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ABSTRACT

WE study the quantum relativistic Coulomb excitation
:process 1nclud1ng rec01l effects in the plane wave Bern approxi-
matlon Quantum and relat1v1st1c recoil effects allow for
-relatively 1arge transverse momentuym transfers, usually

11,6)

-‘neglected This specific feature is shown to modify the

angular distribution ¢f Coulomb induced fission fragmentation
in an essential manner; In.contrast with usual treatments we

find that our results compare favaurably with recent data(7).

Tpartially supported by FINEP. CNPQ, UNESP.
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~Recent studies of relativistic’Uranium beam in

‘emulsions reveal that approximately 700 mb of the total cross

section correspdnds to the so-called clean~flésion eVents) i.e,,

(7)

events in which only two heavy fragment are observed A

natural explanatlon for these events ig thE'Coulomb'exc1tafion
of theuprajecﬁile; Recent calculatxons( ) uaing the conventional
semiclasaical theories underestimate the experimental Craoss
sectiun by a factof_of'Seven.'.However,.the most intriguing
fact with respect to this data {s the sngular distributicn,
which ekhibife'a'DEak.at zetO'degree'in'the Uranium rest frame.
This also cannot be’ reproduced by the available theurles(z)

Based on such calculatlons(a)

., it has been suggested ‘that some
new unknowh mechanism could be’responsible far the obsérved
clean Fissiun phenomena..

Tu our knowlédge, évery treatment of the Coulomb
excitation mechanlsm (quantum as well as semlclassical(1 6))
neglects recoil effects., In this letter, we derive the
reiativistic_quantum Coulomb excitation cross section including
;ecoil eFfeets. The exchange of a.virtual photon together with.
recoil effects-drastiqaiiy alter thE'clean-Fissign'angular
distribution and guantitatively modify its total cross section
s compared to those without recoil. Our result seems to'be
compa;ible with experiment.

We consider the excitation mechahism 1ndicateq'in

fig. 1, The corresponding amplitude reads
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and ju(x) is the ﬂqclear current operator, where _ F(x-—y)

is the Feynman propagator for the electromagnetic field. 1In
general it is-a rather difficult and delicate preblem to define
the nugigar state IAPR) when P, 1is rejativistie. This is
because the nucleus is an sxtended object and the relativistic
boost involves intrinsically the dynamical response of the
nuciéus. However, for the casg_of the Coulomb scattering
process, we may assume that_the momentum transfer AP = P' -F
is always oqn-reiativistic. In.such a case, from the Lorentz
invariance of the theory, we can express the current matrix
element_ip terms of well_estabxishedJnon-relativistic nuclear

_ physics terminclogy. Let A(PA)_ be'thg Lorentz transformation
matrix.frem the rest frame_af A to the system with momentum

P[-\'. .
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is the momentum transfer as seen by an observer in the rest
frame of A, With the help of the Fourler decomposition of the
Feynmah prapagator and assuming that the nuclear current is a
sum of local operators we get,'after_éeparat;ng the center of

mass coordinate
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the kets |EE) ) [Egs) correspbnd_tﬁ the intrinsic excited

and ground state of nucleus A respectively, . 5; is given by

the spatial part of eq. (3}, V is the normalization volume in

ceq. (4) .

Collecting all factors and integrating the energy
momentum conéerving §-function, we get for the Coulomh excitation
cross section in the limit of small excitation energies
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with
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and y 1is the Lorentz factor of the incident nucleus with
velocity 8.
Expression (&) is the main result of this letter.
The first thiﬁg to note is the limit of no excitation when it
becomes a simple matter to check that the ﬁutﬁerford Cross
section is recovered. It is worthwhile to discuss.at this
point.some essential differences with the semic;assical
expression for the Coulomb excitation mechanism at relativistic

energies(1’5):

&) .In the cases where excitations are important, boe -can
still recover the facteorized semiclassical expression from eq.

(6} provided
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In non-relativistic Coulomb excitation .processes

this condition is easily satisfied, .since most of the contri-
bution to the cross section will come from finite deflection
angles. However, in the relatiVistic 1imit, this will not be

the case, for
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and this is of the same order as,[g _] ., . showing thus that -
\ECy iy . :

the factorization assumption becomes a delicate matter for

these deflection angles.

©) The angilar distribution of the clean Fissicd Fragments
will be completely different from the orie obtsined neglecting’
recoil effects (&p=0): the first term on the f.h.s. af eq. (7)
involves the trénsition operator given by the Fouriér transform
of the charge density. This excites the Auclear state :|EE§:'
in the direction of En . ~Mhen §p’ is set to zero EA is

almost perpendicular td the incident beam ditection sb that




the excited state should also fission in this direction. 0On

the other hand if we include recoil effects &p~ 10 Mev the
momentum transfer for small angle scattering will be almost
parallel to .the beam direction (see Fig. 2a), yielding the
opposite result. When the mﬁmentum transfer~becomes lérge with
respect to &p, the main con;ribution will came ffom the second
term on .the ;.n.si.of eq. (7], gs_will_be shown later. 1In this
case- the, nuclear excitation is induced by thé transverse component
of the current density with respect to EA . Therefore the
poiarizaticn_iirpgrpgnﬁicglarmto fﬁn__(see Figg.zb) yleldlng
again fission fragmenté péralleb td the beam direction.,  This

explains the experimental angular dlStIibUtan(7)

c) In.the.semi?laSSical calculations; dué.tq thé=on shell.
nature of the trajectofiesrkthe'transverse-momentqm f:ansfer
(ET) isﬁalwaygﬂlimitgd'to very small values. and therefore
neglected’ In-tﬁiS“édaﬁtum'tfééthent, there is nd such a
restrictien, In particular relatively iarge {~ 200 MeV/c)‘
transverse momentum transfers can contrxbute to the abserved
clean:fzgs;on eygntsz Thls Fact invalldates the usual simple
egtima;es using;aimUltipqlehe;pansion and related sum rules,

' ‘ Ih:o;derrto COMPacre. Qur :qsuits for the total cross
'ééctfoﬁ‘to_fheroﬁe§_§§ﬁgined in_:éfils) we.consldgr small
momentum transfers (P < 60 MeV/c) where the second,term can be

safely neglected, We calculate the contributions from dipole

. g :
and quadrupole transitions using Tassie's model( ), assuming

for simplicity a spherical nucleus where the radial derivative

of the density distribution %% is approximately by a Gaussian

of width a=1fm centered at the muclear radius R. We get
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and.TL is the laboratory kinetic energy of the projectile.



The factors .B{E1) andg 8(525 appéar as a
conséquehce of the normalization of the transition densities
to the respective sum rule for low momentum transfers. The
angular integration limit is essentially conﬁected to the
maximum allowed trans;erse momentuﬁ transfer involved in the
‘process,

Bew L (e’
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The total cross section for clean fission avents in emulsion
is given by an average of equations (14} and (15) over the
various target 5uclei multiplied by a fission branching ratio
'T./T which we assume to be 0.25. In fig. 3 we plot the
calculated éotal cross section of the events in the emulsion

'as a function of P For values af P up to 60 Mev/c, the

T T

total cross section is Increased by a factor of 3 at least és
compared to the corresponging values in ref. 8. Note the
saturation of the calculated contribution at P, ~ 60 Mev/c .
Therefore aFte; this value the main contribution comes from the
second term. Ouf estimate is certainly conservative: in the
moét favourable experimental conditions, the coplanarity claimed
in the measﬁrement of thé cleén fission events cannot rule out
PT as large as several hundred MeV/c. For such high values of

Py excitation mechanisms leading to fission other than the

dgipele or quadrupole excitations should be taken into account,

L1000

as, e.qg. £he photoabsorption by a correlated neufron-protan
pair, In this region the fission branching ratic should also
be increased,

For heavy iom collisiens, it might be important to
stugdy the higher order correction in (aZTZQ). A straightforward
generalization of the usual field theoretical eikonal approximation(“}
to include nuclear excitations allows for a derivation of s
closed form expression-fur the cases when only one transition
matrix element 1s involved''2?) as illustrated in Fig. 4. This
corresponds to a DWBA type of treatment and therefore is not
expected to change the present result guantitatively. Higker
order corrections with respect to transition matrix elements
for collective modes should decrease as (%?)n, where d&p 1is
the amplitude of the collective denéity gscillation.

The mechanism proposed in tﬁis letter gives a
natural exblanation for highly asymmetric events in heavy ion
collisions, which have actdally been observed. This could occur
via the transfer of high momenta induced by the virtual photon.
ftis intéresting to note that this asymmetric events have &
close analogy with diffractive dissociation processes observed
in high energy hadron-hadron.collisions. We might therefore
classify thé highly asymmetric heavy'ion events as Coulomb
diFFractive di§$ociations. Work along these lines is in

progress.
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FIGURE

CAPTIONS

Fig, 1

Fig. 2
Fig. 3
Fig. &

Feynman dlagram for the First order relativistic

Coulgmb escitation,

Schematic illustration of the momentum transfer
direction. a) The case '§p 2 PT . b) The case
ip <« PT.

Total cross section for clean fissign events in
nuclear emulsicn plates due to Coulomb excitation,

Pr ~is the maximum value for the transverse momentum
max

transfer,

Higher order elastic correction, where the nuclear

excltation takes place st only one of the vertices.
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