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Dependence of the Giant Dipoie Strength Function on Excitation Energy
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L G. Moretto, F.S. Stephens, R.M. Diamond, and R.J. McDonald

Nuclear Sc1ence DiViSion
Lawrence Berkeley Laboratory
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Absfract

Spectra of y rays associated with deep-inelastic products from the

136Xe + 181Ta reaction have been measured. The yield of |

10-20 MeV y rays initiaiiy increases rapidly with the;excitationvenergy of the
products and then more slowly for.excitation energies in excess of 120 MeV.
Statistical-model céicuiations u$ing ground state values of the giant dipole
strength function fail to reproduce. the snape of the measured i-ray spectra.

This suggests a dependence of the giant dipole strength function on excitation

energy.
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Even at excitation energies in exﬁess of the particle binding energies,
gamma-ray emission will compete with particle emission. For gamma-ray
energies EY < 25 MeV, absorption is mainly £E1. Therefore, if one assumes
that the emiésion‘and absorption strength functions are equal, y rays emitted

in this energy region can be used to study the El Giant Dipole Resonances

e

(GDR) built on excited s-tates1 as wé]] as the dependence of the Giant Dipole.
Strength function on excitation energy.

Recent studies2 along these lines have shown that the y-ray spectra
from the de-e*citatioh of compound nuclei with excitation energies E* of ~50
MeV could be reproduced by statistical model calculations using a Lorentzian
strength function with the ground stéte GDR parameters. Studies of this type
rely on a comparison of the experimental y—ray-spectra to those of the
statistical mode],rwhich in a simplified form is‘presented below.

The yield per MeV of gamma rays3 of energy EY-from a tompound nucleus

at excitation energy E* is

(E*) _ p(E*) /(E*) .
YE) =TT E) STy , (1)
where
2
2E -
(E*) - 1 Y *
. r Y (EY) = 21!D(E*) n(ch)z OY(EY) P (E EY) . (2)
If the total width I is approximated by the neutron width T , then .
' 2 | '
(E*) _ (E%) _ 1 aM T .
Iym ~ =T, = Z70(E%) 12 op p (E* - Bp) (3) "

In this expression Bn’ M, and T are the neutron binding energy, neutron

mass, and the nuclear temperature, respectively. Employing the logarithmic
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-expansiori‘4 of the level densities p(x) and neglecting terms of second order

and higher, Eq. (1) becomes

' E B - T
Y(E*)(E ) . EYGY( ) e( n Ey)/ o _ (@)
Y ZCZTZM g ' '
, nn
The neutron absorption cross section % is at a neutron energy of ~T, and
the photon absorption cross section OY(EY) can be written as
v = LE f(E '
0 (E) = LE F(E) o (5)

where £ is the'ihtegrated cross section for El absorption3.' The ground-state

" (g.s.) strength function £f(Ey) for the GDR is well reproduced by a

~ Lorentzian form with

€ ) FG EY
f(E ) = (6)
Y =2 242 2.2 °
where EG and FG are the'resonance energy and width, respectively. The
*
y-ray yield for a given £ in this simplified statistical model becomes
E3 (B-E )/T r_E
Y(E*) E « X n vy Gy 7
vy G G

The objective of the present study is to obtain iﬁfprmation on the energy
(temperature) dependence of the El strengthffunction by comparing the yie]d of
8 to 20 MeV y-rays to statistical model predictions. To obtain é large range
of excitation energies, we employed the deep-inelastic (DI) reaction

136 181

1150 MeV Xe + Ta. In this letter we present the firs{ experimental

evidence for the dependence of the shape of the GDR strength function on fhe

~excitation energy.
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The Xe-like fragments were detected at 29", near the classical grazing
angle, so that a large Q-value range could be studied in a single measgrehent
(Fig. 1),' in order to improve statistics,keight solid state detectors

'-(dQ = 6.4 msr/detector) were located in a ring centered around the beam axis.

~

The reaction products are concentrated near the projectile and target

masses5 and the tafget—1ike’fragments tend to recoil to angles much larger

G

than 29° and therefore are usually not detected. . Thus, no-Z or A
~ identification was deemed necessary to reconstruct the twofbod§ikinematics.
The energy calibration of the heavy-ion detectors was obtained by elastic

136 197

scattering of Xe from a th]n Au target at severa1 bombard1ng :

. energies. Gamma rays were detected in seven 12. 7 X 15 2 cm2 NaI(Tl)
detectors located 50 cm from the target. ij were_1n'the horizontal p1ane at‘
| x90°, +120°, and *150° from the_beam, and ode‘was qbove‘the target.(Fig. 1).‘
A 3.2-mm Pb ébsorber in front of each Nal attenuated the intensedbackground of
_Jow-energy gamma rays. The Nal reSbonse function-was measured in a separate
experiment usfng the 4.43 MeV and 11.68 MeV y rays’from the reaction
1lB(p,y)12

y rays by time of flight. However, the;enefgy region of the y-ray spectrum

C. For EY > 10 MeV, neutrons were completely separated from

less than 10 Mev may have a neutron contamination of up to 25% because of
i bodfer:timing andfthe larger number of neutrons. | ;
| Scaled- down part1c1e s1ngles and part1c1e y-ray co1nc1dences were.
recorded on magnetic tape, event by event. In Fig. 1 the energy spectrum of N
the Xe-like fragments and the five Q-value btns used in'the analysis afev _ (;
shown The.mean'excitatioh energtes correspodding to'bins 1-5-are 34, 80,
119 159, and 1§9 MeV,,rESbectiVe1y. These values were inferred from the
energy of the Xe-like fragments by uéing two-body kinematics and correcting

for the evaporated mass. We estimate that the uncertainty in this calculation
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due to both the large solid angle of the heavy ion detectors and the
uncertainty in the detected fragment's mass is <*6%.

In Fig. 2 are éhown the y-ray spectra associated with the five Q-value
bins, corrected for the average Doppler shifts. A1l spectra are approximately
exponential for EY < 9 MeV, and above 10 MeV they increase significant1y
above the éxponential_]ine. As the excitation energy E* increases, the yield
of 10-20 MéV y rays rises rapidly, indicating that y-ray deéay is competing
more successfu]]ylwith particle emission. At the highest studied values of
E*, the high-energy y-ray yield tends towards saturation. This last result is
in qualitative agreement with Eq. (7). |

In order to obtain more quantitative predictions, calculations were

6

performed with the code GROGIZ-for de-excitation of a symmetric prodUct,

158Gd. (Oniy small changes in the total y-ray spectrum result when

136

calculations are made separately for the actual mean products Xe and

181Ta, assumed to be formed at equal temperatures.) The fragment spins were
deduced from-y—ray multiplicities of similar systems7 by scaling with ratibs
of the grazing angular momenta. waever, the calculations were not very
sensitive to thése spins.v It was assumed at each step in the_de;excitation
caséade that the small charged-particle decay branches produced the same y-ray
spectrum as thé neutron bfanch. ‘

To facilitate interpretation of the measured y-ray.spectra, several sets
of calculations were done. The first set.used a constant El1 strength function

(no GDR). Set II employed the g.s. values of thé resonance energy (14.6 MeV)

and width (6.5 Mev); In Set III the width was increased linearly from 1.0 to

1.5 times the g.s. value, as E* increased from 34 to 199 MeV. . In‘Set-IV the

width was increased as in Set III, and the resonance energy of the GDR was

decreased linearly from 1.0 to 0.66 times the g.s. value as E* increased from
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34 to 199 Mevj vA11~thé-ca1cu1ated spectra'were.fo]déd with the Nal response.
function. |
In Fig. 3-these-ca1cu1ated y-ray spectra are shown for all but the lowest
excitation enérgy bin; which wés*oﬁjtted-due to the<]arge percentage variation

of the excitation energy across this bin. At all excitation energies, the

[

iCa1cu1ation with a conStanf.strength fUnction'(Setsl) substantially
undereétimatéé theldata,veven though this ca1cu1atidn'was.ﬁorma1ized by

' assfghihg radiativé widths that are a factor of ~3'1$rger than the Vaiues
found: in (n ,y) experwments with slow neutrons. ForvsetvaI—IV, the
normalization was ca]cu]ated from the El sum rule. - The calculations employing
the g.s. values 'of the GDR (Set II) give a much better representation of.the
data than does Set-i, although they overestimate the 15-MeV y-ray yield at the
_ highestﬂextitation energiesQ Better agreement withfthe 15-MeV y-ray.region'is
~ obtained by increasing the resonance width (Set IiI), but the best overall '
._agreemeht is obtained when the peak }esonance energy 1s‘also decreased (Set:
IV); (Calculations were ‘also made for bin 5 using a resonance energy of 14.6
MeV and~widths‘of-15-and 25 MeV; however, these calculations do not reproduce
the data as well -as the calculation where the peak energy ispdécreased (Set:
:iV). The calculation. with a 15 MeV width crossed the data at 15 MeV,
underestimating thé yield at 9 MeV by a factor of 2.7 and overestimating the

y1e1d at 20-MeV by a factor of 1.7. The spectrum ca1cu1ated us1ng a 25 MeV

4

"w1dth was worse, be1ng similar in shape to the calculation. of Set I for 9 <

E_ < 19 MeV but increased by a factor of 1.6.) -~ v
The infekfpd increasg in the resonance widthvmight be‘trivially ascribed

to the increasing width of thé product mass distribution with increasing E*,

-1/3

This explanation does not seem 11ke1yvbecause of the weak A dependence

of the g.s. resonance energy. An alternate explanation is that in DI
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reactions the second moments8 of the fragment spin distributions can be
quite Targe even at a fixed Q-value. This large range of angular momenta
might lead to a variety of shapes, which would result in different values of
the resonance energy and thus effectively broaden the resonance. A similar
broadening occurs in rare-earth nuclei, where the apparent width is nearly
twice that of a spherical nuc]eusg. An additional possibility is that the
resonance width might increase with E* due to an increase in the rate of

dissipation of the collective state into the multitude of n-particle n-hole

~states available at high excitation energies.

It is interesting to see whether a possible reduction of the resonance
energy with excitation is indicated in simple theory. The energy hw of the

3V]

_ 1/2
. . 10
dipole mode can be approximated™ as w = [%0 + Zﬁ2F7§;] . where V1

is the symmetry potential, <r2> is the mean squared radius, and hwo is
-1/3

approximately 41 A near the Fermi surface. ‘There are, three quantities

in the expression for w that could depend on the excitationlenergy Ex: (1)
For a harmonic oscillator hwo is independent of E*, but a more realistic |
well broadens at the top, so the effective hwo might be reduced for large

Ex. (2) The symmetry potential measures the effect of the neutron-proton
interaction as a restoring force for the GDR oscillation. Since the
participating particles are spread over more shells at high excitation
energies, the neutron-proton overlap will decrease and V1 should also
decrease. (3) Although one does not expect a large change in <r2> with E*,
it should increase due to the particles in higher shells. These effects all
decrease the resonance energy of a GDR built on a highly excited state. This
agrees with the tentative conclusion from our experimental results. However,

a quantitative theoretical analysis is beyond the scope of the present paper.
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In summary, the yier of 10-20 MeV y rays increases with the excitation
energy of the deep-inelastic products and tends towards saturation at the
highest excitation energies. A comparison of the y-ray spectra with
statistical model calculations indicates that a constant strength function is
unsatisfactory and a peaked strength function is needed. Although
calculations using the ground-state values of the giant dipole resonance
energy and width reproduce the y-ray spectra at low excitation energiesz, at
high excitation energies better agreement is obtained with a smaller resonance
energy and an increased width. _

This work was supported by the Director, Office of Energy Research,
Division of Nuclear Physics of the Office of High Energy and Nuclear Physics
of the U.S. Départment of Energy under Contract DE-AC03-76SF00098.
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Figure Captions

Fig. 1.

Fig. 2.

Fig. 3.

Summed laboratory energy spectrum for Xe-like fragments detected at
29° in the eight silicon detectors. A schematic view of the
experimental apparatus is shown in the inset. |

Gamma-ray pulse height spectra (combined for all seven Nals)
associated with the five Q-value bins indicated in Fig. 1.
Experimental (symbols) and calculated (curves) y-ray pulse height
spectra associated with DI products having mean excitation energies
of 80 MeV, 119 MeV, 159 MeV, and 199 MeV for bin 2 through bin 5,
respectively. The y-ray spectra héve been calculated for different
widths and resonance energies of the giant dipole strength function
(see text) and have been folded with the measured Nal response

function,
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“Figure 2
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