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Time scales of multiple giant dipole resonance excitation and decay
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The effect of particle emission of the intermediate giant dipole resonance on the excitation of the double
giant dipole resonance in heavy ion reactions is calculated. General assessment of the time scales involved in
such excitation and subsequent decay is given. Both the direct as well as the nondirect, Brink-Axel, paths are
considered[S0556-28189)50405-9
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We have recently suggestgt-6] that a sizable contribu- In Fig. 1, we compare the decay and collision times for
tion to the double giant dipole resonan@GDR) cross sec- the case of%Pb+2%Pb, as a function of the incident energy
tion can arise from the fluctuating, complex backgroundper nucleon, using a value of 15 fm for the impact parameter
states occupied due to the damping of the single giant dipolp. We see that at about 150 MeV per nucleon, the collision
resonancéGDR). This will occur when the collision time is  time is equal to the decay time. At this energy, excitation of
sufficiently long to permit the excitation of a Brink-AxEI]  the DGDR is enhanced by about 50% due to the hot GDR
single giant dipole resonance on top of the complex backaycitation. At lower energies, the enhancement is even
ground. Accordingly, the cross section in the DGDR regionjgrger. As the collision time decreases slowly with the inci-
is composed of the usual coherent component, POSSeSSiNgy@ant energy, it remains important over a fairly wide energy
Breit-Wigner energy profile pe_aked EbGDR with a width range, falling to 10% at about 800 MeV per nucleon.
T'ogor=2I'cpr, and a fluctuating Brink-Axel component, As the hot GDR excitation mechanism proposed in Refs.

which also peaks aEpgpg but has a width of'g_a _ L .
~T oog. The integrated cross section is predicted to be enLl 6] does not depend on the peculiarities of the excited

hanced with respect to the harmonic va[éd o" b nucleus, we expect it to be common to all elements in the
P 9pcoR: PY periodic table. We can then ask how the energy range in

T bGDR 1 F%SDR which it is important varies with the mass of the projectile
=———=|1+- f(E)}, (1)  being excited. To estimate this, we compare the collision and
ODGDR 2 'gpr GDR decay times and calculate the value of the projectile

energy for which the two are equal. As we have noted above,
Jbe DGDR enhancement for the case’®Pb is about 50%
when the decay time and collision time are equal.

where the functionf(E) is large at low energieg€ and
gradually drops to zero as the energy increases. Sin

I'spe/Tepr=~1 for heavy nuclei, such a®%b, we predict ; . .
cor'I'eor y P To obtain a general estimate, we use a global systematic

that the enhancemeetfor such nuclei can attain large val- . - Z 0215
ues at low bombarding energies, in agreement with experif-0r the GDR energy and tota_l width,q=43.4A . MeV
and I'y=0.3¢4 [9], to approximate the decay time ag

mental findings. o 7
The purpose of this Rapid Communication is to give es—;)ggdt'o\g/;iriig%i 2oﬁirsoijoer$ttlilr?1e0;smag§) incident on

timates of the time scales and relative importance of the vari-
ous processes involved in the excitation and decay of the

DGDR. We begin with the most basic of these. 25 —— T

The excitation of a second GDR after the decay of a first L 1
will be possible only if the decay occurs before the collision 20 1
has ended. We can thus obtain an estimate of the relevance . Te=h/Ty |
of the Brink-Axel excitation mechanism by comparing the 2" 150
Coulomb collision time to the giant dipole resonance decay .
time. The decay time can be estimatedrgs #/T"}, where \aJ
'} is the giant resonance spreading width. E8iPb, we - 101
approximate this by the total GDR width df;=~4 MeV,
which vyields 7y~16x 10 2%s. We estimate the collision 5r il
time using the schematic time dependence of the Coulomb
interaction of Ref[8], Poo""300  B00 700 900

Vg Ep/Ap (MeV)
V= 1+ (yvt/b)?’ 2 FIG. 1. Collision timer, (solid line) and GDR decay time
(dashed lingfor the systent%Pb+2%Pb at an impact parameter of

which furnishes a collision time of the order ef~b/yv. b=15fm as a function of the projectile energy per nucleon.
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40— —T— cross section for absorption of nucleons of typéy the
- ] nucleus Z—z,,A—1), which we estimate in terms of the
o 220r geometrical cross section and the Coulomb barrier as
1]
=
| o (€)=~ wRZ( 1- \2) B(e,—Ve), (@)
4 14
s 180F . . .
5] where 6 is the Heaviside step function.
160k The last factor in the expression for the differential escape
width is the ratio of the final to initial state densities. We
o estimate these using the Williams densifi&g],
0 50 100 150 200 250
Ap o(p=0h=1E~-S,~€,)=9g0(E-S,~¢,),
FIG. 2. Energy per nucleon at which the collision time and giant w(p=1h=1FE)= gZE 6(E), (5)

dipole resonance decay time of a projectile in a collision ¥ifRb
are approximately equal, as a function of the mass number of thevhereg is the single-particle density of states at the Fermi

projectile. energy, which can be related to the usual level density pa-
rametera asg=6a/7>.
b ro(Ay*+208%) Substituting, and neglecting th® dependence of the re-
=0 ~ - ro=1.23 fm. duced mass, we can rewrite the differential emission width as
T z, 1-z, _
Equating the two expressions yields the curve of Fig. 2. drdV(E'Ev):iszsz(E) (1—5) (GV—VCV)
From the figure, we conclude that the energy range in which de, 3h A A ak

the fluctuation contribution to the DGDR excitation is impor-

. o X -V E-S,— 6
tant grows slightly larger as the projectile mass decreases but B(€,= Vo) 6( v )y ®
regllains of the same order of magnitude throughout the masghich we may integrate immediately, to obtain
table.

However, collective excitation of GDR phonons and their T _ ,(Z Zv Z\1"%(E-S,—V,,)?
decay to a statistical background of excited states are not thd a(E)= gzzMvaR*| 2] |1-%]  —————.
only processes that occur in these collisions. As is well
known, an excited nucleus eventually decays by emitting _ . _
particles and/or photons. Such an emission can occur directiWVe approximate the giant resonance escape width as the sum
from the the GDR or, more commonly, from the equilibratedof the contributions of neutron and proton emission,
background of statistical states. Particle emission affects the

di_stribution of occupations and may mod_ify the r_ela'give con- FL“iszTfRzi E (Eq—S,— Vo) 20(E4—S,— V)
tributions of the coherent and fluctuating excitation pro- 6% aEq[ | A poe poe
cesses. We thus wish to estimate the relative importance of 7

these emission processes. We first estimate the contribution 4 (1_ _)(Ed_sn)z}a (8)
of direct emission from the GDR. We then estimate the con- A

tribution of emission from the background of statistical "
states. where we have evaluated the energy of the emitting nucleus

- ; : : t the resonance energy.
To estimate the escape Wldﬂﬂ of the giant dipole reso- a . .
nance, we model the resonance as a one-particle, one-hole We have evaluated the expression for the escape With

state and assume that its decay occurs by pre-equilibriuilond the stability valley of the mass table, using values for
nucleon emission. Expressions for differential pre_the separation energies taken from liquid drop systematics,

equilibrium emission rates, based on detailed balance consid?® GPR resonance parameter systematics of[Rgand the

erations, were deduced long ag®0,11]. For the case of Coulomb barrier parametrization of R¢i3],

nucleon emission, the expression for the differential emis- 1.44.7
. p t

sion width takes the form =
Ve LOAATT AT +2.72 MeV.
drj, 2 Z\% - N .
(E,e,)= —WMVGVO‘V(GV) — Our results are shown in Fig. 3, in which we plot the ratio of
de, m A the escape width to the total widEH/T 4 as a function of the
Z\1" % o(p=0h=1E-S,—¢,) mass humber. This ratio is just the branching ratio for direct
X|1—— —— particle emission from the GDR. We see from the figure that,
A w(p=1h=1F)

for low values of the mass, the branching ratio drops rapidly
(3 as the mass increases. For values of the mass abeB0,
the branching ratio is below 3%, where it remains for all
wherez, and €, are the charge and energy of the emittedhigher values of the mass.
nucleon, whileA, Z, andE are the mass number, charge, The GDR can also decay through direct or semidirect
and energy of the emitting nucleus. The factg(e,) is the  photon emission. The branching ratios for these processes,
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FIG. 3. Ratio of the direct escape width to the total giant dipole  FIG. 4. Ratio of the compound nucleus escape width to the total
resonance width as a function of the mass number of the nucleusgiant dipole resonance width as a function of the mass number of
the nucleus.
however, are much smaller than that of direct particle emis-

sion. We can thus conclude that the total branching ratio for

escape is never more than a few percent of the total, exce@f‘dth’ for the I|ghte_st nuclei shownA~16), and that it
in the case of extremely light nuclei, and that it has little ecreases exponentially for larger values of the mass, reach-

effect on the relative contributions of the DGDR and the hotizrgg a value of about 10’ of the GDR width in the case of
GDR to two phonon excitations of the nucleus. ®Db. We thus conclude that this decay process also has
The decay of the statistical background states may alsbitle effect on our estimate of hot GDR excitation.
have an effect on our estimate of the importance of the hot [N summary, we have evaluated the characteristic time
GDR, by allowing the states on which it is to be excited toscales of the processes which contribute to giant dipole reso-
decay before the excitation occurs. To evaluate the imporance excitation and decay. We have found that both coher-
tance of this process, we estimate the compound nuclewnt and fluctuating contributions to the multiple phonon

decay width using a phenomenological expression, cross sections can be important. The latter arise through the
Brink-Axel mechanism, in which a GDR resonance is ex-
I'cn(E)~14 exg —4.69VA/E) MeV. (9)  cited on the statistical background of excited states populated

o through the decay of a previous GDR phonon. We have
In principal, we should compare the compound nucleus deg,nq that photon and particle emission make corrections to
cay time 7¢q=#/T'¢, with the collision timer, in order 10 hege processes on the order of only a few percent, except in
evaluate the importance of the decay process relative to thga case of very light nuclei. With the exception of these
characteristic time available for the collective excitation.cases' particle emission can thus normally be neglected in
However, as the collision time is energy dependent and age gevelopment of the GDR excitation and decay process.
we have seen that it is of about the same order of magnitudgys goes not say that the excited nucleus does not decay by
as the GDR decay timey=#/1"q, we will instead compare ,hot0n and/or particle emission, for this it does. However,
the compound nucleus decay time to the GDR decay time byis decay usually occurs long after the GDR has been ex-

comparing the corresponding widths. We do this in Fig. 4, ingjteq and then decayed to the statistical background states.
which we plot the ratid".,(E4)/T"4 @s a function of the mass

number. We observe that the value of the compound decay This work was supported in part by FAPESP and by the
width is on the order of a few percent of that of the GDR CNPq.
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