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Probing the quantum-mechanical equivalent-photon spectrum for electromagnetic dissociation
of relativistic uranium projectiles
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Electromagnetic fission cross sections for the reactiors Be, C, Al, Cu, In, Au, U atE/A = 0.6 and 1.0
GeV are compared to theoretical calculations using recently proposed quantum-mechanical equivalent-photon
spectra. In contrast to semiclassical calculations, systematically lower cross sections are obtained that cannot
reproduce the experimental results. Since electromagnetic fission cross sections are virtually independent of the
excitation of the double giant dipole resonafib&DR), this conclusion is not influenced by the strength of the
DGDR. [S0556-28187)00108-9

PACS numbgs): 25.75—q, 25.85.Ge, 27.96-b

The availability of relativistic heavy-ion beams has en-whereo, is the photodissociation cross section arfa) is
abled systematic studies of electromagnetic excitation prothe intensity of photons with energy. The indicesE1 and
cesses in nucldil]. Generally, the electromagnetic interac- E2 indicate the multipolarities. While most semiclassical
tion between the projectile and the target nuclei is describegdalculations make use of a cutoff parametey, in coordi-
by the exchange of virtual photons. Due to the almost quanate space to account for electromagnetic contributions only,

dratic dependence on the charge of the reaction partner aRfe quantum-mechanical description introduces a cutoff pa-
due to the fast time variation of the Lorentz-contracted elec;gmeter in momentum spafas):

tromagnetic field, electromagnetic cross sections are rather

large for relativistic heavy-ion collisions; projectile energies _ _ 13, A3 13, A-13 -1
N o =1bnin=11.34 As"+ A7 —0.75 A, "+ A

of ~1 GeVinucleon allow for an effective excitation of the ma Porin={1.34 Ap ™+ AT 0.75Ap T OB (’2)

giant resonanced0-30 Me\j. When the nucleus is excited

above its particle emission threshold or, in the case of fisg o0 a  andA; are the mass numbers of the projectile and

sion, above its fission threshold, it may then dissociate A roet. res ectively28]. It has been shown that the used

cording to the appropriate branching ratio. Experimentally, get, respe : L

parametrization ob,,;, allows for a good description of the

various decay branches have been investigated, such as . :
rays, neutron emission, and fission, see, e.g., Refs2q. total nuclear reaction cross sectifzf]. _
Almost exclusively, all the experimental data have been [N this paper, we will not discuss the quantum-mechanical
compared with calculations using the semiclassicaPNSatzper sewhich has been presented in RE25]; this
Weizszker-Williams method of virtual photon§21-24  issue will be addressed elsewh¢B®]. However, we shall
which has been shown to lead to an appropriate descriptioAPPly the given quantum-mechanical virtual photon spectra
of the proces$24]. to calculate electromagnetic dissociation cross sections of
Recently, Benesh, Hayes, and Friar have presented nef@lativistic heavy-ion collisions. Comparisons between these
quantum-mechanical descriptions of the equivalent-photo@lculations and semiclassical calculations on one hand and
spectra for electromagnetic heavy-ion collisidi5]. This experlmental' results on the other hand. WI|! bg discussed.
work has extended previous studjé$,27 by examining the ~_In @ previous work, electromagnetic fissi¢BMF) of
sensitivity on nuclear structure inputs. Electromagnetic exci- U projectiles has been experimentally studjdd] using
tation cross sections are calculated using the first Born aghe ALADIN spectrometer at the heavy-ion synchrotron at
proximation. Finally, a model is presented that gives simplé>S!, Darmstadt. Seven different targ¢Be, C, Al, Cu, In,
quantum-mechanical expressions for tigl and E2  Au, and U have been bombarded at 0.6 and 1.0 GeV/
equivalent-photon spectrum which can be used with mealucleon. Experlmer!tal details on the m_easurements and the
sured photoabsorption cross sections in exactly the same w&@tup can be found in Refsl7,31,33. In Fig. 1, the deduced
as the usual semiclassical expression. glectromagneUc fission cross sections are shown as a f_unc-
Electromagnetic dissociatioEMD) cross sections for a tion of the charge number of the target for both bombarding

specific decay channar can—generally—be expressed by €nergies. _ _ _
For comparison, both the semiclassical, based on the

W E1 E2 Weizszker-Williams method, and the quantum-mechanical
‘TEMDZI [o5wn™(0)+ 0, yn™(w)]do, @ calculations have been performed in the same fashion using
Eqg. (1): the same code has been used albeit with different
equivalent photon spectra. The use of parametrizations of the
*Electronic address: TRubehn@Ibl.gov photodissociation cross sections, iy [33], the fission
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T ' ] double giant dipole resonan¢®GDR) is to a large extent
2000 |- * Experiment i compensated by the redistribution of cross section from one-
| - Semiclassicdl photon to that of two-photon procesdds]. Therefore, the
1500 | — Quantum—mechanical o results of the calculations are almost mdependen't of the
-7 + strength of the DGDR as long as EMF cross sections are
discussed. The comparison of calculated EMF cross sections
] with experimental data is thugrtually independenof the
1 excitation of the DGDR. This holds, in particular, for the
s present comparison using the quantum-mechanical photon
spectra presented in R¢R5] which — in contrast to semi-
classical photon spectra — fail to describe the experimental
results.

While the electromagnetic fission cross sections alone are
not sufficient to draw conclusions on the strength of the
DGDR, other features of EMF data provide evidence for it:
7 The asymmetry of the fission fragment charge distribution is
known to be very sensitive to the excitation energy distribu-
- tion. The asymmetry is usually expressed by the peak-to-
valley ratio of the double humped charge distribution. In two
independent experiments, a peak-to-valley ratio of=26
and 7.1-1.0, respectively, has been foupti7,19. Calcula-

0 1000 AMeV tions show that the excitation of the single phonon states
— L alone would result in a significantly higher peak-to-valley
0 20 40 60 80 100 ratio of 16+ 3, while calculations which account for the ex-
ZTcrget citation of the DGDR can reproduce the experimental find-
ings. Therefore, the low peak-to-valley ratio has been inter-
238 1 (Be, C, Al Cu, In, Au, U at E/A — 600 and 1000 MeV f)reted as a clear evidence of the DGDR excitation. This
(from Ref.[17]). For comparison, theoretical results are shown us_conclusmn Is also Supporte_d b_y the measure_me_nt of the pro-
ing both the semiclassicatlotted ling [17] and the quantum me- ton odd-even effect of the_ TISSIOn fragment dls.mbUt[aﬁ]'
chanical descriptionéull line) [25] of the photon spectra. We .note that these quantities are completely independent of
the integrated EMF cross sections.
probability and the cutoff parameter where nuclear interac- For the electromagnetic one-neutron removal channel
tions become dominaf28] has already been discussed pre-[5-8,10—12it is also not possible to draw firm conclusions
viously [17]. about the excitation and the strength of the DGDR from

While the semiclassical calculations can well reproducecross sections only: It has been shown previously that the
the experimental data, the quantum-mechanical calculationkn cross sections calculated using multiphonon excitations
give significantly lower cross sections. This is due to a re-of the GDR differ by only~10% from simple calculations
duced photon flux in the quantum-mechanical descriptionbased upon the excitation of the one-phonon state [drily/
Note that this discrepancy is larger than the uncertaintie®ue to the known uncertainties in the calculations the inter-
connected with the choice of the cutoff parameter or thepretation of the data is not unambiguous. Therefore, Aumann
resonance parametgisee, e.g., Ref$§17,18): the use of the et al. have studied electromagnetic dissociation by measur-
Kox parametrizatioi34] results even in lower cross sections ing 1n—5n neutron removal cross sections for various reac-
(~15%), whereas the use of photodissociation cross sectionsons [10,12. The 2n, 3n, 4n, and 5 removal cross sec-
of Ref.[35], known to be systematically higt86—39, will tions reflect the contributions with increasingly higher
lead to about 15% higher cross sections but still to an undeexcitation energies. It has been shown that these data cannot
prediction of the order of 15%. The experimental data carbe understood without the excitation of the DGDR which
only be reproduced by the quantum-mechanical calculationaccounts for the largest fraction of the cross section in the
if the cutoff parameter in momentum spagg,is artificially ~ 2n,3n, ..., channels[10,12. These measurements and
increased by 30%. For the reactiéffu + 2%, this results  other evidence for the DGDIR—4,2Q contradict the con-
in a value ofb,;, = 12.5 fm compared tb,,;, = 16.3 fm  cluding statement of Benesh, Hayes, and Ff28] saying
from Eq. (2). This value seems too small to be associatedhat the quantum-mechanical photon spectra leave little room
with a total absorption radius and is not in agreement withfor multiphoton mechanisnts.
recent investigations of the total reaction cross sectieas, In conclusion, we have applied the quantum-mechanical
e.g., Ref[29]). While the equivalence between the sharp andequivalent photon spectra presented in R2E] in order to
smooth cutofb,,;, has been shown to be valid in coordinate calculate EMF cross sections. The comparison with experi-
spacq11], it seems to be invalid for a cutoff,,,,= 1/bmin in
momentum spacf30].

The calculations predict nearly the same cross sections for'we note that in Ref[25] the expression “multiphoton mecha-
electromagnetic fission, whether or not the possibility ofnisms” is used when referring to multiphonon excitations. The two
two phonon excitation is included. This is due to the factexpressions are equivalent only in the linear harmonic case which is
that the higher fission probability in the energy regime of thecommonly used. For details, see Regf0].
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FIG. 1. Electromagnetic fission cross sections for the reaction



56 BRIEF REPORTS 1167

mental electromagnetic fission data shows that, due to thsion is independent of the strength of the DGDR since the
significantly lower photon flux of the quantum-mechanicalhigher fission probability compensates the effect of the redis-
description, the experimental EMF cross sections are undeftibution of the cross sections.

predicted by about 30%. Since uncertainties in the parametri- This work was supported by the Director, Office of En-

zations are sign'ificantly smaller, we conclude. that theergy Research, Office of High Energy and Nuclear Physics,
quantum-mechanical photon spectrum presented in[R8f.  Nuclear Physics Division of the U.S. Department of Energy,
is not able to describe the experimental results. This conclwtunder Contract No. DE-AC03-76SF00098.
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