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Planned content:

1. Continuum effects in transfer reactions

e Beyond DWBA: CDCC-TR and “no-remnant” amplitudes
e Post/prior equivalence
e Comparison with Faddeev/AGS

2. Knock-out and QFS reactions.

e Inelastic-like vs kock-out reactions
e Role of p-n interaction in (p, pn) and (p, 2p) reactions
e Comparison with Faddeev/AGS

3. Core excitation in breakup
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| Part |: Continuum effects in transfer reactions l

(work done with R. Johnson and F. Nunes)
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One-nucleon transfer reaction in an effective three-body m odel

e Effective three-body model Hamiltonian for A(p, d)B or B(d, p)A:

H:K+Vnp+‘/19n+UnB+UpB

e Internal d.o.f. of B not explicitly included =- all SF are 1.
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Exact expression for the transtition amplitude (post form)

Test example: '°Be(d,p)!'Be

£
Toxiet = (@ [Von + Uproge — Us| ") )

post

1050 108e

o Uyioge — Ug = Urern (remnant term)

e UM exact 3-body WF (unknown)

e Ugz: auxiliary arbitrary (even 0!)

o ¢g_>: 3-body WF, obtained as solution of the equation:

[E — ie — K — Vyioge — U] @5 (v, R’) = 0
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Post DWBA transfer amplitude

Approximations:
o \IJE;F) ~ x4(R)pq(r) (“product” approximation)

o Us = Upp(R') = 347 ~ x,)(R') prige (')

Toost = (Xp(R')$118e(r')[Vpn + Uproge — Uplxa(R)ga(r))

[ Only first order
1 Ignores coupling to breakup channels

[J Results can be very much dependent on U;(R) and U,(R’)
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Post CDCC-TR transfer amplitude

Approximations:
o U\M ~ wIPCC(r R) =37\ (R)¢i(r) (accurate within the range of V,,(r))

° Uﬁ — <¢115e|Vpn + UploBe‘¢1lBe> = Uoo(R/)

TioneC = (Xp(R)Pr1ge(r")|Vpn + Uproge — Uno(R) |05 7C)

post

[1 Only two-body interactions needed
[J Continuum effects in entrance channel explicitly included
O 'Be continuum not explicitly included

0 ¢$PCC(r, R) accurate within V,,, range but, what about V,,,, + Uy ?
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An exact “no-remnant” amplitude

Timofeyuk-Johnson amplitude: N.T. and R.C.J, PRC59, 1545 (1999)

In the exact expression: Ug = Up,iope(rproge) = Urem =0

T = (35 [Von | TG

post

o [E—ic— K — Vyoge — Upioge] 5 (', R') = 0

[0 Only binary interactions are needed (n-p, p-'"Be and n-'"Be)
[] \Ifgf)(r, R) is only required at small n-p separations (r =~ 0)

0 &% and ¥$" (r, R) difficult to calculate.
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Evaluation of “no-remnant” amplitude in the adiabatic appr oximation

Timofeyuk and Johnson, Phys.Rev. C59, 1545 (1999)

T = (85 [Von | TG

post —

If €, < B, :

—’I:akg I'/

o &)é)_) ~ (i)%dz XploBe(rploBe)¢1lBe(r/)€
(Johnson, Al-Khalili and Tostevin, PRL79 (1997) 2771)
_|_
o TS~ \I5(R)pa(r)
(xJ° (R) calculated with the Johnson-Soper potential)

(Johnson and Soper, PRC1 (1979) 976)
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Evaluation of “no-remnant” amplitude in the CDCC approxima tion

T = (357 |V,, |05

post

o i)fg_) and \I!Ef) are approximated by CDCC expansions:

o U\ expanded in p-n states

o ci(ﬁ_) expanded in n-'°Be states
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Evaluation of “no-remnant” amplitude in the CDCC approxima

T = (357 |V,, |05

post

o i)fg_) and \I!Ef) are approximated by CDCC expansions:

o U\ expanded in p-n states

o ci(ﬁ_) expanded in n-'°Be states

[1 No adiabatic approximation is involved

[ Short-ranged ransition potential (V,,,,)

0 w7 accurate within V.
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Summary of transfer amplitudes

e Post DWBA:

TIBDZ\éBA = (Xp(R")p11ge(r")|Vpn + Uproge — Up|xa(R)@a(r))

e Post CDCC-TR amplitude:

Tpost = (Xp(R')¢118e(r")| Vi + Uproge — Uoo(R)[ 5 °%)

post

e “No-remnant” TJ amplitude:

= ODCC CDCC
Toore = (25| Vpr |25 PC)
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Comparison for '°Be(d,p) !!Be

100 . " T | § Data:
Be(d,p) Be @ E,;=25 MeV 1 Zwieglinski et al, NPA315, 124 (1979)
= Calculations:
£ A.M.M, Nunes, Johnson, PRC80
g 064606(20009
©
0.1 |— TJamplitude 3
- |—— Standard amplitude
DWBA amplitude (UB:UOO)
0'010 | 2|O | 4IO | 6|O
eC.IT'I. (deg)

[0 The TJ and “standard” amplitudes provide consistent results

[l The data are overestimated = Sy < 1

[1 DWBA out of phase and very dependent on Ug
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Post/prior equivalence

e EXxact prior transition amplitude:
Texact — <\I/](?_) ‘anoBe + UploBe — Ua‘q)((;_)>

prior

e DWBA approximation:

Totior = (Xp(R')prige(r')|Viroge + Upioge — Ua|xa(R)da(r))

e CDCC-TR approximation:

TSPEC = (WSPCC| W, 10ge + Uproge — U % xa(R)Balr))

prior

e “No-remnant” approximation:

Toitor = (U5 0| Vioge|257)

prior
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Comparison of post/prior amplitudes

[ Same effective Hamiltonian: H = K + V,,;, + Vp, + Uproge + Vy108e

"Be(p,d)'°Be @ 38.4 MeV/u

- — T, (fold): 1, =0-4

prior

cmm T (Vo) 120,1, 1,20-4

prior

10E., (== T (fold): 120-6
o T oo (V)i 120-4, 120-6

post

[EEN

do/dQ (mb/sr)

©
[EEN

T IIIIIII|
. =
~
-

0_01.|.i'|..|.|.

|.\|.. Lol

[1 Consistent results

(o))
o

Data:
Winfield et al, Nucl. Phys. A683, 48
(2001)

Calculations:
A.M.M, Nunes, Johnson, PRCS80,
064606(20009

[ Slow convergence of post CDCC-TR (Vy10ge VS V}1)
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Faddeev approach for 3-body scattering problems

e The exact solution of a three-body scattering problem is formally given by
the Faddeev equations.

e The 3-body WF is expanded in the (overcomplete) basis formed by the
three Jacobi sets = includes breakup and rearrangement channels on

equal footing.
p
y n X/ P
p
lOBe 1OBe

108e

e Numerical complexities has limited its application to few-body problems
(eg. n+d)

e Recent developments (eg. inclusion of Coulomb) permits its application to
heavier systems within the momentum-space formulation of Alt,
Grassberger and Sandhas (AGS).
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CDCC vs Faddeev: dependence with beam energy

However...

ESNT workshop

do /dQ (mb/sr)
= N WO N DM O O W]

10Be (d, p) 'Be

Ed=21.4 MeV

P=4PRT

|.'|I IIII|IIII| T

Ed=71 MeV

“ama

0O 10 20 30 40 50 60
0 (degrees)

o

N.J. Upadhyay, A. Deltuva, EM.
Nunes, PRC85, 054621 (2012)

[1 Good agreement at low ener-
gies ( 10 MeV/u) but differences
become more and more impor-
tant as the incident energy in-
creases.
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CDCC vs Faddeev: dependence with beam energy

However...
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do /dQ (mb/sr)
= N WO N DM O O W]

10Be (d, p) 'Be

Ed=21.4 MeV

P=4PRT

|.'|I IIII|IIII| T

Ed=71 MeV

“ama

0O 10 20 30 40 50 60
0 (degrees)

o

N.J. Upadhyay, A. Deltuva, EM.
Nunes, PRC85, 054621 (2012)

[1 Good agreement at low ener-
gies ( 10 MeV/u) but differences
become more and more impor-
tant as the incident energy in-
creases.

Further investigation is required!
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Conclusions from this part

e Starting with a few-body effective Hamiltonian, scattering theory provide a
series of alternative and formally equivalent transfer amplitudes.

e Continuum effects can be naturally incorporated approximating the exact
wfs by CDCC counterparts.

e Benchmark calculations for 1°Be(d,p)!!Be confirm the practical equivalence
of these expressions, when the CDCC wfs are used to approximate the
exact wfs.

e Post/prior equivalence is hold but one of the representations is clearly
preferable.

e To compare with data, additional degrees of freedom should be
iIncorporated (eg. core excitation).

e Comparison with the “exact” solution (Faddeev/AGS) shows an excellent
agreement at low energies, but as the energy increases worrying
discrepancies appear.
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| Part Il: Application of CDCC to knock-out and QFS I

(collaboration with R. Crespo, A. Deltuva and F. Nunes)
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e Different breakup reactions explore different regions of the continuum:

e Inelastic-like exclusive breakup: ''Be + A — (Be + n) + A
e Knock-out / QFS: 1°Be + p — “Be + (np)
e Inclusive breakup: ''Be + A — + YBe + anything

e |deally, one should be able to treat all these processes within a common
consistent framework = Faddeev?

e In practice, approximate methods are tailored to specific processes, S0
their range of validity needs to be carefully assessed.
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Exclusive direct breakup for ''Be +p — (!Be+n) +p @ E ~ 70 MeV/u

i T T T T T T T T [ I I I I _ :{;1) [‘Erel‘:O‘_O-‘Z.S‘ M‘EV‘ o
i Faddeev/AGS ] o v
ol — cDCC 1 2~ — i
S i _ 5
: n
2 [ 1
< [ 1
é i |
© 20
LL
0
@
i®)
0 | | ]
2 4 6 R R
E. (MeV) Ocm. (deg)
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Exclusive direct breakup for ''Be +p — (!Be+n) +p @ E ~ 70 MeV/u

i T T T T T T T T | T T T T ]
i Faddeev/AGS i
—— CDCC
9 40+ — n -
- ] 11 ®
o n e .. Be >
= I 1. n. __________ o
2 7 1@ 10
S i | ~10pa e Be
~ P
o 20
LLd
2
@)
o
0 | | |
2 4 6
Erel (MeV)

[1 Good agreement between CDCC and Faddeev/AGS

[0 The reaction is dominated by small °Be+n energy/angular momenta, where CDCC
IS at it best

ESNT workshop CEA-Saclay SPhN 6-8 February 2013



Inclusive breakup for ''Be +p — Be +p +n

1045 T T T T T T T T I T T T T T T 3 120 L L L LA L L L B B B
; ] 5 —— Faddeev
— — CDCC-BU:|__ =6
10°k 100 — CDCC-BU:I__ =8
=~ f S
Q i g 80 /f'\ I
O 2] i
= 10%¢ o 7\
= £ 60( AN .
G \LI-J/ I / \\
O 10¢
ISH: S 40 \ y
© ¥ S
0' Faddeev B 1
10 §—— cDCC-BU:|__=8 201 _
- —- CDCC-BU:I__=6 I |
'1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1
1079 50 100 150 09 1 2 3 4 5 6
10 10
8, ., (" 'Be) (deg) E_.. ("Be)(MeV)

[1 CDCC converges very slowly to the exact solution.

e Backward angles: dominated by !!Be low lying continuum = inelastic-like
picture (direct breakup).

e Forward angles: dominated by p-n interaction (quasi-free scattering) =
best described in terms of p-n states
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Practical implementation of CDCC-TR*

| Prior form of transition amplitude '

Tif — <qj;_)‘vp—n + Up+1OBe — UQ‘X](?+)¢1lBe> ______:\/‘\_\\7/_/ _________ -

e Three-body wf expanded in target (p-n) internal states.
e Breakup formally treated as transfer to n+p continuum.

e Provides transfer to bound and unbound states (ie, breakup)
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Practical implementation of CDCC-TR*

| Prior form of transition amplitude '

4 )
Tzf = <W;_)\Vp_n -+ Up+1OBe — UQ‘X](?+)¢1lBe>
——
\. / J

Ui & wEPOC = 3 Ni(R)y(r)

e Three-body wf expanded in target (p-n) internal states.

e Breakup formally treated as transfer to n+p continuum.

e Provides transfer to bound and unbound states (ie, breakup)
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CDCC vs Faddeev:

Inclusive breakup x-sections

11Be + p — 1°Be + p+n

1O4§ [ 120 LI LA L R B N B B
- B —— Faddeev
2 1001 —— CDCC-BU: I =8| |
10 i —— CDCC-TR*
= - <
w ol g 80+ -
o _ = I
e Lo o
o I E 60 |
T 10'; L -
5 = 40 |
© I S
0' Faddeev -
10"E —— CDCC-BU: | __ =8 ool i
H —— CDCC-TR* I
'1 1 1 1 1 I 1 1 I 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1
109 50 100 150 09 1 2 3 4 5 6

6__(*'Be) (deg)

E. (’Be) (MeV)

e Forward angles: dominated by p-n interaction (QFS) = CDCC-TR*

e Backward angles: dominated by *'Be low lying continuum = CDCC-BU
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CDCC vs Faddeev: inclusive breakup x-sections

c.m.

d>o/dQdE

o

p("'Be,"°Be)pn @ 38.5 MeV A

I I I T T | T | T |_ 10_ T | T | T | T | T | T |_
-+ CDCC o 4 8r 8.m=50" ]
- TC J°C ey ]
L . 4_ ./ '\ _
L ] B ~/ -~ ‘\- 7]
- 1 2+ oz N N\ So ]
B i L -~ __—\~\ 4
— 0 ==,
i 125+ 0
__ eclm.zloo __ 2 — =\’ N ec.m._7o -
- - —1 15 /a \ —
i I N .
1 R, _ '~ — —
B _0.5_— = /// \\\ \.\'\__
] ol —d=2" |  "T=F= 5
B [ ] ottt
n 15+ N 0 =90°—
- 6,.=30" 17°L N em ™ 7]
» ] 1 - ’l \.
- —] | /,— \' ]
__ __05_/ /‘ P T D ey \,\ A
B i - // \\ s .,'\_
| 0 L= L =
0 1 2 4 5 6 0 1 2 3 4 5 6
Ec.m. (MeV) Ec.m. (MeV)

[ Forward angles are dominated by quasi-free p-n scattering
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CDCC vs Faddeev: inclusive breakup x-sections

“Be(p,pn)Be @ E ;=69 MeV
5000 T T T ‘ T ‘ T ‘

I | = Faddeev elab:0
4000 H — CDCC-TR: | =0 |
3000 — —
T 28y, 1
2000 — —
1000 — —
= 0 . | . ! f |
“ 600 T T T T
% i
500 [~ —
1
= P12 1
O 400 — —
é i
O 300 — —
m L i
T 200 _
GO L i
Q 100 j i
mb 0 L ‘ Il ‘ Il
© ' I ' I ' I ' I
80 — —
ld5/2
60 — —
40 - —
20 -
0 ‘ Il ‘ Il
750 800 850 900 950

E. (MeV)

[l Forward angles are dominated by quasi-free p-n scattering

[1 CDCC-TR* with just £ = 0 between p-n gives a reasonable account of the AGS
result
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Sensitivity on p-n interaction

e (d,p) and (p, d) reactions are mostly sensitive to the ®S; part of the V,,,,
potential.

e This is no longer true for (p, pn) reactions!

19C (p, p)'8C+n @ 70 MeV/u
1025 ' ! ' ! ' !

— Faddeev: CD-Bonn NN
— — Faddeev: Gaussian NN
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Comparison with AGS: dependence with beam energy

10Be (d, p) !'Be 10Be (d, pn) "Be
IIIIIIIIIIIIIIIIIIIIIIIIIIIII U=
25% Ed=21.4 MeV : E
20 E
15 =
10 ....... _;
5 <
/U;)\ 0 P Pdep-na, .
g ¢ 2 —;
E 6| E E
g ¢ S -5
b n
© 0 '8 :
3 2
1 :
0 hhes: Qg X . N | _§

0 10 20 30 40 50 60 5 20 A 60 6w

0 (degrees) 0 (degrees)

[1 Differences have been recently reported for breakup (low energies) and transfer (high
energies) in *°Be+d reaction (N.J. Upadhyay, A. Deltuva, F.M. Nunes, PRC85, 054621
(2012))

[l Further investigation is required!
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Beyond CDCC: few-body CRC

e For a three-body problem, there are three possible rearrangement (Jacobi

sets): «, (5, v
°n
1OBe 1OBe

e In CDCC only the « set is used:

e In Faddeev: ¥ = &, 4 &g + P,

N
U3~ UOPCC =N "¢, ()X (R)
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Beyond CDCC.: few-body CRC

e LS form of (CD)CC method: H = K, + ha + Vi

e Inserting a model-space set IT,, = > |an)(an|

N
T5:C = (fal T |ai) = (ay|Valai) + Z<OéfValan><anGolan><anTCC|ai>]

e A more accurate solution should be obtained using the augmented space
IT, & I1g ¢ I1s (Kuruoglu, PRC43, 1061 (1991))

3 N
Tofwi = (BelVs "Clad) + > > (BFIVE C|yn)(yn|Golyn) <wnTCRC|az'>]

=1 n

with
VBC’RC — Vs + VBNO
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Conclusions

e Standard CDCC provides a good description of breakup in “direct breakup”
(inelastic-like) processes.

e QFS is not well described by standard CDCC, but it can be modeled within
the CDCC-TR* method.

e Scattering of halo nucleil on protons is very sensitive to the p-n interaction
on several partial waves.

e A more general CC framework is probably needed in situations in which
CDCC fails = few-body CRC?
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| Part Ill: Core excitations effects in breakup reactions I
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Core excitation in transfer

1H(!!Be,'Be)?H Fortier et al, PLB461, 22 (1999)

i 5 MeV
250 E_ [l 1H(11BE.IOBE}EH
200 [[[ -I]\" 8("°Be)<1.2°

3.4 MeV

15”_‘ ! 2* C* Gs
100 F + IJ'L 0"
4 Wiy

(singles)

£ 50 4 i . 2
2 ] ¢ £
o i | PR N
o g
s : 8
g i (coine. with °H) .
g 60 »
=] L
a 10 b =2

100 150 200 260

focal plane position (channel) C.M. angle (deg)

[1 Transfer experiments provide information on the amount of core excitation

M Be) = a | Be(0") ® v2s1/5) + 5 |'° Be(2¥) @ vids5) + . ..

0 In DWBA:
a(0F) o la]% a(27) o 8]
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Core excitation in knock-out experiments

Batham et al, PRC71, 064608 (2005)

ll.r"_
80
I gt;ipping Pt
=) — Diffractive "
ﬂ I~ _/
Jﬂ{j p £ 50 e SO o
" o
E b
'E 40 e /
@ "
N ~ S e P
t e
520t fﬁ#‘,,/f
G + L L 1 i 1 )
0.0 0.2 0.4 0.6 0.8

S—matrix deformationf3,

[1 Enhancement of diffractive breakup

Open questions:
e How does deformation affect the momentum distributions?

e Effect in exclusive cross sections?
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Core deformation in nuclear breakup

9C+p @ E/A = 69 MeV (RIKEN), Satou et el., PLB 660 (2008) 320.

]
(=]

[y
=

do/dE [mb/MeV]

Counts/120 keV
=)
(=]

Relative energy [MeV]

do/dQ (mb/sr)

—
o
—-

-y
o
[=]

— 1.46 MeV

T T ] T T T T l T T T T I T T
°C(p.p") E,=70 MeV

5/2*%

+
5/22 saampmass 146 MeV

0.59 MeV 1g
5/2, SoTT O
C N
32,—> ——
_'_/Y
vz, 19

[1 Microscopic DWBA calculations suggest a 1/27 — 5/27 transition.
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Few-body DWBA approach to inelastic scattering

Standard DWBA model for inelastic scattering:

target

—

TIMT M = (O RYW, 1 (7| Vi (Fo) + Ver (T XS (R) W (7))
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19C+p within a three-body reaction model

e 19C states treated as s.p. configurations on top of the 3C(g.s.).

o WC(1/2%) = |'*C(0T) ® vsy/9)
o 19C(5/2%) = [18C(0T) ® vds/2)

10 F 10 10 - | | | ' ' -
- p(" C,” C)p @ 70 MeV/nucleon ]
A O RIKEN data ]
— = - — Val ingle-particle) 3
Q 10 § ) - o o alence (single-par |ce)E
O - ]
E I e o ]
1005 N T E
o f \ - :
Sy I \ ]
-8 10-15— \\~.//—~\\\ _E
- N\ ]
L N i
- \ -
L \\ i

-2 1 1 | 1 1 | N

109 30 60
O.m. (deg)
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[1 The valence excitation mechanism
does not explain the observed x-
sections

[1 Core excitation?
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A DWBA model for core excitation in inelastic and breakup

target

JM,J'M'
1. 7 =

—

O RYT, 000 (7, ) Vi (7o) + Vs (Pt O (B) W1 (7, )

— —

e Core excitation affects in two ways:

—

O V.(7u, &) responsible for dynamic core excitation.

—

O Wi (7, &) = projectile states = “static” deformation effect.

ESNT workshop

—

W (7)) =)

e’j)'[

ERGLELIGIN

CEA-Saclay SPhN 6-8 February 2013



Structure part: particle-rotor model (PRM)

e Particle-rotor Hamiltonian:

e Projectile states expanded in |«; JM) = |(¢s)g, I; JM) basis:

Wy (7 ZReﬂ { (7) ® Xs); ®‘DI(%)LM

e The unknowns Rg,j,l(r) can be obtained by direct integration of the
Schrodinger equation or by diagonalization in a suitable discrete basis
(pseudo-state method).
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Core-target interaction

1. Deformed potential:

Valence excitation Core excitation

2. Double-folding with microscopic (AMD) transition densities
L Varl e, NI = [ dey [ Tyl 1oy (R = 5, -+ w1,

[1 AMD densities provide by Y. Kanada En’yo

ESNT workshop CEA-Saclay SPhN 6-8 February 2013



Transition amplitude

e Multipole expansion for the core-target potential

—

0 — i~
Ct (rCt 5) Vc(t ) (rCt) + Vcttran (Tcta 5)
w—/ - ~~ _y
Valence excitation Core excitation

e Replacing V,.(.:, ) in the transition amplitude:

T =1 T

AV corex

e Valence excitation amplitude:

— —

T = (XTOR)YL, 1 (7 ) Vi (o) + Vi (ree) [x§ T (B) U s (7, €))

Core excitation amplitude:

pa— . pu—

T e = (XS (R)T, 100 (7, O VI (Fer, ) I (R) U1 (7, €))
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Evaluation of the core contribution in the no-recoil limit

Neglecting core-recoil effects (7.; ~ ﬁ):

TIMIM = N™ (M| IMAM) Y (RUIRDGYY 0y TEM (I — 1)

corex
A>0,u oo

o T/C(ﬁ”)(l — I') is related to the free core-target inelastic amplitude for a core
transition IM; — IMj:

T — Iy = T ™M (0 My TM A

° G(A)

aJ,a’,J’ = 5j’j/(_1)>\+j+J/+ij/{ ; . }

I I

A.M.M. and R. Crespo, Phys. Rev. C 85, 054613 (2012)
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Applicationto C+p — 18C +n +p

19
C+p
10° —— -
5 o RIKEN 1
I — P-AMD: 52 total conv. | |
10 o -~ P-AMD: 52", valence conv. |
- ’_Q/’—Q\ -+« P-AMD: 5/2" coreconv. | 7

=
o

e ——

T
/

do/dQ (mblsr)

=
oI
=
/
/

/7
IIIIII1

S ———
-

=
o
o
=
(6]
O8]
o
N
(6]
(o))
o
~
Ul

[l The core-excitation mechanism gives the dominant contribution to the cross
section.

[1 Inclusion of core excitation essential to extract reliable spectroscopic information
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Application to 'Be+p — YBe +n +p

a) E_=0.0-2.5 MeV b) E_=2.5-5 MeV
rel rel

| full (valence+ core)| _| L _
O ___ core 20

- |-—-=—" valence 7 B 7

~ (mbfsr)

do/dQ_

OVl

O | 111 | | 111 | | 1 1 1 1 O | | 1 1 1 1 | I I | | 11| I..

10 20 30 40
6. (deg) 6., (deg)

(A.M.M. and R. Crespo, to be published in PRC)

[1 Core-excitation mechanism essential to explain observed cross sections!
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Application to !'Be +2 C

A AR 3.87 10

- Be+C-»"Bs+mn+X (b) ] . 341 Be(2+)+n
0.06 40 EP<1Ze . 3/2, e

$0°£920.5° {x4)

1.78
TAESSS

0.504
032 —— Be(0+)+n

12,
+
12,

11

Be

e Nuclear effects dominant (EPM model not valid!)

e At these energies the DWBA approximation should be valid, so we use the
core-excitation model:

val corex

if
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Application to

11Be +12 C

State Model |O+ X (ES)]> |2+ X 81/2> |2+ X d5/2>
1/27 (g.s.) PRM (Bell-a) 0.799 — 0.187
PRM (Bell-b) 0.857 - 0.121
AMD 0.972 - 0.021
WBT 0.76 — 0.184
5/27 (1.78 MeV)  PRM (Bell-a) 0.741 0.126 0.143
PRM (Bell-b) 0.702 0.177 0.112
AMD 0.895 0.055 0.047
WBT 0.682 0.177 0.095
3/27 (3.41 MeV) PRM (Bell-a) 0.088 0.633 0.274
PRM (Bell-b) 0.165 0.737 0.081
AMD 0.070 0.890 0.025
WBT 0.068 0.534 0.167

PRM: Particle-rotor model with 85 = 0.67 (Nunes et al, NPA609, 43 (1996)

AMD: Semi-microscopic model with 1°Be AMD densities.

WBT: Shell-model calculation with WBT interaction

ESNT workshop
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Application to

11Be +12 C

ESNT workshop

IO R — T T T T ]
104? 1.78 MeV (5/2") o RIKEN data | =
— - PRM (Bella)|
I —— PRM (Bellb)|
S 10°F — AMD E
é - —— WBT .
C 10°F E
9 - -
% 1 i
I A I R ]
AL R — Tt
10*E 3.41 MeV (3/2") =
» ., 3l N
S 10°E
E i
o}
C 10°F E
e, L0 e E
S :
10°F E
ol L oL
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o
o
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N
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Application to !'Be +2 C

o \ ‘ \ ‘ \ ‘ \ ‘ \
4 | 1.78 MeV (5/2+) —— DWBAX: valence + core

e Neither the valence nor core excitation alone de-
= DweAx core evaion | scribe the shape of the data

e 5/2% x-section dominated by s.p. excitation

e 3/2% x-section dominated by core excitation
mechanism

do/dQ (mbl/sr)

e Interference effects between valence & core
mechanisms are essential to explain the shape.

e For the 3/27 state, the magnitude is overesti-
mated (?)

(mb/sr)

A.M.M. and J.A. Lay, PRL109, 232502 (2012)

do/dQ
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Full CDCC calculations with core excitation

e DWBA only valid for intermediate and high energies.

e Does not provide elastics
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Full CDCC calculations with core excitation

e DWBA only valid for intermediate and high energies.

e Does not provide elastics

[ In more general situations, one needs to solve full coupled-channels
calculations (CDCC)

e Standard CDCC. = use coupling potentials:

Vasar (R) = (U5 010 (7)|[Var (rot) + Vet (ree) [Ty (7))

e Extended CDCC = use generalized coupling potentials

— —

Va;a’ (R) = < J/M/( f)‘ vt(rvt) T Vct(frcta )‘\Ij?M(fF? £)>

Summers et al, PRC74 (2006) 014606, PRC76 (2007) 014611
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