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In this paper we report an experiment performed at Frascati 1.1 GeV electro-syn-
chrotron on the photoproduction of n%-mesons on proton from hydrogen and deuterium

(L Y+p—n®+p,
(2) y+d—>nt+p+(n,) .

The differential cross-section for reaction (1) has been measured by detecting both the
proton and the forward emitted photon from the =® decay, in the energy range of the
incident photon H, = (400--800) MeV, at three different angles in the centre-of-mass
gystem (e.m.s.) 0f = 60°, 90° and 135°. As far as reaction (2) is concerned, we have
mantained the same experimental conditions chosen for the reaction (1) only refilling
the same target with deuterium instead of hydrogen.

In this case the spectator neutron (n,) was not detected.

The main purpose of this experiment is to compare the cross-section for process (2)
with the cross-seetion for a free proton, i.e. process (1). This comparison is essentally
a test on the validity of the «impulse approximation » by which people generally analyse
the photoproduction on deuterium.

Actually, the experimental situation on the impulse approximation is not com-
pletely clear due to the lack of experimental data, expecially for the n® photoproduc-
tion (*). For the =+ photoproduetion the experimental data show a deviation from the
impulse approximation predictions of the order of (5+10)9 (3). Our results show that,
sticking to the spectator model, sensible discrepancies appear in the n® photoproduction
on bound proton in deuterium.

The experimental set up is shown in Fig. 1.

() R. SMYTHE, R. M. WORLOCK and A. V. TOLLESTRUP: Phys. Rev., 109, 518 (1957).
(* C.NEUGEBAUER, W. WarLss and R. L, WALKER: Phys. Rev., 119, 1726 (1960); XK. SCBILLING: Nucl.
Phys., TB, 498 (1968).
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Fig. 1. — Experimental lay-out.

The y-ray beam was incident on a cylindrical liguid hydrogen or deuterium target,
7 em in diameter, and was monitored by a Wilson-type quantameter (3).

The recoil protons from reactions (1) and (2) were detected by a proton telescope
consisting in a thin (1 cr thickness) scintillation counter, T, followed by a thick cyl-
indrical (30 em thickness, 30 ecm in diameter), scintillator §.

The n° was detected by a cylindrical total-absorption lead-glass Cerenkov counter
(15 cm in diameter, 25 cm thickness) detecting the forward emitted y-ray. In front
of it a veto scintillation counter 4 was used to reject charged particles.

For each event we recorded, using a PDP8 computer on-line, the pulse heights in
the 7, § and C counters and the time of flight of the proton on a (5—8) m basis. The
time-of-flight resolution was ~1ns FWHM.

The photon energy resolution of our Cerenkov was about 169, at 500 McV.

The bidimensional spectra of the S and T pulse heights allowed to eliminate com-
pletely the pion background in the proton telescope.

In order to know the eorrect number of protons in the angular region covered by
the telescope and their right kinetic energy, corrections have been made for the nuclear
interactions, the multiple scattering and the energy loss of the protons along their path.
A small correction in the time of flight due to different pulse heights in the S-counter
has been also made.

In order to evaluate the differential cross-sections from the yield, the detection
efficiency of the apparatus has been calculated by the Monte Carlo method.

As far as reaction (2) is concerned we have assumed the validity of the spectator
model (%) and a momentum distribution of the target nucleons following the Hulthen
wave function.

(*) R. R. WiLsoN: Nucl. Insir. and Meth., 4, 101 (1957).
(*) G. F. Caew and H. Lewis: Phys. Rev., 84, 779 (1951).
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In our conditions the detection efficiency drops down rapidly for momenta of the
target nucleons greater than 150 MeV/e. It is worth-while noting, that, within the
aceuracy of our measurement, the efficiency does not depend on the various deuterium
wave functions usually considered (Hulthen, Gaussian, Hulthen-Gartenhaus).

The contamination due to multiple-pion photoproduction comes out to be negli-
gible. This was checked moving the upper end of the bremsstrahlung spectrum. For
each angle the experimental cross-sections for process (1) were compared with the
already published results ().

The agreement we obtained made us confident that no serious systematic error
was present in our measurement.

When comparing processes (1) and (2) we have fixed the same c.m. energy Ej of
the pion-proton final state (8) system. Because of the Fermi motion, for a fixed energy
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Fig. 2. — Ratio r = (d6/dQ*)(YD—7 *p(ng,))/(do/dQ2*)(yp —7'D) at different ©° c.m. angles vs. Ef,, the
total c.m. energy of the n’p final-state system and also vs. E{(, the incident-photon energy which gives
on free proton a total c.m. energy Fap: @) 6% =60°, b) 05=90° c¢) 0f=135°

(%) P. SPILLANTINI and V. VALENTE: CERN-HERA 70-1 (1970).

() F. CARBONARA, Li. FIORE, G. GIALANELLA, M. NAPOLETANO, R. RINZIVILLO, A. PIAZZA, G. SUSINNO,
E. LobI-Rizzini, G. C. MANTOVANI, A, Prazzori, V. Rosst and: L, VoTaNo: Left. Nuovo Cimento, 3,
697 (1970); 23, 1183 (1971).
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of the outcoming proton, F, was determined, around its average value, with a reso-
lution of the order -- 60 MeV. When using hydrogen as a target the energy resolu-
tion was of the order of + 15 MeV.

In order to get the cross-section for the processes (1) and (2) we have subtracted the
contamination (~ 5%) due to the Compton effect which was undistinguishable in
our apparatus.

TaBLE I.

65 = 60° 6% = 90° 6% — 135°

B, r E, r B, r

505 0.78 4- 0.07 430 0.82 -+ 0.03 471 0.93 -+ 0.06

559 0.84 4 0.07 476 0.84 + 0.03 520 0.87 -+ 0.07

606 0.85 4 0.05 508 0.77 4 0.03 556 0.81 + 0.06

658 0.79 4+ 0.05 547 0.85 + 0.03 596 0.82 4+ 0.07

701 0.83 - 0.05 591 0.84 4 0.04 644 0.77 + 0.08

733 0.98 4+ 0.06 623 0.77 + 0.04 683 0.90 + 0.08

773 1.08 -+ 0.11 667 0.91 4+ 0.05 736 0.81 - 0.09
710 0.86 4 0.05

’ 738 0.90 - 0.07

We report in Table I and Fig. 2 for different angles and as a function of Ej, and
E., the ratio

_ do D do .
r= () oD mpn [ (2 ) o )

The measurements on hydrogen have been averaged on the same energy intervals as
for deuterium, to take into account the different energy resolutions in the two cases.

The errors quoted are statistical only. We are confident that by making the ratio
of the cross-sections, many of the possible systematic errors cancel each other.

A deviation from 1 for the ratio r is evident in our data.

The curves which have been drawn in Fig. 2 are a theoretical evaluation which has
been made (7) of this ratio by taking into account the scattering of the outcoming pion
and proton with the neutron, and the contribution to the =° photoproduction by charge
exchange effects.

These curves are in a good agreement with our data so that one could conclude that
the deviation from 1 of the ratio could be interpreted as a final-state interaction effect.

The observed deviations for the =0 photproduetion are not inconsistent at our
energies with the n+ case of isotopic spin argnments for the interactions of the outcoming
pion, and the Pauli principle for the nucleons interactions are properly taken into account.

* %k ok
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(") R. BALDINI-CELIO and G. Sciacca: Frascati report LNF-71/92 (1971).
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