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The purpose of this study was to search for the extension to the deuterium 

t 1 .(1,2,3) of he so-called coherent interactions previously observed on heavier nuc ei 

and to compare the results with those from a sample of elastic scattering events 

found in the same experiment. The Saclay bubble chamber, filled with deuterium, 

was exposed at CERN to a 6 GeV/c n+ beam. In a total sample of 794 four-prong 

events fitting the reaction ) + + + -a n d --->pnn n n , 251 events also fit the 

) + + + -reaction b n d --?>- dn n n • Diagram la shows that those 251 events contri-

bute to a very narrow peak in the distribution of the pn angle projected on the 

plane of the film (angles obtained from the fits (a)), while the other events 

are, as expected, distributed isotropically; this expectation is experimentally 
+ + - 0 ) verified, e.g. in the reaction n d -->ppn n n , Figure lb • From diagram la 

we estimate that the contamination by pn events in the selected sample is less 

than 2°/o. These 251 events were selected from four-prong events in which one 

prong was a black recoil between 0.1 and 5 cm in length (corresponding to 

0 .120 ~ Pd~ 0 .38 GeV / c). Events wi tn non-visible recoil ,(pd ~ 0.120 GeV /c) are 

not included, since the separation into 'd 1 and 'pn' events is more problematic. 
2!: 

We obtained an upper limit· of 56 events in this class • From the td distri-

bution it is possible to estimate that the number of events with Pd +? 0 .38 GeV/c 
euv 

is less than the 5°/o of the total. In this way we arrive at a cross-section 

for the reaction (b) of 300 ± 50 µbarns. 

The quadrimomentum t:ransfer to the deuteron, td, has a very steep exponen­

tial slopet b;:::1 -33 (GeV/c)-2• Figure 2a shows the td distribution for the 
+ + - + dn n n events, while Fig. 2b shows that obtained from a sample of elastic n d 

events which were selected on the same pictures with the use of similar criteril~ 
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The q~ distribution for these three-prong events (Fig. 2c, shaded events) 
show that this number is consistent with the expected one and probably the 
contamination of pn events is also here negligoable. 

The data are corrected for scanning bias; complete data on elastic events are 
not yet available and will b8 published elsewhero. 
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The tvm slopes are very similar (the elastic one having b ~-37.5 (GeV/c)-2 ), 

and are about four times steeper than those for the corresponding reactions on 

hydrogen. 

The equality of the two slopes suggests that the phenomenological inter-
2 

pretation which rela·ces the ~JlopG to thf) radius R of the target (R dependence 

of the optical model) is valid for the inelastic process as 1rnll as for the 

elastic one" 

The diffraction phenomenology for inelastic events is more conveniently 

expressed in terms of the transverse momentum q.L of the recoil deuteron ( 3). 

It is found, Figure 2c, that the distribution is in agreement with a radius of 

2.4 F for the deuteron~2~. (Exponential slope of the q~ distribution : 

b = -38 (GeV/c)-2.) 

Heavy liquid and emulsion experiments at 16 GeV/c have reported the 

occurrence of a similar mechanism n Nucleus --7 Nucleus nnn. The corresponding 

distribution agrees a1Do with the diffraction phenomenology( 2 , 3). 

The 3n effective masEJe of our 1 even tf;, 3, are mos tn 

the regton 1.0 to 1.4 GeV and reflect the t dtstribution (see Note 'lf'll:'lf). Let 

us recall that the 3-pion system is necessarily in the I = 1 state, the deuterium 

being in the I = 0 state; nevertheless, in contra-distinction with events, 

the 1.0 to 1.4 accumtllation does not show splitting into narrower structures 

'*'**' For the inelastic events the t distribution is 'a priori 1 kinematic ally 
affected by the produced (in our case the invariant mass of the 3-pions), 

Md + Pinc 2 
since the lorigi tudinal moL'.lentum of the target a = 211 . a + 
~2 2 ~11 'd· Pinc 1 J. 

M - m7, 

The qJ. distribution, instead, is expected to be the 

same for elastic and inelastic interactions of diffraction type; the 
relation with the radius R of the nucleu~, for our range of values in 

q R2 
~ .££.__ J. 

q.1. ( .o - .1 (GeV/c)c.., 2 ct, exp - 4 (it comes from the 

dq..l 
it relation 1 of the optical model observinc, that in the elastic case 

t-:v;,c1 2 ) 
r- :l J. • 
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p0 production is very abundant. Almost all events are compatible with the 
+ o+(. ( )):li::itt:~ scheme n d -->dp n Figure 4 a, c • This again is different from 

observations on H2 events for which Gnly about 1/2 of t~1e events produce & p. 

In Figure 5,_ the n +d effective w,ass distributions are shown; of the two 

possible n+d combinations we have plotted in Figure 5a the one which gives the 

lower quadrimomentum transfer tQ the n+d system. This n+d distribution has an 

accumulation .at about 2.15 GeV/c2• This accumulation has already been reported 

at lower energies in Tid interactions ( 5). But the criterion of 11 t lower" 

associates to the deuterium a TI+ whi.ch, when combined with the TI , shows e.n 

appreciable bump at the p mass (Figure 4b), in particular this is true for the 

events with M~(n+d)~ 2.35 GeV/c2 (Figure 4b.- dashed) •. 

We believe that a more meaningful criterion to choose the n+d combination 

comes from the observation that, as already mentioned, all events go through p 

production. + We are then entitled to associate to the deuteron the n not 

belonging to the p; the low mass nd enhancement is then reduced (Figure 5b). 

All these considerations suggest that most of our events are due to a 

single mechanism, mainly characterised by a q.L distribution connectea. with the 

radius of the deuterium and by the production of a p. However, we cannot discard 

that, in a certain fraction of the events ( <: 15°/o), then+ not belonging to the 

p can come fTom an excited state of 'he deuterium of M:li: of about 2.15 GeV/c2 . 

The angular distribution of the p decay with respect to the incident 
pion in the p c.m. is forward-backward peaked, that means that the p is 
produced aligned, relative to the incident pion. 
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Figure Captions 

Figure 1 

Figure 2 

Figure 3 

Figure 4 
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P-n angle projected on the plane of the film, for events fitting 
+ + + -

TI d -~Pn TI n n • Shaded events also fit the reaction 
+ + + -

TI d --;> dri; 'IT TL • 

b) Control san1ple for PP projected angle for events of the type 
+ - 0 

n d -~PP 1r n • 

a) Distribution of the quadrimomentum transfer to the deuterium 
+ + + -solid line : 251 events that fit n d --)dn TL 11 

for comparison (dashed line) 245 events that ftt 
+ + - 0 2( + - 0) n d -?PP11 n 11 , restricted to the region LO<JVI 11 TI n 

') 

<L4 GoV/c"-. 

b) Distribution of the quadrimomentum transfer to the deuterium 

of 570 elastic n+d events, corrected for scanning bias 

(preliminary results). 

c) Distribution of tho square of the transverse momentum given 

a) 

to the deuterium in the reaction 
+ + + -

·r; d --) dn 'IT JI : 

solid line : the 251 four-prong eventsp and the 56 three-

) + + + -prong events (shaded events , fitting n d --;>dn TL Jt 

~ + I 2 dashed line : the four-prong event;::: with M TI d ~ 2.35 GeV c • 

The exponential fits to the graphs are made over the interval 

.02 - .1 (GeV/c) 2 for Figures a) and b) and over the interval 

.O - .1 (GeV/c) 2 for Figure c). For comparison, on Figure c), 

the corresponding lines have boon drmrn for radii of 

proton (R = 1.1 F) and of carbon (R = 3.21'.'~ F)( 4 ). 

Effective mass of the three pions in the reaction TI +d --> dTI + n + 11-. 

~( + ) I 2 Shaded events are the ones with M Jt d <2.35 GoV c. 

11+11- effective mass distribution, each event plotted twice. 
+ -Dotted events are the combinations which give a 11 11 mass 

farther from the p mass. 



Figure 4 b) 

c) 

Figure 5 a) 

b) 
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mass distribution 1 taking the 11 + which 1 

associated with the deuterium, leads to the lower quadri-

t . + 
momen um transfer to the :::1ystem nA d. 

ones with 11*(11;-D) < 2.35 GeV/c2• 
A 

Dashed events are the 

+ - + -
!TAIT invariant mass distribution taking the 11 re combination 

closer to the p mass. Dashed events are taken with 
~ + ~ + 

M. (rcJ3d) < 2.35 GeV/cc:. where n:B is the other pion. 

n1d invariant mass distribution taking the n+d combination 

with lower quadrimoment-um transfer. 

invariant mass di,stri bu ti on taking the re+ d combination 

for which the other pion (11;) gives an invariant mass 

closer to the p. 
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