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ANOMALOUS ELECTROMAGNETIC CURRENTS (EXPERIMENTAL)

G. Susinno

Laboratori Nazionali del CNEN, Frascati

In these last years experimental results on the yn —» pn” reaction have opened up some
interesting theoretical questions,

From a comparison of the available data on the reaction yn —» pn~ with the inverse one
(w"p -~ vn) there seems to be some indication of a violation of time reversal invariance in e-
lectromagnetic interactions,

Furthermore, as has been discussed by G. Shaw in his talk, a comparison of =" and "~
photoproduction in the first resonance region seems to indicate the presence of an isotensor
part in the hadronic e, m, current, )

In the absence of an isotensor component the couplings of the «yn and vp systems to the
A33(1236) are equal, In particular one expects that the difference of the total cross section for
7~ and 7 production :

4 = % [Gt(w‘) - at(ﬂ+)_

should be given by the slowly varying background only,

An eventual structure near the resonance in this difference would constitute evidence
for an isotensor component in the yN4 coupling, The existing experimental data have so far
presented interesting but somewhat confusing features concerning this test,

In this talk I will discuss the present experimental situation regafding the yn' —» pr”
reaction in view of the uncertainties surrounding it.

I refer to the talk by Shaw for discussion of the theoretical problems,
The information available comes from the following experiments :

a) yn —» pr” : bubble chamber measurement by the ABHHM collaboration(l);

b) yn —» pr” : bubble chamber measurement by the FNPR. collaboration(2);

e¢) /=" results by a Tokyo group(3);

d) electroproduction on bound protons and neutrons by a Desy group(4) 3

e} total hadronic photon cross section on deuterium and hydrogen by a Daresbury group(s).

I'11 begin by discussing the results of the experiments ¢), d)-and e) and, then, those of
the bubble chambers which, until now, can be considered the most definitive ones,

In Fig. 1 we have the preliminary results of the Tokyo group(3). These data are con-
sistent with the absence of an isotensor current, as can also be seen in Fig, 2,

Some attention should be paid to the fact that the + cross section obtained by means of
the v~ to w' ratio may be affected by some deuteron effect, as we will see later, especially
when only the pions are measured in the final state,

Fig. 3 gives the pr~—s yn differential cross section measured by a Berkeley group(e),
suitably modified by means of the detailed balance principle, and the yn —» pn~ cross section
as obtained by the Tokyo group. This comparison gives direct information about the T inva-
riance properties of the electromagnetic interactions,

As we will see, all the experimental data available on the yn —» pr~ reaction are not in
agreement with the Berkeley results on the inverse reaction in the first resonance region,
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FIG, 3 - Differential cross-section for yn —» pn~ at k = 350 MeV and 500 MeV, Clo
sed circles are results by Fujii et al.(3 ', closed square is a result of direct measu-
rement at 1800(21),‘ open circles and a diamont show results obiained from the inver
se reaction by Berardo et al.(ls) and Favier et al.(zz), respectively, B

Another experimental result consistent with no isotensor contribution is shown in Fig, 4,
In this experiment by a Desy group 4) the cross section for electroproduction on protons and on
neutrons is investigated and the difference of the total electroproduction cross section.on bound
protons and neutrons as a function of the invariant masses for different four-momentum trans-
fers is shown,

Furthermore, they separate the cross section into a resonant cross section 0,4 cor-
responding to the excitation of the 433(1236) isobar and the nonresonant background contribu-
tion Oppeg-

The difference of the resonant cross sections is plotted in Fig, 5 for the eleciro-excita
tion of the 433 resonance on protons and on neutrons. Any difference in the resonant cross sec
tions would be due to the isotensor current,

The errors quoted in this measurement are rather high, As result we can consider these
data as not inconsistent with the absence of an isotensor current,

Finally, some recent data from Daresbury(S) on the vyd total photon hadronic cross sec
tion do not seem to esclude the effect of an isotensor contribution, Fig. 6 shows the total +d
cross section, corrected for the deuteron smearing effects, compared with the total yp cross
section as measured on free protons,

One expects that the total cross section in deuterium is larger than twice the total cross
section on protons in the absence of an isotensor contribution,

Before considering the bubble chamber experiments, let me get into some technical
problems concerning the use of the deuterium as a neutron target, This is necessary in order
to have a fair judgement of the reliability of the data,

We can divide the deuterium effects into two classes, Firstly there are the dynamical
effects, which cannot be exactly calculated and secondly the kinematical effects due to the mo
tion of the interacting nucleon, These latter can be calculated to a reasonable degree of accu-
racy,

The effects of the first kind are:

a) the so-called G—lauber(7) effects, i, e, shadow and multiple scattering effects ;
b) the Coulomb interaction(8) in the final state;
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as well as uncertainties due to radiative corrections,
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c) the Pauli principle, which reduces the available phase space;
d) other kinds of final state interactions of the outcoming particles,
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FIG. 6 - Deuteron total cross section data, by Armstrong et al, (5),
corrected for internal motion of the nucleons {a), compared with
twice that of measured 011); (x).

As it is well known, the yn cross section obtained by the measurements of the *rr'/'rr+
ratio in deuterium is corrected for all the above effects with the exception of Coulomb interac
tion, These Coulomb effects are important only near threshold, decrease rapidly with energy
and are negligible in the resonance region 18),

We can only try to give an evaluation of these effects, For example, in analysing the
vd — ppm~ reaction the ABHHM collaboration{9} used the closure approximation(l'o), By
means of this method the Pauli principle is taken into account, even if in a model dependent
way, The correction found at the peak of the first resonance is of the order of 6%.

As far as the final state interaction is concerned, a recent work by Baldini and Sciac-
ca(ll) shows that the correction, due to this effect, crosses the zero at 300 MeV of Y energy
and is of the some order as the mentioned Pauli correction, but goes in the opposite sense for
energies lower than 300 MeV, The shadow effect(?) is expected to be less than 1%,

From this one infers that an overall correction of about 6-7% at most, due to these
effects, seems to be reasonable:;

Kinematical corrections take account of the fact that :

a) the target nucleon is mooving in the lab, system ;

b) the mass of the target nucleon is off mass shell and is different for each event;

c} not all the neutron targets are kinematically accessible for a given energy of the incident
'y-ray(lz , 1, e, it is not always possible for a low energy photon to bring nucleons, which
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are in the high momenta tail of the Fermi distribution, on the mass shell,

The overall correction due to all of them is of the order of 15-20%. They are therefore
the most important, but fortunately they can be calculated,

The cross sections obtained from the 1r"/1r+ ratio are to be corrected.also for these ef-
fects, especially for the second one,

Due to a) and b) the deuteron cross sections are smeared and shifted in energy and due
to ¢) they are reduced with respect to the free nucleon cross sections,

The most general way to get the cross section on free nucleon using deuterium data,
and taking into account all the deuterium effects, is provided by the Chew and Low(13) method,
which consists in extrapolating the double differential cross section 620/ IE* 0F; to the
neutron. pole, This method has the disadvantage that one does not know the curve along which
to extrapolate, So, only if very high statistics in the region of very small spectator momenta
are available, it can be used,

If we are able to select those events which can be described by the diagram of Fig, £14)
(spectator model), under the reasonable assumptions

that the cross section err the off mass shell nucleon ) ~ -~
is the same as on a free nucleon and that the total i
cross section only depends on the ¢, m, energy of the - -~ m
(vyn*) system, we can determine the photoproduction g ~ -

cross section on neutrons, \\ i

The model provides the expected kinematical
distributions of the spectator nucleon to be compared

with the experimental ones, »

In Fig. 8 we have the experimental and the ex
pected distributions(2) of the spectator momenta, As
one can see, the agreement is good for momenta lower
than 250-300 MeV /c, A s

In this figure the effect of the "kinématic irh-_
accessibility"(12) is evident, The highest spectator *
momenta are forbidden for the low energy y-rays, So,
the good overall agreement in the low Y energy re-
gion between the model and the experimental results
is only in the appearence and these distributions are
not very effective in selecting those events that better
agree with the spectator model,

[

FIG, 7 ~ Diagram assumed to descri
be the reaction yd — pn~, pg, actor
dingly to the spectator model,

The FNPR collaboration(15) uses a more selective criterion, based on the angular di-
stributions of the spectator in the vd c.m, s, These distributions are shown in Fig, 9 for va-
rious E‘Y 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, on the other hand, is expected to
have a very narrow distribution in the spectator model,

In Fig, 10 the momentum distributions of the spectator proton are shown for values of
cos Oy higher-and lower than the cut value. The effect of the cut is evident and the agreement
between experiment and prediction is now very satisfactory,

One can therefore conclude that the predictions of the spectator model are well verified
by the deuterium data, after having applied the above cut,

The Desy group uses three methods for getting the y-n cross section starting from the
deuterium data,

The results obtained with the spectator model, selecting those évents in which the spec
tator momentum is lower than 300 MeV /¢, are shown in Fig, 11,

Fig. 12 shows the cross section(®) obtained without any event selection and without spec
tator identification, using the closure approximation(lo), This cross section is also corrected
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FIG. 9 - Angular distribution(ls) of the spectator proton in the vd ¢, m, s,
The curves show the predictions of the spectator model,
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FIG. 11 - Total cross section of the reaction yn —» pwr~, from the ABHHM
collaboration 16 , as obtained using the spectator model (i), For compa-
rison are also reported the results from FNPR collaboration{15) ( E ).
The superimposed curve is the cross section for yp — p-n"'.‘
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FIG. 12 - Total cross section of the reaction yn-»pr” from ABHHM colla-
boration(g), as obtained using closure approximation(lo). The full curve
shows the prediction of ref, (17) with zero isotensor contribution; the da-
shed curve shows the behaviour of ¢(yp — nn™).
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for the effect of Pauli principle,

It-should be noted that this method can be applied only if the spin-flip and non-spin-flip
photoproduction amplitudes on neutron are known, so the Pauli corrections depend on the mo-
del used in evaluating these amplitudes,

The ABHHM collaboration{16) also tried to use the Chew-Low method. In Fig. 13 the
extrapolation for E,, in the interval 280-300 MeV is reported, The total cross section obtained
with this method is shown in Fig, 14,

T | | | T T T |
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FIG, 13 - Chew-Low extrapolation function (1b) as a function of (’c—mn)2 (GeVz).
The lines show linear fits to the data in two different ranges of t, At the left the
extrapolated value of the cross section at the n pole can be seen(ls).
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FIG, 14 - The total cross section of reaction yn —»
Low extrapolation from the ABHHM collaboration(!

)

w~ as obtained by Chew-
(¢). The results of the

spectator model are also reported for comparison ( é ).
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The results of the closure approximation and of the Chew-Low extrapolation are in good
agreement in the first resonance region and give a cross section higher than that given by the
spectator model, For higher energies the agreement between the Chew and Low method and the
spectator model becomes satisfactory and the cross sections so obtained are smaller than tho-
se given by the closure approximation,

Figs. 15 and 16 show the difference A4 of the Sanda and Shaw test(17) obtained usingthe
results of the closure approximation and the comparison with the results of the inverse reaction.
As one can see, the data agree with no isoterisor contribution,

As concerns the problem of T-reversal invariance, there is strong disagreement bet-
ween the yn — pw~ differential cross section and that of the inverse reaction in the region of
the first resonance, while for higher energies the agreement is fairly good,

As we have seen the FNPR group makes use of the spectator model, but in a2 more so-
phisticated way, by selecting the events according to the spectator angle in the vd center of
mass system,

The total cross section as measured(15) by this group is shown in Pig, 17 and the result
of the isotensor test is shown in Fig, 18,

In this. case an isotensor contribution cannot be excluded,

In Fig, 19 again the pn”—s yn differential cross section(8), modified by means of the
detailed balance principle, is reported, as well as the Y —> pu” cross section asiobtained by
a Moravesik'18) it to the FNPR data. The shaded band contains two standard deviations
about the calculated values,

As one can see, also in these results there is strong disagreement only in the first re-
sonance region,

Now let me critically compare the ABHHM and FNPR results,

If we consider the FNPR- = results corrected for the Pauli exclusion principle with the
some coefficients, as the ABHHMone, we find a difference of 9% with respect to the ABé/Mresults
in the first resonance peak,

Now, if we compare the unprocessed yd —» ppn~ cross sections (Fig, 20) we find a dis-
agreement of the same order,

So, the main difference between the results of these two experiments comes out from the
unprocessed data and not from the procedure used for getting neutron cross section.

What conclusions can one draw from the present experimental situation ?

As far as the violation of time reversal invariance is concerned we have geen that all
the experiments %ive & yn —»pm” cross section higher than the one derived from the data of the
Berkeley group(6 on the inverse reaction.

On the other hand, we must consider that the measurement of the T°p —» yn reaction is
not so easy and only one experiment on this reaction is certainly not sufficient to allow definitive
conclusions on this problem,

The situation concerning a possible isotensor contribution to the e, m, current seems
until now unsolved, different experiments giving different results,

The first point to define is what is the true value of the vd — ppr” cross section; the
second one is to ascertain real importance of the Pauli exclusion principle and the final state
interaction effects,

I think that the measurements of the Tr"/'rr+ ratio are very important in this respect, but
it is necessary to take into account all the deuteron kinematical effects,

Furthermore, an experimental investigation on the n°© photoproduction on neutrons
would be useful. Indeed this reaction is very sensitive to the isotensor contribution and the
- knowledge of the four single pion photoproduction channels would allow a determination of this
contribution in a completely model independent way.
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