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Description of Double Giant Dipole Resonances
within the Phonon Damping Model

In a recent Letter [1], an overall agreement with the ex-
perimental data for the excitation of the giant dipole reso-
nance (GDR) and double giant dipole resonance (DGDR)
in relativistic heavy ion collisions (RHIC) in 136Xe and
208Pb nuclei has been reported. The phenomenological
phonon damping model (PDM) has been used. The strong
(about a factor of 2) enhancement of the DGDR cross sec-
tion in 136Xe [2], apparently reproduced in the Letter, has
been a challenge for many years and in spite of several at-
tempts (see, e.g., [3,4]), it remains open. In this Comment,
we point out that the agreement with the experimental find-
ings in Ref. [1] is achieved by a wrong calculation of the
DGDR excitation mechanism.

To calculate the DGDR cross section, an expression
[Eq. (6)] is used which is similar to the photoabsorption
cross section with the GDR strength function replaced by
the one of the DGDR. Then, it is inserted in Eq. (7) which
thus describes the DGDR excitation in a direct or one-step
process [5].

An essential difference between nuclear reactions with
real and virtual (as in RHIC) photons is that multistep
processes with the sequential absorption of two (three,
etc.) virtual photons may take place in the last reaction.
Theoretically, it is described, e.g., in the second (third,
etc.) order perturbation theory [6,7]. The reduction of the
two-step process to the one-step process is not possible on
physical grounds.

Whether the DGDR is excited in RHIC in a one- or
two-step process is presently not in question. First, mi-
croscopic calculations with no free parameters indicate that
the two-step process is stronger by at least 2 orders of mag-
nitude or even more [4]. Second, it has been proved ex-
perimentally [8].

Equation (6) contains a scaling factor c�2� which deter-
mines the absolute value of the DGDR cross section. It is
computed by equating first order [Eq. (7)] and second or-
der [Eq. (8)] expressions. To equate the values, known to
be different by orders of magnitude (see above), appears
to us not correct.

In addition, we find it difficult to call “microscopic cal-
culations” the fits performed in the frame of the PDM to
obtain strength functions, as done in [1], when the strength
parameter Fph changes by 2 orders of magnitude when
contributions of higher-order processes to the damping of
the GDR are included, as in the extension of the model
in Ref. [9]. This means that the main mechanism for the
GDR and DGDR widths is missed in Ref. [1] and that
the agreement with the data is achieved by an unrealis-
tically large value of Fph. In Ref. [9] they claim that the
higher-order processes may be effectively accounted for by
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renormalization of Fph. This is not correct because the dia-
grams of high-order graphs (see Figs. 1b–1e in Ref. [9])
cannot be reduced to the diagram of the lowest-order one
(Figs. 1a) with a renormalized vertex. Again, as for the
cross section above, their “effective” treatment contradicts
the “right physical content.”

The PDM fits yield the value of Fph in the heavier
double-magic 208Pb larger than in the lighter semimagic
136Xe, while it is clear from general arguments that it
should be the opposite.

In our opinion, any conclusion drawn from those calcu-
lations about the deviation of the DGDR properties from
the harmonic limit expectations appears rather difficult to
understand.

C. A. Bertulani,1 P. F. Bortignon,2 V. Yu. Ponomarev,3,4

and V. V. Voronov3

1Brookhaven National Laboratory
Physics Department
Upton, New York 11973-5000

2Dipartimento di Fisica
Universitä di Milano
and INFN Sezione di Milano
I-20133 Milano, Italy

3Bogoliubov Laboratory of Theoretical Physics
JINR
141980 Dubna, Russia

4Institut für Kernphysik
TU-Darmstadt
D-64289 Darmstadt, Germany

Received 9 November 2000; revised manuscript received 18
April 2001; published 6 December 2001
DOI: 10.1103/PhysRevLett.87.269201
PACS numbers: 25.70.De, 24.30.Cz, 21.60.–n

[1] Nguyen Dinh Dang, Vuong Kim Au, and Akito Arima,
Phys. Rev. Lett. 85, 1827 (2000).

[2] LAND Collaboration, R. Schmidt et al., Phys. Rev. Lett.
70, 1767 (1993).

[3] T. Aumann, P. F. Bortignon, and H. Emling, Annu. Rev.
Nucl. Part. Sci. 48, 351 (1998).

[4] C. A. Bertulani and V. Yu. Ponomarev, Phys. Rep. 321, 139
(1999).

[5] The DGDR has, in fact, components with quantum num-
bers 01 and 21. Thus, to calculate the photoexcitation of
the DGDR (a process never observed because of the ex-
tremely small cross section [4]), the cross section should be
cubic on the excitation energy and not linear as in Eq. (6).

[6] A. Winther and K. Adler, Nucl. Phys. A319, 518 (1979).
[7] C. A. Bertulani and G. Baur, Phys. Rep. 163, 299 (1988).
[8] K. Boretzky et al., Phys. Lett. B 384, 30 (1996).
[9] Nguyen Dinh Dang, Kosai Tanabe, and Akito Arima, Phys.

Rev. C 58, 3374 (1998).
© 2001 The American Physical Society 269201-1


