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During the diffraction dissociation of the meson on the nucleus
as a whole, a boson 37 sSystem is produced with a certain probubi-
1ity, while the nucleus remains in the ground state, 1.e.,one has a
coherent process. To investigate the process one needs the experimen-
tal conditions which ensure mainly registration of the interactions
in which the nucleus remains in the ground state. A usual asystem pro-
viding those conditions has anticoincidence counters ercund the tar-
get to exclude registration of events with nuclear excitation or
nuclear break up. In this case the contribution of incoherent inter-
actions is suppressed to & great extent and a more accurate statistic-
al separation of the cross sections a6 /dt' (t' is the 4-momentum
transfer to the nucleus at the given produced mass of the 3% system)
for coherent and incoherent processes by the form of the diffraction
peak is possible.

For small 4~-momentum transfers the incoherent-to-coherent event
ratio is small (e.g., for the 51 nucleus at t's 0,002 (GeV/c)2 this
ratio i8 ~ 1:15), but it becomes much larger in the diffraction mi-~
nimum region. To study the mechanism of the diffraction production
of resonances, however, a separate analysis of coherent and incohe-
rent events 1s necessary. This brings about a problem of their effec-
tive separation. The problem can be solved with the "llve" target
method 1 which allows one to measure the energy of the recoil nuc~-
leus 'I;: 55, + Where /M,  is the atomic weight of the target
nucleus, t 18 the 4-~momentum transfer to the nucleus. Since for
small t the kinetic energy of the nucleus is small ( 0.1+1 MeV),
there are no experimental methods of T, measurements for a wide
s8et of targets.

The experiment with a "live" Si target was carried out at the
facility MIS JINR using the 40 GeV beam of the IHEP accelerator
A target of 10 gilicon detectors 20,5 mm in diameter, 200 Pasa in
thickness was used in the experiment.

This paper deals with the partial wave analysis of coherent
events selected according to the energy release in the detector-target.
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Experimentul data were obtained in the joint experiment carried out
by the Institute of Physics (Milan) und JINR (Dubna) /2’3/, 220 000
events of the process U "+ 01 — AT+ ™+ M+ 51 were obtained using
the detector-target. The same criterin were employed for selection
of the events for analysis as in previous papers /2'3/, i.e.,three-
pion events were selected by the kinematicse probability, the value
of the missing longitudinal momentum, the vertex coordinate, etc.
Besides, it was required that the event should satisfy the hypothesis
on the interaction in one of 1Q plates. 46 000 three~pion events
were analysed.

The events were separated nccording to the types of interactions
in the target and in wmatter in front of and behind the target by the
procedure described in llefl.

We assume that the Incoherent background consists mainly of in-~
teractions on quasi-free nucleons. Therefore in this approach the
incoherent background was described by only two hypotheses: interac-
tions either on the neutron or on the proton. Thus it was considered
that #n event belonga to one of the following groups:

"n" -« interaction in the target on the neutron;

"p" - interuction in the target on the proton;

w3im ~ interaction in the target on the Si nucleus (coherent

interaction);

"21" - interaction ln front of the target, three pions pass

through the target;

"32" - interaction behind the target;

"33" - inferuction in front of the target, two plons pass

through the target.

A1l hypotheses were checked for each event. To construct like-
lihood functiona aﬂ for the hypotheses, & priori probabilities
Vi(i = 1,.04,6) of those groups of processes were taken into account.

For example, the likelihood function for the interaction on the
neutron in the k-th target detector has the form:

4=Vﬂﬂﬂf7wv
& J"(*1
where H1, HQ, H3 are the probabilities of the given energy release
in the detector from one, two, three relativistic particles, respec-
tively.

The é priori probabilities depend on the nuclear kinetic energy
rvin' therefore the whole range of momentum transfer variation was
divided into 8 intervals(see the Table).The & priorl probabilities
were considered conatant within each interval and were determined
by the method of sequential approximations. All the a priorl pro=-

babllitics were taken equal to one in the zero approximation, ana
for the iterations to follow

V of N
(T Netot
for internctions in the target, and
V. o _’L/‘_
¢ Ntot
for interanctions outside the target,where Ni is the number of events
of Lhe given group in the 4-momentum transfer interval under investi-

gutlon nnd i
Npot = > i
i=1

dJolutions obtained for the é priori probabilities as functions of the
lterantion number for severzl 4-momentum transfer intervals are shown
In Mg. 1. In the first interval the energy of the recoil nucleus is
of Lhe order of the detector resolution, therefore the é priori pro-
babllities In that interval were determined by extrapolation from

the intervals with larger 4-momentum transfer. The type of interac-
tion was determined if the ratio of the maximum value of the likeli-
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Table
=, = — 5
%?_ M rso pn No T, (MeV) T, (MeV) t'(GeV/c)
Tl T5tene by <aouSey
oo} Ja TR 1. 0 - 0.025 0,015 0.00052
ot 2. 0,025-0,05 0,037 0.00162
[ ¢ 3. 0.05-0.1 0.074 0. 00354
E""’|_.3 4. 0.1-0.15 0.124 0. 00625
o 5. 0.15-0.2 0.174 0. 009
: Hai () 6. 0.2-0.3 0,245 0.0129
L:&g)».T | o'_stsal(x)"( - Te 0.3-0.4 0.346 0.0185
| i REE- M i 8. 0.4-0.5  0.444 0.0238
00} nk
i, g
}}f ) Mg. 5. Intensities of 1750% and 0”sot
e ?HA? f waves for coherent (5i) and a sum of

T T e T e R s coherent and incoherent (5i + n,p)
Mygtow) events.

hood function to the closest one for the tested hypotheses was over
tWo.

Distributions of coherent and incoherent events over the 4-mo-
mentum transfer ' (4! = t_tmin where tmin ig the minimal momentum
transfer for the given produced mess) are given in Fig. 2. The slope
of diffraction peak in the t' distribution is 13847 (GeV/c)-2, and
the slope of the incoherent cross section is ~- 8 (GeV/c)fz. The ob-
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served drop of the distribution at small t' for incoherent events is
in agreement with theory, i.e., the cross section for the incoherent
interaction tends to zero at t' — O.

Fig. 3 shows distributions of coherent events over the effective
mass of three pions MBI’ for t'< 0,035 (GeV/c)z, t'> 0,035 (GeV/c)®
and the distribution of incoherent events for t'> 0.035 (GeV/c)z. In
the spectra of effective masses of two pions (Fig. 4) the © -meson
contribution dominates in coherent events both at large and small t'.

The mass spectrum of the three-pion system iz kmown to have a
complicated structure _7/. To determine the contribution of states
with different spin and parity, we made a partial wave annlysis em-
ploying the programme of the Illinois University used in our eurlier
papers 'Y, The coherent events were analysed in each 40-MeV in-
terval of the 3 effective mass spectrum for t'< 0.04 (GeV/c)? with
the same set of waves as in Refs. /2'3/. Dipion O% wasg described by
the elastic phase of the To ™ scattering, and dipions 17 and 2% -
by Jo and 4 mesons respectively.

In Fig. 5 one can see intensities of the waves 1'50% and 0~ sot
for the Si target with and without separation of ccherent events. Dis-
tributions of the basic wave 1750% intensity are practically identi-
cal for both types of interactions. As to the wave O'SO+, it has a
wider peak in the region of small masses and a narrower peak at large
masses for coherent events if compared with the case without separa=-
tion. The sensitivity of the wave 0™5 to the selection of events in-
dicated at somewhat different forms of 0°S distribution in diffrac-
tion on the nucleon and on the nucleus. Fig. 6 shows the behaviour
of phases of the waves 0 S and 17S with respect to each other and to
the wave 0 POY for coherent events. The intensity of the wave 0"POT
for M3R_>»1.6 GeV is small, therefore the data on phases in this
region are not given.

The behaviour of the 1'S (PM) wave Intensity and variation of
its phase with reapect to the O"P wave in the 0.8-1.4 (GeV/c)2 mass
region are a direct indication of the resonance properties of the
1S wave (A1 meson). A significant variation of the relative phase
075/07P in the (0.8-1.4) GeV/c2 mass region, constancy of the phase
of this wave with respect to the resonance wave 175 in the same mass
reglon as well as the shape of the mass spectrum indicate at the re-
sonance in the 075 wave in the aystem (T*t.)s"'?f" with quantum num~
bers of the pion ( 7’ resonance /2’3/). In the (1.4-2) GeV/c® mass
region there is a second peak, as is seen from the mass spectrum of
the 07S wave (Fig. 5). Variation of the relative phase 075/1%3 in
this mass region is ~ 120°, This resonance (1U7'reaonance) is pro-
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bably narrower as compared with the re-
sults of the analysis without separa-
tion of coherent events ’

Thus the results of the wave analy-
gis of the separated coherent events
confirm our result 3/ concerning the
observation of radial excited states of
the 7r- meson ( X' and T resonanc-
es).

Distributions of other waves are gi-
ven only for separated coherent events
without comparison with incoherent ones,
because the intensities of the wavee

Fig. 6. Behaviour of relative phases
of 07S, 1*5, 0'P waves for coherent
events at t'< 0,04 (GeV/c)2.
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are much lower and the difference does not exceed the errors. Fig. 7
illustrates the distribution of the 2750% wave intensity and phase
with respect to the 1750% wave. A resonance behaviour of the 17307
wave phase can be geen in the A, -meson region (1.25 GeV); it is re-
placed by the resonance behaviour of the 2750% wave phase in the AJ—
meson region (1.65 GeV). The distribution in Fig. 8 shows the first
radial excitation of the A -meson A; (1.7 GeV) in the 1*po* wave/e/.
Fig. 9. shows intensity distributions of P waves (07r0%, 1*ro™,
2"Po*). A common peculiarity of those distributicns is interesting:
the intensity decreuses at 1.25 GeV for OTP, at 1.3 CGeV for 17P,
at 1.7 GeV for 2 F, which is due to probably a destructive interferen-
ce of resonances with the coherent background. The behaviour of the
S wave phases also indicates at a strong interference of the back-
ground with resonances: the phase variation is less than 180° for
all resonances.

It should be noted in conclusion that the use of silicon detec=~
tors as a "live" target and the developed technique of data process-
ing allowed us to separate events of the meson diffraction on Si

il o feanfsey Fig. 9. Intensities of 17P0*, 07pPo*,
200} 1'PO % E 2~P0% waves in coherent events at

W t' < 0,04 (GeV/c)g.

368 20 nuclei with a significent suppression

of the incoherent background. The "live'
target method is especially important
for investigations of coherent process-
es in the region of the 2nd diffraction
maximum. Dependences of intenslties and
behaviour of relative phases obtained

in this paper for the separated cohe-
rent events show clearer the resonance
properties of the states 075 (T ‘andT¥)
1+S(A1), 1+D(A;) which we found earlier
without separation of events. For ins-
tance, a larger change in the phase behaviour in S waves and a narrow-
er peak in the intensity of the resonance X" (1.77) are observed.
Besides, the t' distribution has a larger slope for diffraction cone
13847 (Gev/c)_g, as compared with the value 10545 (GeV/c)? obtained

by the statistical separation of the coherent cross section.
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