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where

Z, =[1—(M, /u, )']'[1+2(M, /~, )2].

We can use two independent measures for B(~-p v, ) to evaluate (2) ~ Tsai' has calculated B(~
-pv, ) =(21.5+ 1.8)% assuming the conserved-
vector -current hypothesis and the measurement'
I'(e'e —po) =5.8+0.5 keV, where the error in
B(7- p v, ) reflects the uncertainty in I'(e+e —p').
For tan 8 ~ =0.05 and M, =1.782 GeV/cs, one ob-
tainss B(w- K*v,) =(1.0+ 0.1)'%. Alternatively we
can use the Mark-II measurement' B(~-p v, )
=(20.5a 4.1)%%uo to obtain B(7-K*v ) =(0.95+ 0.19'.
The experimental measurement presented in this
Letter agrees well with both these predictions.
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First results for the (d, P) reaction on 6Li, ~Be, and ' 0 are presented for a scat-
tering energy Tg = 698 MeV at momentum transfers 2 fm ' q- 5 fm . Simple dis-
torted-wave Born-approximation and rescattering calculations stress the need for a
more comprehensive analysis by explicitly including both the stripping amplitude and

mesonic degrees of freedom.

PACS numbers: 25.40.Qr, 24.10.-i
In recent years there has been constantly in-

creasing interest in one-nucleon —transfer reac-
tions at intermediate energies and at momentum
transfers q of typically q ~ 2 fm ' as they might
provide information on high-momentum compo-
nents in wave functions of bound nucleons' and

on virtual or real isobar degrees of freedom in
nuclei. ' Presently, however, such processes
are only understood qualitatively on a micro-
scopic level. ' ' To remedy this unsatisfactory
situation —which dominantly reflects the lack of
detailed experimental information —we present
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and discuss in this note results on the (d, p)
stripping reaction on various light nuclei at the
scattering energy T„=698 MeV.
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The present experiment was performed at
Saclay with a deuteron beam of 698 MeV kinetic
energy, produced by the SATURNE synchrotron.
The outgoing protons were identified and counted
with the energy-loss spectrometer SPES I, which
uses as a standard detection system, a combina-
tion of plastic scintillators and drift chambers
to identify and to measure the position of a par-
ticle along the focal plane. In this experiment
the trigger system was supplemented by three
Cerenkov counters which were sensitive only to
protons in order to reject deuterons with the
same momentum as the protons detected.

With this system, the r e actions 'Li(d, p) 'Li in
the angular range 5.7'& 0, &39.6' and for the
excitation of the four lowest-lying levels, eBe(d,

100

1

~h

100nb I

Be(dp) Be

) E0=698M V

7/2, . Ex- 4.633 MeV

10
4kgi, ,

E fII)

c
10

fI

ee

ee,

ak

5/2, . Ex = 7.467M~V k&

E
U

C'

O

100nb

1pb

r
1L)b

100nb

0
Q

E =OMeV
X

2'E„-3.37M'

E„= 6.1MeV

7.37 MeV

+7.54 MeV

9.17MeV
+9 feOMeV

II

1

E

U

01

I .. 'II

L I

1/7

170

eV

100 nb

II
11.8MeV

0.01
Ex —0-8703 MeV

(2S 1/2)

QQ01 8

5 10 15 20 25 30 35

e, (de@)

15 20 25
0.001 I I I

"0 15 20 25 30
Bcm (&eg)8 tdeg )

FIQ. l. (a) Differential cross section for the reaction 6Li(d, p)VLi(J ) at Tq = 698 MeV. Compared are the angu-
lar distributions for the excitation of the four lowest states in Li (their total angular momentum J, their parity II,
and their binding energy &» are indicated). {b) As in (a), but for ~Be(d, p) Be(J ). (c) As in (a), but for O(d,
P)' O(J ). Shown are the DWBA results from the stripping model, either with a folded potential (solid lines) or a
phenomenological potential (dashed lines) for the deuteron (see the text for details). Note that these predictions
are renormalized by a factor &. Dotted-dashed lines give the results of a calculation based on the rescattering dia-
gram 2(b), including distortions in the eikonal approximation (see the text for further details). There is no re-
normalization factor for this last calculation.
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p) "Be (between 17.8' and 27.7' for six levels) and
"0(d,p) "0 (between 3.8' and 26' for two levels)
were measured. The results are presented with
the statistical errors in Fig. 1; uncertainties in
the beam flux and the target thickness (mainly
for the iced-water target for "0) result in an
overall scaling error of 20%. We should note
that, in order to facilitate a theoretical inter-
pretation of the transfer reaction, data on elastic
deuteron scattering on 'Li and "0 were taken at

!

the same scattering energy (the tabulated cross
sections can be found').

As a first attempt to understand the gross fea-
ture of these data, a rough analysis was per-
formed for the excitation of the ground and the
first excited state in "0(d,p) "0(J'). As in pre-
vious analyses, "a calculation was performed
within the stripping model IFig. 2(a)] based on
the conventional distorted-wave Born approxima-
tion (DWBA) yielding the transition amplitude

T(„.~) (k„,k~) = Jy, *(k„r~)p„*(r„)Vp„(r~„)y,pr)y, (k„R)d'rp d'r„

with R = —,'(r~+r„) and r = r~ —r„ for the excitation of a pure single-particle state ! n ) (i.e. , with a spec-
troscopic factor equal to 1). The corresponding form factor was taken from Cooper ei a& ' To treat
the S and D states ot the deuteron (in this model the latter strongly dominates at the momentum trans-
fers considered), we made the "local-momentum approximation. " For the derivation of the distorted
wave y„(k~, R) of the deuteron, two choices for the optical potential were tested:

First, employing the Johnson and Soper prescription'

ff V~ ( I R + —,
' r I ) + V„( I R —

2 r I)) V~„(r)y, (r)d'r
f V~„(r)y„(r) d'x

N

p)E
& A+1

Vpn
C 3

Here V~ and V„denote the optical potentials for
the proton and the neutron for elastic scattering
on "0 at half of the deuteron energy, which, as
for the outgoing proton, were derived from a cal-
culation in the Kerman-McManus- Thaler formal-
ism by Chaumeaux, Layly, and Schaeffer. '

Second, using a purely phenomenological deu-
teron optical potential as extracted from a fit of
the elastic "0(d, d) "0 data at the same scatter-
ing energy (the corresponding parameters for a
simple volume Woods-Saxon form are listed in
Table I).

The results of this analysis are shown in Fig.

! 1(c). Most strikingly it is found that the data are
overestimated by nearly one order of magnitude
for both choices of the deuteron potential. Though
rough qualitative agreement is found for the angu-
lar distributions, in particular for the deuteron
potential based on the Johnson-Soper prescrip-
tion, we feel that both our results and other find-
ings"" indicate that an important part of the
physics of the (d, p) reaction is missed in the
conventional DWBA. This idea is supported from
a comparison with other one-nucleon transfer
reactions, i.e. (p, n')"" and (y, p)": There is
evidence that at scattering energies between 200
and 600 MeV both reactions are dominated by &-

induced 6(1236) excitation, particularly at scat-
tering energies around the (3, 3) resonance. Con-
sequently, we expect that the &-rescattering
mechanism is of importance also for the (d, p)
reaction at large momentum transfers and at
scattering energies around 600 Me&'4 Ias for the
formulation of V (R) in Eq. (2), we thereby as-

aj Stripping

( 3 c 3A
n N

bj Rescattering

TABLE I. Optical-potential parameters fitting the
deuteron elastic scattering at 698 MeV on '60. The
notation is the same as in Hef. 9.
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FIG. 2. (a) Schematical representation of the strip-

pirg amplitude. (b) Pion-res cattering contribution
to the {d,p) reaction.

1.20 21.23 1.133 0.409 —15.45 1.217 0.428
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sume that each nucleon in the deuteron carries
approximately have of the scattering energy avail-
able j.

Among the various exchange contributions esti-
mated, the diagram in Fig. 2(b), which involves
noncrossed double & rescattering together with
intermediate 4 excitation yields the leading con-
tribution. For practical purposes we cast it into

a static, nonrelativistic transition potential. In
evaluating the three-dimensional loop integration,
only the singularity associated with the deuteron
breakup was treated rigorously [to account for
its large nonlocality A. =(m iE„ i) ~'-4 fm; E„ is
the binding energy of the deuteron]. Approxi-
mating the other propagators in a zero-range
form, we end up with a simple effective three-
body transition potential

64m m, m, [—,'(k„-k~)'+m„'j(-,'k, '+m, ')[k„'/Sp„A +M o —M~+ ,'i F&T-, —z', ]

exp m Ih I'O'Ir ' —r I

rn rn

off-shell corrections are incorporated via form factors in the @AN and the mob, coupling constant f,
and f, , respectively; V~„(r) with r =r~ —r„represents the complete pn potential. The structure of
the nuclear transition amplitude is then given as

T« ~) (k~, g) =P )y~*(k~, r~')g *(r„')ps*(r~')
8

x V(r~', r„', r„', r~, r„, r„;k~, k~)X~(k„, r) y„(r)ps(r„)d'x~d'v„d'v„d'x~'d r„'d'xz', (4)

with the sum over P including all nucleons in "O.
The results of the calculation are included in

Fig. 1(c). Comparing with the DWBA the overall
shape of the angular distributions predicted is of
comparable quality, while the absolute normaliza-
tion is reproduced more correctly. However, the
calculation is not able to reproduce the experi-
mental ratio for the excitation of the ground state
versus the first excited state, which is nicely
given by the DWBA calculation.

In view of such inconsistencies in our rough
analysis, we have to be careful in drawing con-
clusions. The only firm statement we would like
to make is that for the (d, p) process mesonic and
baryonic degrees of freedom seem to be impor-
tant at energies above the (3, 3) resonance. This
is in line with findings from the (p, R) and the
(y, p) reaction, where conventional distortions
are not sufficient to reproduce the data, and
where exchange currents (in the widest sense)
are an important ingredient of any microscopic
theory. " ' Including internal degrees of free-
dom consistently seems to provide a basis for a
unified understanding of one-nucleon-transfer
processes in particular and of high-momentum-
transfer reactions in general.
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