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Behavior of the Be and C total photonuclear cross section in the nucleon resonance region
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We present the total photonuclear cross section for Be and C measured between 200 and 1100 MeV,
with the aim of clarifying the existence of a resonant behavior in the region above the A. We used a
tagged photon beam and the transmission technique. The results show no evidence of baryon resonances
that are clearly seen at =700 and = 1000 MeV in photon absorption on the proton and the deuteron.

PACS number(s): 25.20.—x

The absorption of photons by nuclei has been investi-
gated in many laboratories over a wide range of mass
numbers and photon energies. From already existing
data we may conclude that (i) in the b, region, the shape
and the strength of the total photoabsorption cross sec-
tions per nucleon, cr„/3, are essentially the same for
different nuclei [1,2], indicating an incoherent or volume-
like absorption; (ii) above 2 GeV, the shadowing effect is
well established, showing the relevance of the hadronic
fiuctuations of the photon [3]. In the region between
about 500 MeV and about 2 GeV, the data on proton [4]
and deuteron [5] show that the photon is able to excite
nucleon resonances of mass higher than the 6 and with
different quantum numbers [3]. For the heavier nuclei,
there are only two data sets, both measured at Yerevan
by detecting reaction products. The first set [6] was col-
lected between 250 and 2700 MeV with an energy resolu-
tion ~100 MeV, which could lead to smoothing of the
higher resonance peaks. The second set [7] was obtained
for photon energies ~ 850 MeV and, in spite of a better
energy resolution ( ~40 MeV), was not able to draw a
definitive conclusion. It is therefore not yet clear how
these higher energy nucleon excited states couple to the
photon and propagate inside the nucleus.

In this paper we present the results of the measurement
of the total photonuclear absorption on Be and C, carried
on at Frascati with the aim of investigating the possible
presence of resonant behavior in the cross section for the
region above the A. We used the Jet Target tagged pho-
ton beam [8], the transmission technique, and a BGO
crystal photon spectrometer.

The photon beam was produced by the bremsstrahlung
on an internal target of the electrons circulating in the
ADONE storage ring (the maximum electron energy
available was 1200 MeV). The radiator was a clustered,
molecular argon beam [9] of & 10 ' radiation length
thickness in order not to degrade the circulating beam
quality, and lifetime [10]. The recoil electrons were
momentum analyzed by the next ADONE dipole and
detected by a tagging hodoscope, which provided a con-
stant photon energy resolution over the whole tagging
range.

A schematic view of the experimental apparatus is
shown in Fig. 1. Three magnets M1, M2, and M3 swept
the charged particles oA' the photon beam, which was
defined in size by the two collimators C1 and C2. The
signals of the ADONE electron orbit monitors M8 and
M9 were used to actively stabilize the electron orbit in
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FIG. 1. Layout of the Jet Target photon beam (not to scale): JT, jet target; TS, tagging system; P1 and P2, movable photon beam
profile chambers; M1, M2, and M3, sweeping magnets; C1 and C2, collimators; M8 and M9, electron orbit monitors; I, photon beam
relative monitor; T, target; BCxO, crystal photon spectrometer.
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the Jet Target straight section to better than 0.1 mm.
Two multiwire proportional chambers (Pl and P2) mea-
sured the position, dimension, and angular divergence of
the photon beam. Two thin plastic scintillators (I), posi-
tioned on the photon beam, were used as a relative moni-
tor detecting in coincidence the Compton and pair elec-
trons produced by the photons on a thin gold converter:
The stability of this simple detector was checked over
several days and found to be about +0. 1% [11]. Finally,
a cylindrical BGO crystal was used as a photon spec-
trometer. Its diameter and length were sufhcient to con-
tain more than 97% of the shower energy for a photon
beam of 1 GeV energy and =2 cm diameter. This spec-
trometer provided a measurement of the bremsstrahlung
spectrum from 80 MeV up to the maximum photon ener-
gy, with a linearity better than 1% [12]. The 200—1100
MeV energy range covered by this experiment was ob-
tained with different settings of the energy of the
machine, Eo, and using the fraction (0.3 —0.9)Eo of the
bremsstrahlung spectrum.

To obtain the total photonuclear cross section on Be
and C nuclei, we used the transmission method, which
consists in measuring the total attenuation cross section
and subtracting the atomic absorption cross section o.,
computable, for light nuclei, with high accuracy [13].
Photons crossed the absorption target (a 85.77+0.01-
cm-long, 99.9% pure Be cylinder or a 59.95+0.06-cm-
long nuclear reactor graphite containing (0.15X10
impurities) situated inside a 1.2 T magnetic field and were
detected, about 13 m downstream, by the BGO spectrom-
eter. This layout assured a very good rejection of the for-
ward components of the electromagnetic showers created
in the absorber, as shown by a simulation of the experi-
ment performed by using the GEANT code [14].

Since the nuclear signal is only 1%—2% of the total,
particular care was taken to minimize both statistical and
systematic errors which could destroy an eventual reso-
nant behavior of the cross section. Two spectra were
simultaneously recorded, with both target-in and target-
out configurations, using fast analog to digital converters,
specifically (1) the bremsstrahlung spectrum measured by
the BOO spectrometer; and (2) the same spectrum in
coincidence with four tagging channels, suitably selected
in order to allow on-line energy calibration. Moreover, in
order to correct possible phototube gain variations, the
signals of three LEDs mounted in the BGO were also
recorded.

The photon intensity on the BGO spectrometer was
kept constant at a selected rate ( =2 X 10 photons/s) in
all working conditions by tuning the thickness of the ar-
gon jet. This low photon rate allowed the minimization
of pile-up and dead-time effects. To normalize the
target-in and target-out photon spectra, we used the
counts of the photon monitor I. Measurements were car-
ried out at several electron beam energies and were divid-
ed into several runs for each electron injection. For each
injection the same statistics with target-in and target-out
spectra were accumulated. The data obtained with the
various injections showed good consistency with each
other and could be averaged.

The value of the nuclear cross section obtained on Be

and C with this method strongly depended on (a) possible
density inhomogeneities in the absorber, (b) the stability
of the photon monitoring, (c) the stability of the detecting
system, (d) the residual contamination of secondaries on
the photon beam, and (e) the accurate knowledge of the
atomic cross section. However, points (a) and (b) only
produced a simple upward-downward shift of all experi-
mental points, but do not affect the energy behavior.
Points (c), (d), and (e) instead could also distort the ener-

gy behavior of the extracted photonuclear cross section
and, therefore, their inAuence has been carefully investi-
gated.

Point (c) has been discussed above. As for point (d), a
Monte Carlo simulation of the experiment, employing the
code GEANT, showed that the residual contamination of
secondary particles on the 8GO spectrometer was
significant only at the low energy region ( ~0.4EO), pro-
ducing there a small correction (always ~ 15%) to the ex-
tracted o.„. The reliability of this simulation was checked
by comparing its predictions to the measured BGO
response function to tagged photons with and without the
absorbing target inserted on the photon beam.

As for point (e), the atomic cross section contribution,
we used data provided by Hubbel et al. [13]. However,
as stated above, the aim of this measurement was to study
the possible presence of the nucleon resonances in nuclei
above the A. To this end we studied the effect of the un-
certainties of o., in the photonuclear cross section deter-
mination investigating the energy dependence of the pair
production, which is by far the main contribution to the
atomic absorption ( —80%). The pair production cross
section is given by [15] o =(o.BH-bS-b, c«, )f„d, where
o-BH is the unscreened plane wave approximation of
Bethe and Heitler (which is exactly calculable), b,S, b.c,„~,
and f„d are the screening, Coulomb, and radiative
corrections, respectively. We did not examine the effect
of the approximations in b,c,„i and f„d, because in our
energy range and for light nuclei they give small
(-0.02% and (1% of oBH, respectively) and energy in-
dependent contributions. However, the screening correc-
tions (which are 15—30% of oiiH) were evaluated for Be
using (1) two atomic form factors calculated with relativ-
istic Hartree-Fock [16] and with correlated ground-state
wave functions [17], and (2) two experimental form fac-
tors measured from 1.2X10 moc momentum transfer
[18,19], and suitably extrapolated below this value. All
these evaluations produced a smooth correction ( =6% at
the maximum photon energy) on the nuclear cross sec-
tion behavior which remains inside the experimental er-
rors, as seen in Fig. 2. For carbon, we expect a behavior
comparable to the one found for beryllium because the
electron structure of beryllium metal [20] and graphite
[21] are very similar.

In conclusion, both points (d) and (e) gave small,
smooth corrections, which can affect the absolute value,
but which are not able to simulate or destroy any reso-
nant behavior of the photonuclear cross section. Thus,
our measurements provide a reliable energy behavior of
the nuclear photoabsorption cross section. The absolute
normalization has been obtained by the overlap to the ex-
isting data in the 6 region. This normalizing value is
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FICi. 2. Variation of the Be total nuclear absorption cross
section for different atomic form factors: ( ~ ), Ref. [13]; (0),
Ref. [16];(A), Ref. [17]; ( ), Ref. [18];(o ), Ref. [19].

59. 1+1.2 mb MeV/nucleon, which is the mean value of
the integral between 220 and 385 MeV of the photoab-
sorption cross section provided by the previous experi-
ments on Be [1] and C [1,22].

In Fig. 3 we show the photoabsorption cross section
values per nucleon we obtained for Be and C with the
above described procedure, together with the data avail-
able in the literature for deuteron [5] and the universal
behavior in the 5 region (solid line curve) derived from
data on Be [1] and C [1,22]. The error bars include only
the statistical uncertainties. Our data were averaged over
~ 30 MeV photon energy.

From these data it is evident that our photoabsorption
cross sections per nucleon for Be and C (1) agree among
each other within the experimental errors in the whole
explored energy region; (2) at energies below 500 MeV,
reproduce, within the statistical errors, the 6(1232) reso-
nance shape obtained by other laboratories; (3) do not
show evidence of the baryon resonances seen in the pho-

Photon energy (MeV)

FIG. 3. The total nuclear absorption cross section per nu-
cleon for Be (full circles) and C (open diamonds) together with
the available data on 'H [5] (crosses) and the universal behavior
in the b, region (solid line curve) derived from data on Be [1]
and C [1,22].

ton absorption on the proton and the deuteron at energies
of =0.7 and =1 GeV, which correspond mainly to the
D &3 ( 1520) and F

&& ( 1680) resonances. Moreover, it is
worth noting that the present results agree, within the
systematic errors, with the values for the total photoab-
sorption cross section on U, which we recently ob-
tained with the photofission technique [23].

There are a number of possible reasons for the absence
of resonant behavior in the cross sections above the 6,
such as broadening due to Fermi motion, Pauli blocking,
or even a possible change of the photon coupling. How-
ever, a confirmation of these experimental results on light
nuclei, using a method of measurement which gives also
the absolute values of the cross section, is needed before a
quantitative comparison with theory can be done.

It is a pleasure to thank Dr. C. Natoli for helpful dis-
cussions on the atomic cross section evaluation.
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