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Analysis of cross sections and Vector Analysing Powers of (d,p) reactions
within the CDCC+DWBA approach.

P. Chau Huu-T&i?
CEA, DAM, DIF F-91297 Arpajon

Abstract. Transfer reactions likéX(d,py**X are a powerful tool to investigate nuclear structure properties
(see e.g. [1-3]) and the emergence of radioactive beams with higtsitytevill allow the use of this kind

of reactions to study the properties of exotic nuclei. Nevertheless thes@alyreactions involving deuteron
remains a dficult task because of its weakly bound and composite features. Tooowerthese issues, R.C.
Johnsoret al [4] and G.H. Ratwitcher [5] proposed in the seventies the Continuum&iged Coupled Channels
(CDCC) formalism which explicitly takes into account the composite propgrtiie deuteron and includes the
effects on cross sections of the coupling between the breakup and theodegraund state channels. Since then
the CDCC approach has been widely studied [6-8] and it has been qodtesstully applied to analyse elastic
[7-9] , inelastic [8,10] and transfer cross sections [11-13]. In thigrdoution, | will propose to re-analyse
transfer reactions by the means of CD&dliabatic approach for a set of targets with= 20 orN ~ 28. | will
show that with this approach, using both thé&efiential cross sections and the vector analysing powers one can
determine the orbital angular momentum and the spin of the captured nweithout any adjustment.

1 Introduction 2 CDCC and DWBA approaches

Proposed independently by R.C. Johnetai [4] and G.H.
Ratwitcher [5], the CDCC formalism assumes that the three-
“body hamiltonian of the system can be approximated by
an dfective one and that the deutesdarget system can

be described by a simplified wave function which reads as
follows:

Deuteron induced reactions can be useful to produce ra

dioisotopes of medical interest, to study materials and to

investigate nuclei structure especially by means of trans-

fer reactions. These transfer reactions are usually inter-

preted by using DWBA approach involving global opti-

cal potentials for deuteron. In spite of its success to anal- 141

yse the experimental data, it requires to adjust the opti- N .

cal potential parameters of the entrance channel in order Zam L_;_ll[QBO(p)@XO(L’J’ RLw +

to reproduce the elastic cross sections which means thatI s o N

both the transfer cross sections and the elastic one have<x> ~ ) ~ 25k ]

been measured. Unfortunately these data are not alwaysz Z Z [(p‘(2s+1|' L)@ H(L LI R)]JM

available simultaneously. Futhermore this approach does !

not take into account the deuteron properties (composite .

weakly bound system with no excited state). We proposeWhere @y and @; denote the deuteron ground state and

here to use the Continuum Discretized Coupled Channelsdiscretizedp — n wave functions, respectively. The main

(CDCC) approach and the DWBA approach to interpret hypotheses in the previous equation is to assume that a

the transfer cross sections and the vector analysing powefruncation in the orbital angular momentum space and a

allowing us to get complete information of the captured discretization of the p-n continuum into bins can be per-

nucleon without introducing any adjustment even if it is formed. The correctness of these hypotheses have been

well known that the CDCC description of the elastic cross cheched by increasing the bin number and by usifigdi

section remains to be improved at low incident energies. In€nt ways of discretization. By introducing this trial wave

the second section, | will briefly remind the CDCC and the function into the three-bodyfiective Schodinger equa-

DWBA formalisms. Then in the third part, | will present tion, one gets a set of coupled channels equations:

some comparisons between the calculations and the exper-

imental data. W od® RPL(L+1)
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where the form factor_, are defined by:

Foo = (81 @ YL(R)],, IUp+ Unl [Br @ YU (R, ez

solved with the following boundary conditions:

W(R) — S, UP(PR) = /Pi/Po SELUM(PR)

are calculated.

To deal with transfer reaction, one must go one step
further since two partitions = A+d andg = B+ p (where
B = A+ nis the compound nucleus) are now needed to
describe the system:

46/ (mb/sr)
N

Pmodel = Ua(r o)¥a (Xe) + Ug(rp)ip(Xg) -

0

Assuming that the féect of the coupling of the transfer ¢ |

channels onto the elastic one can be neglected, one cant
thus write the following set of dierential equations:

do/d0

[Ear - Kar - <a'|vozala>] ua(r(v) ~0
[Eﬂ - Kﬁ - <B|V,B,8|,B>] U,B(rﬁ) = fdrad)(ﬁlp;vﬁa(rﬁa ra)waua(ra) ’

(mb/sr)
S

From this expression it is deduced that the transfer cross £ | f

section will depend on the properties of the captured nu-
cleon in particular on the transfered orbital angular mo-
mentum and on the transfered spin. Therefore some prop-
erties of the compound nucleus can be extracted from the
transfer cross section and from the vector analysing power.

In the following section, these results will be illustrated
for Ca, Ti, Cr and Fe targets.

3 Comparison with some experimental
data

o

5

In a serie of articles, D.C. Kochet al [14—16] have mea-
sured the transfer cross sections and vector analysing pow
ers for deuteron incident offCa, “8Ti, 52Cr, 53Cr, 5*Fe
and®’Fe targets. For the calcium target the measurements ™
have been performed for energies ranging from 5 to 10§
MeV while for the other targets the incident energy was

V' do/d0 (mb/sr)

10 MeV. The transfered orbital angular momentuigan 0l

be extracted from the cross sections and from the vector
analysing powers (VAP) one can determine whether 30
[+1/2 orj =1-1/2 as shown by T.J. Yule and W. Haeberli 3

[17]. These data will be used to test whether the previous £ |

approach can reproduce the measurements. Some compa%—m
isons between the experimental data and the calculations

are plotted on figures Fig. 1 and Fig. 2 f8€a target, Fig. oL Neserepepns

3 and Fig. 4 fof®Ti target, Fig. 5 and Fig. 6 foFCr target,
Fig. 7 and Fig. 8 foP*Fe target, Fig. 9 for’Cr and®’Fe tar-
gets and Fig. 10 fot’Fe target. The left part of the figures

been performed by using the Koning-Delaroche global op-
tical potential parameterization, the Reid softcore pidén

to derive the deuteron wave functiorsgndD waves) and

by discretizing the continuum into 4 bins for each partial
and are obtained by folding the nucleon-target optical po- Waves. The neutron wave function with given orbital mo-
tential by thep — n wave functions. These equations are Mentum and spin has been obtained with a Woods-Saxon
potential whose depth is determined to get the correct ex-
cited energy. A good agreement between the experimental
data and the calculations has been obtained for terdi
ential cross sections. The agreement is less good for the

) ) VAP but the trends are well reproduced allowing a clear
to get the S-matrix elements from which the cross SeCtIOﬂSassignment of as illustrated in the lowest part of F|g 1.
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Fig. 1. °Ca(d,pf'Ca cross sections and VAP. The dots represent
the experimental data [14;i. andE, denote the incident energy
and the energy of the excited state, respectively.
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Fig. 2. “°Ca(d,p}‘Ca cross sections and VAP. The dots represent
the experimental data [14i,. andE, denote the incident energy

represent the dierential cross sections and the right part and the energy of the excited state, respectively.

the associated VAP. The curves denote the calculations and
the dots the experimental data. All the calculations have

01003-p.2



Fig. 3. “Ti(d,p)*°Ti cross sections and VAP for deuteron inci-
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Fig. 5. %2Cr(d,pf3Cr cross sections and VAP for deuteron inci-
dent at 10 MeV. The dots represent the experimental data [15].dent at 10 MeV. The dots represent the experimental data [15].
E, denotes the energy of the excited state.

E, denotes the energy of the excited state.
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Fig. 4. “8Ti(d,p)*°Ti cross sections and VAP for deuteron inci- Fig. 6. 52Cr(d,pf3Cr cross sections and VAP for deuteron inci-
dent at 10 MeV. The dots represent the experimental data [15].dent at 10 MeV. The dots represent the experimental data [15].
E, denotes the energy of the excited state. E, denotes the energy of the excited state.

experimental data for several even and odd targets even if
the elastic cross sections are not always well reproduced.

4 Conclusion
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Fig. 7. 5*Fe(d,py°Fe cross sections and VAP for deuteron inci-

dent at 10 MeV. The dots represent the experimental data [15].

E, denotes the energy of the excited state.
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Fig. 8. >Fe(d,p}°Fe cross sections and VAP for deuteron inci-
dent at 10 MeV. The dots represent the experimental data [15].
E, denotes the energy of the excited state.
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Fig. 9. 53Cr(d,pP*Cr and®"Fe(d,p¥eFe cross sections and VAP
for deuteron incident at 10 MeV. The dots represent the experi-
mental data [16]E, denotes the energy of the excited state.
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Fig. 10. 5"Fe(d,p¥eFe cross sections and VAP for deuteron inci-
dent at 10 MeV. The dots represent the experimental data [16].
E, denotes the energy of the excited state.
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