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Abstract = In this paper we pres.at a study of the reaction n'd -'n_n-nl'd
at 9 GeV/c. The mass spectra are in falr agreement with the predictions of ’ l
a Reggeized plon Deck Modelelowever, the s channel azimuthal angular distri-

bution indicates & p exchange Deck contribution. The results of the partial

wave analysis of the (3{¥) system are compared with those obtained in a

hydrogen target : tne JP=2* contribution is very small (1.5 ht 1.2)% in our data,

P

which are doninated by J].‘=1+ for low mass wherens the J =0 , 1%, 2” have

comparable importance in the higher mass resion,
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1) Introduction

The purpose of this paper 15 to present the main featurce of the

coherent production of the (3 n)“ system in the reaétion
n7d4dnnn’ (n
at 9 GeV/e,

In section 2 we discuss the event selection and the differential
and total cross sections, The moss spectra are presented in section 3 and
compared with the predfctions of a Regpeized pien exchange Deck model,

A general agreement is found, but the decay of the (3 M) system shows

clearly that it cannot be the only t=-channel exchange mode. The variation

of the slope b of the four momentum transfer distribution téd as a function

of the (g“n’) mass {s studied, Findly in rection 4,ve rcport on the results of
partial wave analysis of the (3“)- system vhich has becen performed by using the
illinols pragram. The conclusions of the present analysis are discussed

in sect 5.

2) Data analvsils and cross-section.

2,1 Summary of the analvsis.
We have used 240,000 pictures from the CERN 2m DBC

exposed to an R.F. scparated beam. The films were treated in two different
ways, A first lot of 850,000 pictures was scanned for four prongs with at
lcasp one stopping track and for three prongs. This has givan 34.000 events
which have been mcasurcd with the Collipe de France Spiral Reader. The rest
of the pictures were scanned only for four prongs and measured with manual
devices. .

2,2 Selection of cohierent events

The measurced cvents were processed through the CERN chain
of programs and only those hypoteses consistent with the observed buhble
deusity were kept.

From 44.000 four prong measurements we obtain 1BOO events fitting
reaction (1) (4C) with a chi-squared probability bigger than 0.05. The 19.000
threc prongs events were fitted treating the unseen deuteron as a missing
particle (1C) and using the following cuts on the deuteron range R projected

on the front gass in the chamber system :
error 3“(1-5mm (R ~ JR)s 2, 5mm
: o

and (R -8 R)ghm  if lq’d "~ Qpean1¢15 Q]

1

_These; eriterla are the same as those applied in sinilar experiment ¥



Only a small fraction (~ 20%) of three and four prongs events fitted unam-
bigouely reaction (1), The othera were ambiguous, fitting also the {(1C)reaction ;

- -
Ndypnrin 0 (@)
In this case, the coherent deuteron cvents werc selected by applying cuts to
che neutron-proton e{fective mass, to the angle between the proton apd the
noutron and to the recoll momenta in the laboratory reference frame., The cuts wor
3 and 4 prongs H{pn) ¢ 1.895 Gav
|cos Gpni) 0.75
P
4 prongs only 0354 0= ' < 1.05
14

Finally we end up with 1364 four prangs snd 291 three promngs

events corresponding to the coherent production (1),

2.3 MEferaneial and total cross sectlons

Fig 1 shovs the dG/dt} distriburions By fitting this
distribution in the reglon 0.02 ¢ t'd< 0,1 (Gnv/c)2 with the exponential
function A2 B4 we abtain a slope of b=31, £ 2, (Ceqéyz. This value is J
in good apreement with the one obtained with similar flts in previous
experiments producing (3 ﬂ) ha coherently inr[td 1n:eraccions[2]. Taking
into account the loss at small rmomentum t.ansfer and corrccting fer Lhe
scanning and measuring efficiency we obtain finally a total cross section
G - 3i0%.opb T
:"3) General features of the dfif@ N final state,

3.1 Effaective mass spretra
Fig {2~4) show the two body mass distribution The (n‘mh)

rass combination (¥ig 2) is dominated by the fn, but therc is an indication

for £° production as well. No particular structures are observed in the (ﬂ:ﬂ-)
mass spectvum, A clear indicatian of dxo is scen in the low mass (dm )of Fig 1
and a low d’rN production seems to be prescnt In Fig 4 . In the (Jn}~ mass
spectrum of Fig 5 there 15 bnsldé the well known A; bump an appreciable
contribution of events in the high mass region (A3 mass reglon around 1.640CeV/c
The n‘n: mass distributions for thc Al and A3 regions are shown in figure G.

The go 1s dominant in the Al nass reglon and the £° 1s present in the AS mass

tepion.

® 'c'-'c ~t l: is the four-momantum transfer to the deutc—
d1'd mini d

ton and tain the minimum kinemztically allowed by the Chew-Low plot for

the given (3 nj mass. .
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3,2 Regreized Deck Model

We compare our results to the prediction of a Reggeized
pion exchange model described by the dispgram of Fig 7a. The corresponding
matrix clement, discussed in details in Ref (17, has been uscd to produce
by Montccarle method the curves drawn in Tig 2 to 6. Thc agrecment is
reasoiable, but not completly satisfactory. One possiblc explanation for
this disagreement could be the existence of other exchange mechanism, for
instance Lbns’ exchange contribution reported in Fig 7b, This has been
suggested by Berper{3) ond cvidence has already been observed in other
diffractive proccsscsE‘J « The usc of the (i’s s=channel azinuthal nngle
u‘glthc 3y - (’.\1- decay in the (34)" vest frame, 18 veiy promising in
this respect. For a fixed set of the kinematical variables (5, Sqdeta and
;‘-' in our case) the qbs =0 region correspond to am internction dominated by
_the Tl-rx:hangc {small I:.'“:e in Fig 7a) and the‘@s l’—?TIrcgiun to the ane
dominated by (’ —exchange( large t'.qf Q in Fig 7b).

wa

o : The expcrimnnﬁal distribution in Fig 8 has been obtained by

selecting cvents w_ith O.GB&M(;{(I-) \[O.S{l GeV!cz and 0,02¢ t’d £0.1 (Ge\’lc)z. \
The peak m:nrqbs =0 is censistent with the presence of an Lwxporront ’ )
plon exchange contribution, whercas cvenrs wi:hz\lgs’}il'_ sugpest a

(chclmngu. Indecd we plotted in Tig 8 the predic:iorﬁ of the plon exchange

Deck model normalized ta the total number of cvents. 7The lack of events

in the Ieft hand peat and the exces in the right hand indicates that i

plon exchange amplitude does not saturate the channcl amplitude and that

r exchange may be presenta
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3.3 Four momentum transfer distribution of the :n.\cl:l.unq-d.v?"r[d

One of the most charatteristic features of low mass
tnelastic diffractfon dissocifatfon is the strong dependance of the blope
of the dG/dt' distribution an the mass of the excited cluster.

In order to investigate this phenomcnon we have fitted the four
mamentun distribution L"'i with the function

dg/de! v A a'htd‘

d
over the range 0-020.:1:15 O.I(GGVIC)Z, and fox various values of the
M( en ) system,
There {s no visible structure secu mjther as a dip or a break
in the t'distribution (Flz 1) ; €or all val.es of (Pf) the :‘; distribution
{5 decreasing cxponentially. We have reported in Table (I) the

values of b as a funetion of H(fn).

The lack of statistic dacs not allow a detailed analysis, neverthless

there is evidence for a variation of the slope, This behaviour is common

to other diffractive processes and many interpretations have been svgrested. ‘ ‘
To aveld kinematical effects we have performed the more sofisticated it

preposed in ch,tﬁ] » The results are reported in Tab.tl]: we obtaiu corpatible

results with both method,A sclection on the annglc has been also

upplied to the gvents to evidence variatilons in the production dynamies

There is a tendency for the sample with . (ﬁ;{_ﬂ;— to have hif‘,hfr slope Lut

the large errors do not allow any conclusion (i. e. for m(}\‘l)él.ﬁ Celg e £

obtain by using the classical method b=30, % 2, (q)s<nﬁ and b=26, L 2,5

(B3%)

K TABLE 1

Total
H((’ﬂ ) | Classtcal jmethod
ol fiv ref(33of reff7)

0,8 -1.1f 3554 {3626
-1 2834 a3ty
1.4 - 1,8} 22254 jaks .

% We have only fitted region for m((u\'])':él.ﬂ (3c\'/<:2 whove there is a real
r' contrfbutisns as 1t comes out from the partial wave apalysis (5ce sect ),

.
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The 1llinois partial wave analysis program {5 used to determine
the spin parity structurc of the 3 @ system [7]. Our sample of data has lLieen
selected by choosing events with 0,8 £M3r) & 2.0 GeV/‘z and l l:l'j l(U.I(GhV/(
and consists of 1419 evento,
In this analysis the decay distributions of the 3 It system, assumed t-
decay via dipien intermedlate state, ave fitred to seccs of atates \JPU4Q b
where JP represent s the spin parity and M the spin projection of the 3 fsysten,
L is the relative angular momentum between che diplon and the third plom
and R in flrst approximatflon can be consfdered as the maturality of the
exchange particles The followiup hasic sct of statos with M=0 has been chosen
0" 5" (en) e” 0" (pn) IME N CTD I M T
2~ 50" (%) 2" 0" (gn) 27 pa* (fa)
plus an Imcehierest isotropic background. Some M=1 (JF=2+ ) states have al:.
Deen sddod, .
sl Toe s wave [y I system, B, is parametrized by the CERY Munich phase

shift Eb] and the S) and £° by single Breit-Wigner funccions,

The deminant coutributions of the total JP states of the 3 [} system are showu
in Fﬁgurc 9, as & function of M(3f), Tae 3 I system seems Lo be produced
entirily in unnatural parity states. The lower mass region M(3IN) ¢ 1.4 GV is
domtnated by the JP = 1+ state vhereas in the higher mass teglon the three
states J“, 1* and 27 are ef ccmparable importance with a little tore 27 neac

the A, regione

’ The bLehaviour of the various deeay modes is shounm in [}ig;ure]:) .
Indepueadantly of (he Bq’mass, the 0 state decays mainly in 5 wave (En).

1he 17 stutes decay mostly in & wave (fr,') in the lower region and cqually

in (S’W) and (&N} above. ¥inghy for 27 ia the A2 region the &mand ™ decays

are cqgually presenty

The 2% contrlburion In the A; region is only of~ 1.5 pd 1.2% nevertifesy its
presence improves significantly the £it,

In addition we have tried other possible states of spin M or 2"
with M=l. The final results arc not signiffcantly changed and the contributio.,
of the above states are always consistent with zexs,

These results arc compared to those of Ref{9} for 11'-p_>n‘51-fn”
aove 11 GeV/e, which arc shown as a cortineus line on the fgures 9 and 10.

The agreement is falrly good.



lhe following coucluvicas can be dravn frow this stody :
1) The wajn characteristies of the studied reaction are similar to
those oltafined at other enevples. The mass discributlions arc toughly in

agreement with a Repgeized pion exchange Deck madel,

11} The contribution from the above model domrs not scem to saturate
the whole channel amplitude, The d Gldf& distribution indicates a f —exchange
coatribution, ‘

s .
{15} A corielatlon bebween the muss ond the slope of the ¢t distvibulion
peems to be present in our daca,
a eonflms the

p + R
dominance of the J = 17 state at lower mass values, whereas J =0, 17, 2

iv) The partial wave analysis of the three plon syst

contribetions ave preseut at bigher masses.
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FIGURE CATTIONS

1, SLG_ distribution-the craschatched regisn corresponds to the three prong
dt!

contribution, Obviously, the 3 prons cvents which come. [rom a

limited lot of picturcs cannot £111l totully the hiole nt low t:l

2, 1 and " mass spectra *

n"d effective mass Lscetrum®

' r\+d effective mase spccr.ru:n*

5. nOC effective mass spectrum’®
+ - s

& [ [ mass spectyum in 3

g § 1.3 Gevy 2

1) A reglon 0.9 ”
1.8 GeV/c

S“arls
2) Ay repion 1.5 ¢ .13”5

7. The plen cxchange (a) and a* exchauge (b} Deck graphs for the reaction  d+="

The blobs represent the full elastic scattering amplitudes.
8, Distribution cf the 4} ) s~Channel azimuthal :mglcx. forfkt-}(:[;tg and
R S =

GRS M R B CRIRLE

- 4 -
g Coutributions: of JP =0, 1, 2 and isotropic background states versus )‘._”
Y

mass for events 0 & l:lf1 % 0.1 (Cr:\'/c)?'.
The solid lincs are drawn by hand through experlmental points of

R'p_pn"r:r:p reaction [Rcf.‘)] .

10 .Conktributions of partial waves {JP L Hhjamplitudes versus r!:“_(;
As in flguve 9., salld lines arc results froo [Ref 9] .

= N.B, Solid or dashed curves are the predicrions of the Regneized Deck wmodel.
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