To be submitted to _ COMITATO NAZIONALE PER L'ENERGIA NUCLEARE
Nuclear Physics Laboratori Nazionali di Frascati

LNF=-75/53(R)
18 Novembre 1975

J. Banaigs, J, Berger, M, Cottereau, F, L., Fabbri, L. Goldzahl,
C. LeBrun, P, Picozza and L, Vu~Hai: PRODUCTION OF 1I=0
MESONIC STATES IN THE REACTION d+d «-—wHe4+X.

Servizio Documentazione
dei laboratori Nazionsli di Frascati del CNEN
Casella Postale 70 - Frascati {Roma)




Laboratori Nazionali di Frascati del CNEN
Servizio Documentazione

LNF-75/53(R)
18 Novembre 1975

J. Banaigs'®’, 7, Berger®), . Cottereau'™, F.1L. Fabbri, L. Goldzah1‘©),
C. Le Brun®(, b, Picozra and L. Vu-Hai(*): PRODUCTION OF 1=0 ME

SONIC STATES IN THE REACTION d+ d—Het+X, -

ABSTRACT, -

The inclusive reaction d+d—»He4+X provides an interesting means
of studying I=0 meson systems since, in it, the X system is produced
in a pure isoscalar state, with simultaneous formation of a single char
ged pa’r-ticlLe;.' This study deals with misssing masses in.the range 270 to
1000 MeV/c‘z. ‘Of all the I1=0 meson resonances, only the controversial
€ 9 can be produced in the S wave; the others can be produced only in
odd waves. Nosignal is obtained for the &9, and the ®© is obtained with
only avery weak cross section, ~s 1 nb/sr,

On'the other hand, the ABC effect associated- with pion production
in reactions involving light nuclei is abundantly produced, and aocounts
for nearly all alpha production in the reaction. This production varies
greatly as a function of energy,
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1. - INTRODUCTION, -

In the reaction
(1) d+d-sHel+ X,

whose study will be presented here, because the ‘deuteron and the alpha
‘have isospin zero, the missing mass X is created in a pure I=0 iso-
-spin state, and as a result cannot consist of an odd number of 59s, This
very interesting property lets us use the reaction (1) to study the produc
tion of I=0 resonances in a pure isospin channel, and also to look for
possible violation of isospin conservation in the forbidden reaction d+ d-+
— Het+ o o, :

Different studies of the reaction d+ d—pHe?+ @O (l’z)have given
no evidence of violation of isospin conservation, Our ‘previsous experiment
carried out at Saclay with the arrangement described below, and deute-
rons at 1.89 GeV/c, gave do /dQ¥* ¢ 1,9x10-35 em?/sr as an upper limit
for the pion production cross section at 0% =179°, The set of results on
‘this reaction provides one of the best indications of the validity of isospin
conservation,

(2)

Two bubble chamber experiments, one at 3,0 G».eV/c(s), the other
at 7.9 GeV/c(4), have studied the production of mesons in d+d interactions;
in these, single alpha production cotld not be observed, bt each gave
some d+d—p d+d+ wt+ - events where the isospin selection rules are
thesame, The inclusive - spectrum obtained at Birmingham 5)witll deuterons
at 1.69 GeV/c inthe reaction d+d—s Hed+X did not give evidence of the
sought-after ABC effect, Finally, an experiment with poor statistics that
was carried out on Saturne at 3.8 GeV/c with another spectrometer gave
evidence of weak production of ®©,

The aim of the experiment described here was to study the inclusive
Production of I=0 resonances of mass less than 1000 MeV /c2 - the maxi-
mum r'nissing mass for incident deuterons at 3, 8 GeV/c - in favourable
experimental conditions, for the reason that these resonances are associa
ted with only one charged particle, and to look for possible production of
the ABC effect in a reaction involving four nucleons, and to study its an

gular and energetic characteristics,

2. - DESCRIPTION OF THE EXPERIMENT, -

2,1.- Experimental arrangement, -

(

‘ . . (3,
Previous studies 5) had shown that very weak alpha production



cross sections (£ 1w b) must be expected when the total d+d cross sec-
tion measured at 3 GeV/c(3) is 120 mb, We had therefore to use an
arrangement that was capable both of taking the most intense incident

flux that Saturne could produce (2x10!! deuterons per burst of 400 ms) and
of selecting alphas from among other particles produced in the target,

The ratio of the number of alphas to the total number of particles produ
ced could reach 10-9 in the most unfavourable cases, The double analy-
sing magnetic spectrometer used for the study of the reaction d+p->He3+X,
and described in(7), met these requirements quite adequately after some
modifications,

The arrangement used is shown in Fig, 1. The position and form
of the incident beam were permanently controlled by three wire chambers,
At the target, the beam had a marked Gaussian profile in the two planes
with a full width of 15 mm at half maximum along the vertical axis, and
varying from 12 to 24 mm in the horizontal plane as the incident momen-
tum of the deuterons varied from 3.8 to 1.9 GeV/c. Relative monitoring
of the number of incident deuterons was ensured by two scintillation coun-
ter telescopes; the first, m,, viewed a 2 mm plastic target placed in
the beam and with a response independent of the angle in which the spec
trometer was working; the second, mj, counted particles emitted at 700
from the target, The count ratio of these two monitors remained constant
to within + 1%,

The liquid deuterium was contained in a stainless steel cylinder
5.9 crm long and 8 cm in diameter whose entry and exit windows were
each 50 u thick, The vacuum chamber containing the target had titanium
windows 50 #-thick on the trajectory of the beam. The target-empty con-
tribution was reduced by having boxes filled with hydrogen gas with very
thin windows (10 g mylar) placed upstream and downstream of the target,
The spectrometer used was double analysing, dispersing at the interme-
diate image and achromatic at the final image, The whole spectrometer,
including the intermediate image counters, was in a vacuum, At the inter
mediate image, particle detection was ensured by having a set of five con
tiguous scintillation counters (Il to I5) each made up of a scintillator
7x1x0.1 cm?® connected to a PS 2010 photomultiplier, In order to have
good amplitude discrimination, the final image detection system was made
up of three successive scintillation counters F1, Fog, Fq (8x6x0, 4 cmB).

2.2,- Experimental method, -

2.2,1, - Kinematics, -

In an inclusive reaction of the type 1+2~»3+X where 3 is the de-
tected particle, the invariant mass of the system X is a function of the
two variables Pg and 03 defined by the spectrometer:
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FIG, 1 - Experimental arrangement,
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In our particular case, 3 is a heavy particle whose velocity in the centre
of mass system is less than the velocity of the centre of mass in the la
boratory system. This results in a limiting value for the alpha emission
angle O3 inthe laboratory. Figure 2 shows the variation of this angle

as a function of the momentum of the alpha for different values of Mx,
and for deuterons at 2,5 GeV/c, as'the angle in the centre of mass va-
ries between 0 and 180°, We see that the magnetic rigidity of the alphas,
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FIG. 2 - Kinematics of the reaction d+d—sHe%+X at
Py=2.5 GeV/c. Laboratory angle versus the alpha mo-
mentum: curves at constant missing mass, and for con-
stant centre of mass angle,
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P/z, is always far from the momentum of the incident deuterons but that,
on the other hand, the P/z corresponding to the alphas emitted in the
forward direction in the centre of mass is about half this incident mo-
‘mentum. For this momentum region, and for angles 83 less than 69,

the flux of protons produced by stripping deuterons is such that the ‘num
ber of particles found in the spectrometer is much greater than iscom
patible with correctly functioning electronics, and so any measurement
becomes impoissible,{Notice, however, that since the reaction ‘is symme
tric, we are not prevented from obtaining a complete angular distribution
‘in the centre of mass,

2.2.2, - The spectrometer, -

‘The currents in the seven magnets and quadrupoles making up the
sSpectrometer were calculated for alphas produced at the centre of the
target, with given momentum, and which crossed the central intermediate
image counter, Energy losses in the target and the various absorbing me
dia were taken into account., The ‘dispersion coefficient (AP/P)AX at the
intermediate image allows the calculation of the central momentum in the
other counters: it was 0.97% per cm. The momenturn analysed by the
spectrometer is known with a precision of 0, 5%(7), The geometric aper-
ture defined by the square collimator 3, which measured 8x8 cmz, was
+ 7.3 mrad in the two planes, :

The acceptance of the spectrometer was calculated with a Monte
Carlo program, taking into account energy loss and multiple scattering
in each of the materials crossed, and also the dimensions of the incident
beam. Fig, 3 shows the variation of the reduced acceptance 4P34 &93/13’3
of the central intermediate image counter as a function of the momentum
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analysed. The resolution is calculated with the same program, by looking
at the transmission of particles created in the target at given momenta,

It was + 0.65% and varied slightly with the dimensions of the incident beam,
In each of the analysing magnets My and Mg, the values of the magnetic
field was permanently controlled with better precision than 10-4 by using
magnetic nuclear resonance probes. The exact value of the detection an
gles 03 had been determined earlier by meahs of a 2-body reaction d+
+p->He3 + 5 0(7,8)

2.2.3. - Identification of particles, -

The 14 m distance between the two groups of counters allowed easy
Separation of the deuterons and alphas, which have the same time of
flight, from the other particles, To select the alphas we used a pulse-
-height discrimination on the four counters (Ii,Fl,Fz,F3) crossed by par
ticles, Because of their double charge, alphas lose on average four times
more energy in matter than do deuterons with the same P/z, Threshold
curves and pulse-height spectra were recorded at different momenta,
Fig, 4 shows an example of these curves; it can be seen that the alphas
are very well separated from the deuterons; maximum deuteron contami
nation was é.lways less than 1% of the number of alphas counted,

The electronics logic diagram is shown in Fig. 5. The thresholds
of channél A were set to acc ept particles with ionisation greater than or
equal to that of the deuterons. This channel was used for a control count
and for adjustment, at each momentum- of the spectrometer, of the high
voltages applied to the photomultipliers,

The alphas were counted in two ways, B and B', starting from di-
scriminators that define the separation of deuterons and alphas. B is com
posed of coincidence circuits of variable resolution, and B' of a time-am
plitude convertor with an ~analogue-digital coder which allowed recording
of time of flight spectra of the particles in the five channels simultaneously,
The rate of random events in the coincidences and corrections due to dead
time in the time of flight system were always less than 1%, and often as
low as 0.1%,

3.~ DATA ANALYSIS AND RESULTS. -

3.1.- Acceptance corrections and losses due to nuclear
interactions. -

The currents in the magnets and quadrupoles of the spectrometer
were optimised for the momentum band analysed by the central intermediate
image counter, and the acceptance AP3 4 Q45 was calculated by this same
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counter. Counts from the four lateral counters covering the adjacent mo
mentum bands had then to be corrected to take into account losses due

to the slight optimisation failure of the spectrometer with corresponding
momenta, and the fact that these counters were not on the focus, so their
acceptance was weaker than that of the central one, Correction coefficients
to be applied to each alpha count in the lateral channels were determined
experimentally with good statistical accuracy by recording deuterons produ
ced at the same time as alphas in the reaction d+ d—ed+X, and taking

the ratios of the counts from each of .the lateral channels to the count
from the central one for the same momentum,

We checked that the coefficients determined in this way were iden
tical for alphas and deuterons,

Count losses due to alpha-nuclear interactions in the various mate-
rials encountered in the spectrometer were calculated by assuming an
He4~nucleus cross section to be the product of the total cross section of
the He“-nucleon(9) and the:;geometric factor A2/3 of each absorbent nucleus
of mass number A, These losses decreased from 20 to 8% when the ma-
gnetic rigidity of the alphas was increasing from 700 to 1300 MeV /e,

3.2.-Calculation of cross sections, ~

The differential cross sections were obtained from the usual formula

ao _ %p” %y

dp3d.Q3 Qon-’Q»s :

where @cop and a,, represent respectively the corrected number of alphas
created with the target full or empty for x events on the monitor. Dx is
the number of incident deuterons corresponding to x; its value was obtained
from the activity of a sample of carbon irradiated by the beam., For the
activation cross sections of the deuteron activated 12C, we took values de
duced from the value obtained at 3. 76 GeV/c(lo), and assumed that the
cross sections of the activation reactions 12¢(a, pnn)llC and 12C(p,_pn)11C
behave similarly as a function of energy. The factors g, s, and 'ﬂrepre—
sent respectively the nuclear density of the deuterons in the target, the
Spectrometer acceptance at the momentum analysed by the central coun-
ter, and the thickness of the target,

After verifying that the target-empty contribution varied monotonically
with the momentum analysed, we measured it for only some values of Pq
on each spectrum, and determined the missing values from a polynomial
fit, The contribution of the target-empty to the total observed count varied
between 8 and 30% for different cases.

The error associated with each experimental point on the spectra
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takes into account only the statistical error on the subtraction ¢ cp~ ®ecv-
Error inthe measurement of the number of incident deuterons was of the
order of + 10%. It affects neither the shape of the spectra, nor the angular
distribution at a given energy, and so is not given in the results, On the
other hand, it has been included in the production curves as a function

of energy. With errors from acceptance calculations plus various correc-
tions, we arrive at a possible systematic error of 15% for these curves,

Table I summarises the experimental conditions in which the spectra
shown -in Figs, 6-18 were obtained. On these figures a supplementary scale
gives the missing mass value associated with the momentum of the He*,

A glance at these spectra shows that the production is strongly dependent
on the energy, since the maximum of the differential cross section in the
laboratory goes from 200 pb/sr, GeV/c) at 1.89 GeV/c to 1.5 pb/isr,GeV/c)
at 3.82 GeV/c, ’

For the analysis of the spectra we shall separate the study into two
parts: one dealing with masses of less than 500 MeV/c2 that appear strongly
related to the ABC effect; the other wj.th I=0 isospin meson states of mag
ses lying between 500 and 1000 MeV /c2,

TABLE T

Characteristics of the spectra obtained, -

P, 0 wx M ‘Position of the top | N° Fig,
3 max . ,
of the first peak

GeV/c | Degrees |-GeV/c2 GeV/c2 MeV/cg

1.89 0.3 4,126 0. 399 302.0+7,0 6
2,190 0.3 4.196 0.469 | 324,0+9.0 7
2.29 0.3 4,259 0.532 326,0+11,0 | 8
2. 50 0.3 4.331 | 0.604 340,0+13.0 9
2,50 4.5 4,331 0.575 316.0+13,0 10
2.50 6.4 4.331 0.544 812.0+13,0 | 11
2.50 7.4 4,331 0.525 310.0+12,0 12
2.50 8.3 4.331 0.503 | 306.0+13,0 13
2. 50 11,0 4.331 0. 412 318.0+8.0 14
2,70 0.3 4,401 0.674 342,0+16,0 15
3.32 0.3 4.619 0.892 352,0+23,0 16
3.66 0.3 4,740 | 1,013 .| - 17
3.82 0.3 | 4.796 | 1,069 | - 18
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4.- THE ABC AND DEF EFFECTS. -

4.1.- Review of previous results. -

- The ABC effect was initially discovered by Abashian, Booth, and
Crowe inthe reaction p+d—s Hed+X(11) 1t is the name given to anim
portant structure observed in the spectra of thé inclusive reactions p+d—
-»d+X and n+p-» cl+X(]Lz’ 13); p+d-->wHe3,+~X(7¥11:13); and d+d-—-»
4-9-He4+X(121=) near the 2# threshold. Such a structure has never been
observed in pion-nucleon interactions,

Previous results, especially those obtained from d+ p—sHe3 +X(7),
have shown that:

1) the mass. position .of the ABC effect changes. significantly with kine
matic conditions;

ii) the ABC effect shows up mainly in the I=0 isospin state, the
spectrum d+'p—-'»H~3 +X(I=1) showing only a very small deviation with re-
spect to phase space;

iii) the production cross section is strongly dependent on the emission
angle of the He3 and on the total energy of the reaction;
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iv) a large structure kinematically linked with the maximum obser
vable missing mass is associated with the ABC effect;
) v) most of the spectra show, around 450 MeV/c, a structure called
the DEF effect, smaller than the ABC effect, but with the same angular
and energetic characteristics,

These results clearly show that the ABC effect is not a resonance
but rather a phenomenon linked to production mechanisms,

4.2,- The ABC effect in the reaction d + d—s He4 + X .-

All recorded spectra of incident momenta less than 3,32 GeV/c
are dominated by important peaks situated at missing masses slightly
greater than the mass of the 2@ there is also a large structure near
the maximum observable missing mass ~(Figs. 6-15). At 3,32 GeV/c (see
Fig. 16) the first peak still appears near 350 MeV/cz, but it has comple-
tely disappeared at 3,82 GeV/c (see Fig, 18). At this energy we notice
that, within the limit of statistical error, there is no alpha production
for missing masses less than 550 MeV/c?, In Figs, 8 and 12, the dotted
curves represent -statistical phase spaces for d+ d—>He?+27 and Hi.e4+3w
which were calculated taking into account the resolution, and which were
arbitrarily normalised, Their shapes are very unlike those of the experi-
mental spectra and in no case can they account for the appearence of the
- spectra, In particular, 3w production alone cannot completely explain the
central bump on-our:spectra, .Tablel shows that the mass corresponding
to the top of the first peak varies with the total energy and the angle,
These different characteristics have led us to attribute the structures ob
served in these spectra to an effect analogous to the ABC effect as obser
ved in n+p —d+X and d+p-yHe3+X, We notice that in this ‘reaction
the effect is much clearer thanin others, th«eé first peak-to-valley ratio
lying between 8 and 10, while inthe reaction d+ p-—«a’Hé3 +X it was only
between 2 and 2, 5, and of the order of 1inn+p-—sd+X,

To derermine the variation in alpha production as a function of energy,
we integrated the inclusive differential cross sections d2¢ /dQ¥dM at
81ab =00, between the minimum and maximum observable missing mass,
We thus obtained the production curve of alphas emitted at 0F ,, =180°
(or 00 'since the reaction is symmetric) as a function of the total energy
WX, Fig. 19. This operation cannot be applied to spectra obtained at angles
81ab different from 0°, since imthese conditions the alpha angle 0%
varies with the missing mass, We can see from Fig, 19 that at 0% = 1§00,
the alpha production . .presents an important maximum for WX =4,24GeV
(P4=2.2 GeV/c). In the reaction ‘dl-!-vp;-a.He3 + X(7), ‘the production for the
ABC effect alone was found for W¥=3,38 GeV (Pg=3.24 GeV/c), Figure 20

shows the differential cross section do /d %, 8, m, =1809, for the two
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reactions d+p-pHe3 +X and d+ d-s He4r+X as a function of W - ms, where
mg is the mass of the detected nucleus He3 or He*, From this we can see:

i) that productions are equal to within 20%;
ii) that each of these curves has its maximum in the energy region
W¥* where the ABC effect is most strongly produced;
iii) that the production maxima are situated at 570 MeV above the
d+p—sHed +X threshold, and at only 510 MeV above the d+d-sHe?+X
threshold.

The results obtained at 2.5 GeV/c for different angles, Figs, 9-14,
show that the laboratory cross sections decrease as the al pha ‘emission
angle is increasing, but that this decrease is much more rapid for the cen
tral bump than for the first peak, The total alpha production cross section
for deuterons at 2.5 GeV/c deduced from these spectra is 1,72 +0.5 pb,
For deuterons at 1,69GeV/c, Chapman et al found a total cross section
of 0.6 ub by assuming, though it is far from being the case at 2.5 GeV/e,
that alpha production was isotropi‘.c(5). :

4.3. - The DEF effect, -

The spectra obtained in this experiment do not have any enhancements
directly revealing the DEF effect that was observed around 450 MeV/c in
the inclusive reaction d+p—s He3 +X(13,7), Nevertheless, a slight produc-
tion excess in the missing mass region between 400 and 500 MeV /c? can
be observed on some spectra, in particular those in Figs, 10 and 15, but
in the absence of any model that correctly reproduces the ABC effect in
this reaction, it is POt possible to attribute this production excess either
to the ABC effect or to a possible production of the DEF effect, It must -
however be noticed that contrary to what happens in the ABC effect, the
cross sections that could possibly be attributed to the DEF effect are mar.
kedly smaller in the reaction studied here (3 or4 times) than those that
were found in the .reaction d+ p—3 He3 +X. )

4.4.- Interpretation, -

The ABC effect has already been the subject of several interpreta-
tions, -but the authors have never applied their models to the reaction
d+d—s He4+X,. In all the models, the principal parameters- given by the
authors are connected either to the difficulty of forming nuclei from other
lighter nuclei at high energy, or to the influence of intermediate isobar
excitation during the reaction. Two simple models illustrate these approaches:
Brody takes into account the difficulty of forming an He? in the reaction
d+p—>He3+X by multiplying the phase space by a factor t™™ (where t is
a 4-momentum-transfer squared)(15), while Dubal and Brown linked the
ABC effect to the intermediate production of \N¥(1470}(16). "These models
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do not give good results for the reaction studied here, In addition, they
have little predictive value, and are more a parametrization of the ABC

effect using a particular wvariables .a transfer exponent in(15),
of the intermediate isobar state int10

or the mass
More ¢élaborate models that take

into account the¢ whole spectrum give interesting results for the reactions
for which they were developed. The one pion exchange model with forma

tion of two intermediate A,  Fig. 2la, proposed by Risser and Shuster(17),
gives results ‘that are in good agreement with the experiment for the reac
tion n+p-» d+X. The authors have not Yet extended the model to the reac
tion d+p—» He3 +X or to d+ d—s Het +x, Barry, in an article reviewing
the ABC e»ffect(ls), did apply it to the latter, and found the cross sections
much too weak to account for the experimental spectra. In an earlier cal
culation Anjos et al(19) satisfactorily reproduced the results obtained in
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FIG. 21 - Graphs of different mo

dels proposed to explain the ABC
effect,

5, - 1=0 MESON RESONANCES OF MASS BETWEEN 500 AND 1000 MeV/C2 -

the reaction d+p-sHed +X, using a
two - step process which is represen
ted in Fig. 21b, Since this model can
not be directly extended to other reac
tions, the same authors have just
published an interpretation of ‘the ABC
effect for the reaction n+ p-sd+x(19),
based on a generalisation of the Deck
effect, Fig, 21c, Unfortunately their
calculation has not been applied to
the reaction d+d-» He4 +X, We think,
however, that the results obtained here
in this reaction provide an excellent
means of testing models that descri
be the ABC effect since alpha produc
tion is almost uniquély linked with
it,, and since the cross sections are
nearly as large, and even larger if
only the first peak is considered(20),
as those obtained in d+ p-—sHe3+X

in analogous kinematic conditions
(see Fig, 20).

s

The study of I=0 meson resonances in pion-nucleon production expe
riments is always very difficult, since thesge experiments require either
the detection of neutral particles, as in " +p-an+X, or else the detection
of several charged particles as in & +p_3 (4 ) +X, or, aty d-sp+p+X,
A reaction such as d+d-sHe?+X would then seem well adapted to such a
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study, since the missing meson mass is in a pure I=0 state and is asso-
ciated with only one charged particle, Since alpha has spin j=0, only
positive parity states can be created in the S wave., All I=0 mesons,
such as 7° w°, ' require an odd wave, except for the possible © me
son (IG, JP=ot, 02) which may be created in the S wave,

The ¢° resonance expected around 700 to 800 1\/IeV/c:2 in the S wave
of mmwscattering(21) has never béen convincingly seen in 2w ° production
experiments such as @~ +p-+»ax®+5%+n and wt+d-» p+p+w°+x°, and
its observation in the g+ ;- mode is obscured by the production of the

¢ meson,.

The other method of looking for it is to use the Chew-Low extrapola
tion applied to the reactions & ~+N-3> w+ & +N to do a phase shift analysis
of the w & reaction, After numerous tries with weak statistics, the results
obtained using this method now converge towards a unique solution for the
S-wave different from that first expected, The resonance found is linked to
the inelastic threshold wsw —» KK, where the S wave phase. shift passes
through 90° and where the elasticity parameter goes suddenly from 1 to
0.5. The formulation of this result depends much more on the definition
given of a resonance than on the experimental results, On this point, it
should be noted that the latest results obtained for nowo(22)’ which are
in agreement with the present phase shift analyses, give a large bump
at about 800 MeV/c2,

The' experimental results obtained by counting alphas emitted at
81ab =0° for incident momenta of 3,32, 3.66, and 3,82 GeV/c let us study
the mass region of the ¢© and of other mesons of mass less than 1000 MeV /c2,
Results are given ;:‘fL'ﬁ Figs. 16, 17 and 18, On these spectra we can see that:

i) the rate of alpha production is very weak, of the order of a few
pbfsr, GeV/c,)which afterintegration in the centre of mass system gives
production cross sections do/d Q%, 6% =180 or 0° respectively equal to
52,9+8.2, 18.9+2,9, and 20,7+8,2 nb/sr;

ii) alpha production associated with missing masses of less than
550 MeV /c2 disappears with the ABC effect: , : :

[iii) the three momentum spectra show a structure situated in the region
of 800 MeV /c2, |

In order to determine the characteristics of this structure, we compa
red it to a Gaussian superimposed on a continuum represented by a poly-
nomial, Inthe three cases, the best fit corresponds to a third degree poly
nomial, The parameters obtained for the Gaussian, and their uncertainties,
are given in Table II, The ceniral mass is not very far from 783 MeV/c2,
the mass of the @©, We have also simulated the ‘shape of the momentum
spectrum that ®© would have in our reaction, taking into account its na-
tural width and the resolution of our apparatus, This calculation showed
that the Gaussian-form hypothesis used above was justified, and has led
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to the "calculated" parameters shown in Table II. The uncertainties asso
ciated with the central momenta are due to experimental errors in the
angle and in the incident and analysed momenta, Comparison of fitted
results with values calculated for the @O show that it is reasonable to
attribute the observed structures to @© production, The natural widths:
observed, although larger than those calculated for the @ O, are however
too small to be linked with those observed in #°® 0, which are always
greater than 100 MeV/cz (22). The cross sections in the last column of
‘Tableli gre very small, and donot allow: observation of variations with
respect to energy, As for the other mesons, 1, 9', §, our spectra contain
no evidence of their production, At 3.32 GeV [c (see Fig, 16) if the slight
deviation observed in the spectrum around 550 MeV /c2 corresponded to the
M, then it would give a cross section dg /d.QX’=1.4j:O'4 nb/sr, At 3,82
GeV/ec (see Fig, 22) we can fix the limit for-the % at'0.7 nb/sr, and for
W' at 0.08 nb/sr. These values can be compared to other vhlues obtained
in meson production reactions involving the formation of light nuclei, such
as d+p-3 He3+ 7.° where the He3 is detected at 180° in the centre of mass,
In this reaction, where the exchange of two baryons also occurs, the cross
sections found, ~ 8 nb/:srw),“ are distinctly larger than the limits found
here,

6, - CONCLUSIONS, -

We have presented a large study of the inclusive reaction d +d —sHet4x
as a function of energy and production angles, The most striking feature
is the very rapid variation with respect to energy of the inclusive alpha
production cross section at 0°, Fig. 19. The ratio of the cross sections ob
tained with deuterons of 2,3 and 3.8 GeV/c is of the order of 50/1, This
variation is essentially due to the ABC effect which shows uphere in the
form of very impressive peaks, This effect completely dominates the pro
duction of several pions in the region of weak missing masses, to such a
degree that there is no production at all at 3.8 GeV/c, the point where the
effect disappeared, The characteristics obtained for the ABC effect in this
reaction are so marked that they provide for it an excellent test for models
pbroposed to explain the effect. in its various forms,

As for missing masses greater than 500 MeV /c2, the continuum pro
duced is very weak (d¢2/dpd Q ~1 p b/(sr, GeV/c)), We observed no signal
for the & ©, despite favourable conditions (S wave), or for the 1, orthe g',
Only a weak signal attributed to the @ © was observed,
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