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Reactions with exotic nuclei

Evidences of the importance of coupling to breakup channels
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9 “He+2%%Pb shows typical Fresnel pattess strong absorption

@ ®He+2%8pPb shows a prominent reduction in the elastic cross sectiertalthe flux going
to other channels (mainly break-up

@ SHe+298pb requires a large imaginaryfiliseness- long-range absorption
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Exotic nuclei, halo nuclei, and Borromean systems
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Reactions with exotic nuclei

Light exotic nuclei: halo nuclei and Borromean systems

o Radioactive nucleithey typically decay by emission.
E.g: He 25 6Li (11, ~807 ms)

o Weakly boundtypical separation energies are around 1 MeV or less.
e Spatially extended

@ Halo structureone or two weakly bound nucleons (typically neutrons) with a
large probability of presence beyond the range of the piatent

@ Borromean nucleiThree-body systems with no bound binary sub-systems.
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Reactions with exotic nuclei

Challenges found in the s of reactions with exotic beam

Experimentally:

@ Exotic nuclei are short-lived andfticult to produce. Beam intensities are
typically small.

Theoretically:

@ Exaotic nuclei are easily broken up in nuclear collisieasoupling to the
unbound states (continuum) plays an important role.

@ Effective NN interactions, level schemes, etc affedént from stable nuclei.

@ Many exotic nuclei exhibit complicated cluster (few-bodyfucture.
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Reactions with exotic nuclei

Inelastic scattering of weakly bound nuclei

@ Single-patrticle (or cluster) excitations become dominant
@ Excitation to continuum states important.
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O Halo nuclei are weakly boungb coupling to continuum states becomes an
important reaction channel
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Reactions with exotic nuclei
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Inclusion of breakup channels: the CDCC methpd
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Reactions with exotic nuclei
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DWBA modelspace

[0 We want to include explicitly in the modelspace the breakannoels o
the projectile or target, using a cluster model descriptadrihe projectile.
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Reactions with exotic nuclei
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Reminder of the CC method (bound states)

We need to incorporate explicitly in the Hamiltonian thesimial structure of the
nucleus being excited (egarge).

|H=Tr+h()+V(R,2)|

o Tr: Kinetic energy for projectile-target relative motion.

o {&}: Internal degrees of freedom of the target (depend on theethod
@ h(¢): Internal Hamiltonian of the target.

| h(©)$n(©) = enn(©) |

o V(R,&): Projectile-target interaction
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Reactions with exotic nuclei
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CC model wavefunction

We expand the total wave function in a subset of interna¢stéthe P space):

P oR.8) = Bo@xo(R) + Y dn(@xn(R)

n>0

Boundary conditions for then(R) (unknowns):

eiKoR

KSR — R 4 fo(0)

KR
R

for n=0 (elastic)

XS (R) - f0(6)

for n>0 (non-elastic)
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Reactions with exotic nuclei
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Calculation ofy{”(R): the coupled equations

@ The model wavefunction must satisfy the Schrédinger eqoati

H-EYY) (R&=0

mode

@ Projecting onto the internal states one gets a system of@dwgmuations for the
functions{yn(R)}:

[E- &0 = TR = Van(R)]xn(R) = D Varn(R)xw (R)

n#n

@ Coupling potentials:

WMW=[®%@W@ﬂ%@

O ¢n(£) will depend on the structure model (collective, singletizte, etc).
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Reactions with exotic nuclei
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Extension of the CC method to include breakup channels

@ Light exotic nuclei usually present a cluster structuredtigtalk by B.Jonson in
this course)

@ To use the CC formalism, one needs to extend the method im trde

O Describe the cluster (or single-particle) structure affigxotic nuclei
O Permit the inclusion of unbound (continuum) states (brpathiannels)
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Reactions with exotic nuclei
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CC method with a cluster model

[ Microscopic approacl‘]

10 *
»»@je O Start from (éfective) NN interaction.
\O n 0 Complicated many-body scattering problem
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Reactions with exotic nuclei
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CC method with a cluster model

[ Microscopic approacl‘]

10 *
»»@je O Start from (éfective) NN interaction.
n 0 Complicated many-body scattering problem

/,‘\‘nBe 1°Be.<_<, O Inert target approximation
e \O % O Projectile described with few-body model

O Phenomenological NA interactions
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Reactions with exotic nuclei
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Inelastic scattering in a few-body model

@ Some nuclei allow a description in terms of two or more clisste
d=p+n,SLi=a+d, "Li=a+3H.
@ Projectile-target interaction:

V(R,r) = Ug(r1) + Ua(rz)

( .
Example:’Li=a+t

r =R - L r, rr=R+ My
my + M my + Nk

r

Internal states:

[Tr + Va—t(r) - 8n]¢n(r) =0

. J

@ Transition potentials:

Vo (R) = f dr () [Us(r1) + Un(r2)] 6 (1)
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Reactions with exotic nuclei
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Inelastic scattering: cluster model

Example: ‘Li(a+t) +2°%Pb at 68 MeV(Phys. Lett. 139B (1984) 150)
O CC calculation with 2 channels/&, 1/27)
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Reactions with exotic nuclei
000000000 e00000000

Application of the CC method to weakly-bound systems

Example: Three-body calculation gn+°8Ni) with Watanabe potential:

Vat(R) = fdr¢gs(r) {th(rpt) + Vnt(rnt)} dgs(r)

——
d + *°Ni at E=80 MeV

oy /P
=}

2 1 r

g

s R
e n

[ o Stephenson et al (1982)

No continuum (Watanabe potential)
] I T R R
1079 30 60 90 120

eCm
[ Three-body calculations omitting breakup channels fadéscribe the experimental data.
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Reactions with exotic nuclei
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Bound versus scattering states

Continuum wavefunctions:
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Reactions with exotic nuclei
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Bound versus scattering states

Continuum wavefunctions:

@)
€ Uk (r) o, o
0 @eam(r) = = 1Y) @ xljm
s n2K?
[T E= ——
- 2u
>

Unbound states are not suitable for CC calculations:
@ They have a continuous (infinite) distribution in energy.
o Non-normalizable{uy g(r)|Ui ¢i(r)) o 5(k — K')

SOLUTION = continuum discretization
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Reactions with exotic nuclei
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The role of the continuum in the scattering of weakly boundeiu

@ Continuum discretization method proposed by G.H. RawésfERRC9, 2210
(1974)]and Farrell, Vincent and AustefAnn.Phys.(New York) 96, 333 (1976)]

PHYSICAL REVIEW C VOLUME 9, NUMBER 6 JUNE 1974

Effect of deuteron breakup on elastic deuteron-nucleus scattering

George H. Rawitscher*
Center for Theovetical Physics, Massachusetts Institute of Technology, Cambridge, Massachusetts 02139}
and Department of Physics, University of Surrey, Guildford, Surrey, England
(Received 1 October 1973; revised manuscript received 4 March 1974)

The properties of the transition matrix elements V,;(R) of the breakup potential Vy taken
between states ¢,(F) and ¢,(r) are examined. Here ¢,(f) are eigenstates of the neutron-proton
relative-motion Hamiltonian, and the eigfnvalues of the energy €, are positive (continuum
states) or negative (bound deuteron); V{r, B) is the sum of the phenomenological proton mu-
cleus V,_4(|R -47|) and neutron nucleus V,-,(|®+ 4T |) optical potentials evaluated for nu-
cleon energies equal to half the incident deuteron energy. The bound-to-continuum transi-

o Full numerical implementation by Kyushu group (Sakuragihivo, Kamimura,
and co.):Prog. Theor. Phys.(Kyoto) 68, 322 (1982)
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Reactions with exotic nuclei
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Continuum discretization for deuteron scattering

:2 Emax
.
@2 S5
=
@2 S
[ e=0
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, € =-2.22 Me'

ground state

O Select a number of partial waves£ 0, . . ., £may)-

O For eacly, set a maximum excitation energyax.

0 Divide the intervak = 0 — enmax in a set of sub-intervalins).
O For eachbin, calculate a representative wavefunction.
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Reactions with exotic nuclei
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CDCC formalism: construction of the bin wavefunctions

Bin wavefunction:

[K1.kz]
[k, i

2 (e
a0 = 7 [ vtk
1

glatel(ry = 21— — [V oxdm [k kel = bin interval

@ k: linear momentum
9 Ui si(r): scattering states (radial part
o w(k): weight function

u(r)

— Continuum WF at =2 MeV
— Bin WF:g =2 MeV, =1 MeV|

I 20 40
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Reactions with exotic nuclei
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CDCC formalism for deuteron scattering

o Hamiltonian:H = Tg + he(r) + Vpi(rpt) + Vae(rnt)
e Model wavefunction: H /

N R
POR, 1) = gos(Nxo(R) + Y ¢a(Nin(R) " \®
n>0

@ Coupled equationgH — E]J¥(R,r) =0

[E- &0 = TR = Van(R)]xn(R) = D Varn(R)xw (R)

n#n

@ Transition potentials:

Ve (R) = [ dron®) [VaR + 5) + V(R = )] o1
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Reactions with exotic nuclei
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Application of the CDCC formalism: € °8Ni

Coupled-Channels Continuum discretization

U

Continuum-Discretized Coupled-Channels (CDqC)
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] Coupling to breakup channels has a importaffeet on the reaction dynamics
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Reactions with exotic nuclei
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Application of the CDCC methodLi and ®He scattering

O The CDCC has been also applied to nuclei with a cluster sirect
o SLi=a +d
o 'Be=1Be +n
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Reactions with exotic nuclei
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Extension to 3-body projectiles

Eg: *He=a + n+n

: —————
-"He+™®Pb @ 27MeV]
12 B

4 projectile

0.4 LLN data N
I |- nocontinuum
0.2+ 3-body CDCC
t |— 4-body CDCC N
n I n I n |
% 20 40 60 80 100
ec.m. (deg)

M.Rodriguez-Gallardo et al, PRC 77, 064609
(2008)
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Reactions with exotic nuclei
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Exploring structures in the continuum

The continuum spectrum is not “homogeneus”; it containseinegal energy regions
with special structures:

@ Resonances
@ Virtual states

Lt it o A

524

gi? 396  3/2- 72
269

1.778 (5/2,3/2)%
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Reactions with exotic nuclei
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Exploring structures in the continuum

The continuum spectrum is not “homogeneus”; it containseinegal energy regions
with special structures:

@ Resonances
@ Virtual states

Lt it o A

524

gi? 396  3/2- 72
269

1.778 (5/2,3/2)%

O These structures may (or may not!) show up in reaction oladdes
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Reactions with exotic nuclei
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What is a resonance?

@ lItis a structure on the continuum which may, or may not, poedaimaximum in
the cross section, depending on the reaction mechanisnhamhase space
available.

@ The resonance occurs in the range of energies for which tagephift is close
ton/2.

@ In this range of energies, the continuum wavefunctions adaege probability
of being in the radial range of the potential.

@ The continuum wavefunctions are not square normalizabbeveder, a
normalized “bin” of wavefunctions can be constructed taespnt the
resonance.
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Reactions with exotic nuclei
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Distinctive features of a resonance

In the energy range of the resonance, the continuum wavefmsdave a large
probability of being within the range of the potential.

12 . .
o + C relative wavefunction
T — T
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0.4- 1 X S
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(Courtesy of C. Dasso)
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Reactions with exotic nuclei
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Distinctive features of a resonance

The decay of the resonance is also behinditldecay phenomenon:

Tunneling model of
30 alpha emission
° neutron
%2':] | @ proton
- Nucleus
E N
8 ]
IE-IGH||||”\— - i \‘ o
|| &l Alpha O
[ 4
v Particle
I 1 1 1
10 20 a0 40

Separation of centers (fermis)

ISOLDE Nuclear Reaction and Nuclear Structure Course A. Mt U¥  Universidad de Sevilla 29/56



Reactions with exotic nuclei
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Resonances and phase-shifts

s, H(R)
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Reactions with exotic nuclei
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Resonances and phase-shifts

Potential pockets can lead to
resonant behaviour — the system
being able to trapped in the pocket for

some (life)time T.
A signal is the rise of the phase shift
through 90 degrees.

a+d (6Li)

Potential parameters
should describe any
known rescnances
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Populating resonances by “inelastic scatterifgBe+2C

11Be+1?2C — (19Be+n) + 12C  Fukuda et al, Phys. Rev. C70 (2004) 054606)

— LEAY) T T T T
:ﬂ: "Be+C -+ ®Be+m+X [05) .
© 008k 40eB<12e 3 DWBA calculations
> | +0°2950.5° {xd4)
¥ o.o4f v E
Ciar - = o
s | 10°F 3300} L’raluev 6=6.0
0.02 [, %¢%WDW¢WW% — El :
00 0 001 1] b 200t 3‘41luev
| 9RO gy o o pal r I3
090, 1 2 3 4 5 10k .,:Emo
E,y (MeV) w f © S
\ F - 0
-g Ey (MeV)
[e) = o Jufoe oN 2l
o N BRE v —F g/ O
N M S | 1.78 MeV
- o [
w Le © N N > X
) 5 ) $ .g 10t 3/2
qe R) AN E <
&u:‘ < & I $ ~ N
< N . <
N L o N N . 3.41MeV -~
7 0% (x0.1)
_ v E I I i
N 5 N 0 2 4 6 8 10 12
e 8 (deg)
3 |&x

ISOLDE Nuclear Reaction and Nuclear Structure Course A. Mt U¥  Universidad de Sevilla 31/56



Reactions with exotic nuclei
000000e00000

Populating resonances via transfer reactithng, p)'°Li*

4 N

oy
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°Li | ]
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CCBA with unbound states
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Shell evolution with neutrgiproton asymmetry

Shell-evolution for N=7 isotones

25 4
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1s e 1812 2

From: P.G. Hansen and J.A. Tostevin, Ann Rev Nucl Part Sci 53 (2003) 219
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Spectroscopy to unbound statéki(d,p)°Li case

| Structurepy» resonancﬁ\)

VR(r) = ~V,exp-r?/a®) (a=2fm)

10—
F (ec.m,:980_1340) a-aV,=66 MeV  (E,=0.53 MeV)]

da/dE, (mb/MeV)
o
T
L

0.8 b | P i
= [ X “m
g 0.6 B L J . i
A - |
S04l 4 - N T N
[ e g g "
r 1 Olsmm® . . 1 . . . . ", .,
0.2 — 0 0.5 1 15
r ‘ ‘ ) E, (MeV) (above ®Li+n threshold)
%5 66 67 68 69

Potential depth (MeV)
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Spectroscopy to unbound statéki(d,p)°Li case

| Structurepy» resonancﬁ\)

VR(r) = ~V,exp-r?/a®) (a=2fm)

10—
F (ec.m,:980_1340) == V,=66 MeV  (E,=0.53 MeV))|
oV =66.5 MeV (E=0.44 MeV)|

da/dE, (mb/MeV)
o
T
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0.8~ -
g 0.61- B L 3 i
A o "
< L i L ) o-n Ay
= ] lemt® e, e
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r ‘ ‘ ) 1 E, (MeV) (above ®Li+n threshold)
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Potential depth (MeV)
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Spectroscopy to unbound statéki(d,p)°Li case

| Structurepy» resonancﬁ\)

VR(r) = ~V,exp-r?/a®) (a=2fm)

10—

P (6, =98%134°% [a-aV,=66MeV (E=0.53MeV)]
c.m.

L o V,=66.5MeV (E=0.44 MeV)|

4-aV,767 MV (E=0.38 MeV)| |
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o
T
L

0.8 B
g 0.61- B i
~ [ | ' ‘l‘-\ . «,l;!; N i
_ 04 . T
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Appearance of a virtual state 1ALi =°Li+n:

—
Virtual Bound
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Virtual state intOLi

The §,, level becomes bound here!

- 0

§ s, IS a virtual state here —
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Spectroscopy to unbound statéki(d,p)°Li case

| Structure:sy , virtual state‘\
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Reactions with exotic nuclei
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Spectroscopy to unbound statéki(d,p)°Li case

| Structure:sy , virtual state‘\

Reactio
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Spectroscopy to unbound statéki(d,p)°Li case

| Structure:sy , virtual state‘\

Reactio
VE(r) = -Vsexper?/ad)  (a=21fm)

———
t 00 140 oo V=102 MeV (a=-132 fm)| 1
ok 8,,,=98-134") ‘ ‘7
S
[}
=
r 3
R S S S BN £ L
_ fF T i T =
£ YUs — W 5L i
«” [ B [
£ I ©
5-20j -
g I '
g L ] oL
§ -aof ] 0 0.5 1 15
n [ ] E (MeV) (above n+ L threshold)
I . X
90

95 100
Potential depth (MeV)

ISOLDE Nuclear Reaction and Nuclear Structure Course A. Mt U¥  Universidad de Sevilla 37/56



Reactions with exotic nuclei

00000000000 e

Spectroscopy to unbound statéki(d,p)°Li case

| Structure:sy , virtual state|\)
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Coulomb dissociation
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Strong response to electric fields

6He (2n,1 MeV) 1'Be (1n,0.5 MeV)
"Li (2n.0.5 MeV) “Be (2n,~1 MeV)

== ——

Electric dipole response — "L

¢ Present work (RIKEN)
----- leki et al(MSU).
— Shimoura et al.(RIKEN)
===- Zinser et al.(GSI)

(Giant) electric Dipole
excitation = 10-20 MeV

1.5F

== Calculation
with nn correlation |

2.4 fm 1.0

¥ o ©
=% 05 :
@

dB(E1)/dE . (e*fm®/MeV)

0.0 0.5 1.0 1.5 2.0 2.5 3.0
 7fm Erel (MQV)

T. Nakamura et al., PRL (2006) in press
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Application to Coulomb dissociation of halo nuclei

@ First-order semiclassical cross section for-a0h excitation:

(do-) _ (zte?)2 B(E, 0 — n)
0—-n

a0 TV ezag/,_z fa(0,¢)

@ Halo nuclei are weakly boung excitation occurs to unbound (continuum)
states

do(EA) _ (ﬁ)z 1 dB(E) dfu(6.)
dQdE  \ av ) e2t? dE  dQ
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Application a CD of 1n-halo nuclei

@ Halo nuclei are weakly boungb the systems are easily polarized in strong
electric field (large E1 response)

o Large Coulomb dissociation probability with heavy targets

@ At small-angles (large impact parameters) the dissociasicCoulomb

dominated and hence can be used to extradEfhansition probability using:
dB(E1)
dE

do
dEX

(0 <)
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Reactions with exotic nuclei
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Example:'!'Be dissociation

11Be+208pph — 9Be+n+2%%Ph @ 69 MeVu

Impact parameter b (fm)

T T T T T T T
100 30 20 10 "Be+Pb-"Be+n+X (a)
R j 1.5 [ 40°£6<6° b
08 L Be+Pb-"Be+n+Xx (] g 40°50<1.3°
1.0
102 E
e, o <
o o
o ol N 1 s 05
» 0SE,S5MeV ¢ ~
~ 100 | ¢ 2
> < s
= et 3 00 ©
% o o Be+C-> "Be+n+X (b)
NGPEae ] < 0.06[ $0°56512° B
g } $0°£0<0.5° (x4)
2 -
10 ¥ o.04fF i ]
Flaad)
10 R E ‘
oo ©
. 0SE, S1MeV . 0.02 5 *00ans ousarh, 7
10 ! ° i 6000005
I I I 1 s oot S 2800 0ot b
o 1 2 3 4 5 6 0.00 L
0 (deg) 0 1 2 3 4 5
E.q (MeV)

Fukuda, 2004
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Core excitation in Coulomb breakuB(E1) response of'Be

B(E1) extracted in a model-dependent waycompare directly cross sections

do Z:€2\* B(EA,0 - n) (Semiclassical 1st
0—n v ezao

Eg: 1Be+2%8Pb at RIKENFukuda et al, PRC70, 054606 (2004))

2.5

. . T T
"ge+*pb @ 69 MeViu S Fukuda o4
1 i
2.0 © RIKEN data: §<6<6 b <
— © RIKEN data: 0 9 <13 Q
S — EPM model: s.p. model Zos- ) B
g y - - EPM model: s.p. model x 0.69 | .,E 5 §§
g NO,
= o 08 §§
w 2
= = [£)
3 uoar 5 i
3 i
=]
0.2F % i
0, Il $ g %\ Il
0 1 2 3 4 5

E

rel
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Reactions with exotic nuclei
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11Be+2%pPp at RIKEN

125} ——5,=580 keV:"*C(0%)®1s, 5] sool T Sa = 160 keV
- 5,=160 keV:"*C(0")@1s, 4 } 2 — 5, = 530 keV
fffff 5,=160 keV:'*C(21)@1s 5] ook
--- §,=160 keV“uC(O*)n@Ools/{ O

do/dQ (b/sr)

20f 0 =F,,<0.5MeV

docp/dE g (b/MeV)

Era (MeV) 8p (deg.)

Nakamura et al, Phys. Rev. Lett. 83 1112 (1999)
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Comparison of 1st order with full guantum-mechanical clzittan

Eg: 1Li+2%Pb at Coulomb barrier energies

L e e e S B e A O Ejap ~ Vp = Coulomb important
F =24.3 MeV k| .
1°F @ Bas ¢ ;O Atsmall angles, breakup dominated b
10,@ > E E1 Coulomb
@’g _; J.P. Fernandez-Garcia et al, PRL110,
Q10 o Exp.data E
E — 4b-CDCC (coulomb + nucledr) 3 142701(2013)
10-3;7 — Semiclassical (1st order E1) é
104% ——f——————f———F—+ 7
10t (b) E,;=29.8 MeV ]
_ 1 4
[ £ El
a® 1% 9
10—3: i A N NI R R ]
0 30 60 90 120 150

Slab (deg)
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Radiative capture
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Reactions with exotic nuclei

Relation to radiative capture

| Radiative captureb + ¢ — a+y | | Photo-absorptiora +y — b + c|
b+c I B b
Eem Ecm
_______ -
/ASaVaVaNE N4 v Q
Q t E,;=Em*Q A VAVA VA .

O Related by detailed balance:

©. _2@a+D) K oo _
TEL T 23+ 1)(2)c + D TE (hk, = E,/c)

O Astrophysical S-factor:

S(Ecm) = Ec.m.O'gj) exp[2n(Ecm)]
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Photo-absorption cross section: virtual photon descripti

O Photo-absorptiofnot proven here)y +a— b+c

oo _ (0% + 1) ( E )2“ dB(EY)
EL 7122+ )12 \ Ac dE

0 1t order Coulomb breakup cross sectiarterms of photo-absorption:

(;;(Eéy) é:/ddrg orRhore (Equivalent Photon Method)

with thevirtual photon number

drey _ 5o, A4+ D2 o 1)( ) ! digy
aQ (27)3(1 + 1) v/ dQ
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Radiative capture from Coulomb dissociation experiments

0 Capture reactions have typically small cross sections
0 Use breakup (Coulomb dissociation) reactions:

do (phot)

(rc)
d0dE.. el — ogy = YEcm)
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Reactions with exotic nuclei

Example: p1%0 —» Y'F + y

Morlock, PRL79, 3837 (1997)

1
1
DC— 512" -4
" 1
. v
‘-:’” 1
) L 1 1 1 1 1 1 L
500 = 1000 1500 2000 2500 3000 3500 4000
1 Ep ja (ke'V)
Yo
a = El
T anan e
— DC caleulation
i
10} i 16 O+p
i
\ H
% \ pC— 12 ; _______ m&*
as| % oA
1"%34 i By
< 1/2+
DC— 52* T Q
77w 5/2+
o h et L g
0 500 1000 1500 2000 2500 3000 3500
Ecn (keV)
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Knock-out reactions
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Reactions with exotic nuclei
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Spectroscopic from momentum distributions

@ Fast-moving projectile on a (typically) light target.
@ One nucleon suddently removed (absorbed) due to its irtterawith the target.
@ The remaining nucleons remain unchanged and is detected.

@ The momentum of the core is traced back to that of the remoweldan because
in the rest frame of the projectil%: 0

P=p.+p1=0
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Reactions with exotic nuclei

[e]e] o)

Angular momentum sensitivity of momentum distributions

@ The shape is determined by the orbital angular momerftum
@ The magnitude is determined by the amount;pf (spectroscopic factor)

Residue momentum ''Be->10Be — halo case
Q T T T
oy ) _
;m_(ae-%u}_{) i} 1 1Z=4,N=7
E ; _n ld!/‘.’
_— iz
i S 1dg,e
- a 1
; —O— P12
00 |- ) . mlpap
| =00 151z
o e | | 11Bg
-100 =50 0 50 100 .
T. Aumann et al. PRL 84 (2000) 35 Py (MeVic)
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Stripping cross section within a semiclassical (eikortadotry

O = [db (& 11Sc F (118, )] i)

o |S(be)|?=probability of survival of the core.
@ 1—Sy(by)|?=probability of absorption of the neutron.
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Transfer reactions with exotic nuclgi
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Reactions with exotic nuclei

H(*'Be *°Be)H example

I''Be) = a ['° Be(0") ® v2s1,,) + b [*° Be(2") @ vidso) + ...

0 In DWBA:
(0" « [a?;  o(2) o« |bf?
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H(*'Be *°Be)H example

I''Be) = a ['° Be(0") ® v2s1,,) + b [*° Be(2") @ vidso) + ...

U In DWBA:

o(0%) o |af?;

Fortier et al, PLB461, 22 (1999)

number of counts

6 MeV

] H[W

3.4 MeV

A

1H("Be, *Be)?H

#(*"Be)<1.2°

singles,
s (singles)
o

HHR

6 MeV

150

(coine. with °H)

200

focal plane position (channel)

10

dorde2 (mbfsr)

CM. angle (deg)
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