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ABSTRACT

The abaolule eleelroflission cross sections of Au and Ta were measured in the
range 25 250 MeV. ‘The deduced photofission cross section shows, for both Au and
T, » pronounced dip areund the pholopion threshold (~ 140 MeV). This (v,f) dip
i fnterpreled as a consequence of a prohabie pholopien absorption in a “stopped pion

regime”,

“Permanent address: Physics Tnstitute, University of Sho Paule, Sho Paulo, Brazil.

Photlonuclear t.'eactions {induced by real or virtual pliotons) are very suitable to probe
the nuclear and nucleonic structitre, for the_ reaction mechanism is well understood com-
paratively to nucleon-nucleon int.ejraction._s:.

The decay channels characteristics of a ﬁuc]eus following photoexcitation depend on
the amount of energy (lepbsii‘ed (nuclear excitation energy) which, by its turn, is closely
related to the photoexcitation mechanisms. For photon energies above ~ 140 MeV,
in particular, pion production is the dominant process responsible for photoabsorption.
At these energies, the absorption of a photon (with energy w) initiates an intranu-
cloar cascade in which particles of the continuum leave the nucleus {preequilibrium emis-
sion) all along until equifibration {compound nucleus formation with excitation energy
E, < w). Therelore, the magnitude of E. will depend both on the number of particles
emitted in the preequilibrium stage, and on the mean free path of the pion (A} inside
the nucleus {which determines if the pion scapes or not from the nucleus).

In fact, the role playéd by the photopion production in the fission of Bi and
28ph was addressed by us elsewherelr 2}, It was observed, for these preactinide nuclei,
structures in the photofission cross sections curves at w = 200-220 MeV, which were
interpreted as signatures of the drastic fall of A, at T, =~ 50-70 MeV (pion kinetic
energy). Above these T region A, is smaller than the nuclear radius.

The above mentioned findings, for 2®Bi and 2°*Pb, motivated us to perform detailed
electrofission cross section measurements for two other preactinides, Au and Tz, in order
to delineate a possible systematics for this pion related structure in the photofission cross
sections around w = 200-220 MeV. Quite surprisingly, however, we observed a new
{~, f)-structure near the photopion threshold (~ 140 MeV), which cannot be explained
on the basis of known cooling-down mechanisms of the nucleus, like preequilibrinm emis-

sions and small photopion absorption probability {described by Ag). We propase a




possible explanation in terms of the known “stopped pion absorption” mechanism (clis-
cnssed helow).

Thus, targels of  Au and Ta, ~ 25 mgfem?  thick cach, were irradiated with
the eleclron beam of Lhe Toliwky University Linac (Sendai), with cnergies from 40 to
250 MeV in sleps of 5 and 10 MeV, and using mica foils as detectors (we refer the reader
to Rell 1 for more experimental details).  Preliminary results for the energy interval
HO 250 MeVowere published elsewhere?) . Since a reliable unfolding of the {7, f) cross
section requires (e, 3 data down fo the fission barrier, we performed electrofission cross
seclion measurements of An and Ta, in the interval 25-40 MeV, with the electron beam
ol the University of Sio Paulo Linac and witl the samne targets used in Sendai.

Qur results for the (e, [) cross sections @, s areshown in Fig. 1, for electron energies
Enp to 170 MeV. An inflexion around my (~ 140 Mc\/') shows up for Au and Ta,

whicl corresponds o a structure in the photolission cross section y.p, since

Fe : dw
sl = [T oI NP (B0 L M

w

where MR 0y G the 1 virtual photon spectrum. . We would like to stress Lhal
the nulolding of oy 15 necessary for quantitalive analysis purposes, since the visual
inspection of the {¢, f} curve alrcady revealed the lacation of the (7, f} structure.
The (7. /) cross seclion of Au was imeasared at Frascati with quasiinonochromatic
photons, in the energy range 120-300 MeV), Because of the quasimonochromatic nature
of the photons.a photofission yield curve (integrated over the photon spectra) is obtained
see Vg 2, adapled Tromn Rel, 4, where we drew dashed-lines in order to make salient
the three inflexions showing up in this yicld curve. These inflexions were not recognized
aed ;w-rc,- sionthed onl in the wulolding procedure (sce Fig. 4 of Ref. 4). In this regard,

we note that the (e, ) cross sections of Au and Ta, up to 250 MeV 3), exhibit

three inflexions each, at nearly the same energy positions of those shown in the Frascati
yield curve (Fig. 2). Also shown in Fig.t is the (y,f) cross section of Au, obtained
from the unfolding of a Bremsstrahlung yield eurve measured at Kharkov?). Despite
the uncertainties associated to this kind of_ experiment, we note that the Kharkov Au
(% f) curve also exhibits a dip around 140 MeV. The physical meaning of the inflexions
around 180 MeV and 220 MeV was addressed previouslya). In this paper we discuss the
somewhat unexpected inflexion at the photopion threshold (~ 140 MeV}) .

In Fig.1 is shown the unfolded (, f) cross section of Au, obtained by means of a
least-structure unfolding technique developed at this Laboratory. A prominent dip around
140-145 MeV is observed for Au (and for Ta too, at 150 MeV}, which indicates that
a substantial amount of excitation energy (E,) was lost between the photoabsorption
and the compound nucleus formation processes. This could be better understood by

examining the (v, f} cross section as given by

U‘v.f{w) = Z ToN (AC»ZC; Ez) . Pf (Acs Z; Ez) ’ (2)

Acile

where A, and Z_ are the atomic masses and atomic numbers of the compound nuclei,
respectively, oon is the cross section for compound nucleus formation, and F; is the
fission probability.

We know that for a given (A,, Z), formed from a preactinide target nucleus, Prisa
smooth and steep function of E., while the TN cross section could be approximately

given byS)

oen(B) = E o) ; @

dya i3 the photoabsorption cross section, which exhibits no structure for w < 300 MeV.

Eqn. 3 refers to 2 “mean compound nucleus” (A, Z.). For w < 160 MeV the A,




and 7. distributions are sha.l'pﬁﬂg); this fact makes Ban. 3 a good approximation
lor oen . Alwo, [or a given w, il is found a distribution of E, between 0 and w.
Since for w £ 160 MeV  the F,-distribulions are relatively sharper than those for
w > 180 M(‘VG"'S), we can consider in our reasonings their mean values (F;), instead
ol the o -distributions themselves.

Receutly, Guaralde and co-workers0) performed detatled calculations to obtain
{I.} X w lor several nuclel in the range of w = 100-300 MeV. It was used the intranuclear
cascade model with the jucluston of the two leading photoexcitation mechanisms: quasi-
devteron phiotoabsorption (G and single nucleon photoabsorption via pion production
{yN — 7} on intranuclear nucleons {details in Rell 6).  In Fig. 3 are shown results for
A and T (guoted from Rel. 6).

From Fig. 3 we verily thal {F;) is increasing with w uap to 160 MeV. The change in
the slope of (F) X w above 140 MeV originates from the fact that A, is greater than the
muclear rading 2 {1 ~ 7 Im)for w hetween 140 and ~ 190 MeV — thus, photopions
can leave Lhe nucleus earrying away a substantial fraction (Z 140 MeV) of th.e photon
energy, but wa dip is observed in {/7,} X w around 140 MeV (a shallow valley shows up
at ~ 200 MeV) Also, (7L} is slowly decreasing [rom 160 to 200 MeV (A{F;) = 10 MeV
between these bwo energies), despite the fact that A, > R and that o,n . > ogp — this
means  Lhal only a small fraction of Lhe pholoproduced pions leaves the nucleus, while
the majorily is rescaltered by single nueleons and finally is absorbed by nucleon-nucleon
pairs. So, there is no obvious reason for this (v, f) dip at 140 MeV, particularly if we
note that the phetoahsorplion cross section is increasing for w = 140 MeV.

“Fhen, we propose an explanation in terms of Lhe well-known stopped pion absorption
regime n Lhe nielens. Sinee the photopions produced around 140-130 MeV have kinetic

energies between 0 and 10 MeV | it is reasonable that part of tliese pions would be absorbed

in mome sort ol “stopped pion regime”, as discussed below.

According to the quasi-deuteron model for pion absorption, 2 pion is absorbed by a pair
of nucleons in the nucleus while the remaining nucleons act as spectators. This process
is accompanied by the f(-)rmation of several particles which can be emitted, rescattered
or absorbed by the nucleus. In fact, the experimentally obtained spectrum of neuttons
formed as a result of the absorption of stopped negative pions by the preactinide nucleus
*8Ph (see Fig.2 of Ref. 10) exhibits three groups of neutrons: evaporation stagé neutrons,
preequilibrium emission neutrons (T, ~ 20-40 MeV) and cascade stage neutrons (fast
neutrons with 7, = 50 MeV). This last group of fast neutrons shows a distinct peak at
T, = 35 MeV. Keeping this information in mind, we now show in Fig. 4 the photofissility

Wi(w) for Au and Ta, obtained from their corresponding (v, f) cross sections; we

recall that

W) = jf—gj : (1)

We evidence that W, , at its minimum around w = 140 MeV, has the same
magnitude as for w 2 85 MeV indicating, therefore, that the nucleus looses an“extra”
amount of excitation energy of about 55 MeV. This finding compares favorably with the
fast neutrons region of the 2®Pb neutron spectrum {mentioned above), suggesting that
the (v,f) dip is originated by the emission of fast nucleons produced in the absorption
of the photopions, with characteristics similar to the “stopped pion absorption regime”.
Another stringent evidence, supporting this interpretation, is given by the experimentally
obtained fission probability of Au and Ta by stopped negative pions, P¢(x~), shown in
Fig. 4 (quoted from Fig. 10 of Ref. 10). Taking an average of Wy around the dip region,
an excellent agreement between Pr(r~)} and (W)} is achieved.

Since 1o date there is no alternative photoabsorption mechanism to explain our exper-

imental findings, the compelling evidences discussed above strongly suggest that we have




detected a Sstopped pion absorplion regime”™ i he pholefission of An and Ta near

thie pholopion threshold.
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FIGURE CAPTIONS

Fig. 1 —

ig. 2 —

Fig. 3 —

Fig. 4 —

Left-hand scale: electrofission cross sections of Au and Ta (data points —
this work). Righl-hand scales photafission cross sections of Au deduced
in Lhis work {solid curve; average uncerlainties are ~ 15%) and from Ref. 9

(x — - — x; arbitrary unity). The dashed lines are lo guide the cyes.

Au phulofission yields per equivalent quantum versus the maximum photon
energy ko, , measured at Frascati {adapled from Ref. 1) We added dashed
lines Lo guide the eyes and nunsbered arrows to indicate the inflexions (details

in the Lext).

Average excitation encrgy {F) as a function of the incident photon energy

w, for TAu and 2Bi target nuclei (from Refs. 6 and 8).

Photofissilities 11 of Au {&—@) and Ta {—-—) asa function of the
incident photon energy, deduced in this work; typical uncertainties are shown
only for the dip region around 140 MeV. Probabilitics of fission induced by
sslopped negative pion absorption” in - Au (@) and Ta (®), quoled
from Rel. 10, The dashed line indicates the drend of Wy in the casc of
dipless (7, f) cross section. The horizontal arrow shows the w region where

photopions are produced with Ax < R.
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