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Dynamic polarization in the Coulomb dissociation of B
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The Coulomb dissociation B on highZ targets can be described by first-order perturbation theory at high
beam energies but the far-field approximation, which is commonly used, becomes inaccurate at impact param-
eters less than-25 fm. The leading-order correction at lower beam energies is a dynamic polarization effect,
which reduces the dissociation probability. The relative significance of the effect scales roudhlig as
terms of the target chargéand beam energl. The reduction due to a destructive Coulomb-nuclear interfer-
ence, on the other hand, is rather modest.
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We have investigated the Coulomb dissociatior®Bfin The average dissociation probability for the two sets of
dynamical calculations that treat ti, E1, andE2 fields target charges is compared to first-order perturbation theory,
of the target nucleus to all orders. Our purpose is to deterPgl,%, by defining the ratio
mine the influence of the dynamic polarization, which is the
leading order correction to first-order perturbation theory at PL)+PLY)
lower beam energiglsl], and also to test the validity of the = T op@m
far-field approximation, which is commonly used in first- cD
order calculations. The far-field approximation assumes thafhe actual Coulomb dissociation probabilitfor positive
projectile and target do not overlap during the collision b“ttarget charggis then given by
that may be a poor approximation, as pointed out in R&f.
in particular for a weakly bound nucleus liéB. Pco(b,E)= pgg b,E)A(1+B). (4)

The calculations we have performed are similar to those
we presented fol’F in Ref.[1], so we refer to that work for It is reduced compared to first-order perturbation theory, as
technical details. Basically, we describe the relative motiorwe saw for'’F [1]; the B factor is negative and tha factor
of projectile and target by classical Coulomb trajectoriesjs usually less than on@xcept at very low energigs
whereas the relative motion of the valence proton and the The first-order calculation was done using the commonly
'Be core is treated quantum mechanically by solving theemployed far-field approximation, in which the nuclear re-
time-dependent Schdinger equation numerically. sponse is determined by the strengths of the multipole mo-

The dynamic polarization effect can be isolated by repeatments, dB(EN)/dE,, where E, is the excitation energy.
ing the dynamical calculations with opposite sign of the Cou-These are combined with the so-called orbital integrals,
lomb form factors, i.e., by changing the sign of the targets, ,(E,,b), computed for each Coulomb trajectory and char-
charge. From the two sets of dissociation probabilitiesacterized by the impact parametbrof the trajectory. In
PLD(b), with positive and negative target charge, we defingerms of these quantities, the dissociation probability for a

()

the Barkas factor given impact parametdy is [ 3]
2
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which is a good measure of the dynamic polarization effect X | dE, ] JE (5)
[1]. It is noted that the difference in the numerator depends S X

on odd powers o (in a perturbation expansion of the prob-
abilities), whereas the even power terms cancel. The Bark
factor is therefore, proportional 6 to leading order in the
target charge. We shall use the parametrization

aWhere the lower integration limf; is the proton separation
énergy.

The far-field approximation(5) may become unreliable
for a weakly bound, proton-rich nucleus likdB because of
the large spatial extent of the valence prof@j. We saw

2) indications of that in Ref[1], where theA factor for the
Coulomb dissociation of thel’F ground state became
strongly reduced compared to one at small impact param-

as we did in Ref[1], to fit the dependence on beam enegy eters. Moreover, the reduction compared to one persisted out

(in MeV/nucleon and impact parametds by adjusting the to much larger impact parameters when the excited h&o

parameter<, a, andv. The dependence dmin Eq. (2) is  state of 1’F was chosen as the initial state.

expressed throughg¢s, which is the minimum projectile- In this work we also compare the dynamical calculations

target distance along a Coulomb trajectory. to first-order calculations that treat the Coulomb multipole
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fields from the target correctly, both for close and distant 0.1 T T T
collisions. Such calculations can be tedious because one
would have to calculate first-order matrix elements of the
Coulomb fields for each point of the projectile-target trajec-
tory. Instead of developing a new computer code to perform
this task, we have modified our dynamical code, which
solves the time-dependent Schimger equation numerically
and treats the multipole fields correctly. Thus we have simply
replaced the full wave functiog in the source term associ-
ated with the Coulomb fieldV ¢, ¢, by the wave function
of the initial state. Thé\ factors we obtain by employing this
“correct” first-order calculation in Eq(3) are much closer to
one, as we shall see.

The nuclear-induced breakup may also become important
when the far-field approximation for the Coulomb dissocia-

0.01

P (Eb)

tion breaks down. However, it is not realistic to calculate the 0.001 [ 1 i |
nuclear-induced breakup in first-order perturbation theory, as Y 10 20 30 40
we demonstrated in Reff4]. We will therefore, consider the E (MeV/nucleon)

influence of the nuclear proton-target interaction only in full
dynamical calculations. The nuclear interaction between th?ar
’Be core and the target will affect the breakup at small im-
pact parameters but we will ignore it for convenience, as w

FIG. 1. Coulomb dissociation probabilities f§8 on a 5®Ni

get as functions of beam energy at the three impact parameters
b=10, 15, and 20 fm. The dashed curves are the results of first-
N ®rder perturbation theory. The solid curves are the first-order results
did in Ref.[1]. obtained in the far-field approximation. The solid circles are dy-

All Calculatié)ns ar_e based on a simplifiétBeer tW_O' namical results for a positive target chargé=(+28); diamonds
body model of°B, which we have developd&] and applied  are for the negative target chargg= — 28).

[4] previously. It is based on the Coulomb interaction

and a nuclear Woods-Saxon wellwith parameters: ,,_0 07. These parameters were determined by fitting the
Vo= —47.72 MeV, R;=2.391 fm, a=0.52 fm]. The spin-  garkas factors at 10, 20, and 40 MeV/nucleon on i
orbit interaction is set to zero and the initial state [&@ave target. They provide a fair prediction for tH8%b target at
bound by 137 keV. The dynamical calculations include allogand 40 MeV/nucleon. which confirms the expeciede-
partial waves up td,.,=5, and radial wave functions are pendence.
calculated on a grid up 70 fm with a step size of 0.2 fm. In Fig. 3 we show the impact parameter dependence of

We show in Fig. 1 the Coulomb dissociation probabilities e A factors for the®eNi target. The left panela) shows the

i 8 58Ni i :

we obtain for "B on a >Ni target as a function of beam A factors we obtain when we employ the far-field approxi-
energy. Results are shown at the three impact parametegsaiion in the first-order calculation that appears in the de-
indicated in the figure. The solid circles are the results of,ominator of Eq.(3). The results are shown in increasing
dynamical calculations with théphysica) positive target  order at 5, 10, 20, and 40 MeV/nucleon. They all show a
charge, whereas the diamonds are the results we obtain fQtamatic falloff at smaller impact parameters. We saw a simi-

the (unphysical negative target charge. The two sets of re-|gr yrend for 7F in Ref.[1] and suggested that it was due to
sults do not differ much at 40 MeV/nucleon but they differ

substantially below 10 MeV/nucleon. 0.1 — : : 1 :
The solid curves in Fig. 1 are the results of first-order (@ 58y ()

perturbation theory obtained in the far-field approximation.

This is evidently a poor approximation at smaller impact D T I

parameters since it exceeds both dynamical calculations sub- - "r_,_jf-‘ﬂa

stantially. The dashed curves are the results of first-order ﬁ"“ B / T

calculations that employ the correct Coulomb form factors g

T I
208 Pb

for close and distant collisions. They are seen to be in much 0.2 L 2T .
better agreement with the average of the two sets of dynami- T owox . .« 10 °
cal calculations. Roughly speaking, and as we discuss in 03F I, L. . . 32° T -
more detail below, the difference between the full dynamical /
calculations and the correct first-order calculations is mainly 04l L L L L l I L |

10 20 30 40 10 20 30 40

caused by the dynamic polarization. b (m)

The Barkas factors extracted from dynamical calculations
with a >®Ni and a ?°%b target are shown in Figs(& and FIG. 2. Barkas factorgdefined in Eq.(1)] for B on %Ni (a)

2(b), respectively, as functions of the impact parameter. Reand 2% (b) targets are shown as functions of the impact param-
sults are shown for different beam energies, which are indieter. The beam energie& (in MeV/nucleon are indicated in the

cated by the numberén MeV/nucleon. The solid curves figure. The solid curves show the parametrization of &4.with
show the parametrizatio(?) with C=1.25,a=37 fm, and C=1.25,a=37 fm, andv=0.07.
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FIG. 3. Afactors for®B on a*Ni target are shown as functions o5
of impact parameter at the four beam energies 6510 (circles,
20 (squarey and 40 MeV/nucleon(diamonds$. The results at a | | |
given energy are connected by dashed curves. RFanghows theA 00 20 20 60 80
factors one obtains from E@3) when the first-order calculation is 8. (deg)
cm.

based on the far-field approximation. Paft®l shows theA factors
one obtains when the correct first-order calculation is employed in £, 4. Differential cross sections for thég, ’Be) reaction on
Eq. (3). a %®Ni target at 3.22 MeV/nucleon, as functions of tF@ center-

. . . . __pf-mass scattering angle. The data are from Reéf. The solid
close collisions, which are treated correctly in the dynamlcaﬁurve (a) shows the first-order Coulomb dissociation based on the

calculations but not in the first-order, far-field approximation. .. fie|qy approximation. The dashed cur(s is the correct first-
Th'_s interpretation is essentially _conflrmed in FigbB order result, based on the correct form factors for close and distant
which shows theA factors we obtain when we employ the qgyjisions. The dotted curvée) shows the dynamic Coulomb disso-
correct first-order calculation in the denominator of E8).  cjation. The dotted-dashed curvd) is the total €B,Be) cross
The reduction compared to one is now quite modeste the  section obtained in dynamical calculations that include Coulomb
different scalg¢ TheA factor at 5 MeV/nucleon has a some- fields and the nuclear proton-target interaction.

what irregular behavior as it starts to grow at the smallest
impact parameters. the result we obtain when we include the= 0 to 2 multipole

Let us now turn to the {B, ’Be) breakup reaction that components of the proton-target nuclear interaction. The lat-
was measured at very low energy, namely, at about 3.2fer calculation shows a strong effect of a destructive
MeV/nucleon on a®®Ni target [6,7). We have previously Coulomb-nuclear interference as illustrated in Fig. 2 of Ref.

shown that higher-order effects are very large at the low4]-

energy of this experimer#]. However, we did not separate  An interesting and somewhat surprising feature is that the
the effects of close collisions and dynamic polarization.effect of the destructive Coulomb-nuclear interference essen-
Moreover, we only considered the=0 to 2 multipole com- tially disappears when we include all multipole components

ponents of the proton-target nuclear interaction. It is thereof the nuclear interaction, i.eN=0 to 2,,,, wherel .

fore of interest to make a more detailed presentation. The=5 is the maximum single-particle angular momentum that

data[7] are shown in Fig. 4 as function of tf8 center-of- we consider in the calculations. Thus the diffraction disso-

mass scattering angle. The curves labeled by letters are tigéation we obtain is essentially indistinguishable from the

results of various calculations. They were obtained simply bydotted curve in Fig. 4. The only apparent effect of the nuclear

multiplying calculated probabilities with the Rutherford proton-target interaction is the contribution from stripping
cross section. reactions, which is included in the dotted-dashed cidyén

Curve (a) in Fig. 4 shows the first-order Coulomb disso- Fig. 4. The absorption due to the core-target nuclear interac-
ciation obtained in the far-field approximation. This curve istion should also set in at some point and reduce the
about 25% higher than was shown in Fig. 2 of Hdf, due  (®B, 'Be) cross section but we will not consider that issue

to a numerical error in the previous calculation. Culogis  here.

the correct first-order result which is based on the correct It is instructive to see in more detail how close collisions
Coulomb form factors for close and distant collisions. Theaffect the first-ordeE1 andE2 Coulomb dissociation. This
effect of close collisions is seen to cause a strong reductiois illustrated in Fig. 5 for the same target and beam energy as

at larger scattering angles; it sets in around 20°, which corconsidered in Fig. 4. The solid curves are the results we
responds to an impact parameter of 25 fm. obtain in the far-field approximation. The dashed curves are

The results of dynamical Coulomb dissociation calcula-based on the correct form factors for close and distant colli-
tions are shown by the dotted cur(® in Fig. 4. They are sions. TheE2 component is seen to be affected the most.
reduced compared to cur\® mainly because of the dy- This is not so surprising because the far-field form factor,
namic polarization effect, which is of the order of 3Q%f. ocr”/r;‘,;’l, with r,. the projectile-target separation, is
Fig. 2@]. The dynamic Coulomb dissociation is essentiallyweighted more strongly towards larger proton-core separa-
identical to the result we obtained previougij, and so is tions r for the quadrupole X=2) than for the dipole X
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nucleon. The absciss#* = 6, X E/(5 MeV/nucleon) is the®B
FIG. 5. Differential cross sections for the first-ordet andE2 center-of-mass scattering anglé.,, scaled by the factor
Coulomb dissociation ofB on a **Ni target at 3.22 MeV/nucleon, E/(5 MeV/nucleon). The solid curves are the first-order results ob-
as functions of the’B center-of-mass scattering angle. The solid tained in the far-field approximation. The dashed curves are the
curves show the far-field approximation. The dashed curves are theorrect first-order results. The dotted curves show the results for the
correct first-order results, based on the correct form factors for closelynamic Coulomb dissociation. The solid points are the diffraction
and distant collisions. dissociation obtained when the nuclear proton-target interaction is

) also included in the dynamical calculations.
=1) field. Thus, when the correct form factors are used for y

close collisions, namelytrgt/r“1 whenr>r ., there will ) .
be a larger effect for quadrupole than for dipole transitions€nergy dependence. The influence of close collisions, on the
This feature may be related to the empirical finding that thedther hand, appears to be rather independent of energy.
continuumE2 Strength ofSB, which is seen in Coulomb To Complete the StOfy, we have also considered the influ-
dissociation experiments, is quenched compared to mognce of the nuclear proton-target interactié including all
model predictiong9]. multipole components of the nuclear field. The results we
To summarize our results for th88— "Be+p dissocia- obtain for diffraction dissociation are shown by the solid
tion on a>®Ni target, we show in Fig. 6 the cross sections wepoints in Fig. 6(the results for stripping are not included
obtain as a function of scaled scattering anglé:=6.,, here. The reduction compared to the dotted curves, caused
X E/(5 MeV/nucleon), wherd, , is the 8B center-of-mass by a destructive Coulomb-nuclear interference, is surpris-
scattering angle an=5, 10, and 20 MeV/nucleon are the ingly small. This is consistent with the result discussed above
beam energies that are considered. The solid curves show the connection with Fig. 4, and also with the results we ob-
first-order results obtained in the far-field approximation.tained for *’F (cf. Fig. 6 of Ref.[1]). Thus we find it impor-
The dashed curves are the correct first-order results. Compagnt to include all multipole components of the nuclear inter-
ing the two sets of curves, one clearly sees the importance fction; restricting them ta =0 to 2 may cause a strong but

close collisions wherg*=13°, i.e., for impact parameter nrealistic destructive Coulomb-nuclear interference.
smaller than~25 fm. The dynamic Coulomb dissociation

cross sections are shown by the dotted curve. The reduction This work was supported by the U.S. Department of En-
compared to the dashed curves is mainly caused by the dyrgy, Nuclear Physics Division, under Contract No. W-31-
namic polarization, which has the characteristi& eam  109-ENG-38, and Grant No. DE-FG03-00-ER-41132.
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