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Transitions between complex configurations in the excitation of the double giant resonance
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The transitions between complex configurations, to which the giant dipole resoi@D&e and the double
giant dipole resonancd®GDR) doorway states are coupled, are taken into account in second order perturba-
tion theory for the reaction amplitude. It is proved that only transitions between GDR and DGDR doorway
states play an essential role in the Coulomb excitation of the DGBE556-28188)01806-9
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After the first observation of the double giant dipole reso-Ref. [6]. Although for grazing impact parameters the
nance(DGDR) in relativistic heavy ion collisiongRHIC's) coupled-channel calculation deviates on the 20% level from
[1,2] the magnitude of its excitation cross section attractedsecond-order perturbation theory, it makes only a small
special attention. This is because the first dafandicated a  change to the total cross sections. That is, for not too small
strong enhancement of the DGDR excitation'fiXe (by a  impact parameters second-order perturbation theory works
factor of 2—4 as compared to the theoretical predictionsquite well. Indeed, this has been observed recently in the
available[3,4]. Several attempts have been made to underanalysis of the experiment on DGDR excitation in lead pro-
stand the reason for this phenomerida-10]. A few years jectiles impinging on differenZ targets[11].
later a similar experiment with the excitation of the DGDR  Thus, we can use, for the excitation probability of the
in 2%%b brought other intriguing newW41] which was inter- DGDR,
preted as good agreement between experiment and theory if
some corrections to the pure harmonic picture of the DGDR p (E,, b)=
excitation were addef,7—-10,12. Unless a good systematic = PCPR=f»

El(w)
% E aO(O)Hl;(Mi)(Ei . D)
study is achieved, the question of the excitation cross section

I,Mi

el

2

of the DGDR in RHIC’s remains open. This has stimulated « g (E(~E., b)
theoretical studies on the different processes which might be 1T (Mp—[17x17 )Mt = =i '
responsible for an enhancement of the DGDR strength func- B
tion.

Recently it was argued that transitions between comple . : . . .
configurations, to which the GDR and DGDR doorway Stateé?vhere the index labels intermediate states belonging to the

El : - -
are coupled, may be responsible for the enhanced DGDRPR: andaJl(('\l/'L)l)HJz(Mz) Is the first-ordeE1 excitation am-
decay into the GDR states as compared to the GDR decaylitude for the transitionJ;(M;)—J>(My) in a collision
into the ground stat¢13]. However, it should be remem- With impact parameteln. For each state] andM denote the
bered that because of the available phase space two condetal angular momentum and the magnetic projection, re-
quenty emissions from the DGDR are not the same as thépectively.
inverse process of the DGDR excitation. The transitions be- The amplitudeajEll((,Q‘)l)_)JZ(Mz) is given by
tween the GDR and the DGDR complex configurations were

not taken into account in previous microscopic studies aJEf((hlﬂLiPJz(Mz)(E’ b)=(I:M11u|IoM5)(I,||EL|[I1)
[10,14,19. The role of these transitions for the DGDR exci-
tation in RHIC’s will be considered in the present paper. It X fe1w(E, b).

will be concluded that their role is marginal in the process
under consideration although a huge amount of Efe Itis a product of the reduced matrix eleméads||E1||J,) for
strength is hidden in the GDRDGDR transition. This the E1 transition between the statdg(M;) and J,(M,)
negative result ensures that calculations, in which only tranwhich carries nuclear structure information and the reaction
sitions between collective components of the GDR andunction fgy(,)(E, b). The latter depends on the excitation
DGDR are taken into account and which are much easier tenergy, charge of the target, and beam energy and is calcu-
carry out, require no further corrections. lated according to Ref.17]. Except for the dependence on
The main mechanism for the DGDR excitation in RHIC’s the excitation energy, it does not carry any nuclear structure
within a semiclassical approach is a two-step process g.fformation. The cross section for the DGDR is obtained
— GDR—DGDR[16]. Corrections to second-order perturba- from Eg. (1) by integration over impact parameters, starting
tion theory arising from coupled channels were studied infrom a minimal valueb,;, to infinity. This minimal value is
chosen according to Rg6]. It is worthwhile to mention that
the factorization used in Eq1) is not always valid; i.e.,
*Electronic address: viad@thsunl.jinr.ru second-order amplitudes are not always square or products of
Electronic address: bertu@if.ufrj.br first-order ones. In fact, the second-order amplitude also con-
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tains a term proportional to the principal value of an integral __ 140 . . . . .

of first-order amplitudes. However, as shown in R8l, this <

term contributes very little to the second-order amplitude and E 1201 i

has been neglected. = 1004 |
In microscopic approaches the strength of the GDR is ~

split among several one-phonor, Istates(due to Landau = 804 _

damping. The wave functiorj1_) couples to complex con-
figurations|1;) yielding the GDR width. We use the index 601 I
a for simple configurations and the indgx for complex
ones, respectively. Thus, the wave function of the 1~
state in the GDR energy region has the form 20

404 1
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1)=3 $al1)+ S MBI, @ B DieV]
FIG. 1. The energy dependence of tHEPb (6408 MeV) +
where the coefficient$°°R(a) and CEPR(B) can be ob- 208ppy reaction function calculated within first-order perturbation
tained by diagonalizing the nuclear model Hamiltonian ontheory. The square indicates the location of the GDR#®b.
the set of wave function€).

The total E1 strength of the GDR excitation from the States (after the GDR is excited from the ground state
ground state, B gpr(E1)=2[(1; ||E1]|044)|%, remains through its doorway component
practically the same as in the one-phonon random phase ap-

roximation(RPA) calculation because the direct excitation _ GDR - +

gf complex (confi)gurations from the ground state is a few A’“"_Ei 2 ST (@ e b1, ]IEL||0g,)
orders of magnitude weaker as compared to the excitation of

’
aa o

one-phonon states. However, these complex configurations X SPPR(a')SPPR(@) fea(,r)(Er—Ei, b)
play a fundamental role for the width of the GDR. o _
The wave function of the 2 component of the DGDR X([14, %1, HIEL[1,) 80, (4)

states can be written in a similar fashion:
and the second one accounts for transitions between complex
- B B configurations in the wave functions of Eq8) and (3):
20)=_ 2 SPR@|1, x1, 1o+

a={ayXay}

3 Bu=2 2 SN @)feyw(Ei, b)(1,IEL]l0g)
+ 2 SRa)[2,)+ 2 CPOPR(B)|2;). e B8
# X CEPR(B)CYPR(B" ) ter(ur)(Es—Ei, b)
()

In this equation we separated in the first term the doorway
[1-x1"] DGDR configurations from other two-phonon  The second reduced matrix element in the above equa-
configurations (second term and complex configurations tions is proportional to the reduced matrix element between
(the last term The same equation as E@®) is valid for the  the ground state and the doorway one-phonon configuration
0" DGDR stategsee Ref[7] for a discussion on the role of [7].
the 0*, 1%, and 2" DGDR states in the excitation procgss For a given impact parametetb, the function
The total E1 transition strength between the GDR and fei1(,)(E, b) can be approximated by a constant value
DGDR, 3Z;[(2*(0%){|E1||1; )|, is much larger as com- fgl(#) [16] for the relevant values of the excitation energies.
pared to that for the GDR eXCitaﬁOEiKlf||Ell|0g+_s)|2, Then the energy dependence can be taken out of summations
from the ground state. This is because the former includednd orthogonality relations between different components of
transitions not only between doorway GDR and DGDRthe GDR wave functions can be appligth]. The orthogo-
states but also between complex configurations as well. Theality relations between the wave functions imply that
enhancement factor should be the ratio between the densiy;S™" (a)C>°%(8)=0. This means that the terBy, , van-
of doorway and complex configurations in the GDR energyishes. The ternf,,,,» summed over projections and all final
region. But in the two-step excitation process the sum ovestates yields a transition probability to the DGDR,
intermediate GDR states in E¢{l) reduces the total transi- Ppgpr(E;, b), Which is proportional to B gpr(E1)|? in
tion strength for g.s-GDR—DGDR to ~2|Bgpr(E1)|>  second-order perturbation theory. This argument was the rea-
(the factor of 2 appears due to the bosonic character of theon for neglecting the ter®,, . in previous calculations of
two phonons which also holds if Landau damping is takerthe DGDR excitation in Ref§.10,14,13 where the coupling
into accounk To prove this we substitute the wave functions of doorway GDR and DGDR states to complex configura-
of the GDR and DGDR states given by E@8) and(3) in  tions was taken into account.
expression(1). We obtain two terms. The first one corre- In Fig. 1 we plot the value of ygi(E)
sponds to transitions between doorway GDR and DGDR=27[dbbS |fg,(E, b)|? as a function of energy calculated
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for the 2°%Pb (640A MeV) + 2%Pb reaction. This value cor- -
responds ter gpRr if B gpr(E1)=1. The square in this figure <=
indicates the location of the DGR #f®Pb. This figure dem- >
onstrates that the functiogg;(E) changes by 60% in the g
GDR energy region. The role of this energy dependence for —
other effects has been considered in R§s.8]. Taking into © 10
account that one-phonon,lconfigurations are fragmented
over a few MeV[15], when a sufficiently large two-phonon

basis is included in the wave function given by E2), the

role of theB,,,,, term in the excitation of the DGDR should o

be studied in more Qetan. _ o 15 20 o5 30 35
To accomplish this task we have performed first a simpli- E, [MeV]

fied calculation in which we used thieoson-typeHamil- *

tonian

FIG. 2. The cross section for the excitation of the @mponent
of the DGDR in the reactio”’®b (640A MeV) + 298, calculated
B + ~ =t @~ within second-order perturbation theory. The dashed curve shows
H—% “’aQaQa+% wEQBQB+aEB Up(QaQptH.C), the contribution of theE1 transition between doorway GDR and
’ (6) DGDR configurations only. The solid curve is a sum of the above
result and the contribution of thE1l transitions between complex

where QZ is the phonon creation operator aag, is the GDR and DGDR configurations. See the text for details.

energy of this one-phonon configuratid@}; is the operator

~ ; it +
for the creation of a complex configuration with eneigy, calculations for the excitation of the"2component of the

in 20 208 e
and U§ is the matrix element for the interaction between DGDR in ,SPb (640A MeV) + “ Pb collisions are pre-
these configurations. We have assumed that the energy dgented in F|g. 2. Fora bgtter visual appearance the results are
ference between two neighboring one-phonon configurationdvéraged with a smearing parameter equal to 1 MeV. The

ergy Aw was assumed for the complex configurations. We‘TSGDR(E)E‘TDGDR(.E)Nifé’ blA,,,./|? and the results of an-
also have used a constant valudor the matrix elements of Other one in which opgpr(E)=0opeor(E)~fdbblA,,,

the interaction. TheB opr(E1) value was distributed sym- +B,.,./|* are represented by a solid curve.

metrically over doorway one-phonon configurations. Thus, Our calculation within this simple model indicates that the
the free parameters of this model ake», A®, andU, the role of theB,,,» term in second-order perturbation theory is
number of one-phonon and complex configurations, and th8egligibly small, although the tot&d(E1) strength for tran-
distribution of the B gpr(E1) value among the doorway sitions between complex GDR and DGDR configurations,
states. The only condition we want to be satisfied is that th€onsidered separately, is more than two orders of magnitude
energy spectrum for the GDR photoexcitation be the same dgrger than the ones between doorway GDR and DGDR con-

the one known from the experiment. figurations. The valud o= (0heEr— 0heor) Thepr. Where
After all parameters are fixed we diagonalize the mOdeb’SgAJRB)=faé@D+RB)(E)dE, changes in these calculations

Hamiltonian of Eq.(6) on the set of wave functions of Ed. from 1% to 2.5%. The results practically do not depend on
(2) for the GDR and on the set of EB) for the DGDR. The  {he number of complex configurations accounted for. The
d!agonal|zat|on procedure yields mformatlo_n_on eD'ge”e”er'maximum value ofAo is achieved in a calculation with a
gies of the T GDR states and on the coefficier88°"(«) single doorway GDR staténo Landau damping This is
andCPPR(B), respectively. One also obtains information on pecause the value df is the larger in this case and the
eigenenergies of the;2or 0; DGDR states and the coeffi- fragmentation of the doorway state is stronger. Thus, in such
cientsSPCPR(@) andCPCPR(B'), respectively. With this in-  a situation, the energy dependence of the reaction amplitude
formation we are able to study the role of tBg,, term in modifies appreciably the orthogonality relations. But in gen-
the excitation of the DGDR in RHIC's. eral the effect is marginal.

The large number of free parameters allows an infinite We also performed a calculation with more realistic wave
number of suitable choices. In fact, not all of the parametergunctions for the GDR and DGDR states taken from our
are really independent. For example, the increase in the nunprevious studieg10] which were based on a microscopic
ber of simple or complex configurations goes together withquasiparticle phonon modéQPM) [18]. These wave func-
the decreasing of the value &f. This is necessary for a tions include 6 and 21 doorway states for the GDR and
correct description of the GDR photoabsorption cross sedGDR, respectively. The complex configurations are two-
tion. This makes it possible to investigate the role of thephonon states for the GDR and three-phonon states for the
B, term in different conditions of weak and strong LandauDGDR. The energies of the doorway states and complex
damping and for a different density of complex configura-configurations were obtained from RPA equations and the
tions. In our calculations we vary the number of collectivematrix elements of the interactiob,;, were calculated on a
doorway states from 1 to 7 and the number of complex conmicroscopic footing without free parameters by making use
figurations from 50 to 500. The value &f then changes of the QPM Hamiltonian and internal fermion structure of
from about 100 to 500 keV. The results of one of thesephonons. The valud o is equal in this realistic calculation
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to 0.5%. This result is not surprising because realistic calcueient to take into account only transitions between the

lations with only two-phonon complex configurations, and aground state and doorway GDR and DGDR configurations.
limited number of them, somewnhat underestimate the GDR /vy p. thanks the Instituto dé $ica of the Universidade

width which is crucial for the modification of the orthogo- Federal do Rio de Janeiro, where this research has been per-
nality relations. formed, for hospitality, the CNPq for financial support, and

In conclusion, we investigated the role of transitions be-prof. P.F. Bortignon for fruitful discussions. This work was
tween complex GDR and DGDR configurations within partially supported by the RFBRGrant No. 96-15-96729
second-order perturbation theory for the DGDR excitation inby the Heisenberg-Landau program, by the FUJB/UFRJ, and
RHIC's. We have proved that these transitions play a marby the MCT/FINEP/CNPGPRONEX (Contract No.
ginal role in the process under consideration and it is suffi41.96.0886.00
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