states
| =
[ 1
| ===
Bound states Bound states
Binning
method
Target
/ 9.5 g.s
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0:71i+%4Zn reactions

Experiment %/Li+%Zn at LNS laboratory, Italy

o O7Li4%Zn@E, , = 11.7, 12.4, 135, 15.0, 16.3 and 18.1 MeV.
@ 5 Telescopes AE (10 um) + E (200 um).
@ Stable beam. Good data quality.

Telescope 5

F 7, ;. 64 0
Telescope 4 Rotating plate [ "L+"'Z0 @ Eppp=16 MeV @ 855=170.2

X Monitor 4r

“Zn target

Telescope 3

Telescope 2

Telescope 1
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E (MeV)

Nucleus Nucleus-15 5/ 24



CDCC calculations - Coupling to the continuum effect

TLi+%4Zn

o E,,=117MeV

— CDCC calculation
— - no continuum

|I|J
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o E ,=18.1MeV
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Coupling to breakup channels are more important for °Li.

Sq(°Li)=1.47 MeV S, ("Li)=2.47 MeV
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®He+°*Zn reaction

Experiment ®He+4-%4Zn at CRC laboratory, Belgium.

New experimental data above the Coulomb barrier - E. ,,,, = 13.5 and 16.5
MeV.

Angular range between 5 -120 degrees.

DSSSDs LAMP  LEDA
67°-120°  22°-65°  5°-12°

A %Zn target of 0.5 mg/cm? was used

Dsssp 4N target and rotated 45°.

BEAM / I
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>
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Experiment °He+%7Zn - E.,, = 13.5 and 16.5 MeV.

New experimental data above the Coulomb barrier
Angular range between 5 -120 degrees.
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Experiment °He+%7Zn - E.,, = 13.5 and 16.5 MeV.

Angular range between 5 -120 degrees.

@ Deviation from
Rutherford.

@ Diminution of
Fresnel peak.

@ Expected important

nuclear and/or

Coulomb couplings.
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Optical model analysis

Describes the interaction projectile-target with a effective average
potential U(R) = V(R) + iW(R)

The absorption of the elastic channel is represented by an imaginary part in the nuclear potential

e
#— @ "0 o
Many body collision Two body collision

@ U(R) phenomenological - Woods-Saxon form.
U(R) = Vof + iWpf
1
f(R, Rx, ax) = s
e x +1
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Optical model analysis - *He-+%4Zn

Ua(R)=V(R)+iW(R) — Core potential

U(R)=Ua(R)+W.(R) W, (R)=df(R)/dR— Long range effect

% — OM calculations
S
E.»,=15 MeV?  Vy(MeV) ro(fm)  ap(fm) )
131.1 1.04 0.594 gos
Wy(MeV)  ri(fm) a;(fm) 3
11.53 1.27 0.358 =
E.,=17.5 MeV  Vy(MeV) ro(fm)  ap(fm)
22.38 1.2 0.43 &
Wy(MeV)  r;(fm) a;(fm) <
23.86 1.05 0.43 g
2 T. B. Robinson and V. R. W. Edwards Nucl. Phys. A 301 (1978) 36 g E
8
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Optical model analysis - ®He-+%4Zn

Ua(R)=V(R)+iW(R) — Core potential

U(R):Ua(R)+WL(R){ W, (R)=df(R)/dR— Long range effect

| ° ‘EHe Ela‘b=14.7 ‘Me ]
g X |— oMU, +w,
= Re
g
g o5
3
Eo,=15 MeV W, (MeV) r,(fm) a,(fm) 2
2.62 1.2 0.71
Elab=18 MeV WL(MeV) rL(fm) aL(fm)
2.28 1.2 0.94

(do/dQ)/(do/dQ)
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Optical model analysis - ®He-+%4Zn

U(R)=Uq(R)+Ucpp(R) )
4 N *He éab=14.; MeV |
% — OM:U_ +U,
=3 :
g
ar 222 1 % dB(El,e) g oy
U =t 7/ de——"" F(r, g
coP 9 h-v (r—a)’r /e, T e (r:€) 2

— r i r 4
F(I’,E)—g<5—1,5)-’-[,‘—(%—1,5) a 1%
3
M. V. Andrés, J. Gémez-Camacho and M. A. Nagarajan, Nucl. Phys. A }
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583, 817 (1995) é 0.5
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Optical model analysis - ®He-+%4Zn

U(R)=Ua(R)+WL(R) + Ucop(R) ]
_Am Z2e? o0 E1 5) = 1@
Ucop = =~~~ (r—ao)2 / F(r,e) %
E0.5
F(re)=g (£ - 1.¢) +if (£ - 1¢) .

M. V. Andrés, J. Gémez-Camacho and M. A. Nagarajan, Nucl. Phys. A

583, 817 (1995)

Ep=15 MeV__ a,=0.71 fm — 0.69 fm g T
E.,=18 MeV _ a,—0.94 fm — 0.00 fm g
g 0.5
Small effects of the dipole Coulomb S

couplings. 0
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Optical model analysis - ®He-+%4Zn

U(R)=Ua(R)+Ucop(R) ]
_4m Z2e? E1 €
Ucop = T / de ) F(r,e) ‘ R
9 h-v (r— ao) _ -
ol He E,,=14.7 MeV |
g
3
F(r,s):g(é—l,ﬁ)-ﬁ-lf(——l 5) :3
M. V. Andrés, J. Gémez-Camacho and M. A. Nagarajan, Nucl. Phys. A g 0.5~
583, 817 (1995) §

Di Pietro et al. Phys. Rev. C 85, 054607(2012)
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Optical model analysis - ®He-+%4Zn

U(R)=U4(R)+Ucpp(R) J
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Optical model analysis - ®He-+%4Zn

U(R)=Ua(R)+W,(R) + Ucop(R) ]

J. P. Fernandez-Garcia et al. Nucl. Phys. A840 19(2010)
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CDCC calculations - Coupling to the continuum effect

=
O-Q

@ The breakup process is treated
as an inelastic excitation of the

o E,147MeV | |
a L o — CDCC (_:alculations B
o L o - no continuum
& =
o Effective 3-body model < od %%
g 0.9+ i
(*He+2n-+%4Zn) s %
g | T,

. - g o Ea:17.7MeV -
proJeCtlle' a l, — C‘DbCC calculations |
. o L = no continuum

@ CDCC calculations 8”‘ I

underestimate the experimental § 05 ]
data. 5 |
s |
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The couplings to breakup channels are important.
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®He+°*Zn reaction

Break-up mechanism - ®He+%7Zn

DIRECT BREAKUP -
*He —/:’/,.‘He}
‘ szn

2n - TRANSFER

. “He
He
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Break-up mechanism - ®He+%7Zn

CDCC(DBU) CRC(2n-TC) CRC(1n-TC)

T T
By o E14.7MeV
1%, v — - CRC: 2n transfef| 1

o E =147 MeV
— CRC: 1n transfer |
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CRC calculations, based on 1n-transfer mechanism, reproduce
the experimental data.
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T T | R
[ o E,7136MeV 7
1 — CDCC calculations |
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3
g [ [0 E.o8vev r A. M. Moro, EPJ 17, 08001 (201:1)
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CRC calculations, based on 1n-transfer mechanism, are in
reasonable agreement with the experimental data.
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Conclusions

@ The reactions ®7Li4+54Zn were measured at energies around the
Coulomb barrier at LNS, Iltaly.

@ CDCC calculations suggest more important effects of the coupling to
the continuum states of the projectile in the reactions induced by °Li
compared with the ones induced by “Li.
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Conclusions

@ New measurements of ®°He+%#Zn at energies above the Coulomb
barrier have been presented.

@ Optical Model calculations have been performed, showing long range
effects.

@ Small effect of the dipole Coulomb potential has been observed.

@ Calculations including couplings to the continuum have been
performed within different breakup mechanism.

@ We have shown that the CRC method, based on one-neutron transfer
mechanism, provides a more suitable approach.
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