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We present a model of one-neutron transfer reactions appropriate for cases in which one of the col-
lision partners is deformed. The model considers rotational excitation due to the Coulomb field in the
entrance channel, neutron transfer between the two nuclear surfaces at the distance of closest approach,
and additional rotational excitation in the final channel. The Coulomb excitation processes are de-
scribed within the sudden-limit approximation using classical-limit theory, and the transfer is described
in terms of spectroscopic amplitudes obtained with the particle-rotor model. We have applied this mod-
el of transfer to the ' Ni+ ' 'Dy and " Sn+ ' 'Dy one-neutron pickup reactions, cases for which data are
available. The calculations indicate that transfer into both ground and two-quasiparticle excited bands
takes place and that the distribution of population in the ground band and two-quasiparticle states is in
reasonable agreement with the data.

PACS number(s): 25.70.Hi

I. INTRODUCTION

Transfer reactions induced by light ions have long been
useful for investigating properties of low-lying nuclear
states. In recent years it has become evident that transfer
reactions induced by heavier projectiles can also provide
unique probes of nuclei. The charge carried by heavy
ions causes strong collective excitation in both the en-
trance and exit channels, allowing heavy-ion transfer to
populate some high-spin states with low single-particle
excitation that are not accessible to other reactions. This
collective excitation also implies a localization of the
transfer reaction in coordinate space, permitting study of
details of the nuclear surface. In addition, the transfer
takes place between collectively excited states and there-
fore provides direct information on the single-particle
and correlation properties of such states.

Although extending the promise of an important new
tool for nuclear studies, heavy-ion-induced transfer reac-
tions have posed some serious experimental problems.
Indeed, the traditional methods of light-ion spectroscopy
(e.g., use of charged-particle detectors) have proven to be
entirely inadequate. In a (d,p) reaction information con-
cerning the energy and angular momentum of the state in
which the transferred neutron is left can be extracted
from the outgoing proton. But in reactions with more
massive projectiles scattering and large energy losses
within the target make it very difficult to obtain such in-
formation from the collision products. With the develop-
ment of multidetector y arrays covering large solid an-
gles, it has, however, become possible to obtain precise
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measurements of the spin and energy of the final states;
such measurements have been reported in Refs. [I—5],
and a review is given in Ref. [6].

Heavy-ion-induced reactions have also presented ob-
stacles to theoretical interpretations. Treatment by stan-
dard quantum mechanical coupled-channel methods is
complicated because of the extremely large number of
relevant states present in both the entrance and exit chan-
nels. The long range of the Coulomb interaction as well
as the small wavelength associated with relative radial
motion provide further motivations for an alternative
treatment. Fortunately, the characteristics of heavy-ion
reactions that make a quantum mechanical treatment
difficult at the same time make the problem amenable to
semiclassical methods. A formalism using such tech-
niques to describe one-neutron transfer between two
heavy nuclei, one of which is deformed, is developed in
Sec. III. Results of applying the model to neutron pickup
in the collisions Ni + ' 'Dy and " Sn + ' 'Dy are
presented and compared with the available data in Sec.
IV.

II. DESCRIPTION OF THE DATA

Data for one-neutron transfer in these two reactions
have been obtained using a particle-particle-y coin-
cidence method with the Spin Spectrometer at the
Holifield Heavy Ion Research Facility of Oak Ridge Na-
tional Laboratory. Using this almost 4m detector array,
the total y-ray multiplicity and energy associated with a
collision event may be measured. The scattering angle
and time-of-Aight difference for both the recoiling target-
like and projectilelike nuclei were determined in these
experiments using position-sensitive parallel-plate
avalanche counters placed inside the Spin Spectrometer.
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From this kinematical information it was possible to dis-
tinguish the outgoing particles and select a particular re-
action process for study.

The data for one-neutron transfer in the Ni + ' 'Dy
collision [1] are summarized by the energy multiplicity
plot shown in Fig. 1. The dashed curve represents an ap-
proximate yrast line for ' Dy, assuming no excitation of
the Ni nucleus. A scale that approximately translates y-
ray multiplicity into the associated value of target angu-
lar momentum appears at the bottom of the figure.

Figure 1 indicates that the ' Dy nucleus is left quite
cold by this transfer process: most of the population lies
within 1 —2 MeV of the yrast line. This population is ap-
parently a superposition of two distributions [1]: one is
narrow in energy and peaked around I = 1D; the other is
broader in energy, much more intense, and peaked at
I=16. The bump at lower multiplicity is very near the
yrast line and approximately coincides with the max-
imum for inelastic scattering (of which only the 0.1 con-
tour is shown in the figure) while the second peak lies
slightly above the yrast line. In Ref. [1] it was argued
that the two regions correspond to different ways,
schematically illustrated in Fig. 2, that a neutron may be
removed from the ' 'Dy nucleus. If the unpaired neutron
is picked up, the reaction leads to population of the ' Dy
ground band (reflected in the lower multiplicity max-
imum). If any other neutron is removed, the reaction
populates an excited two-quasiparticle state (upper multi-
plicity peak).

Such mechanisms appear to imply that the difference
in angular momentum between the two regions populated
should be approximately given by the average aligned an-
gular momentum of the two-quasiparticle bands. One

1 —PARTICLE TRANSFER (ODD MASS)
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FIG. 2. Schematic representation of two di6'erent ways a
neutron can be removed from an odd nucleus and the resulting
energy and angular momentum of the even-(A —1) nucleus in
each case.

should keep in mind, however, that in all heavy-ion reac-
tions there is considerable collective excitation due to the
Coulomb field in both the entrance and exit channel.
Since the (E,M) pattern rejects the distribution of final
states, the peak separation in the data may also be
influenced by differing amounts of exit-channel inelastic
excitation for nuclei occupying states of the ground and
excited two-quasiparticle bands.

A more complete, although still schematic, illustration
of the transfer process is given in Fig. 3. There the exci-
tation first proceeds along the ground band of ' 'Dy as
the projectile approaches the target; transfer takes place
(into either the ground band or some of the excited two-
quasiparticle bands of ' Dy) at the point of closest ap-
proach; there is then further inelastic excitation along
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FIG. l. Experimental total-energy-multiplicity distribution
obtained for the one-neutron transfer reaction
' 'Dy("Ni, ' Ni)' Dy at ELab =270 MeV.

FIG. 3. Three stages of a one-neutron transfer reaction: (i)
inelastic excitation of the odd nucleus in the entrance channel;
(ii) transfer at the point of closest approach into either the
ground band or excited two-quasiparticle bands of the even nu-

cleus; (iii) inelastic excitation in the exit channel. The origin
corresponds to the ground state of ' Dy assuming no excitation
in the projectilelike nucleus Ni. The ground state of ' 'Dy is
displaced from the origin by an energy equal to the ground-
state —ground-state Q value.
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these bands as the two ions separate. This model has
been used previously to give a qualitative understanding
of the heavy-ion transfer data summarized in Refs. [1]
and [2]. However, to date no quantitative explanation of
the general features of high-spin one-neutron transfer has
been given. In the following section we develop a quanti-
tative formalism to take these three stages of the reaction
process into account.

III. DESCRIPTION OF THE MODEL

In order to be specific, the following discussion is cast
in terms of one-neutron pickup by a spherical projectile
from a deformed odd-A nucleus. (With only minor
modifications, the model can also be applied to one-
neutron stripping; we will only point out the necessary
changes where they are perhaps not immediately obvi-
ous. ) We designate a state of the deformed nucleus by its
total angular momentum I and its z component (in the
laboratory frame) M: lI, M, ) is the target nucleus initial
state and lI~M2) is the final state of the even-(A —1)
targetlike nucleus. The states immediately before and
after transfer are denoted as lI &M', ) and lI AM& ), respec-
tively. If we assume that the projectilelike nucleus
remains in its ground state and that neutron transfer
occurs only at the classical distance of closest approach,
then the amplitude for the entire reaction can be written

the additional complication of time ordering. However,
our primary interest at this point is in understanding the
general features observed in heavy-ion transfer to high-
spin states. These should not be very sensitive to the sud-
den approximation.

For the ion-ion interaction V appearing in Eq. (2) we
consider the Coulomb and nuclear contributions:

Z, Z, e' Z, Q,'"e'I, (y) Z, Q,"'e'I „(y)
V(y)= + +

r 2p" 2p'

+
V0

1+exp I [r —R„(y)]/a„]

+i
1+expI [r —R,.(y)]/a, ]

where Z e and Z, e are the projectile and target charges,
and QP e and Q4 'e are the target quadrupole and hexa-
decapole moments, respectively. The quantities in the
Woods-Saxon parametrization of the complex nuclear po-
tential have their conventional meanings. Figure 4 shows
that g is the angle between the target symmetry axis and
the ion-ion line of centers while 8 and P are the polar and
azimuthal angles of the projectile. For the present calcu-
lations we assume the trajectory to lie in the /=0 plane
so the various angles are related through

a"I ) M )
—+I2M2

cosy(t)= cosacos8(t)+ sinacospsin8(t) . (4)

= g &I2,M, I
U+II,',M,') &I,',M,'IT'II'„M', &

I,M&

I,'M,'

X & I'„M',
l
U lI „M, ) .

-

The one-neutron transfer processes to which we will
apply the present model are peripheral. Therefore, al-
though inelastic excitation of the target is governed by

The sum is over complete sets of intermediate states
which connect lI, M, ) and lIzM2 ). U is the operator
providing inelastic excitation in the entrance channel
(
—~ ~ t ~ 0), U+ is the analogous quantity for the exit

channel (0 ~ t ~ + ~ ), and T is the operator responsible
for one-neutron transfer at the point of closest approach
(t =0). The superscripts have been chosen to suggest the
portions of the trajectory for which the corresponding in-
teractions are relevant.

In the present implementation of our one-neutron
transfer model the U +— are obtained from the sudden-
limit form of the interaction representation s time evolu-
tion operator [7]

\
\

'~

1
'~

Z
lk

lentrance: U (a,P)=exp —— V(a, P, r(t))dt

exit: U+(a, p)=exp ——' f V(a, p, r(t))dt
0

(2)

Here a and P are respectively the polar and azimuthal
orientations of the target's symmetry axis with respect to
the laboratory frame, and r is the instantaneous distance
of the projectile from the center of the target as illustrat-
ed in Fig. 4. The sudden limit is not essential to the
method discussed here; U —could be calculated without
this restriction, but the computation would then require

FIG. 4. Coordinates specifying orientation of a deformed tar-
get nucleus, position of a spherical projectile, and the angle be-
tween the symmetry axis of the target and the ion-ion line of
centers.
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the interaction potential of Eq. (3), we assume as a first
approximation that the projectile path is determined sole-
ly by the monopole Coulomb term, Z Z, e /r. Figure 5
provides a justification for this approximation; there the
ratio of the experimental total cross section to the Ruth-
erford value is plotted as a function of scattering angle
for a case representative of the experiments we wish to in-
terpret. The conclusions of Refs. [1] and [2] were based
on an analysis of the angular region for which this ratio

was approximately 1. If we also restrict ourselves to this
region, we may safely assume that the projectile follows a
Rutherford trajectory as we evaluate U —.

The nuclear wave functions that appear in the above
amplitudes are calculated for the present work by appli-
cation of the many-BCS-quasiparticle plus rotor model of
Almberger and co-workers [8]. If rotation of the nucleus
results in appreciable Coriolis mixing of substrates, the
wave function can be written as

~I M) ="I/(2I+1)/8m. g azz D~z(a, P))Ky ) +( —1) +
DM z(a, P)~Ky )

Ky
(5)

where the azzz result from expanding the intrinsic wave
functions in the strong-coupled many-BCS-quasiparticle
basis ~Ky), K being the projection of the total angular
momentum I onto the nuclear symmetry axis. The super-
script c =i,f is used to make clear whether the coefficient
is associated with the wave function in the initial (i) or
the final (f) channel, and the quantity y represents any
other quantum numbers needed to specify the state. The
collective motion is represented through the rotational
wave function DMz(a, p).

Inserting Eq. (5) into the rightmost matrix element of
Eq. (1) (for the entrance channel) or the leftmost matrix
element (for the exit channel) and taking note of ortho-
gonalities of the ~Ky) and symmetries of the D func-
tions, we obtain the generic relation

(I',M'~ U~I, M ) ='I/(2I + 1)/8m 'I/(2I'+ 1)/8m.

X [ 1+( 1 )2(I+I' lc)+M+M—']

X g(I, M, I',M'), (6a)
where

g(l M, l', M')=x afzzaf &z(D«, z U D«z
Ky

X +IK)aI'K) J dp J da sinaDM z(a, p)U(a, p)DMz(a, p)9'(a)
Zy

(6b)

for odds
—«d(a)e '"' ' for even-3 nuclei
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FICx. 5. Ratio of Rutherford and experimental total cross
sections for " Sn + ' 'Dy at EL» =637 MeV.

is a factor representing the effect of the tunneling anisot-
ropy on the angular momentum signature [9]. [The ex-
ponential factor in Eq. (6c) arises from consideration of
the transfer process —it is the transfer form factor —not
the inelastic excitation. But because it is angle dependent
it must, if the amplitudes for the three different steps are
to be calculated separately, be included in Eq. (6).] It is
to be understood that U should be replaced by U for

I

the entrance channel or U+ for the exit channel, and that
I,M, I',M' represent the corresponding angular momenta
and projections indicated in the rightmost and leftmost
matrix elements of Eq. (1). Here ~=(/2mB„/A', with
B„ the binding energy of the transferred neutron and m
its mass. If Bo is the binding energy of a particle in the
highest occupied orbit (assuming, for convenience, a
sharp Fermi surface), then a particle located an energy 5„
below this has a binding energy B„=BO+5„.Just after
transfer the targetlike nucleus will thus be found in a
state with excitation energy 5„relative to its yrast line, as
illustrated in Fig. 6.

The quantity d(a) in Eq. (6c) is the width of the bar-
rier through which a transferred neutron must tunnel.
Approximating the target potentials before and after
transfer by square wells and assuming transfer to occur
only at the point of closest approach (with the transferred
neutron restricted to the ion-ion line of centers) gives this
barrier width as

d(a)= al
&1+t' 1—
—R, 3,' 1+&5/4mPz( —', cos a —

—,
'

)

The first term is the minimum distance between centers
of the two ions for a Rutherford trajectory with relative
orbital angular momentum I; a is one half the minimum
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respect to the laboratory z axis). Because one of the ions
is spherical, d does not depend on )(3.

Consideration of the distorted-wave Born approxima-
tion suggests that, aside from the radial form factor, the
amplitude for transfer of a single neutron between the
specific states lI', M', ) and lIzMz ) can be written as

n

E,&l,')

I'2

distance between ion centers for a head-o'n collision at
center-of-mass energy E, , a =Z Z, e /2E, . The
second term is the projectile radius, and the third is the
radius of the deformed target nucleus at the point on its
surface intersected by the ion-ion line of centers (when
the target symmetry axis is tilted to an angle a with

I

FIG. 6. The energy 6„appearing in the radial form factor
exp[ —xd(a)], where ~= Q(2m /fi')(80+5„), in terms of bind-
ing energy of a neutron before transfer (top of figure); 6„ is
rejected as energy with respect to yrast of the state populated
just after transfer (bottom).

We shall hereafter refer to the reduced matrix element
appearing in this equation as the one-neutron transfer
spectroscopic amp/itude; it provides a quantitative mea-
sure of how closely the state of the even nucleus just after
transfer resembles the state that would be formed by re-
moving one neutron in a single-particle orbit of angular
momentum j from the state occupied by the odd nucleus
just before transfer. In addition to using the particle-
rotor model wave functions to determine the inelastic ex-
citation via Eqs. (6), they are also required to calculate
the (I2 lla J. llI i ).

The Almberger model assumes that j is a good quan-
tum number in determining the spectroscopic amplitude.
This restriction therefore limits the applicability of our
own model to those instances in which pickup or strip-
ping proceeds predominantly through transfer of neu-
trons with one particular value of single-particle angular
momentum; we may thus omit the sum over j in Eq. (8).

The spectroscopic amplitude for one-neutron pickup
from an odd-A nucleus is given by the Almberger model

(I2lla, llI'i &
= y a,' Ir

~ 2al~ oux &III~ ij —I( i II~0) +( —1 )
' ':-x (I i, Iz )

K1

where

:-x (I', ,I2)= +[5, x +( —1) '5, x ] g (1+5x o)
' a, u (I', v2jvlI K2)2

V2 V1

—g [5. ,x +( —1) '5.
,
—x 1 g(1+5m, o) aI' v &I,'v,jv, lI2Z, ),

V1 V2

(10)

with K2 =v, +v2 + 0. The analogous expression for a
stripping reaction is obtained by replacing uz with vz

1 I

in Eq. (9), u and u by u„and u„, respectively, in Eq.
1 2 1

V2'

(10), and i~f in both. A replacement of u~ —v is re-
quired in the above expressions if one wishes to make the
phases agree with those of Bohr and Mottelson [10]. The
coeKcients a', , a~, . . . of Eqs. (9) and (10) are just

1 1 2

the aJxr of Eq. (5) for the odd and even deformed nuclei.

Once the amplitudes of Eqs. (6) and (8) are obtained for
the three separate steps, they are combined according to
Eq. (1) to form the total amplitude for the complete one-
neutron transfer reaction. Finally, since angular momen-
tum projections were not determined in the experiments
of Refs. [1] and [2], we calculate the unpolarized proba-

bility

ptr 1 tr 2I I 2I +1 X l I M I M
M1M2

This is the quantity that we will compare to the data.
(Because no effort has been made to include properly nor-
malized wave functions of relative radial motion, P" is
not a true probability in the sense of being limited to the
range 0—1. Nevertheless, ratios of this quantity for
different values of I2 in a given reaction are still meaning-
ful, and these are all that are required for our present in-
terests of determining the relative likelihood of populat-
ing various final states. )
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IV. RESULTS AND DISCUSSION

We now investigate applications of the model discussed
in Sec. III, first for the reaction ' 'Dy ( Ni, Ni)' Dy at
EL,b =270 MeV. Figure 7 illustrates the model's predic-
tions for population of states in the ground band and
lowest-lying two-quasiparticle band of ' Dy.
Significantly, the calculation indicates population of dis-
tinctly different angular momentum regions for these two
bands. There is a well-defined peak for the ground band
(squares) centered on I2 =6 (from this point onward we
drop the subscripts from the notation of Sec. III), while
the probability for populating states of the superband ex-
hibits a maximum clearly centered about higher angular
momentum (I= 12k'), with a tail extending to very low I.
Recall that the experimental (F.,M) distribution of Fig. 1

exhibits two distinct maxima, one on the yrast line at low
spin and one slightly above the yrast line at higher angu-
lar momentum. While the calculated populations are
centered at somewhat lower I than the locations of the
maxima in the data, the peak separations in experiment
and model results roughly agree.

The maximum calculated probability for the superband
is only about one-half that of the ground band, while the
peak at higher multiplicity in the data is about three
times larger than the peak at lower multiplicity. Thus
there is a factor of =6—7 difference between experimen-
tal and calculated peak ratios. One should keep in mind,
however, that while there is only one ground band (the
primary contributor to the population in the lower angu-
lar momentum peak), there are many excited two-
quasiparticle bands in the energy and angular momentum
region that should be populated just after transfer. (A
cranked shell-model calculation [I] indicates that there
exist at least 6—7 such bands lying within =1.5 MeV of
the yrast line in this angular momentum region. ) A more
ambitious calculation that includes additional bands
could at least qualitatively explain the factor of 6
difference between the calculated superband intensity and
the corresponding experimental bump height.

One should, however, exercise caution before claiming
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that such a comparison between peak sizes clearly indi-
cates that 6—7 excited two-quasiparticle bands contribute
to the upper (F., M) distribution bump, i.e., that we are
actually determining the number of bands involved in
this part of the transfer. For one thing, not all of the

Dy two-quasiparticle bands in this region have the
same structure as the superband [(iI3/p) ]. In addition,
the contribution from each of the excited two-
quasiparticle bands to the population of the upper peak
will be weighted by the exponentially decaying radial
form factor, Eq. (6c), that depends on the energy above
yrast of the state populated just after transfer. However,
the results shown here indicate that a more detailed cal-
culation (using a particle-rotor model or cranked shell
model) that takes these factors into account could be used
to extract level density information on the intermediate-
spin, near yrast region. This is a potentially important
result, because it is difficult to obtain such information by
other means.

The results of Fig. 7 included no Coriolis attenuation
for either of the ' ' 'Dy nuclei. The lack of attenuation
for ' Dy is consistent with the PRM fit to the similar nu-
cleus ' Er by Almberger and co-workers [8]. A one-
neutron transfer calculation for Ni + Dy has also been
made with an imposed attenuation for ' 'Dy (an ad hoc
exponent p = 5 was added to the pairing factor appearing
in the Coriolis matrix element according to the prescrip-
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FICx. 7. Calculated probabilities for transfer to the ground
band and superband of ' Dy by one-neutron pickup in the reac-
tion ' Ni + ' 'Dy at EL» =270 MeV.

FIG. 8. Particle-rotor model one-quasiparticle wave func-
tions obtained with no Coriolis attenuation (solid lines) and with
an exponent p=5 added according to the prescription of Ref.
[11](dashed lines).
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tion of Ref. [11]). Although the calculated one quasipar-
ticle wave functions show a marked difference in the p =5
and 0 (no attenuation) cases, as shown in Fig. 8, there is
no comparable difference in the results of the correspond-
ing transfer calculations (Fig. 9). We surmise that
differences in the individual 1qp wave functions are
washed out by summation of Eq. (1) over the large num-
ber of intermediate states.

We have also applied our model to
' 'Dy(" Sn, " Sn)' Dy at a laboratory energy of 637
MeV. The experimental (E,M) distribution for this reac-
tion [2] is shown in Fig. 10, and the results of the calcula-
tion are shown in Fig. 11. It is evident that, just as the
data for Ni + Dy and Sn + Dy are similar, the calcula-
tion for a Sn projectile possesses the same general
features as the calculation for a Ni projectile: there is a
peak in the ground band population at low angular
momentum and one in the superband at higher angular
momentum. The higher angular momentum peak in the
data (calculation) is larger (smaller) in size than the one at
lower angular momentum, which again rejects the fact
that a number of excited two-quasiparticle bands are in-
volved in the transfer at large I.

The dip at I= 14 in the calculated distribution for the
superband may be associated with our treatment of the
crossing of the ground band by the superband: we have
assumed a sharp crossing between I = 14 and 16 and sim-
ply switched the particle-rotor model wave functions and
spectroscopic amplitudes for the two lowest-lying states
at each angular momentum after I = 14 before input into
Eqs. (6) and (8). The fact that the calculation tends to
predict a larger population at the highest spins than is
seen in the data is primarily a consequence of our use of
the sudden limit for the inelastic excitation. While ade-
quate in the Ni + Dy reaction, this limit is a less good
approximation for the Sn + Dy system.

In previous work [12], cross sections have been ob-
tained for transfer to discrete states in the ground band of

Dy with these same Ni and Sn projectiles. These data
are compared with our calculations in Fig. 12 (since the
2+~0+ transition proceeds largely by internal conver-
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FIG. 10. Experimental total-energy-multiplicity distribution
obtained for the reaction ' 'Dy(" Sn, " Sn)' Dy at a laboratory
energy of 637 MeV.
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sion, only I 4 is pictured). The experimental difFerential
cross section for a reaction with final scattering angle 0
was obtained as the product of the Rutherford cross sec-
tion at this angle and the experimental probability P,„(I)
of the reaction populating a state of angular momentum
I. The experimental quantity plotted in Fig. 12 is this
product integrated over a range about the grazing angle;
the integral is approximately proportional to P,„~(I) so a
direct comparison with the calculated probabilities
should be meaningful. The calculations (dashed curves of
Fig. 12) include no integration; they are just the ground
band results of Figs. 7 and 11 renormalized for each pro-
jectile so that the sum of the calculated probabilities is
the same as the sum of the experimental cross sections for
I =4, . . . , 18.

The most important feature of Fig. 12 is that the calcu-
lation largely mirrors the trend in data points. In partic-

FICx. 9. Calculated one-neutron pickup probabilities with no
Coriolis attenuation for the odd-A nucleus (open symbols) and
with the attenuation factor of Fig. 8 (filled symbols).

FIG. 11. Calculated probabilities for transfer to the ground
band and superband of ' Dy in one-neutron pickup from ' 'Dy
by" Sn at EL,b=637 MeV.
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FIG. 12. Comparison of model calculations with experimen-
tal cross sections for population of discrete states in the ground
band of ' Dy via one-neutron pickup from ' 'Dy by "Ni (top)
and " Sn (bottom).

ular, the data for both Ni and Sn projectiles show a
ground band maximum at I =6, just as in our calcula-
tions. Furthermore, the data indicate a much larger
difference between the populations of the 4+ and 6+
states of ' Dy when the projectile is " Sn than when it is

Ni; a similar, though less pronounced, difference ap-
pears in the calculation.

V. CONCLUSION

We have developed a model of one-neutron transfer
based on a three-step description that incorporates semi-
classical reaction dynamics and a particle-rotor model
description of the microscopic nuclear structure. To our
knowledge, this represents the most microscopic descrip-
tion yet given for such one-particle heavy-ion transfer re-
actions populating high-spin states. When applied to the

Ni + ' 'Dy and " Sn + ' 'Dy pickup reactions, this
model indicates transfer to a low angular momentum re-
gion of the ground band and to a higher angular momen-
tum region of the superband. These results lend support
to previous qualitative arguments that the two maxima
observed experimentally in the (E,M) distributions reflect
transfer to states of ' Dy with different intrinsic struc-
tures. The peaks in the calculated distributions occur at

somewhat smaller I than the (estimated) angular momen-
ta of the maxima in the (E,M) distributions, but the peak
separations are similar in data and experiment. Further-
more, in both reactions experimental cross sections for
transfer to discrete states of the ground band exhibit
maxima at I =6, the location of the peaks in the corre-
sponding calculations. We argue that differences in peak
heights between calculation and (E,M) data may carry
information about the approximate number of excited
two-quasiparticle bands involved in the transfer at high
angular momentum. Thus, a comparison of data with ex-
tensive calculations of the kind presented here could yield
important information about the near-yrast quasicontinu-
um region at intermediate spins.

Our approach includes several approximations, and
improvements should be considered. In particular, a reli-
able application of the model to reactions induced by
very heavy ions such as " Sn should not be subject to the
limitations of the sudden approximation. While it is not
possible to remove these from the present simple model
in a rigorous way, given the starting point of the inelastic
calculation [i.e., taking Eq. (2) as the form of the inelastic
propagator], one could attempt to account for adiabatici-
ty effects —at least approximately —by reducing the
target's quadrupole moment according to the prescrip-
tion of Ref. [13]. More generally, the present method can
be reformulated using numerically computed semiclassi-
cal propagators that reAect the full dynamics of the in-
elastic scattering. This is a known technology, and there
should be no fundamental difficulties with its implemen-
tation. Even before doing this, however, we believe the
model provides a schematic understanding of the mecha-
nisms involved in a one-neutron heavy-ion transfer pro-
cess when one of the reaction partners is deformed.
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