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ABSTRACT

The coherent 3T production on nine different nuclear targets has been studied
using a 40 GeV/c T~ beam at the Serpukhov accelerator (CERN-Serpukhov experiment
No. 3).

The absorption in nuclear matter of the produced system has been measured,
analysing the data on the different nuclear targets. TIdentical results are ob-
tained from the differential cross—sections and from the coherent nuclear cross-
sections. The 1 waves show a very weak absorptiom, definitely smaller than 0~
and 2~ waves. No influence on the absorption comes from the spin-flip amplitudes,
which have been found to be negligible in the coherent regiom.

The partial-wave contributions change not only with the nuclear target, but
also with t’. The interpretation of these results, taking into account also our
finding of the t’ and A dependence of the relative phases, is now under investi-
gation (overlapping resonances, interferences between resonances and non—resonant
contribution, intermediate or transition states in the hadron-hadron collision

processes?).
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INTRODUCTION

When used as a target in very high energy physics, the nucleus has to be con-
sidered as a large and highly dense volume of nuclear matter, where several scat-—
terers are close to each other. This provides a good opportunity to study the
processes inside a nucleus during a very short time, namely of the order of the
average distance between adjacent nucleons, i.e. 2 fm = 1072% 3. So the mew-born
hadronic system, produced inside it, can interact with the nucleons before it
reaches asymptotic conditions, making it possible to study the hadromic physics
over very short distances.

Two classes of processes have been studied using the nucleus as target: the
coherent production of exclusive channels, and the incoherent multiparticle produc-
tion. The most striking result obtained from the experimental data is a new im-

portant property of the strong interactions: that the hadronic matter is transpa-

rent to fast secondaries.

The coherent production data have been analysed, until now, in the frame of
the Kdlbig-Margolis—-Glauber model [1], where the weak absorption in nuclear matter
gives small values of the parameter O, [2—8].

Moreover the Glauber model simplifies the imteraction mechanism too much,
because it assumes that the production process is instantaneous and point-like.
Otherwise a part of the data on the nucleus could be explained assuming that the
excited matter, after the collision, passes through amn intermediate step before a
fixed state would be achieved. Many authors use different approaches to describe
the behavicur of the "new-born" system [9-1&], including a sequence of single pro-
ductions in a multistep process [15].

In the description of the production process inside the nucleus the behaviour
of the different spin-parity states as a functiom of the produced mass and of the
four-momentum transfer is certainly very important. In addition, the study of the
propagation of different partial amplitudes in nuclear matter can cast some new
light on the mechanism of the hadron—hadron collision.

An experiment has been carried out at the Serpukhov accelerater by our colla—

boration (CERN-Serpukhov experiment No. 5) to study the coherent producticn on
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nuclei at 40 GeV/c. A sample of 120,000 interactions of the channel

A -+ 7oA (D
was obtained from 500,000 triggers. Eight conventional nuclear targets (Be, C,
Al, Ti, Cu, Ag, Ta, Pb) were used in addition to a live target consisting of
10 silicon detectors.

The data were fitted with the Kolbig-Margolis-Glauber model, in order to com—
pare the results of this experiment with the behaviour at 15 GeV/c (refs. [2—4]) and
22 GeV/c (refs, [5-8]), and to represent with simple parameters the absorption in
nuclear matter. Then fits on the total coherent cross—sections and on the diffe-
rential cross-sections were done with different cuts on t' = It—tmin[. The beha-
viour of the spinm-parity states in the different nuclear targets and the possible
contribution of spin-flip [16] are investigated.

In Sections 2 and 3 the experimental set—up is described, and the acceptance,
resolution, and efficiency of the apparatus and the reconstruction chain are ana-
lysed. Sections 4 and 5 present the differential cross-sections and the total
coherent cross—sections, and the results of the fits with the Kolbig-Margolis—
Glauber model are discussed in detail. 1In Section 6 the partial-wave contributions
in the samples of the events obtained on the different nuclear targets and for dif-
ferent 37 mass and t/ are given. A final discussion on what we have learned from

this analysis is included in Section 7.

2. EXPERIMENTAL SET-UP

The experiment has been carried out at the negative beam (B4) of the Serpukhov
PS5 accelerator, with an energy around 40 GeV and a top intensity of ~10° particles/s.
The range of the spilling time was 0.8-1.2 s; the momentum definition of the beam

Ap/p ~ 2%. The experimental set—up consists of five parts,

2.1 Transport system and beam monitoring telescope

The transpert system downstream from the vertical and the horizontal colli-
mators (fig. la) includes two bending magnets, which define the beam energy, and

a quadrupole pair, which focalizes the beam on the target plane.
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A set of scintillation counters gives the monitoring of the intensity and
defines the trajectory of the beam. It comsists of six counters in coincidence
and three in anticoincidence (see figs. 1b and lc), the last of which (F,) is a
cut cone placed 10 cm before the target. The beam profile in the target plame has
0.8 cm FWHM in the vertical direction and 1.2 cm in the horizontal one.

The directiom of the incident particle is given by a spectrometer in the beam
line (fig. la), consisting of 10 wire spark chambers (each including two wire
planes, vertical and horizontal) 1mm apart, and six doubie planes of multiwire pro-—
proticonal chambers (MWPCs), 1 or 2 mm apart. The last two MWPCs are placed as near
as possible to the target, where the beam particle trajectory is slightly deflected
by the fringing field of the forward magnet.

The average efficiency in reconstructing momentum and coordinates of the in-
cident particles ranges from 90% to 95%.

Three gas Cerenkov counters, placed in the beam lime, select pioms or kaons
with a full efficiency for the T beam and 5% contamination for the K beam.

Finally, a beam killer (10 x 10 x 2 em®) is placed behind the spectrometer to

veto the nonm—interacting beam particles.

2.2 A veto counter system

The forward acceptance cone for the charged prongs is fixed so as to have at
least 80 cm of measurable track length, corresponding to eight spark chamber gaps
crossed by the particle. Taking into account that the target is placed 70 cm
before the first spark chamber plane, the full acceptance angle is 30° (see fig. 1b).

A veto counter system for both neutral and charged particles defines the accep-—
tance cone, following the previous requirements. It consists of a cylindrical scin-
tillation counter (F,) and two lead/scintillator sandwiches (Ri and Gi) (fig. 1e).

The cylindrical counter F, (1 cm thick; 50 cm long) rejects events with fast
charged secondaries emitted at a large angle, and/or slow protons escaping from the
target (p 2 100 MeV/e). The lead/scintillator counters (6 radiation lengths) Ri’
which surround the target, reject with negligible inefficiency the events with s
produced at a large angle; Gi’ a lead/scintillator sandwich of 8 radiation lengths,

vetoes y-rays and charged particles between 30° and 45°.



2.3 The magnetic spectrometer

The events accepted by the trigger are detected by a big magnetic spectrometer
(MIS). The useful volume of the magnet is 1.3 x 1.5 x 5 m®; the magnetic field
intensity ranges from 17 to 21 kG. Fifty units of optical spark chambers, each
with a 2 cm gap, fill the magnet aperture.

The planes of the chamber, each with a surface 1.2 X 1.1 m?, consist of Al
foils, 0.2 mm thick, supported by copper plates. In order to minimize the multiple
scattering, the region of the copper frames was excluded from the useful volume
(see fig. 1).

The detection efficiency of the chambers is 98% for three-prong events; they
operate with a high-voltage rise-time of 30 ns and are filled with henogal.

The picture are taken by two cameras with 16° stereoview angle,

2.4 The counter hodoscope and the MWPG
selecting the charged multiplicity

The events produced inside the acceptance cone are selected according to their
charged prong number. This selection is obtained using a plastic scintillator
hodoscope (N) and a MWPC, the fast majority signals of which are used in the trigger.

The plastic hodoscope (Ni counters, see fig. 1b) is used to introduce in the
trigger a "majority 1" requirement (IN > 1) in order to reject the elastic scat-
terings which mostly go through the central hole of the counters.

The MWPC consists of two sense wire planes, 60 x 60 em?, 2 mm apart. It is
placed between the eighth and the ninth spark chamber unit, far enough away from
the target (V120 cm) to allow a good spatial resolution for the produced particles.
The thresholds of the MWPC are adjusted to fit a "majority 2" requirement; the
efficiency is "96% with the two planes in coincidence. Details of the characteris-

tics of the MWPC and the associated electronics can be found elsewhere [17].

2.5 ¥ detector

A large-surface y detector is placed behind the magnet (fig. Ib) to veto the
forward m°'s. It consists of a lead/scintillator sandwich (four slabs) which con-
verts the photons (Yi), and of a plastic scintillator (Y;) placed in front of the

sandwich, which recognizes the charge of the particle.



The trigger signature is
R T B TG . (~ e > " >
ToRF (RO - (J6p) (7] ) (AN 2 1) (MWEC 2. 2)
where T is the beam telescope signal,
The information from counters, wire spark chambers, and MWPCs was collected

on magnetie tape through a CAMAC system using an HP 2100 computer.

ACCEPTANCE, RESOLUTION, AND EFFICIENCY

The geometrical acceptance of the apparatus as a function of t' and M, was
estimated by a Monte Carlo program. It is almost independent of tf [at least up
to 0.5 (GeV/c)2] and decreases smoothly from 1007 to 85% when M., ranges from 0.9
to 1.8 CeV/c?. The data have been corrected for the acceptance.

About 500,000 pictures, including all the triggers collected with incident
pions, have been measured'by an HPD flying-spot digitizer of the "Centro Nazionale
Analisi Fotogrammi" (CNAF) of INFN. Beam tracks and empty-target pictures were
also measured to calibrate the apparatus and to evaluate the empty-target background
in the data, respectively.

The geometrical and kinematical reconstruction was done with a modified version
of ROMEO, which includes a vertex fit routine and a kinematical reconstruction.

The inefficiency of the recomstruction chain from HPD to KIN has been carefully cal-
culated for three-prong events by scanning 730,000 pictures, randomly selected from
the total statistics. The events of this sample that were lost by the reconstruc—
tion programs have been recovered by means of an interactive graphic system [18]
for calculating the efficiency as a function of the track momentum and angles. The
results show an efficiency of "92%, almost independent of t! and M, values. The
main source of the inefficiency is represented by the pattern recognition process.

From the analysis of K7 -+ -t events that decayed before the spectromeéter,

a K- mass distribution has been obtained with a mean value 497.5 MeV and a standard
deviation of 6.5 MeV.

Monte Carlo calculations, giving results in agreement with the experimental
effective mass errors for K decays, predict U(pT recoil) ~ 17 MeV/c, and 0M3 &

K
~ 26 MeV at ~1.1 GeV, 30 MeV at 1.5 GeV, and n34 MeV at 1.7 GeV.
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DIFFERENTTIAL CROSS~SECTION AND MASS SPECTRA

Figures 2, 3, and 4 show the differential cross—section for eight conventional
nuclear targets and for three different intervals of the produced 37 mass: 1.0-1.2,
1.2-1.5, and 1.5-1.8 GeV. The measured cross-sections are represented by crosses,
the vertical bars being the statistical errors and the horizontal ones corresponding
to a constant interval in the (37) production angle. The empty-target contribution
has been subtracted in the plots.

Owing to the different type of target and to the different trigger used for the
live target, the data concerning the silicon are not taken into account for the
cross—sections.

Figure 5 shows the differential cross-sections for three different 3T nasses
for the Ta target: as expected, the decreasing of the forward peak with increasing
mass is not important at 40 GeV.

In order to study the three-pion mass distributions for coherent events, a t’
cut is applied to the data at t' = t'*, which corresponds to the first dip of the
t’ distributions. As the incoherent background decreases with decreasing t’, the
events in the first diffractive maximum (0 < £’ < t'*) represent an enriched sample
of "coherent events" with a very small percentage of incoherent interactions. The
distributions of M, thus obtained (fig. 6) show a large peak in the A, region and
a clear bump in the Aj region. The A, resonance, as expected, is strongly depressed

by the selection rules of the coherent process,

TOTAL CROSS-SECTION OF THE (37)-NUCLEON INTERACTION
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The distributions of the coherent data can be compared with the Kolbig-Margolis
equations [1], based on the Glauber model in the optical limit. Table 1 gives the
Kolbig~Margolis formula. The nuclear form factor F(t',M) depends on different
parameters: ¢, is the total cross—section of the incident pion on the nucleon;

O, 1s a parameter which reproduces the absorption in nuclear matter and, in the
hypothesis of the model, should be the cross-section of the three-pion system on

the nucleon; ®, and o, are the ratios of the real to the imaginary part of the
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forward elastic scattering amplitudes of the pion on the nucleon and of the three—
pion system on the nucleon, respectively; a and ¢ are the two parameters of the
Fermi distribution of the nuclear density; M is the invariant mass of the produced
system. The form factor %(t',M) includes also the phase factor {exp[iXCOul(b)]}
accounting for the elastic scattering of the incoming and outgoing particle in the
auclear Coulomb field: 1its contribution is very small.

Tn the Kdlbig-Margolis model the coherent cross-section is written in the

following way:

ESE = [iEE] Azlf(t’ M2 (2)
dat’ de! 720 i ’

where (dGN/dt')t;=O = Cy(M) is the cross-section for (37) production on a single
nucleon at t' = 0. A different formula has also been used, replacing (dUN/dt')t,=0
with the following expression:

dGN

de’

_ ]
= C, (M) e BODE (3)

The incoherent contribution doj/dt’ has been corrected with the factor S(t',M,A)
to account for the experimental bias introduced in the incoherent events by the veto
counter F, surrounding the target.

The differential cross-sectioms do/dt! versus t' versus A, and the total cross-
sections g, versus A, have been fitted using the formulas of Table 1 with the fol-
lowing procedure:

i) The slope B(M) is obtained by fitting with an exponential function the compi-
lation of the (do/dt’) distributions of all targets in the high-t’ range,

where only incoherent events contribute to the statistics; B is found to be

~ 8.0 (GeV/c)™? in the different mass regioms.

11} The incoherent background has been subtracted from the differential cross-—
section distributions using an incoherent cross—section dor/dt’ of the form
shown in Table 1; I, has been obtained for each target and for each Mg,
interval from the high-t’ region do/dt' experimental distribution. The in-
coherent distributions are represented by the broken line in the different

do/dt’ (see figs. 2, 3, 4, and 5).
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iii) The differential cross—sections have been integrated in the different mass

intervals
do f dcc
ac? - dc’am (4)

where the limits M, and M, are: 1.0-1.2, 1.2-1.5, 1,5-1.8 GeV, and they are
fitted versus t’ and versus A. Two separate fits have been made, up to

t! = t'* apd up to t! = 0.5 (GeV/c)2.

The experimental resolution is folded into the theoretical curves.

iv) Similar fits are given on the integrated coherent cross-sections:

M, @
, doZ
UC(AI My LM,) = dM dt aET (5)
M, 0

with €/ = t* and ¢/ = 0.5 (GeV/c)?; (MI_MZ) intervals are the same as in the
fits (1ii).

v) In the fits (iii) and (iv), o, and o, are fixed parameters and are assumed to
be the same as on free protoms, as obtained from the experiments on hydro—
gen [19].

vi) Since ¢, and 0, strongly affect each other in the fit, a, is considered a
fixed parameter and some typical values are used: -0.5, 0.0, +0.5. On the
other hand, some fits have also been tried with ¢, as a free parameter.

vii) Finally the fits have been made with only two free parameters: O, and C,.

As for o,, the B value has been tested leaving it as a free parameter in some

fits.

All the fits obtained with the different assumptions explained before are very
successful.

The full lines drawn in figs. 2, 3, 4, 5, and 7 are the results of the fit on
the differential cross-sections and on the total coherent cross—sections [see (1iii)
and (iv)], made using the following conditions: o, = 0.0 fixed; (dUN/dt')t,=

0
0.8 (GeV/c)™? fixed; the fit on the diffe-

4

replaced in eq. (2) by eq. (3); B

rential cross—sections extended up to t' = 0.5 (GeV/c)?; tf = 0.5 in the fit on

the total coherent cross—sections [see (5)]; o, and C0 are free parameters.
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The agreement between theoretical formulas and experimental points is always
quite good. In the differential cross-sections the theoretical distributions
reproduce very well the first and the second dip and the experimental behaviour in
the first and in the second diffractive maximum.

The different assumptioms on o, and on the upper t! limit in the fit do not
influence the fitted curves. These curves are also independent of the use, in
formula (2), of (do/dt')t,=0 or of the exponential (3).

The two last statements are supported by the O, and C, best fit values, ob-
tained under different conditioms. They are shown in Tables 2, 3, 4, 5: the first
two concern the fits on the differential cross—sections, and the last two the fits
on the total coherent cross—sections. The different assumptions on dGNfdt' and the
upper t’ limits in the fits are specified at the top of the tables, while the
assumptions on o, and B are reported in the ieft—hand columns. The statistical
errors correspond to changing the XZ of the fit by ome: they include also the un-
certainty for the inefficiency corrections. The systematic errors correspond to
the maximum fluctuatioms of the o, and C, values, which are obtained removing in
turn, from the fitted experimental points, the cross-section corresponding to omne
nuclear target.

The fits are surprisingly stable, also when Q, or B are taken as free para-
meters: their best fit values are very near to 0.0 and 8.0 (GeV/c)'z, respectively.
The different values of 0, and C4 resulting from the fits obtained with different
conditions are consistent, each to other, within the errors.

The parameter J, is always definitely smaller than 20 mb in the full range of
the 37 mass. Comparing this result with the one obtained at lower energies [2,5]
it seems that g,{(3m) tends to decrease with increasing energy.

The parameter C, should be compared with the diffractive cross—section at
tf = 0 for wn~rt production on hydrogen. The total forward cross—sections on
hydrogen can be deduced from the data of Antipov et al. [19] obtained at 40 GeV/c:
1.3 mb/Gev? for 1.0 < M, < 1.2 GeV; 1.1 mb/GeV? for 1.2 < M, < 1.5 GeV; and

¢.75 mb/Ge¥2 for 1.5 < M37T < 1.8 GeV. The C, obtained from cur data shows the

T R T L L R TR UL R B
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typical values: 0.8 mb/GeV? for 1.0 < My < 1.2 GeV; ~0.62 mb/GeV? for 1.2 <

< Myp < 1.5 GeV;  and 0.35 mb/GeV® for 1.5 < M, < 1.8 GeV.

PARTIAL WAVE ANALYSIS

The data have been analysed using the program PWA (Partial Wave Analysis) of
the Illinois group [20]. The program has been adjusted for the nuclear targets
and for the acceptance of our apparatus. The choice of the necessary waves has
been made using the same criteria as those used by Pernegr et al. [21]. We keep
the Tllinois notation JPRMn for the amplitudes; since amplitudes with n = -1 have
not been found and states with M # 0 are needed rather rarely (except for the 2+
states), we shall simply write JPR instead of JPRO+.

To study the effective mass distributions of the partial waves, the events of
all the targets have been put together and then divided into a "coherent" sample
(¢’ < t'*) and an "incoherent" sample of the remaining events.

The contributions of the important waves in the coherent sample are shown in
fig. 8. The 21" wave (which is rather weak in the coherent sample) and the 1°D
amplitude (which is negligible in the low-mass region) are not included in the plot
in order to mot complicate the figure; in the A, region the 17D wave has about the
same intensity as 1%s or 1*p waves.

The 1% state dominates everywhere in the coherent sample. Tt exhibits clear
resonance properties in the A, region, but we cannot exclude that it consists of
more than one resonance. The same is true about the 0~ state [22]. The 27 waves
confirm their resonance behaviour in the A, region [21,23].

To study the coherent production of partial amplitudes as a function of A and
to maintain comparable statistics, the data from neighbouring elements have been
grouped together as follows: Be + C, Al + Si, Ti + Cu, Ag + Ta + Pb. The weighted
mean values of A are A = 10.5, 27.9, 56.0, 170.0, respectively.

In order to decrease the incoherent background, only events with t’ <
< 0.01 (GeV/c)? have been takem into account. For the light nuclei this cut is

more severe than the limitation on t’ imposed in the previous analysis (see
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Section 4), but it presents the advantage of defining coherent samples with an
incoherent background, which is nearly the same for all the nuclear targets (= 6Z
for Be and 1.5% for Pb).

Since the t’-dependence of the different partial waves produced on a nucleus
A is not necessarily identical and may change with A and M, , an arbitrary t' cut
may influence the wave contributions in different samples. Therefore an analysis
in small t' bins on all the groups of targets has been performed in the three mass
regions: 0.9-1.2, 1.2-1.5, 1.5-1.8 GeV. As an example, fig. 9 shows the t' depen~
dence of several amplitudes, produced om the lightest (Be + C) and on the heaviest
(Ag + Ta + Pb) nuclei. The percentages are plotted in order to see small differences
better than in the do/dt’ plots. We observe that whereas on light nuclei the contri-
butions are rather comstant (and the position of the ¢! cut is therefore not cri-
tical), on heavy nuclei they do change, mainly in the coherent region [t' <
< 0.01 (GeV/c)Zj. The presence of a small incoherent background (2%} cannot have
any influence on the observed changes.

The t'-dependence and A-dependence of the helicity-flip amplitudes (1+1+,
2+l+, 2—1+) have been studied in broader t! bins in order to reduce the errors.
The results obtained for the lightest and the heaviest nuclear targets are pre~
sented in fig. 10. In the region of small t!, the spin-flip amplitudes are almost
negligible. In additiom, correlations with higher waves (e.g. 1" in M37T < 1.2 GeV
region) tend to decrease thelr signals. Therefore we did not take them into
account in any further analysis.

The contributions of all important partial waves are summarized in Table 6.
Let us note that the percentage of a total JP state is mot simply the sum of the
contributions of its partial waves, owing to the interferemnce terms. We observe
that the 0~ and 2~ contributions decrease systematically with increasing target
mass, whilst 1% amplitudes increase.

The coherent production cross—sectioﬂs for the different partial waves are
obtained multiplying the total coherent cross-sections by the partial-wave frac-
tions. The dependence on A of these cross—sections, integrated up to t! =

= (.01 (GeV/c)2 [E7 = 0.01 (GeV/c)2 in formula (5)], has been fitted using the

LT v O D PRRORTRT Y AN PR RIS RS L T e e Db Ay agw H TR PR TR L
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Kolbig-Margolis—Glauber model (see Section 5). The best fit values of the para-
meter ¢, are displayed in Table 7.
The values of ag, for the 17 state are systematically smaller than those of

the total sample, and 02(0_) and 0,(27) are definitely larger.

CONCLUSTONS AND DISCUSSION

The more important results of the experimental analysis described in this
paper can be summarized as follows:

i) The differential cross-sections are reproduced very well and in detail by the
optical model, in the small-t’ region, where the coherent contribution is
dominant.

1i} The fits of the KBlbig—Margolis—Glauber formula on (do/dt’ versus t! versus A)

and (O versus A) are good and very stable. The same best fit values,

ccher
both of them fitting the differential cross-sections or the coherent Cross—
sections integrated in different t' ranges, are cbtained for the parameter
U,, which measures the absorption in nuclear matter.

1ii) The partial-wave contributions show different behaviours for the different
nuclear targets. The absorption in nuclear matter for 1+ waves (1+S, 1+P,
1+D) is definitely smaller than the best fit values obtained for 0~ (07sS,
0 P) and for 2 amplitudes (2 S, 2 P). At 40 GeV incident emergy it is de-
pressed with respect to the absorption found for 1" at 15 GeV [2—4] and
22 Gev [5—8]. Because 1° is the dominant state, it follows that the absorp-
tion for the total sample is small.

iv) The contribution of the spin-flip is negligible [15].

It is impossible to disentangle a clear physical interpretation of these re-

sults; we can make only speculations.
On the one hand, the distribution of the production for the hadronic system

taken as a whole is well represented within the framework of an optical model.

On the other hand, the behaviour of the absorption in nuclear matter, as obtained

using the Kolbig-Margolis-Glauber model, canmot be explained in a simple way.
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We have observed that, for 07 and 1* waves, not only the contributions, but
also the relative phases change with t’ and A [22].

One can think of an interference between at least two objects (either between
two resonances or between a resonance and the background) with the same gquantum
numbers, or of an intermediate or transition state between the production collision

and the completion of fixed states.
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Table 1

Details of the model

do dUN -
F = oo AZ|F(t! M) |2

dt’ dt’
do do do "
dtc? de! dt?
N~ do do,

I,(M,8)S(t",M,4) pres

-

doN
or E—’— = CO(M)

]
(]
=)
~
=
[
o

+oo +co MZ - m2
~ . T .
F(t', M) = 2n J[ dz J[ db b exp [;-——55—- z] JO(Vth)D(b,z) exp [lxcoul(b)]

x exp [—(1—19;1)%0;1(5,2)] exp [—(1—-1&2)%02T2(b,z)]

z e
T,(b,z} = ]f Ap(b,2z") dz’ ; T, (b,2) = .[ Ap(b,z") dz’
z

-—C0

=1
o(r) = oo[l + exp T c] ; jﬂp(?) 4’7 = 1

[ve]
_ 27 T ] 5
Xcoul(b) = 137 In (pb) + lmf gl(r) [ln [E + g-é— l) 1 ;-zw:l r< dr
b
Fixed parameters 1 = 23.7 mb a; = ~0.15

8.0 (GeV/c)Iz
1.12 fm x A3
0.545 fm

1l

PO W g
H

o, is fixed, but a few different values are used: =-0.5, 0, +0.5

Free parameters Iy Cy, g,
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Table 3
Fit on do/dt’ versus t’ versus A with do /dt! = ¢_(M,p)
N 0

0.0 <t/ < t'* (GeV/c)? 0.0 < t! < 0.5 (GeV/c)2
Ga AC"Z Co ACQ Oy Aga Co ACy
stat. stat. stat. stat.
(mb) (mb/GeV?) {mb) {mb/Gev?)

1.0 < M3TT < 1.2 GeV ~ )
gz = 0] 16.2 ] 0.6 0.76 +0.02 | 16.1 | *0.3 0.76 +*0.02
_E;Z < Msﬂ < 1.5 GeV o . e
o = 0] 14.6 | £0.6 0.58 *0.02 | 14.4 | +0.6 0.57 +0.02

1.5 < M3 < 1.8 GeV

oz = 0] 16.51% 1.1 0.31 20.01 | 16.1 | #1.1 0.30 +0.01




Fit on OC(A,M) versus A

with

Table 4

doN/dt' = C,(M,p) e

_B(M7P) t’

0.0 < t/ < t'* (Gev/c)?
C32 Aas ACy Co ACy ACy
stat. ; syst. stat. | syst.
(mb) (mb/Gev?)
1.0 < Maﬂ < 1.2 GeV

- — —— e m
gs = 0 16.6 | #0.7 | +1.8 0.81 +0.03 [ +0.08
-0.9 =0.04

as = —-0.5 14.3 ] 1. 0.78 +0.06

oy = +0.5 17.8 3 0. 0.84 *0.03

Oz free parameter 17.4 | 0. 0.82 +0.03

BF = 0.23 = 0.43
1.2 < Maﬂ < 1.5 GeV L )

oo =0 15.4 | *1.9 +1.5 0.62 +0.05 | +0.05
-1.2 -0.04

oz = -0.5 12.9 | 1, 0.60 +0.05

gz = +0.5 17.3 1 %2, 0.64 +0.05

_E.S <M. < 1.8 GeV B

o, = 0 17.4 ] 1.9 +2.7 0.35 +0.03 | +0.05
-0.8 -0.01

o = —0.5 13.7 | ¥1.4 0.33 +0.02

oz = +0.5 20.8 | £2.2 0.36 +0.03

BF = best fit

AR DT RV AR BT
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Table 5
Fit on OC(A,M) versus A with dUN/dt' = C,(M,p)
0.0 < tf < t'* (GeV/c)?
Oz AO’Q Co ACO
stat. stat.
(mb) (mb/GeV?)
1.0 <M, < 1.2 GeV
gz =0 15.2 | #1.8 0.73 *0.06
o = ~0.5 13.2 ] +1.5 0.71 +0.06
s = +0.5 16.4 | 0.7 0.75 +0.03
Oy free parameter 14.51 3.5 0.73 +0.07
BF = -0.2 +-0.83
1.2 <M, < 1.5 GeV
311 o e
do =0 14.1|21.8 0.57 *0.05
1.5 < M3Tr < 1.8 GeV
oy =0 15.9 [;1.8 0.31 (10.02
BF = best fit
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Table 6

Partial wave contribution in % [0.0 < t' < 0.0l (GeV/c)zj

F o Be + C Al + 8i Ti + Cu Ag + Ta + Fb

0.9 <M, < 1.2 GeV

g S 12.5 + 1.2 12.5 + 0.7 11.2 + 1.6 9.6 £ 1.0
0~ P 3.4 = 0.8 2.3 * 0.3 2.9 + 0.7 2.0 * 0.4
0~ total 17.8 + 1.7 16.4 + 0.9 15.8 + 2.1 12.8 + 1.3
1* s 64.4 + 3.4 64.8 + 1.5 65.8 = 3.6 66.9 *+ 2.3
it r 10.0 = 1.2 10.4 * 0.6 8.2 £ 1.2 9.8 £ 0.8
1+ D - — —_ -

1* total | 78.5 % 2.3 | 80.9 £ 1.1 | 82.1 +2.8 | 85.3 1.8
27 P 4.0 £ 1.5 3.0 £ 0.7 2.5 + 1.3 2.1+ 1.0
2" S - - - -

27 total - - - -

1.2 < M, < 1.5 GeV

o~ S 17.3 + 2.2 14.4 £ 1.0 13.5 * 2.2 9.4 * 1.3
o~ P 5.6 £ 1.0 5.4 * 0.5 3.0 * 0.9 3.8 £ 0.7
0~ total 23.1 + 2.7 21.0 £ 1.3 16.9 + 2.6 13.7 + 1.7
1t s 38.3 + 3.1 37.5 + 1.3 43.7 £ 3.1 50.9 + 2.0
1+ P 10.7 ¢ 1.7 13.1 + 0.8 11.5 * 1.6 10.6 * 1.0
1¥ D 3.5 £ 0.8 3.1 £ 0.3 4.4 £ 1.0 4.3 £ 0.6
1* total 62.7 *+ 3.2 66.8 £ 1.5 73.1 £ 3.3 79.7 £ 2.2
4 9.5 + 1.8 7.9 £ 0.8 7.0 £ 1.7 3.4 0.9
-8 7.9 + 1.3 4.3 £ 0.5 3.9 £ 1.2 2.3 * 0.6
2~ total 13.5 * 1.9 11.3 + 1.0 9.9 * 2.1 5.0 £ 1.2

1.5 <M, < 1.8 GeV

0~ s .0 % 3.1 10.5 * 1.6 13.8 * 4.5 13.3 + 2.8
R4 8% 2.9 2.1 + 0.6 1.8 + 1.3 2.3 + 1.1
~  total 14.6 * 4.0 13.2 £ 2.0 16.0 + 5.2 15.9 + 3.3
1t s 13.5 + 2.8 15.0 = 1.4 12.1 + 3.2 14.9 + 2.3
1t P 13.3 ¢ 2.6 17.2 + 1.3 13.3 + 2.9 14.0 £ 2.0
TR 11.1 + 2.3 | 12.6 + 1.0 | 14.6 + 2.8 | 16.2 * 2.0
1t total 45.4 + 4.6 52,2 + 2.2 46.7 + 5.5 53,1 + 3.7
A 16.6 * 3.1 12.2 + 1.3 10.0 + 2.8 10.0 + 2.0
2~ s 30.2 + 3.0 | 28.0+ 1.4 | 32.1 3.5 | 26.1# 2.3
2 total 39.9 + 3.9 34.5 £ 1.7 37.2 £ 4.2 31.1 + 2.8
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Table 7

o, * bo, (mb) [0.0 < ¢’ < 0.01 (GeV/c)?]

0.9 <M, < 1.2 GeV 1.2 <M, < 1.5 GeV 1.5 <M, < 1,8 GeV
Total 16 + 1 15+ 1 18 £+ 2
0" s 21 = 3 30t 6 9+ 6
0- P 28 = 8 26 + 9 63 + 16
0~ total 23+ 3 28+ 5 16 + 7
1t s 15+ 1 9+ 1 15 5
it p 15+ 3 16 £ 4 17+ 5
1* » - 11 + 2 11 = 4
1* total 14+ 1 11 + 1 14t 2
2”8 - 60 * 19 21 £ 3
27 p 33 19 44 + 12 31 £ 10
27 total 33 + 19 42 * 10 23+ 3
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Figure captions

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1

2

-

sa

Experimental apparatus: a) the beam telescope; b} a general view of
the set—up; c¢) details of the veto cbunter system, the counters, and
the MWPC defining the trigger majority.

The differential cross—sections versus t! for the different nuclear
targets and for the 37 mass interval 1.0-1.2 GeV. The crosses Yepre-
sent the experimental data; the verfical bars include the statistical
errors and the uncertainty for inefficiency corrections, the horizontal
ones correspond to a constant interval in the scattering angle. The
full lines are the result of the fit of the Kdlbig-Margolis formula on
the differential cross—sections do/dt! versus t! versus A.

The fit is dome with the following conditions:

a, = 0.0; B = 8.0 (Gev/c)—z; (dGN/dt')t,=0 is replaced in eq. (2) by
the exponential (3); the Rolbig-Margolis equation is fitted in the
f£4l1 t! range 0.0-0.5 (GeV/c)?. The 0, best fit value is 16.9 ¢ 0.6 mb.
The broken linmes represent the incoherent background calculated with
the formula of Table 1 (see text).

The differential cross—section for the 37T mass interval 1.2-1.5 GeV.
The fit conditions and the symbols are the same as in fig. 2. The

o, best fit value is 15.2 = 0.6 mb.

The differential cross-sections for the 37 mass interval 1.5-1.8 GeV.
The fit conditions and the symbels are the same as in fig. 2. The

g, best fit value is 17.0 = 1.1 mb.

The differential cross—sections of the sample obtained with the tantalum
target for the different mass intervals, plotted in the same figure

for comparisom.

The 37 invariant mass distributions for the samples with t’ lower

than the first diffractive minimum.

R N L A TR T
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Total coherent cross-sections for different nuclear targets and for
three mass intervals: 1,0-1.2, 1.2-1.5, and 1.5-1.8 GeV. The ver-
tical bars include the statistical errors and the uncertainty for the
inefficiency corrections. The full lines are the result of the fir
on 0, versus A with the Kolbig-Margolis equation integrated in t’ up
to the first diffractive minimum. The incoherent background has al-
ready been subtracted; o, and B are fixed [D.O and 8.0 (GeV/c)~2,
respectively]. The best fit values for ¢, are:

16.6 = 0.7 for the 3T mass interval 1.0-1.2 GeV;

15.4 + 1.9 for 1.2-1.5 GeV; and 17.4 = 1.9 for 1.5-1.8 GeV.
Effective mass distributions of the main partial waves: 1+S, 1+P,
O-S, OHP, 2_S, and Z—P, and of 1+, O-, and 2 total, for the coherent
sample (t' < t’*). The data are a compilation of events from all
targets.

Dependence on t' of the more significant partial-wave contributions
for the lightest and heaviest nuclear targets. Full lines: 1 total;
dashed lines: 0 total. The 37 mass intervals are 0.9-1.2 GeV in {a),
and 1.2-1.5 GeV in (b).

Dependence on t' of the spin-flip percentages for the lightest and
heaviest nuclear targets in three different 3T mass intervals:

0.9-1.2 GeV, 1.2-1.5 GeV, and 1.5-1.8 GeV.



a)

—— MWPC

i
——

Vi)

b}
Ny| N
N c)
B scintillator \ raghet
T lead \\\
aluminium
E=ES copper i ( M
g -
o
o
]
=

Fig. 1



1.0<M,, < 1.2 (GeV)

Pb

ol a0 un
] 0 ]
o Q
u -
v
-~
2
[]
U]
ot
'}
-
LS
[
s
v
o)
-
w
AR,
e
e T !
_,--'-'“- i
=
\——L\LJL:. | [P |I
a ]
Q =] -
o -
]

R T T R e T R T B ([ T

TP TR TYT N
Q a

]
-

Ta

uJHL
14

-

Al

100
r
10—

'mo,E

Il

Ag
c

a1
o *]
v a
-

1000

_IIEII, . II‘:IIJ E J'Hlli 1
AR
8

(AP rgua)

LLIEER T R PR TRRTRRY. TR

WP-3p/; p

[T URNI (Y
o .

L

JJJJJ_A_LLJ;AJ.UL:JJLJ_éUJJJJ.L_.__lUJJJ_L i Jru.u_x_u;
- ® :

-

WA

t' (Gevicl®

L]

.01

s o b
A

-1

FEE T T R A R

Fig., 2



3
a
ol
n
L
v
]
2
v
N
-
#
g
e
__,__-;,Jf{ '
——————— ) i
o
a
_LI.U.LL\_L I,,,JJ_L‘.LL [ ..illl
[+] g ]
-] [} A
E -
~
>
0
)
n
-
v
o
2
v
Y
L
=T il
.F
‘I:\ | tI,u I tlJI
-] o -
a -
4

f; i
|/
/
7
/
L
/]
/L/_
.”_‘i;'t,
A f )

]
-

100

100-

I
Q
)
(N2 quiy INP -3 P/OP

T R R T IR L Lk LR R R T T L TR

t' [(Bevre)”

/ L T
_q‘
=M
-
|
4 a
—a
[+ 3
q 0
g Juesr s e [AE AN EN (191X PINEENN ITIPE DAFENI (TEVRITE S AR NI 1
[+] 1] ] +] -] 0 L = E
- =] 4] b ] o - S
o - +] A2
- =
C ' —n
o
/
_ S +f _
i
j |
: /' | /| —%
: I
! !
| /
- i
| i
f‘ /
/ i
/ o Bk
l :
/i i
/‘ i
! /
| ;
Ly Ju
Il i :
[ !
L,"‘ i ;-|
i al {,,:Zq"
P :
%p!'/' ﬁ‘ e
) /
w W
N L .
b ot 2
et o _m/ ' —a
-_ -3
< v i
|, i 1 Lo, ‘.‘ ;. oL .1- | L\
2 2 v a - . a

Fig. 3



(DIABS]) 3
"

[

tAPD) 8L >IN > gL

no

el

ad

[T I )

o114

i

000k

oL

[ ITTRN A
a
]
L]

|
[}
[}
2}
-

(A29) gL> "I »sL

Lo’

—QL

Lo,

ook

Ey-1%

—oaL

“ooou



d’01dt-dM (mb/GeV®)

1000

100

L Ill!ll}

10

=

C

1000
100
10

100 =

10 =

1.

JE

Tantalum

Fig. 5

5
t'(GeVic)?




events 7 20 MeV

300
i 200 -]
200} ]
k Cu
§ 100
100
1 I 1 1
i 100
100 - Ag
] 50
i 1 [ 1 oy 1
120 4
50 1 =
80 Ta
Al B
40
Lty oney = 1 o 1
100 -
120 -
50 Ti 80 + Pb
40 -
{ P
Pt LI e e e p T T T ™1 T 7

T IR BT P T RS

Fig. 6

L T T P RN

3.0
M 37;(GeV)



sigma coherent (mb)

o
¥l||1

L

[T

T

t'llll!

00<t <t”

|<\E|l

1.0 <M, < 1.2 (GeV)

1.2<M,, < 1.5 (GeV)

1.5<M,, <1.8 (GeV)

|IIII[

Fig. 7

100

200




g b4

(ABD) ZEyy

d_2
s.2
oL _&

d .0
S_0
w0l o

-00S

AP OP / s8juaaa

d,.l
S,k
1101 L

e d

QO OL

Aaw Ot’/ s3uana

r000S




€6

JAOINSD)} 3 — _ | o
¥ * »
+ fo
T
1
1!
H
...... R G
lllllllllllll | W S |
- OE
? . oa
&
L ] -
p
+:Dh
.So.hln- —a-
|#30L 4 b —
4 -0 * -
s. O ~
s+l -
nes 21> "W e o8
ad + 81+ By 5%

b4

[(ome9) 3

A ) . SO R _ o
* ' ot
* M * oL
.......................... A m 14
h f-_T_ir
- 0E
e _OQ ----
ma et —
4.0 = -
s. 0 +~
Seb .
: - oS
,,,
_ X
/ | H m”.n_h
— |
| | | i
| 1%
|
A®D 21> "> e  oe
9+ eg

IR T



96

f=7 74N
NH _~> “wu.p_ i n,o. 1 1 L o
te
f
.+10_..
T
| s
.......... S f |
m - OE
| | |
| | o
g
“ f -
|
i i
m
_
| - QL
L3 1T o
%L 4 b — 3
4.0 = ,
s_0 - " vw
s+ L . , '
Pt
Ne9 s> s ey _oe
9d + el + 6y 9%

"Bry

A9/n8D) a3
1 1 Il

- .

oL O ----

moL . L —
4-0 =
$.0 v
S+ o

NnBD SL> I 21
o+ 8g

-OL

oe

-086




oL "bid

_(2/N8D) 3
v o v o L | o]
| | 1 | _ﬁ | | | | | , H
K x L % | /
| -+ _\ﬂ —+ ]
/! | _ ad
| B 4 oL T
+ o
i m._.
i 1 1 gL A4
%
! ! H * | | | | j | | Nw.
4 |
I
- + /1 4 i -G
_ | i/ 5
_ +
L -+ —+ —~aL 289
J 8o
— +—‘ +—_\ [ ] -+ -+ Im—‘
%
A2D 8L > ISy >S'L (AP sL>ifm > 8L | neD gL >EEN > B°




T I G e e e




	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40

