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ABSTRACT

Coherent 5T production on nine nuclear targets has been studied at 40 GeV
incident energy at the Serpukhov accelerator (CERN-Serpukhov experiment No. 5).
The collision cross—section of the 57 system on the nucleon has been determined
in the frame of the K&lbig-Margolis—Glauber model; its value, < 10 mb, is defi-

nitely lower than the (3m)-nucleon cross-section at the same energy.
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The (5%)-nucleon interaction cross—section has been measured, until now, in
' 6h1y one experiment [1], carried out with a pion beam of 16.1~GeV/c. In that ex—

. . 1ot . . | . .
periment its value (v 17 mb) suffers from large random (5 mb) and systematic
:(tglmb) exrors, and it is lower than the (3M)-nucleon cross-section obtained at

the same energy (v 25 mb). Further and improved measurements are needed to con~
£irm iﬁe dééréase of the cross—section with the increase in the complexit& of the
meson étate;:which should throw new light on‘the pfoblem of the absorption in
nuclear ﬁaftef.‘

The iﬁteraction cross—sections of meson states qn.nucleon are obtained, by
~means of the Kylbig-Margolis-Glauber model [2], from the dependence.of the coherent
p?oduction on the atoﬁic weight of the nuclear targets. This model simplifigs the
interaction mechanism too much, because it assumes that the production process is
inétantaneous and point-like (see, for instance, the discussion included in ref. 3).
Neverthélesé, a'ccmﬁarétive analysis of the absorption suffered by different pér—
ticle sfatés isnpossible by means of the KMG model, even if the absolute value of

the collision cross—sections on the nucleon has to be considered less reliable.

Iﬁ_this ietter we show results concerning the (5m)-nucleon cross-section and
_its coﬁparisoglwith the (3m)-nucleon cross-section obtained at the same energy.
IThe déta have been collected in the 40 GeV/c beam of the Serpukhov sccelerator,
”usiné nine different targets (Be, C, Al, Si, Ti, Cu, Ag, Ta, and Pb). The ex-
perimental set—up is described elsewhere [3]. The geometrical acceptance of the
.apparétqs is almost independent.of t’ [at least up to 0.5 (GeV/c)?] and decreases
.;moothl? #rom_75z to 55% when M51T ranges from 1.8 to 3.0 GeV/c?. The inefficiency
of tﬁe pattern recognition program has been evaluated by analysing a sample of

events with an interactive graphic system [4]. An estimate of the over—all in-
efficiency of the reconstruction chain gives Vv 25%, almost independent of t' and
M... From a total of v 500,000 triggers, which includes a "majority 2" require=-

ment, a sample of v 15,000 events has been selected, where five charged pions are

produced.
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The differential cross—sections fqr the different targets exhibit a clear
diffractive behaviour. A t’ cut corresponding to the first dip of the.t' distri-
bu£ion enriches the samples of coherent events (coherent samples): owing to the
steepness of the t; slopes for the coherent interactions on nuclear targets, the
incoherent background is reduced, in_the coberent samples, to ™~ 12% for Be and
.decreaées with increasing atomic weight until it reaches v 2% for Pb. The 5m
mass distriﬁution for the events of the coherent gamples is p;esentéd in fig. 1,
where all the events of different nuclear targets are plotted togethgr. The dif-
ferential cross-sections for two typical targets (the lightest and the heaviest
‘ones) and for two different intervals of the produced 5ﬁ mass are fresenfed in
fig. 2%}, The firsf diffractive maximum and the flatter part.due to.the incoherent

contribution are clearly visible.

The c&mparison of the d#ta with the K&lbig-Margolis—Glauber modélf in order
to extract the (5T)-nucleon c;oss—section, can be carfied out using either the
differential cross—-sections or the tgtal coherent cross~sections. The.ﬁeﬁails of
the mﬁdel are given in table 1, where dUc/dt' anq dUI/dt' are the differential
cross—sections for the coherent and the incoherent contributions, respectively
[dUI/dt' is corrected with the factor S(t',M,A) to account for fhe exberimental
bias intreduced in the incoherent events by counters surféunding,the taiget]; a1
is the total cross-section of the incident pion on the nucieon; dz is a parameter
which reproduceé the absorption in nuclear matter and, in the hypothesié of the
model, is the cross-section of the five-pion system 6ﬁ the nucleon; o and Oy are
the ratios of fhe real to imaginary parts of the forward elastic scattering ampli-
tude§ of the pion on the nucleon and of the five-pion system on the nuclebn, fe-
spectively; a and c are the two parameters.of the Fermi distributibn of the
nuclear density; M is the invariant mass of the produced.system. The form factor
F(t',M) includes also the phase factor {exp [ixCOul(b)]} accounting for the elas~

tic scattering of the incdming and outgoing particles in the nuclear Coulomb

%) The mass and angular distributions are not corrected for the geometrical
acceptance.
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field: its contribution is very small. The slope B is obtained by fitting do/dt’
with an expomential function for the events of all the targets plotted together

in the high-t’ region, where the coherent contribution is negligible.

The fit on the ﬁifferential cross-sections is carried out with do/dt’ =
= ﬁocfdt'.+ dOI/dt' on the full range of t'. For the ;omparison with the total
cross—sections, the experimental;values, once the incoherent background is sub-
tracted, are fitted with O = ft dcrc/dt’, integrated either up to the first dif-
fractive minimum (t’*) or over 1he full t’ range. The incoherent contribution is
subtracted from the experimental differential cross~sections using the dOI/dt'
formula shown in table 1. More details on the procedure used in the comparison

with the K&lbig-Margolis-Glauber model are given in ref. 3, where this analysis

is applied in the same way to the 37 system.

The comparison between the total coherent cross-sections and the theoretical
model is shown in fig. 3. The 0, values obtained by fitting either do/dt’ versus
A or GC versus A are shown in table 2. The statistical errors correspond to
changing the ¥ of the fit by one. The systematic errors are the maximum fluctu-—
ations of the Op values, obtained by removing in turn, from the fitted experimen—
tal points, the cross—-section corresponding to one nuclear target. The results
of the fits are stable and consistent with each other, within the errors; they
are very weakly influenced by different assumptions for &, in the range (-0.5 to
+0.5); the best fit values included in table 2 are obtained with o, = 0.0. The
(5m)-nucleon cross-section determined in this analysis is lower than 10 mb, inde-
pendently of the procedures used in the fits. This value is definitely lower than

the (3m)-nucleon cross—section obtained at the same energy in the same experiment

[3], which fluctuates around 17 mb, with over—all errors not exceeding v 3 mb.

A comparative analysis of the results obtained for 37 and 57 production at

40 GeV/c and 16.1 GeV/c [1] leads to the following conclusions:

i) The (57} states are less absorbed in nuclear matter than the (37) states.



ii)
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The (5T)-nucleon cross—section tends to decrease with increasing incident

energy, as already found for the (3m)-nucleon cross-section.

The absorption of the (5T) states geems to decrease with increasing mass.
This behaviour is a general tendency of all the particle states, both
mesonic and baryonic, even if it is not clearly found by the results ob-

tained on the (57) states at 40 GeV/c [3].
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Taeble 1

Details of the model

dcc N "
o = G AT F(e 0|
._C'I_Q:_ = d_gq + -.d-.?—;— /
dc/ de/ de/
™~ oy ' -B(M)t!
dc? = IO(HpA)S(t ’MlA) CO(M) e
t
e e MZ - m_i
F(t',M) = 2m f dz f db b exp 1—'—2;“— z JD(/ETb)p(b,z) exp [U(Coul(b)]
-0 0

X exp

=

-(1_101) I"%‘ UlTl(b,z)] exP [_(l_iaz) % dsz(b,z)]

z .
T,(b,2) = pr(b,z') dz' ;3  T,(b,z) = f Ap(b,z’) dz’
z

—02

|
plr) = p“l:l + exp = ; C] ; J‘o{'{) 43T = 1

(=]
_ 27 r r? _ _ _bil
XCoul(b) = 137 In (pb) + 4m f p(x) !:1n [F + y l] 1 rz_.] r® dr
b ,

Fixed parameters o, = 23.7 mb o, = =0.15 .
= 5.5 (GeWc)"2
¢ =1.12 fm x AT
a = 0.545 fm

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

Free parameters I, Gy Oy
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Table 2

Best—fit wvalues

. . Fit on do/dt’ versus A| Fit on 0. versus A
M interval Upg)er 11;11‘11: - ¢
3T . of the fit (o] Aos Aoz Ca AGa Aoy
(GeV) _ (mb) stat. syst. | {(mb) stat. syst.
S a— 9.7 20.15 *2.3 8.8 #0.15 ‘%I
1.6-2.2 -1.3 -1.3
t! = 0.5 (GeV/c)? | 9.6  20.15 10.1 ~ 0.20
! = gl 71 #0523 | 55 os0.16 *23
2,2-3.0 . .
t’ = 0.5 (Gev/c)}* | 7.9  10.25 9.4 $0.18




Figure captions

Fig. 1

Fig. 2

Fig. 3

The 57 invariant mase distribution for the samples with t' lower

than the first diffractive minimum.

The differentia1 cross-sections versus t' for Be and Pb targets and
for 5T mass interval 1.6-2.2 GeV: the vertical bars represent the

statistical errors.

Total coherent cross—sections of 57 production for different nuclear
targets and for two mass intervals: 1.6-2.2 and 2,2-3.0 GeV. The
vertical bars represent the statistical errors. The full lines are

the result of the fit on 0. versus A with the Kélbig-Margolis-Glauber

C
equation integrated in t! up to the first diffractive minimum. The
best fit values for O; are 8.8 * 0.15 mb and 5.5 * 0,16 mb for the

5T mass intervals 1.6-2.2 and 2,2-3.0 GeV, respectively.
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