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1. - INTRODUCTION -

The amount of experimental data on single photoproduction pro-
cess is at present sufficiently large for wt and w° photoproduction on
protons and the phenomenological analysis of these reactions is rather
satisfactory in the low energy range. On the contrary the experimental
data for n~ photoproduction on neutrons are, in this respect, still insuf
ficient and, moreover, the use of deuteron as a target makes some
authors doubt the interpretation of the few results available,

In the present paper we report the results of an experimental
investigation of the reaction

(1) y+n-—>p+ 7"

up to 1 GeV, performed at the Frascati Electron-Synchrotron with deu-
terium bubble chamber.
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In the preliminary results{!) we observed some remarkable dif
ferences between the proton and neuiron total cross-sections in the so-
-called second resonance region (600 - 800 MeV), suggesting the presen
ce of different resonant contributions in the two channels. The different
position of the bump in the total cross-sections and the results of a sim
plified phenomenological fit of the angular distributions indicated the
presence of a Py (1470) contribution larger than that of the D3 (1520),
which dominates the =" photoproduction process in the same energy
region.

This fact, if confirmed, has some nontrivial consequences on
the problem of the classification of resonances in the SUg - scheme.

Moreover thé comparison of x" and =" total cross-sections
in the first resonance region may indicate the presence of an isoten-
sor part in the electromagnetic current. Finally the comparison between
the results of reaction (1) and of the inverse one ("~ radiative capture)
may give a direct information about the time-reversal properties of the
electromagnetié-interactions, '

Clearly a detailed investigation of the reaction (1) is important
not only in view of phenomenological description of the photoproduction
processes but also for the more general questions which areiinvolved.
The present paper is divided into six sections. In Sect. 2 the experi-
mental procedure is briefly described. In Sect. 3 the problem of the
use of the deuteron as a target is considered in detail. In Sedt. 4 the
total and differential cross-sections are presented. Ih Sect. 5 some
considerations on the results concerning the possible T - violation
and isotensor current contribution, a phenomenological fit to the dif-
ferential cross-sections and the Pyq (1470) photoproduction, |are re-
ported. Conclusions are given in Sect. 6.

2. - EXPERIMENTAL APPARATUS AND PROCEDURE -

We have analyzed 500.000 pictures obtained by exposing the
CERN 30 HBC, (suitably modified in order to run with Deuterium), to
the hardened 1 GeV bremsstrahlung beam at the Frascati Electron-Syn
chrotron. B

0 The experimental lay-out is the same as in a foregoing experi
ment*</,

The photon flux and the photon spectrum were determined by
counting and measuring a sample of ete- pairs in the fiducial volume
of the chamber, In fig. 1 the measured spectrum is shown.

The actual measured reaction is vy + d —» Py +p+ w7, where
Pg is the spectator proton, which is assumed to be the one with the lo-



wer momentum. The events were fitted kinematically with three con-
straints. When the spectator proton was not visible (pg %80 MeV/ec),
the usual assumption was made:

P, = py =p, = 0 and ApX = L\py = 30 MeV/c, ApZ = 41 MeV/ec.
and a 3-C fit was again possible, In table I the number of events for
all the observed reactions is report‘ed(x),

TABLE I
Reaction N. of Events
y+d-—>pgtp+ m 17.384
pgtp+ w  + w0 1.379
ps+n+ 1r++ . 2.198
ng +p+ I 2.015
d +nt+ - 239

3. - THE USE OF DEUTERON AS A NEUTRON TARGET -

3.1. -Impulse approximation and spectator model. -

As is always necessary, when studying a reaction on neutrons,
we used deuteron as a target in our investigation of the reaction (1).

The most general way to get the cross sections on freenucleon
using deuterium data is provided by the Chew-Low(3) method, which con
sists in extrapolating the differential cross section 02 o/(0 Ex2 0pg) to
the neutron pole, ¢ being the cross section on deuteron, EX% the total
square energy of the w-p final state and pg the momentum of the slower
proton. However, since the shape of the extrapolation curve is not
known, one must have a very high statistics for the lowest values of pg
in order to make a linear extrapolation meaningful, Moreover,the re-
sults obtained may be affected by the uncertainty in the determination
of the unseen spectator momentum (pg < 80 MeV/c). Unfortunately,
this is just the momentum region which is important for the extrapola
tion, so this method is not very powerful in a bubble chamber experi-
ment with less than 4-constraints kinematical fit,

Assuming the impulse approximation(4) (I.A.) to hold for a sui-
tably selected sample of events, we have been able to determine the
photoproduction cross-sections on free neutrons by applying the nucleon
spectator model in the kinematical calculations, i.e. i) we considered
the diagram of fig. 2 as dominant, ii) we assumed the cross-section on
the off mass-shell nucleon to be the same as on a free nucleon, iii) we
assumed the total cross-section to depend only on the final state ( w”p)
c.m, epergy.

(x) - On the criteria adopted for the event assignement to the various
reactions see reference (1).
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The limits of validity of the I. A. in the case of deuteron have
been discussed for-a long time and all data on neutrons are evidently
influenced by them.

Beyond these intrinsic limits, some corrections should in any
case be introduced into the experimental data for:

i) the so-called Glauber effects(®) i.e. shadow and multiple
scattering effects.

ii) The Coulomb interaction in the final state(6).

iii) The Pauli principle, which reduces the available phase spa
ce.

iv) Other final state interactions of the outcoming particles,

All these effects, which are expected to decrease with the ener
gy, cannot be exactly calculated. An overall evaluation of these correc
tions may be achieved by the comparison of experimental results re-
ferring to the same reaction on free and bound protons. However, the
evaluations so obtained are strongly dependent on the kinematics so
that it is not easy to apply them to other reactions.

However the shadow and Coulomb effects are expected negligible
(less than 1%) in our reaction at least for E, & 200 MeV.

The correction for the Pauli principle may be calculated only in
a model dependent way. For example, analysing the same reaction, the
ABHHM collaboration(7) used the method of ref. (8) which is able to take
into account the Pauli principle if the spin-flip and non spin-flip ampli-
tudes on neutrons are known, The difference found with respect to the
spectator model was of the order of & 6% at most,

As far as the final state interaction is concerned, one can consi
der, for example, the w° photoproduction on protons in hydrogen and
deuterium(9), In that case the observed differences were explained by
means of a rescattering process(10),

In ref, (10) the authors give an evaluation of this effect also for
the charged pion photoproduction, The resulting corrections are of the
same order as for the above mentioned Pauli correction, but, below
300 MeV, they go in the opposite sense,

Because of the general uncertainty, we prefer not to consider
these corrections in the following,

We will now describe the criteria adopted for the selection of
the events and the method used to get the cross-sections on neutrons.



In order to select the sample of events satisfying the spectator
model, we made use of a Montecarlo calculation, which simulates e-
vents of reaction (1) in the following way. A photon, extracted fromthe
experimental spectrum, induces the two step reaction

v+ D — pg t+ Q
| p+ T
according to the spectator model, The spectator momentum pg is ex-

tracted according to the Gartenhaus deuteron wave function and its an-
gular distribution is assumed to be

st
i) oc (1 + Bscos r&s)

with B, 04 the spectator velocity and angle in the lab. system, in or
der to take into account the Fermi motion in the flux factor(X),

The decay Q -»p + =~ is calculated according to the phase-spa
ce distribution and, if the resulting proton momentum in the L. s. is
lower than that of the spectator, the two protons are interchanged so
as to reproduce the choice made for the real events. Moreover, each
simulated event is weighted, according to its value of E*2 (total c.m.
squared energy of the p v~ system), with the measured value of the
cross-section E*2),

In this way one obtains the distributions of the various quantities
of interest, already corrected for all kinematical effects, to be compa
red with the experimental ones, in particular:

"yn(

i) The spectator momentum distributions for various E _, (L. s, )intervals;
ii) The angular distributions of the spectator in the L.s.
iii) The angular distributions of the spectator in the (y D) c.m.s.

Moreover the Montecarlo calculation provides suitable correc-
tion coefficients for the experimental data due to

i) the wrong choice of the spectator proton.

(x) - Notice that the cross-section formula o m(nev/ninc) “(1/(v]e))
contains the ratio between v, (the beam relative vélocity with re
spect to the target nucleon, as measured in the L., s) and ¢, (the
beam velocity in the L.s,). If 0 is the direction angle of the tar-
get nucleon and P its velocity, one has

vie = Vl + 82 - 2B cos@ ~ 1- 8 cos@

and, referring to the spectator nucleon, one sees that each event
has to-be weighted with a factor (1+ §  cos6y).



ii) the loss of the events {(one prong events) in which both protons have a
momentum lower than 80 MeV/c

iii) the cuts introduced in order to select the sample of events satisfying
the spectator model (see later).

Finally, if one does not weight the simulated events with the ex-
perimental cross-section, one also obtains N y(E*z)dE’kz, i.e. the phg
ton spectrum as a function of EX2  This spectrum, which will be used
to determine the cross-sections,; includes the effects of the kinematical
inacces sibility( 11),

In Fig. 3 and 4 the experimental momentum and angular distribu-
tions of the spectator proton for different photon energy intervals (in the
L..s.) are shown. The curves are from the Montecarlo calculation. We
want to stress that the different percentages of higher momenta in the
various energy intervals are due essentially to a kinematical effect, so
that a cut on the spectator momentum does not select in the same way
at all energies. For the same reason the spectator momentum distribu
tion is not a good index, at least at low energies, for the validity of the

spectatqr model, . . . ; . ¢ ond
P % moore selective criterion is provided by the angular distribu-

tion of the spectator in the overall (yD) c.m.s. These distributions a
re shown in Fig. 5, for various E7 intervals.

Since  this distribution is expected to be somewhat broadened
in a three-body interaction, it seems reasonable to introduce a cut in
this angle, which also has the advantage of being slightly correlated to
the spectator momentum.

Using‘the spectator model, we have calculated the cosO}: distri-
bution. From this prediction we can choose a Q’gs cut that excludes 5%
of the distribution.

In fig. 6 e 7 the momentum and angular distributions of the spec
tator proton are shown, for values of cos(fg higher and lower than the cut
value.

The effect of the cut is evident and the agreement between experi
ment and predictions is now very satisfactory. An interesting feature of
this cut is that also events with low spectator momentum can be excluded.

In addition we also introduce the cut on the spectator momentum
(p. < 250 MeV/c), since above this value, the target nucleon is so far
off the mass-shell that its interpretation as a free nucleon is scarcely
meaningful.

In table II the percentages of the events which survived the above
mentioned selection criteria and the correction coefficients are given.
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FIG. 5 - Angular distribution of the spectator proton inthe yDc.m.s.
The curves show the predictions of the spectator model.
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TABLE II
Number N. of Sel, N.ofSel. | Fraction | Correction
E, of unse- events by | eventsby | of rejec- | coeffic. for
; lected Q cut further tedeverts { the two cutd
(MeV)
events Pg cut
150-300 7.997 7.290 7.275 .09 1.06
300-400 4,205 3.920 3.866 .08 1.04
400-550 2.499 2.279 2.186 .13 1.07
550-750 1.540 1.352 1.304 .15 1.07
750-1000 564 441 429 .19 1.08

200

103+

£ ym 150 + 300 MeV

£y 300+ 400 MeV

E 5= 400 + 550 MeV

£y 550+ 750 MeV

e

1.0 10

cos By

10 -w

FIG. 7 - Same as fig. 4, but after the Q’st cut.



13.

3.2. -Transformation to the neutron rest system -

Since the v - n interaction occurs on a target in motion, one has
to determine the effective photon energy from the measured quantities.

The first possibility is to do a Lorentz transformation from the
L.s. to the neutron rest system, assuming that the neutron momentum
before interaction is opposite to the measured spectator momentum(m).
In this way, however, the mass of the target neutron does not corre-
spond to that of a physical particle.

As an alternative approach“), but again using the spectator mo
del, we have parametrized our results in term of EX2, the squared c.
m. energy of the produced (p ™) system. We assumed the effective pho
ton energy E"Y , to be that one necessary to get on a free neutron a to-
tal ¢c.m. energy EX EE"Y = (BX2 | M%l)/(ZMn)].

In'this way the comparison between the cross-sections on neutrons
and protons becomes meaningful.

We want to stress that the first approach (Lorentz transforma-
tion) gives systematically higher values for the energy than the second
one. (Fig. 8). This fact produces a misleading shift of the cross-section
toward higher energies,

4. - TOTAL AND DIFFERENTIAL CROSS-SECTIONS -

4.1. - Total cross-section y+D->p+ p + 7,

In Fig. 9 we show the total cross-section for the reaction
vD —ppxn~ versus E_, (L.s.) in order to present the unprocessed ex-
perimental results, apart from the obvious corrections of geometrical
and instrumental type (scannimg efficiency, % 2 cut, geometrical losses,
etc.). The latest values obtained by the ABBHHM collaboration(13), are
reported for comparison.

4.2, - Total cross-section Y+ n ~s p+ T, -
For the reasons stated in Sect. 3.1, we assume only those events:

to be acceptable, which verify the two conditions:

cos0” = cosd®  and p_ = 250 MeV/c.
s 08 s

The number of events in each EiEz interval is then corrected by
means of the Montecarlo calculation. The corrections due to the Pauli
principle, shadow and rescattering effects are not introduced for the
reasons stated in Sect, 3.1,
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Nev
ZIJQUJIK Ey- 150300 MeV
IDUUJL E y= 300 +400 MeV
E 5 - 400 <550 MeV
SOU.H_\L\
E y= 550 =750 MeV
250
E - 750 <1000 MeV
lu{L\ﬂ\‘\

[ —4

40 80
E}- £ (MeV)

FIG. 8 - Differences between the effective photon energies, as obtained
by the Lorentz transformation E) , and the final state (& ~p) total energy
E'}, (see text), for various Ey (in the 1..s.) intervals.
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EIG. 10 - Total cross-section for the reaction ¥+ n -» p+a- The su
perimposed curves are the cross-sections for yp — psn© (dashed line)

and yp > nat (full line).
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The different energy resolution for the events and for the pho-
ton spectrum measurement is also taken into account.

The resulting total cross-section as a function of BX2 (or E'y)
is shown'in Fig. 10 and reported in Table III. The superimposed cur-
ves are the cross-sections yp->p 7© and YD - 1 =T as obtained
from ref. (14). The quoted errors are purely statistical.

We have also checked that the cross-section does hot depend very
much on the kinematical conditions of the spectator proton. Fig. 11
shows the ratios between the total cross-sections for different intervals
of the spectator momentum. The fact that this plot is essentially flat as
sures us: that the assumptions we have made are correct.

As already pointed out, the events with pg £ 50 MeV/c give sy-
stematically higher values for the cross-sections because the measured
spectator momenta are set to zero prior to the kinematical fit and the
dispersing effect of the fit itself is not accurate enough.

R 0 < pg= 50 MeV/e 50 < pg 2 100 MeV/e

; ;
Mpats g tagty g piptw raa il
;

R 100 < pg < 150 MeV/c 150 < pg < 250 MeV/e

24

1.0}%%@%%%”} H } {{ﬁ } { { {. I

144 184 224 144 184 2.4

£°% (Gev)?

2
FIG. 11 - Plots of the ratios R = ¢ (p, 250)/o(pa’ p) VS E*“ where
6(py 1,) is the cross-section value, obtained by the events with axpg= b.
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4.3. - Total cross-section g - pw~ without event se-
lection. -

We want now to determine the total cross-section with the as-
sunptionthat all the events of the type D «» pp v~ found can be consi-
dered as vyn events occurring in I.A. This allows us to obtain maxi-
mal values for the cross-section on neutrons and to take into.account
the effect of the Fermi motion without choosing the spectator nucleon.

We want to remark that, apart from the correction factors due
to the Pauli principle, this method should correspond to that used in
ref. 6, and our results can be compared with those given there,

In order to obtain the cross-section, with this assumption, we
proceeded in the following way. The yield of events vs. E,, in the L.s.
is transformed into the yield vs. Exz, taking into account the Fermi
motion by means of a Montecarlo calculation. This yield combined with
the photon spectrum n (EXZ)dEXZ, computed in the same way, gives
the required cross-section. This procedure, however, causes a smea
ring of the cross-section, because for each E . value there is a spec
trum of EX2 values, and consequently it produces a broadening of the
first resonance and an apparent shift of the second resonance to higher
EX2 values,

In order to correct for this effect, we have evaluated the ne-
cessary correction coefficients, by doing the comparison, for a sam-
ple of simulated events, between the directly calculated EX2 distribu-
tion and that obtained, with the above procedure, passing through the
Lab. energy E‘Y .

Fig. 12 shows the cross-section obtained, which is only slightly
larger, at high E*2 values, than that given before. If we remember that
the Pauli corrections, as determined in ref. 6, are of the order of &% at
most, it becomes evident that some discrepancies between our results
and those of Ref. 6 do not depend on the procedure used.

4.4, -~ Differential cross~sectionrs -

For the events selected with the criteria stated in Sect. 2.1, the
c.m. angular distributions for twenty E*2 intervals were determined.
They are reported in Table III. The data at small angles where the cor
rections (one prong event) are higher than 25% and the statistics too poor,
are given without errors as indicative values.

The experimental distributions were fitted with cos ks polyno-
mials according to the formula

3
dae_ . 2 w(l- Bcos qﬁ*x)“2 > C cosKﬁiE
an o K
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FIG. 12 - A maximal value of the total cross-section with the hypothesis
that all the observed yD -»pp#~ events could be considered as yn e-
vents (see text).
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where the factor (1- Bcosﬁ"“‘f)—2 is inserted to take explicitely into ac-
count the photoelectric term(15), For the same reason the cross-sec-
tion value at the pole, c:os'&x =+ 1/3 , was taken as a constraints in the
fit.

In table IV and in fig. 13 the coefficients Cy are reported.

TABLE IV
£*? (Gev)? | C_@b/st) | C; (wb/sr) | C,(ub/st) |Cq(ub/sr)
1.22 - 1.26 11.4 + AL -17.9 + .6 45.6_-*:1.1 3.4j—_ 6
1.30 | 12.9+ .3|-23.0+ .5 | 6.1+1.9 | 5.0+ .6
1.34 | 15,9+ .4|-32.1+ .7 |14.3+1.1 | 3.0+ .8
1.38 | 19.7+1.1]|-34.7+1.7 | 6.3+2.9 | 9.0+2.1
1.42 | 21.5+ .7{-42.8+1.0 | 16.0+1.7 | 5.7+1.3
1.46 | 23.8+1.0| -43.6+1.5 | 12.7+2.6 | 7.6+2.0
1.50 | 22.9+1.1|-42.2+1.7 | 11.3+2.9 | 8.3+2.3
1.54 | 18.8+ .8|-36.1+1.3 |14.8+2.2 | 3.4+1.8
1.62 | 17.6+ .7|-31.3+1.1 | 7.4+1.8 | 6.9+1.5
1.70 | 12.6+ .5|-20.7+ .8 | 2.8+1.4 | 5.9+1.2
1.78 | 10,0+ .7|-15.2+1.1 | -.2+1.8 | 5.9+1.6
1.86 | 8.4+ .4|-13.2+ .7 | 1.7+1.3 | 3.5+1.1
1.94 | 8.0+ .3|-12.6+ .6 | 1.1+1.0 | 3.8+ .8
2.02 8.6 + 51-14.2+ .8 2.3+1.3 36j—_11
2.10 | 7.8+ .5[-13.6+ .8 | 4.5+1.4 | 1.6+1.2
2.18 7.1+ .7 —11.6i1.2 2.2_4:2.0 25_4:17
2.26 5.5+ .71 -9.2+1.2 2.7+2.0 12i17
2.34 | 4.3+ .7{-7.6+1.1 | 2.8+1.9 | 7.6+1.7

Finally we report a further check on the validity of the specta-
tor model. In fig. 14 the ratios between the =~ in the backward and in
the forward directions are given for different angles and momenta of
the spectator proton. As one should expect, for a given EX2 interval,
this ratio appears to be independent of the kinematical conditions of the
spectator proton, thus confirming the overall consistency of the selec-
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FIG. 13 - Behaviour of the coefficients of the Moravesik polynomial
fit to the angular distributions, as a function of E%2

tion criteria adopted.

5. - ANALYSIS OF THE RESULTS -

In this section we discuss our data in the light of some very im-
portant theoretical questions which have recently come under examina-
tion.

5.1. - Isotensor component of the electromagnetic cur
rent. -

The comparison of the total cross-sections of the pion photopro-
duction on protons and neutrons, in the first resonance region allows us
to search for the possible existence of an isotensor term in the e.m.
current,

In the past some authors(16) emphasized the complete lack of di-
rect experimental proofs for the assumption that in photon induced reac
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tions one should have AT = 1. They suggested performing photoproduc-
tion measurements and pointed out that the comparison between the cross-
-sections for production of the AV and A©° states of the Pgq (1236) reso
nance could throw some light on the question. In effect, if one puts

o (yn > A9) = o{yp > A"‘)(l-i—x2

),
from the usual isotopic decomposition(”) of the single photoproduction
amplitude (including the isotensor amplitude Am), x is shown to be zero

ifAT=0.

Indeed, if one wants to determine Arp without ambiguities, careful
experiments should be done on the four single photoproduction reactions.
At present this is premature and one has to make some assumptions on
the reaction mechanism.

In particular, Sanda and Shaw(18) assumed the dominance of the
Pgq resonance on the background, almost constant with energy, and cal
culated, for various x, the quantity

_K o " +‘l
A = . [GT('YH »pr ) - o (yp—nu )_
by using dispersion relations and the following parametrization of the re
sonant multipole

3/2 3/2
nMﬁ/_ = le_{ (1+x)

In fig. 15 the comparison between the predictions of Sanda-Shaw
and the experimental data is shown. The quantity A has been determined
by using our data and the nT cross-section taken from Ref. 19,

804 A
{pt)
70

60
501
] FIG. 15 - A =q/K r" 7lyn > P )=
- O’T(’YP - n1r+)] aus a function of
E*2

30
. The curves are the predic-
tions(18) with x=0.20 (full line)
and x=0 (dashed line),

204

104
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As one can observe our results are compatible with x = 0.2 and
an overall upward correction of about 20% to our data would be necessa
ry to cancel this effect. Such an amount certainly cannot be attributed
to the deuteron corrections discussed above, which have not been in-
troduced in our results,

We want to remark that some energy dependence of the correc
tions themselves could somewhat change the experimental 4 distri-
bution, This fact could be important, because according to Sanda and
Shaw, the "dip" behaviour of the & distribution is more indicative
than the A absolute values.

5.2. - T-invariance of e.m. current. -

The comparison between the differential cross-sections for n ~
photoproduction and its inverse ( n~ radiative capture) in the first reso
nance region is quite sensitive to a possible T - violation in the e.m. in-
teraction of hadrons'29),

Infig. 16 we report this comparison for three values of BEX, u-
sing the available w~ +p ~»n+ vy data(ZI), suitably modified by means
of the detailed balancing principle. The values for the direct reaction
Yn - pw~ were calculated using the polynomial fit described in the fore
going section. The shaded band contains two standard deviations about
the calculated values.

There seems to be a satisfactory agreement for energies above
the first resonance region, while at E*x = 1,245, our results are noti-
ceably higher than those of the inverse reaction. It is surely premature
to draw definitive conclusions on this question, also considering that
the inverse reaction requires further investigation because of the pro-
blem of the large (7 °n) background.

5.3. - Phenomenological fit of the differential cross-
sections. -

At present the available data are not sufficient to completely
describe the photoproduction processes in terms of a multipole expansion,
so that in any phenomenological analysis one has to apply specific mo-
dels, in order to obtain the behaviour of some multipoles.

By using our experimental angular distributions and making so-
me reasonable assumptions, we carried out a phenomenological fit ex-
tending from 0.4 to 0.9 GeV in E' , by means of an isobaric model ana
logous to that of Walker(22) -

The photoproduction amplitude is assumed to be given by a linear
combination of three coniributions:
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a) Resonant amplitudes (in our energy interval we only considered Pjg,
S11. Pyq and Dy3)

b) Born terms with electric coupling only.

¢) Non resonant background terms.

Furthermore, we have adopted the following criteria:

i) The imaginary part of each amplitude is only due to the reso-
nant contribution which is described by a Breit-Wigner function.

ii) Consequently the non-resonant background terms are added
only to the real part of the amplitude. In this way, the fit is mostly sen
sitive to the resonant contributions. Moreover the background terms are
assumed to be constant with energy.

iii) The P33 resonant contribution is fixed to the Walker value(22)
This implies that one must consider nM%+ 1/ , which seems to

be non relevant, since, above 400 MeV, only the tail of the resonance it-
self intervenes.

o)
iv) In the fit two available poﬁlarization(23) (24) re

sults are taken into account.

and asymmetry

The fit results have been already published(l)

Table V.

and are quoted in

We want to stress that the above fit does not claim to give the
exact behaviour of the multipoles contributing to the investigated reac
tion, but only to extract, in the framework of the isobaric model usea,
the relative importance of the resonant contributions. In this sense one
has also to consider the comparisons between our results and those of
other fits,

The most interesting result of our fit is the very large Py (1470)
contribution with respect to that of D13 (1520), which is known to domma
te the corresponding reaction on proton. This result is also found in the
fit of Ref.{25), in which a different parametrization is assumed. Moreo
ver,these authors, starting from the data of the present experlment é_
re able to derive some predictlcens for the reaction yn = nn© which
agree with a recent experiment . The Py contribution found is also
in agreement with the predictions of ref, (27). In table VI the compari-
son among some recent rits(22, 25) ig reported,

5.4. - The Py (1470) resonance in photoproduction. -

As already discussed in Ref. 1, the results of the phenomenolo-
gical fit support the indication of P11 formation which is given by the be
haviour: of the total cross-section in the second resonance region. A ba?:_l_g
ward displacement of the bump, with respect to the corresponding reac-
tion on protons is evident. Both facts suggest that P;1(1470) strongly con
tributes to the photoproduction on neutrons.
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TABLE V

Resonat
helicity
element

Added con-
tributions

Reso-
nance

Energy
Wo(GeV)

Width
I'o(GeV)

A” (Wo)
(b 1/2)

A1+

P33 1.236

0.120

1.00 fixed to
Walker value

+.06
-.29_‘07

P33 1,236

0.120

-2.43 (fixed
to Walkers!
value)

B_+

+.10
1.05_'09

D13 1.519

0,102

+.1
-.31_'1

+.0%7
-.36‘_.07

D13 1.519

0.102

+.16
"16-.17

+.
. 80

A+

S11 1.561

0.180

+.17
-. 17

A +

.41

A+

P11 1.471

0.200

+.09
-1_00_.09

+.11
-.11
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TABLE VI

Resonant Our Walker Proia-Sebastia|
helicity Resonance results results ni results
element ref, (22) ref, (25)

AO+ S11 -.22 -.8 -,395

Al- P11 -1.00 0 -, 760

Bz— D13 -.16 ~1.15 -.258

A2- D13 -.31 0 0

Some comparison have to be made with other experiments which
do not seem to show the same result. Concerning the ABHHM collabora
tion experiment performed with the same technique, the extracted yn
cross-section shows a bump at higher energy which is attributed to the
D13 resonance. In our opinion the discrepancy is mainly due to the dif-
ference in the unprocessed data,

As concerns the results of ref. (28), obtained with counters by
measuring the ==/« ratio, we want to remark that the cross-section
reported by these authors is given as a function of E, inthe L.S., so
that a backward shift of about 20-30 MeV could be obtained in this ener-
gy region, if the E*2 energy parametrisation was chosen., This feeling
is supported by the results of a Montecarlo calculation in which we de-
termined the Tr‘/-rr+ ratio on deuteron as a function of E’Y (L.S.), using
our w~ cross-section and the known nt cross-section. By so doing we
reproduced the data of ref. (28). The comparison is shown in fig. 17,

Finally we want to point out that the m~/=" ratio(29) passes thro
ugh the unity just at 600 MeV, so that one could infer that a bump displa
cement between the two reactions is present,

These considerations give us sufficient confidence to make a
claim for Py1(1470) photoproduction in'the reactions on neutrons.

If it is confirmed that the same does not happen on protons(zz)
then Py 4 would belong to an SUg-antidecuplet, not provided by the sim-
ple quark model, This assignment can be confirmed by looking for the
decay mode Pjq-~% A + n30), which would be forbidden in this case.

This analysis is in progress in double pion photoproduction on
neutrons and the preliminary results(l) (in apparent disagreement with
some previous indications(31) seem to confirm the above statement,
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FIG, 17 - Total cross-section of the.reaction yn —» pn~, The 7"
photoproduction cross-section is also reported (dashed line),



31,

6. - CONCLUSIONS -

From the data of an investigation of the reaction yd —» ppw~ we
were able to derive cross-sections for the reaction yn ~» pn~ by using
the spectator model. The events were selected by means of a cut on the
spectator angle in the (D) c. m. s, andon the L. S. momentum of the
spectator itself.

Numerous checks assured us of the reliability of the model and
of the effectiveness of the selection cuts.

The results can be summarized as follows :

a) If the theoretical model of Sanda and Shaw is reliable, the existence
of an isotensor current cannot be excluded by our experimental results,
as it is by those of the ABHHM collaboration,

Our data without Pauli and final state corrections agree with the value
x = 0,2 of the isotensor parameter and the above corrections, as far as
we presently know, cannot cancel the effect,

Indeed, the difference between our data and those of the ABHHM colla-
boration appears already in the total deuteron cross-sections, that are
unaffected by any deuteron effect. In our opinion, this is the main ex-

perimental fact leading us to not completely exclude an isotensor con-
tribution.

However, we want to point out that the Sanda and Shaw test is model de-
pendent, due to the assumptions made on the background behaviour, so
our data could also not require an isotensor contribution.

Because of the importance of the problem, we are presently carrying
out another deuterium run with low energy bremsstrahlung beam, in
order to measure in greater detail the cross-section in the first reso-
nance region without double photoproduction contamination,

b) If the data on the inverse reaction are reliable,the T -invariance would
be violated, both with our data and, even more, with those of the ABHHM
collaboration., However, =~ radiative capture is very difficult to be mea-
sured and the experimental data on this subject are presently not sure
enough. So, we think the T.-invariance still remains a completely opeéen

problem,

¢) The total cross-section shows an enhancement at E! = 580 MeV,

which cannot be easily attributed to the eXpecteleS(lgzo) resonance,
but rather to the P11(1470) resonance, as indicated also by a phenome -
nological fit to the differential cross-sections,



32.

ACKNOWLEDGEMENTS -

We wish to thank all those, who made this work possible, in
particular the members of our technical staff, Messrs, P. Benvenu-
to, A, Della Ciana, D, Fabbri, M, Gesini, L., Maiani and of the
measuring and scanning staff, C. Caiazzo, A, Cascini, C. Casella,
M. Cipriano, F. Cortellessa, C., De Palo, E. D'Uscio, M, Gatta,
C. Lambo, A, Montagna, A, Parmentola, C. Sogaro and C, Torna-
tore,



33.

REFERENCES -

(1) - E. Lodi-Rizzini et al., Lett. Nuovo Cimento 3, 697 (1970); F.
Carbonara et al., Lett. Nuovo Cimento 2, 1183 (1971); A. Piaz
za et al., Lett. Nuovo Cimento 3, 403 (1970). B

(2) - G. Gialanella et al., Nuovo Cimento 63 A, 892 (1969).

{3) - G.F. Chew and F.E. Low, Phys. Rev. 113, 1640 (1959).

(4) - G.F. Chew and G.G. Wick, Phys. Rev. 85, 636 (1952); G.F. Chew
and M. L. Goldberger, Phys. Rev. 87, 778 (1952).

(5) - R.J. Glauber, Phys. Rev. 100, 242 (1955) V. Franco and R.J.
Glauber, Phys. Rev. 142 1195 (19686).

(6) - A. Baldin, Nuovo Cimento 8, 569 (1958).

(7) - Aachen, Bonn, Hamburg, Heidelberg, Munchen Collaboration,
Report submitted to the Intern. Symp. on Electron and Photon In
teractions at High Energies, Cornell (1971).

(8) - G.F. Chew and H. W. Lewis, Phys. Rev. 84, 779 (1951).

(9) - C. Bacci et al., Frascati Report LNF-72/5 (1972).

(10) - R. Baldini-Celio and G. Sciacca, Frascati Report LNF-71/92
(1971).

(11) - D.M. White et al., Phys. Rev. 120, 614 (1960).

(12) - H.G. Hilpert et al. (A.B.B.H.H. M. Collaboration), Nuclear Phys.
B 8, 535/(1968); H. Butenschon, Desy Report Rs-70/1 (1970).

(13) - K. Muller, Bonn University, PIB 3-20 (1971).
(14) -~ J.T. Beale et al., Report CTSL.-42, CALT-68-108.
(15) - M.I. Moravesik, Phys. Rev. 104, 1451 (1956).

(16) - V.G. Grishin et al., Soviet J. Nuclear Phys. 4, 90 (1967); B. Git
telman and W. Shmidt, Phys. Rev., 175, 1998 (1968); N. Dombey
and P. K, Kabir Phys. Rev. Lett. 17, 730 (1966); G. Shaw, Nuclear
Phys. B 3, 338 (1967); A. Donnachie and G. Shaw, Phys. Letters
35 B, 4—15(1971); R.C.E. Devenish et al., Nuclear Phys . B 36,
309( 972).

(17) - F.A. Berends and D. L. Weaver, Phys. Rev. D 4, 1997 (1971).

(18) ~ A.I. Sanda and G. Shaw, Phys. Rev. Letters 24 1310 (1970); Phys.
Rev. D 3, 243 (1971); Phys. Rev. Letters 26, 1057 (1971).

(19) - P Spm;ntini and V. Valente, Frascati Report LNF-71/28 (1971).

(20) - N, Christ and T.D. Lee, Phys. Rev. 148, 1520 (1966).

(21) - P. A, Berardo et al., Phys. Rev. Letters 26, 201 (1971).

(22) - R, L., Walker, Phys. Rev. 182, 1729 (1969).

(23) - M, Beneventano et al,, Lett, Nuovo Cimento 3, 840 (1970).

(24) - K.Kondo et al., J. Phys. Soc. Japan 29, 13 (1970).

(25) - A, Proia and F. Sebastiani, Lett. Nuovo Cimento 2, 560 (1971),

(26) - C. Bacci et al., Frascati Report LNF - 72/15 ( 1972)

(27) - J. Baacke and H Kleinert, Lett, Nuovo Cimento 2, 463 ( (1971).

(28) - P.E. Sheffler and P.L. Walden, Phys. Rev. Lett. 24, 952 (1970).

(29) - G. Neugebauer et al., Phys. Rev. 119, 1726 (1960).

(30) - H.J. Lipkin, Phys. Letters 12, 154 (1964)

(31) - A. Donnachie, Proc. 14th Intern. Conf. on High Energy Physics,
Vienna (1968), p. 139.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


