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Photoexcitation mechanisms investigated through the fission channel
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An approach for the delineation of the compound nucleus excitation energy, from the photofission cross
section at intermediate energies, is worked out. An applicatioh®¥, Au, and Ta is presented. The potential
of this formalism, for the study of pion properties inside the nuclear medium, is discussed.
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Pion propagation in nuclear matter is a key issue in pion
physics, and the available information so far obtained has ‘Ty,f(w):(Azz) (A, Ze By - Pi(Ac,Zo By, (D)
come mostly from pion absorptions studigly. However, e

pions interact so strongly that whatever process they induc@here s is the cross section for the formation of the com-
is IIker to Originate in nucleons in the IOW'denSity nuclear pound nucleus /(\C,ZC)1 F)f is its fission probabmty, and
surface. On the other hand, since nuclear matter is very trangs —g (o).

parent to photons, pion photoproduction would occur, in “|n the photon energy range pertinent to this paper, the
would allow the study of pions behavior in thense portion  nonte Carlo calculations that, fore~200 MeV,

of the nuclear medium, too. In this report we propose a NeWA —A_15 and thaZ.=7—0.5. where A,2) is the target
formalism for the analysis and interpretation of phOtO”“CIeahjcleus[S]. Thus, we can simpiify our ap'proach by assum-

reaction through the fission decay channel, as an alternativg, hat only one compound nucleus is formed: the mean
for the study of pion-nucleus interaction. This formalism was, - oound nucleusRZ_) with a mean excitation ener
applied in the interpretation of recent electrofission data ob— po! ¢ =c 9y

tained at Sendai fol®AW. Ta. and Au. E,=E,(w). With this approximation we obtain

The absorption of an intermediate energy photon initiates — = — =
an intranuclear cascadthe fast stepin which particles of Ty,1(@) = 0e(Ac,Ze Ex) - Pr(AcZe [ Ey). @
the continuum leave the nucleggreequilibrium emission
all along until thermal equilibratioficompound nucleus for-
mation. In the second stefthe slow step the compound (E_) ()
nucleus evaporates or goes into fission. Thus, because of Tel =x :K.UT @
preequilibrium emissions, the excitation energy of the Ey @
compound nucleus is only a fraction of the incident photon
energy w. For photon energies above the pion thresholdhereoy is the total photoabsorption cross section, &nis
m, (~140 MeV) the amount of energy deposite@,) is @ factor phenomenologically introduced in Ré#] and
strongly dependent on the “story” of the photopion as, e.g.,Physically defined in Ref5]. .
if the pion escapes or not from the nucleus. Therefore, the Substituting Eq(3) in Eqg. (2) we obtain
experimental extraction of the functiof,=E,(w) would
provide us with information about pions in the nuclear me- o
dium, as shown below. or(w)
Assuming that the fission decay proceeds through com- _ ) ) ) )
pound nucleus formation, the experimental photofission The quantity=“®w) is entirely obtained from the experi-
cross section is given bj?2] mental data, while the functioiK-E,- P; is obtained by
means of a theoretical calculatiddetails below. The solu-
tion of Eq.(4) for E,(w) is achieved graphically; this is done
“Permanent address: Physics Institute, University af Baulo,  for 18V, Ta, and Au(see below The reasons for the choice

We also note thaft4]

: ()

D) o) K- Eyfw)-Pr(Ac ZoiEr). (@

Sa Paulo, Brazil. of preactinide nuclei were discussed at length elsewhere
TPresent address: Laboratori Nazionali di Frascati, INFN, Frascat{,2,6].

Italy. The electrofission cross sectiong ; of 3w, Ta, and
*Present address: Physics Department, University of JodhpuAu, were recently measured at the Tohoku University Linac

Jodhpur, India. (Sendai — the results are shown in Fig. 1; experimental
SPermanent address: Kharkov Institute of Physics and Technoletails in Refs[2,6,7). It is interesting to note that these

ogy, Kharkov, Ukraine. three preactinides exhibit shoulders at the same energy posi-
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FIG. 2. The experimental quanti®®, defined by Eq(4), as a
FIG. 1. Data points: electrofission cross section of Ta, Au, andunction of the incident photon energy. The solid curve was ob-
18y (left-hand scale Solid curve: unfolded photofission cross sec- tained from a simulation where photopions escaping from the
tion of 83V (right-hand scale— uncertainties are-10%. The nucleus are not considered.
dashed curves are to guide the eyes.
which compares well with results obtained for actinifdb
tion (E¢~220-230 MeV; see Fig.)1— this is a convincing The result for the functiork - E,(w) - P¢(E,) is shown in
evidence to the fact that the same “physical effect” is Fig. 3.
present in all these nuclei. These structures are associated, of Finally, combining the result foF®*® (Fig. 2) with that
course, with the corresponding ones in thef() curves. from Fig. 3, that is, by imposingEqg. (4) to them, we got
From the virtual-photon theory we know that graphically the function€,=E,(») shown in Fig. 4. Al-
though the magnitude ofE,(w) is uncertain within
_[Be E1 1) ~10-15%, its shape is by far more accurate. In fact, the
Uerf(EE)_fo 7y (@)N=(w,Be)—, ®) shoulders exhibited b¥,(x) can be observed by a mere
visual inspection of thed,f) primary data(Fig. 1). In this
sense, uncertainties arising from the calculation of the

incident electron. In Ref(2] is the detailed justification for smooth c.urvg- Ex(w)-P+(E,) do not generate structures in
the use of only th&1 component. the solutionE,=E,(w); they affect absolute values only.

The delineation ofo, ; was performed both by the un- But, anyway, we checked our calculations Bf(E,) by
folding of o [Eq. (5)] using a least structure unfolding comparing them with lower energyy(f) data (=140
routine, and by means of a new deconvolution techniqud/€V); reasonable agreemefwithin ~10%) was obtained
which does not depend on virtual photon spectra and unfoldfor the three preactinides.
ing procedureddetails in Ref.[8]); the results from these
two techniques are identical. The curve in Fig. 1 represents
the o, ¢ solution for #4V. Since the results fof®4v, Ta,
and Au are similar, we discuss the data analysis with more
details only for ey,

By combining o, ¢ with o taken from the literature
[9,10] we calculated=*® w) [Eq. (4)] — Fig. 2. The extrac-
tion of E,=E,(w) is accomplished by the graphic resolution
of Eq. (4). To this purpose we calculated the right-hand term
of Eq. (4), that is,KE,- P;(E,), by means of well-known
statistical based relationd41,12 and procedure§3,12] for
P;, plus the assumption that the level density is described by 100
the so-called Fermi gas expressifihl]. Since atE,=30
MeV shell effects in nuclei are small, we used liquid-drop

whereNF? is the E1-virtual-photon spectrum, ari, is the
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guantities calculated by the method of Myers and Swiatecki I T I A
[13], in order to obtain fission barriers and neutron binding 70 75 80 85 90 95
energies for all nuclei participating in the fission-chain decay E.(MeV)

(see Ref[3] for more details The constanK was obtained

by imposing normalization OfT(;a#C [Egs.(2) and(3)] to the FIG. 3. The quantityK - E,- P{(E,), as a function of the mean

experimental §,f) curve aroundv=160 MeV, where struc- excitation energyE,, obtained fromP; calculated in the way de-
tures are absent. We found out tikat= 5 for the three nuclei, scribed in the text.
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FIG. 4. The mean excitation enerdy , as a function of the
incident photon energy» (uncertainties, not shown, are 10 —
15 %). The dotted-curvéright-hand scalerepresenta ., as calcu-
lated in Ref[15], as a function of the pion kinetic enerdy, ; note
that, in our case] ,=w—m, (see texk

We would like to point out that the purpose of this report
is the presentation of an analytical method to deduce th
average excitation energy of the compound nucleus, using

main input the photofission cross section. Thgf() cross
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steeply increasing function @b, up to the peak of the delta
resonance {300 MeV), in contrast to the flat behavior of
the QD-cross section ab<<150 MeV.

(2) On the other hand, our results f@(w) exhibit dis-
tinct shelves ato~170-200 MeV for Au, Ta, and®dW; that

is, in this energy rang&,(w) does not respond to an in-
creasingw.

(3) INC—Monte Carlo calculation$3] indicate that the
number of protons and neutrons emitted at the preequilib-
rium stage does not vary substantially far~170-200

MeV. In this case, the flat behavior &,(w) would be a
consequence of an accentuated increase of the kinetic ener-
gies of the emitted particles in a narrow photon energy
range; this is unlikely to happen.

(4) The pion mean free path, calculated by Hecking
[15], as a function of the pion kinetic enerdy,, exhibits a
broad maximum aroundl ,=40 MeV corresponding to
=180 MeV, since for photopione=T _+m_ (neglecting
recoil) — see dotted line in Fig. 4.

(5) Quite compelling is the fact that the maximum of
is ~6 fm, while the radii of the three investigated preac-
tinides are in the interval of 6.5—7 fm. Thus photopions
would have a greater probability of escaping from these nu-
clei at energies around the broad maximumagf, which
encompasses the region of the shelves {70-200 MeV.
Therefore, the nucleus would lose more energy in this energy
region, preventing its warming up.

(6) From these arguments, we are tempted to say that we
Eound experimental evidences supporting the “nuclear trans-

Qarency to pions” calculated by Heckind5], at least quali-

tatively.
(7) The physical nature of the shelves at=230-250

section can be obtained from electrofission, as in this work

or directly from tagged-photon experiments, as, e.g., thosé/Iev (Iess apparent for 'I)_as still an open question. How-
planned to be carried out in Saskatoon with actinides an§Vver preliminary calculations suggest that these shelves are

preactinideg14]. Regarding the physics to be obtained from ﬁwsesgr?;ties!?nstob;r;\?vocgr%pter:irteizznngsgllﬁieé? pion reabsorption
E«=Ex(w), we note that this is an enterprise which demands It is our hope that the issues discussed in this report could

detailed theoretically based calculations and, therefore, is b%-e retaken by other research groups, particularly the theoreti-
yond the scope of this brief report. However, we would “kecal aspects of our findings ’

to comment on the following aspects of the results shown in

Fig. 4.
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