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1. - INTRODUCTION., -
A study of the reaction

d+d—s He4 + mmo

has been performed at the Saclay Synchrotron ''Saturne" with incident
deuterons of momentum between 1,9 and 3.8 GeV/c.

The interest of the reaction is in the purity of zero isospin of the
mm©® system, The aim of this experiment was to test the charge sym-
metry for one #° missing mass, to bring in evidence the ABC effect, and
finally to study isoscalar meson production,

The extracted deuteron beam was focused on a liquid deuterium
target (6 cm length). The o particles were analyzed by a double focusing
magnetic spectrometer, Scintillator counters were placed in the interme
diate image and others in the final image, The particles were identified
by the time of flight between the two sets of counters (14 meters distant)
and by the energy loss in the plastic sc¢intillators. For each incident deu
teron momentum the experiinental points have been measured at constant
laboratory angles, varying the momentum of the recoil a particle,
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2.- CHARGE SYMMETRY TEST, -

The process d+d—->'He4+ ~° has been studied with 1,89 GeV/c
incident deuterons and at a center of mass angle of 79 deg. to test the
charge symmetry, This reaction is forbidden by the isotopic spin con-
servation law, since the isospin of deuteron and He# is zero and that of
mw©C is one., A small violation of electromagnetic origin in charge sym-
metry is expected in this reaction, since it can go through virtual 7-
-production and s - 7 mixing, -

The result of our measurement is consistent with no ®© produc
tion, and we can set an upper limit of the differential cross section for
this ‘production d 0/d Q%X £1,9x10735 ¢m?2/¢r, This limit is .5 times lo
wer than the p‘revious(\l’) for this reaction, but obtained at different energy.

In order to compare our measurement with the former ones, we
used a theoretical prediction(z) obtained in the frame of the impulse approxi
mation and neglecting the isospin conservation law, From the comparison
of the calculated value with our experimental limit, it turns out that iso-
spin is conserved within at least 99, 73%.

3.- ABC EFFECT, -

The ABC effect was first observed from Abashian, Booth and
Crowe(3),' as an enhancement in the missing mass spectrum of p+d—
—» He3 +mm©, just above the 2@ threshold, For a long time it was re-
garded as an evidence for anI1=0smw resonance at 310 MeV, This idea is
now refused, since such state has never been seen in ordinary hadronic
processes, like w~p and k™p with two pions in the final state, or in photo-
production, More recent experiments show the ABC as a huge, sharp spi
ke ‘at around 310 MeV in the missing rmass spectrum of the reaction n+p-—»
—y d+mm©°(4,5), d+p—sHe3+mmO°(5,6), and with the present experiment
also in d+d He4+mmo (7), Only this last reaction selects a 2m state
of zero isospin, The ABC, therefore, appears only in the processes where
the final state is a bound state of nucleons, and it is in aI=0 isospin state,
The ABC is not evident in p+p-s d+4 (mm)* (4) and in pt+td—> H3 + (mm)*‘(B’ 6)
where the mm are inI=1 state,

However, for this last process, Saclay data(ﬁ) show a small de-
" viation of the phase space, that could be interpreted as a contribution of
the ABC effect,

‘ In Fig. 1 is shown a spectrum obtained with 2,29 GeV /c incident
deuterons and at 91,1 =0.3 deg. The abscissa is the Iie* recoil momen-
tum; also a missing mass scale is shown, The ABC effect shows up very

clearly centered at a missing mass of 326+11 MeV,
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Fig. 2 shows an other momentum distribution of the He?, This spec -
trum has been obtained at' 2,5 GeV/c and at 8;,,,=7.4 deg, and we can see
the ABC effect associate with the He? emitted backward and forward in
the center mass system,

We note a large structure located inthe region of the largest ob-
servable mass (forward-backward transition), Actually, this structure ap-
pears inall the spectra were ABC effect occurs, also inthe dp and np
interactions. The phase space of the final state with 2@ or 3% cannot
account for such a structure.

For incident deuteron momenta between 1,9 and 3.8 GeV/c the cen

tral mass of ABC effect varies with the kinematical condition between
300-350 MeV,

Fig, 3 shows the angular distribution of ABC effect for an incident
deuteron momentum of 2,5 GeV/c, It is strongly forward peaked, and
what is natural in a symmetric reaction, also backward peaked, It is
interesting to note that also in the case of the not symmetric reaction
ptd— Hed+ABC the angular distribution is strongly forward and back-
ward peaked,

x In Fig, 4 the behaviour of the differential cross section is shown
at Oped =180° for the ABC production versus the total c.m, erergy. This
cross section varies very rapidly with the energy and presents a maxi-
mum at W¥=4,23 GeV, These two last results show that the ABC effect
requires particular conditions for energy and angle in order to be observed,

4, - MESON PRODUCTION, -

Inthe spectrum obtained at 3,32 GeV/c incident deuterons and. at
03ab =0.3 deg. in the backward emispnere (v, Fig,5) the maximum mass
observable is about 850 MeV, The ABC effect is also evident and a bump
about 800 MeV, in the region of w©, is seen, The differential cross sec-
tion for the @© in this kinemati¢al condition can be evaluated about
1,0+0.3 nb/sr. There is no evidence for a n© production,

We want particularly notice that in the spectrum obtained at 3,82
GeV/c incident deuterons and at 0),1,=0.3 deg. (v. Fig, 6), where the
ABC effect complitely vanishes, there is no production of missing mass
lower than 550 MeV. There is a little ®© signal, but no other meson is
observed,

We have made many runs at different angles and deuteron momen
ta, in order to look for other mesons with masses up to 1 GeV, Within
the limits of our experimental resolution no other bump has been seen.
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9. - ABC MODELS, -

Since ABC is the more relevant effect observed in the study of
the reaction, we discuss some recent models proposed to explain this en
hancement, The ABC effect was first explained in terms of an atractive
interaction between the two pions in the S wave and in zero isospin state;
but this leads to a waw scattering length in the range of 1 to 3 ma”v1 (3:4).
These values are much larger than those obtained in other processes in
volving a s interaction, More recent theoretical explanations are based
on the following models,

The phenomenological approach of Br-ody(g) is based on the p+d-—
—> He3 +mm© reaction (v. Fig; 7a). The ABC is explained using the infor
mation about the momentum transfer dependence of the HeS form factor,
which is obtained by the experimental results of meson production in the
same reaction, and in terms of a single particle-exchange model, The
ABC effect, therefore, should be due to the difficulty to form a He3 nucleus
when the relative momentum of the constituent nucleons is high. In this
model also & relatively small wa scattering length is used,

A model proposed from Anjos, Levy and S‘an’coro(g) for the d+p-—
~> He +mm reaction is shown in Fig, Tb, Two pions are ,Fr‘od‘uced? in
a two step reaction Ny +p—>d; + 7, followed by di+N2-—-s» He" + @5, where
Ny and N - are the nucleons of the initial deuteron, and d; an intermediate
deuteron, . which is considered as a real particle, The calculated spectra
at each energy show backward and forward peaks and a wide bump at the
highest missing mass, These results are due to the peaked angular distri
bution of the intermediate processes., When both reactions take place in
the forward direction one gets the forward ABC; when they take place in
the backward direction one gets the backward ABC, and when one takes
place in the forward direction and the other in the backward direction one
gets the middle bump. The energy dependence of the ABC effect is dedg
ced from those of the intermediate reactions,

The diagram shown in Fig, 7c was proposed by Risser and Sh.uste‘:r(lo)

and originally applied to explain the feature of the reaction N+N—s d+mm
but it may also be extended to pd and dd interactions, In this medel the
process proceeds predominantly through the intermediate production of
two 4 resonances by one pion exchange, The two-decay-nucleons are then
constrained to form a deuteron in the final state, The low-mass enhancement
ABC effect corresponds to the parallel decay of the two A's; the high-mass
enhancement corresponds to the ar‘iparallel de *ay, Particular kinematical
conditions are to the origin of the enhancements.

?

What is the validity of these models?

'The Brody fit reproduces some data on p+d—sHe> + ABC, but it
is unable to describe the Saclay data d+p --~-~2{He3+ABC. Moreover, it does
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not provide at all for the middle bump experimentally observed.

As to the Anjos et al, model, the calculation of the authors leads
to a satisfactory agreement with the d-!\—p--—#»He3+ mm© data; Barry in a
critical review(1l) of the ABC models,however, remarks that this model
does not provide even a qualitative description of the data now available,
A -generalization to other nuclei is not yet evident,

The Risser-Shuster model is in agreement with .the n+p —» d+mm©
data; up to now the authors have not applied this model to other nuclei,
but the calculation made by Barry: is unable to account for the large ABC
effect seen in d+d-» He4+mm®; also a fit of d+p-sHe3+ABC data is not
good,

In conclusion a convincing explanation of the ABC effect is still
an open question, A careful comparison of the behaviour of the ABC in
the different reactions in which it has been observed, can give a more
insight in this field,

As a peculiar example the d+d-» He4+ABC and the d+p-—»He3+ABC
cross section versus the total center mass energy minus the final nucleus
mass are compared in Fig, 8, The energy interval in which ABC appears
is wider for the dd than for the pd reaction, In addition the differential
cross section for the dd is larger than for pd., The experimental study of
n+p-ad+ABC is not yet complete but the set of data now available(4)
shows that the cross section of this reaction is much higher than that of
d+p~>He3 +ABC and d+d—>He#+ABC. There is not, therefore, for this
effect a regular behaviour of the cross section with the involved nuclei,

: We think that the study of the phenomena like to ABC can be use-
ful to understand A4 excitation in the nuclei, and to verify if nuclear colli
sions can be also accounted in terms of the interaction of their constlment
nucleons, or, on the contrary, if it is more convenient to treat the nuclei
in the aim of the bootstrap theory,
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